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ULTRASONOGRAPH

(57)  The operability of setting movement of a Dop-
pler sample gate for setting a Doppler measurement
portion on a sectoral or circular ultrasonogram is im-
proved. An ultrasonograph is provided with calculation
means (25) for determining the position where a Doppler
sample gate is displayed after the gate is moved, with
reference to the current position where the Doppler
sample gate is displayed, according to the amount of
movement of the Doppler sample gate position input
through a tack ball (23). The calculation means decom-
poses the amount of movement in orthogonal two-axis
direction input through a track ball (23) into a component
in the direction of the ultrasonic beam line of an ultra-
sonogram and a component orthogonal to the former
component, determines the ultrasonic beam line after
the movement from the decomposed orthogonal com-
ponents, determines the depth position of the ultrasonic
beam line after the movement from the decomposed
component in the ultrasonic beam line direction, and
changes the display position of the Doppler sample gate
to the determined display position after the movement.
Thus, the movement of the Doppler sample gate corre-
sponds to the operation of the track ball on the screen
irrespective of the position in the sectoral or circular dis-
play area, thereby mitigating the feeling of strangeness
and improving the operability.

ULTRASONOGRAPH AND METHOD FOR CONTROLLING MOVEMENT OF DISPLAY BODY OF
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DISPLAY AREA

TRACK BALL
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Description
Technical Field

[0001] This invention relates to an ultrasonograph and a method for controlling movement of a display body of the
ultrasonograph. More particularly, this invention relates to improvement in controlling movement of a display body
showing a measurement portion such as a Doppler sample gate, an interest area, etc., on an ultrasonogram.

Background Art

[0002] When a blood flow velocity, etc., are measured, as described in Japanese Patent No. 3403917, for example,
an ultrasonograph displays a color flow mapping image showing the state of a blood flow such as the movement of a
blood flow, the direction of a blood flow, etc., superimposed on an ultrasonic image (B image) of a diagnostic portion.
This color flow mapping image is generated in a Doppler color box (interest area) set on the B image. Then, a Doppler
sample gate (display mark) superimposed on a blood vessel in the color flow mapping image in the Doppler color box
is displayed and a blood flow velocity, etc., are measured based on a reflection echo signal of an area sandwiched in
a Doppler sample gate. These Doppler sample gate and Doppler color box are generally set such that the display
position on a screen is moved by a pointing device such as a track ball, etc.

[0003] Now, ultrasonic images and color flow mapping images obtained from the ultrasonograph are generally dis-
played in the shape of a sector (for example, the central angle of a sectoral image is 30 to 120°). In a tack ball, for
example, it is made that the amount of movement in the vertical direction of a display image corresponds to the depth
position of an ultrasonic beam line and the amount of movement in the horizontal direction corresponds to the scanning
direction of the ultrasonic beam line.

[0004] However, along the development of ultrasonic diagnostic technology, there are cases where images of a wide
visual field or of a sectoral portion of a wide central angle (for example 180° or more) are obtained. For example, there
is a case where an ultrasonic probe in which ultrasonic transducers are provided around a cylinder and which can
perform an omni-directional scanning (360°) is inserted into a coelom such as an esophagus, an ultrasonic beam is
radiated from the ultrasonic probe in the center, and a circular ultrasonic image seen from the inside of the coelom is
obtained.

[0005] While such a sectoral or circular image of a wide visual field is seen, when the Doppler sample gate and the
interest area are moved by a conventional operating method, since the operating direction of the track ball is greatly
different from the target direction of a Doppler sample gate on the screen, there is a problem in that the feeling of
strangeness is caused in the operation of the track ball and the operability is lowered.

[0006] Such aprobleminthe operability for setting the position of a display mark is not limited to the Doppler sampling
gate, and there is the same problem in the operation of movement of an interest area such as a color box in the color
flow mapping, etc.

[0007] Itis an object of the present invention to improve the operability in movement of a display body designating
a measurement portion, etc.

Disclosure of Invention

[0008] In order to attain the above object, an ultrasonograph of the present invention comprises an ultrasonogram
generating portion for generating an ultrasonogram based on a reflection echo signal obtained by radially scanning a
specimen irradiated with an ultrasonic beam and a display area; a monitor screen for displaying the generated ultra-
sonogram,; a display-body image generating portion for generating an image of a display body superimposed on the
ultrasonogram; means for storing a first display position of the display body displayed on the monitor screen; an input
portion for inputting the amount of movement of the display body from the first display position to a second display
position; calculation means for determining the second display position of the display body based on the amount of
movement input from the input portion and the display area; and means for moving the display body from the first
display position to the second display position determined by the calculation means.

[0009] In this way, according to the present invention, since the display position of a display body is moved such that
a second display position of the display body is determined based on the amount of movement from a first display
position of the display body to the second display position input from an input portion, when the vertical and horizontal
positions on a monitor screen are set to be the same as the vertical and horizontal directions in the input portion, the
display body can be moved substantially in the same direction on the screen as the operation in the input portion
regardless of the position on the display area. That is, when the input portion is operated in the same direction as the
direction of movement on the image, since the direction of movement does not change in spite of the position of the
display body, the sense of strangeness of the operator is reduced and the operability can be improved.



10

15

20

25

30

35

40

45

50

55

EP 1543 772 A1

[0010] In this case, since itis made that the calculation means contains a storage portion for storing the first (current)
display position of the display body through the position of an ultrasonic beam line and a depth on the ultrasonic beam
line, and then, it is desirable to determine the second display position (after movement of the display position) by
making use of the position of the ultrasonic beam line and the depth on the beam line. For example, it is desirable that
the calculation means decompose the amount of movement input from the input portion into a component in the direction
of the ultrasonic beam line of the ultrasonogram and a component orthogonal to the former component, the ultrasonic
beam line of the second display portion be determined based on the component orthogonal to the former component,
and the depth position on the ultrasonic beam line of the second display position be determined based on the component
in the direction of the ultrasonic beam line.

[0011] Furthermore, the calculation means determines a second display position of the display body based on a
coordinate transformation rule set in advance, and the coordinate transformation rule is separately set for a case where
the central angle of a sectoral or circular portion of the ultrasonogram is a set value or less and for a case where the
central angle of the sectoral or circular portion of the ultrasonogram is above the set value. In this case, the coordinate
transformation rule contains a first coordinate transformation rule to be applied to a case where the central angle of a
sectoral portion of the ultrasonogram is a set value (for example, 120°) or less and a second coordinate transformation
rule to be applied to a case where the central angle of the sectoral or circular portion of the ultrasonogram is above
the set value (for example, 120°). In the first coordinate transformation rule, the direction of one axis of the amount of
movement input from the input portion corresponds to a depth in the direction of an ultrasonic beam line and the
direction of the other axis corresponds to the direction orthogonal to the direction of the ultrasonic beam line. In this
case, in the second coordinate transformation rule, the amount of movement input from the input portion is decomposed
into a component in the direction of an ultrasonic beam line and a component orthogonal to the ultrasonic beam line,
an ultrasonic beam line at a second display position of the display body is determined based on the component or-
thogonal to the ultrasonic beam line, and a depth position of the ultrasonic beam line at the second display portion is
determined based on the component in the direction of the ultrasonic beam line.

[0012] Here, the display body of the present invention can be applied to a mark showing the position of a Doppler
sample gate, a Doppler color box, and a M-mode sample gate. A color flow mapping image showing the state of a
blood flow generated by the ultrasonogram generating portion can be displayed in an area marked off by a Doppler
color box. Furthermore, the display body of the present invention can be also applied to a boundary line which demar-
cates the area of a Doppler color box and a B-mode image pick-up area, or dots or a frame body designating a boundary.
That s, in the case of a frame body, the area of a Doppler color box and a B-mode image pickup area can be changed,
expanded, or reduced by moving one of boundary lines or an apex constituting a frame.

[0013] Furthermore, for example, a track ball, a mouse, a pressure-sensitive pad, an electrostatic pad, a joystick, a
direction key in the keyboard, etc., can be given as an input portion, but the input portion is not limited to those and
any one in which the amount of movement in orthogonal two-axis direction can be input may be used.

Brief Description of the Drawings
[0014]

Fig. 1is a block diagram showing the construction of an ultrasonograph of an embodiment of the present invention.
Fig. 2 is a flow chart showing a method for moving a Doppler sample gate by using the ultrasonograph in Fig. 1.
Fig. 3 shows one example of the operation and the screen display of a track ball in the ultrasonograph in Fig. 1
and a method for determining a line address and a depth after input.

Fig. 4 shows one example of the display screen where a destination of movement is decided when the destination
of movement is in a non-displayable area.

Fig. 5 is to describe the processing of the present invention when the depth of point P' after movement is the
minimum depth or less in a non-displayable area.

Fig. 6 is to describe the processing of the present invention when the depth of point P' after movement is over the
maximum in a non-displayable area.

Fig. 7 is to describe the processing of the present invention when there is a non-displayable area because of a
screen specification.

Fig. 8 shows one example of the screen display when the operation of movement of a Doppler color box is per-
formed in an ultrasonograph of the present invention.

Best Mode for Carrying Out the Invention

[0015] Hereinafter, an ultrasonograph of an embodiment of the present invention is described. Fig. 1 is a block dia-
gram showing the construction of an ultrasonograph of the present embodiment. As shown in Fig. 1, the ultrasonograph
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contains a probe 1 having a plurality of ultrasonic transducers, a transmission and reception portion 3 in which trans-
mission and reception of an ultrasonic signal are performed to and from a specimen (not illustrated) through the probe
1, a signal processing portion 5 in which a receiving signal (reflection echo signal) received by the transmission and
reception portion 3 is processed and an ultrasonogram to be displayed in a fixed display area is generated, a digital
scan converter (DSC) 7 in which a signal output from the signal processing portion 5 is scanned and converted to
generate an ultrasonogram, and a display portion 9 having a monitor display displaying the ultrasonogram output from
the DSC 7.

[0016] The signal processing portion 5 contains a B-mode processing portion 11, a Doppler processing portion 13,
and a M-mode processing portion 15 to each of which the receiving signal output from the transmission and reception
portion 3 is input. Furthermore, the signal processing portion 5 contains a line address and depth storage portion 17.
In the line address and depth storage portion 17, the position or area of a display body which is superimposed on the
ultrasonogram and displayed is stored in connection with a line address as the information of the direction of trans-
mission and reception of an ultrasonic beam and a depth on the line address. Here, the display body includes, for
example, a Doppler sample gate and a Doppler color box in Doppler-mode operation, the position of a sample gate in
M-mode operation, and the area of a Doppler color box, a boundary line or a boundary point for fixing the scanning
target area in B-mode operation, and others. Furthermore, the ultrasonograph contains a control portion 19 having a
CPU therein and an operation table 21 connected to the control portion 19. The operation table 21 contains a track
ball 23 as an input means for moving the display position of the display body. The track ball 23 obtains the movement
of a ball rotated by an operator as an input signal or amount of movement in orthogonal two-axis direction.

[0017] Then, the signal processing portion 5 contains a calculation portion 25 in which the display position of the
display body after movement is calculated based on a signal of the amount of movement input from the track ball 23
through the operation table 21 and the control portion 19. In the signal processing portion 5, a line address processing
portion 27 in which the line address of the display body after movement is set in accordance with the display position
of the display body after movement output from the calculation portion 25 and a depth setting portion 29 in which the
depth of the display body after movement is set are provided. Furthermore, a display body output portion 30 in which,
for example, an image of the display body of the Doppler sample gate, etc., is generated in accordance with the line
address and the depth output from the line address processing portion 27 and the depth setting portion 29 and super-
imposed and displayed on the ultrasonogram output from the DSC 7.

[0018] Next, the operation of the above-described ultrasonograph is described. The transmission and reception por-
tion 3 generates an ultrasonic transmission signal and supplies the signal to a plurality of ultrasonic transducers (not
illustrated). Moreover, in the present embodiment, the probe 1 is a probe in which a plurality of strip-shaped ultrasonic
transducers are circularly arranged on the side surface of a cylindrical main body and which can electronically scan
360° around the inside of a coelom such as a esophagus. An ultrasonic transmission signal is composed of signals of
a plurality of channels corresponding to a number of ultrasonic transducers of a chosen bore for transmission. The
ultrasonic transducers receiving the transmission signal vibrate to generate ultrasonic waves, respectively, and an
ultrasonic beam proceeding in the specimen in the direction where a wave front of the ultrasonic waves are in agreement
is generated. The ultrasonic beam is propagated in the specimen, a part of the ultrasonic beam is reflected at a location
where the acoustic impedance on the surface of an internal organ, etc., changes, and a part of the ultrasonic echo as
the reflected wave returns to the probe 1 once again and is received as a reflection echo signal by the transmission
and reception portion 3. Furthermore, the transmission and reception portion 3 transmits and receives an ultrasonic
wave in order while the angle of the direction of transmission of an ultrasonic wave is gradually changed (for example,
one degree at a time), and the specimen is scanned 360 degrees from the inside of a coelom. That is, in the case of
the present embodiment, the specimen is scanned by 360 ultrasonic beams in one round. Moreover, for convenience
of signal processing, each beam position corresponding to the scanning position of an ultrasonic beam being trans-
mitted and received is given an identification number or identification code called a line address.

[0019] Inthe B-mode processing portion 11 of the signal processing portion 5, an intensity-modulated B-mode image
data is generated based on the reflection echo signal at the position of a picture element set in accordance with the
line address and depth of a reflection echo signal. Moreover, the depth can be obtained based on the going and
returning propagation time of an ultrasonic signal, that is, a time interval between transmission and reception. Then,
the B-mode image data output by the B-mode processing portion 11 is input to the DSC 7, and scanning conversion
is performed here and the B-mode image data is displayed as a B-mode image on the monitor display of the display
portion 9.

[0020] The B-mode image to be displayed in the display portion 9 is a circular gap image sandwiched between a
non-displayable area corresponding to the inner portion of the surface of the probe 1 and an outer non-displayable
area determined in accordance with the ultrasonic pulse repetition frequency (PRF) to be transmitted from the probe
1. In the case of measuring blood flow information such as a blood flow velocity, etc., a well known color flow mapping
image (see Japanese Patent No. 3403917, for example) showing the state of a blood flow and the direction of a blood
flow is displayed. A Doppler sample gate superimposed on the color flow mapping image is displayed. Then, a meas-
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urement is performed such that the Doppler sample gate is moved and a measurement portion (position or area) is
set. The measured Doppler mode measurement information is displayed as a Doppler image of an appropriate shape
on the monitor display. The ultrasonograph of the present embodiment is characterized by the setting method of a
position or area of the Doppler sample gate.

[0021] Fig. 2 is a flow chart showing the steps of movement of a Doppler sample gate. As shown in Fig. 2, first of
all, in step S01, the control portion 19 determines whether or not the amount of movement is input from the track ball
23. When there is an input, the process goes to step S02 where the display position of the display body after movement
is calculated. On the other hand, when there is no input, the processing is finished. In step S02, the calculation portion
25 takes in the line address and depth regarding the position of a Doppler sample gate before movement held by the
line address and depth storage portion 17 and the line address and depth of the destination of movement of the Doppler
sample gate is calculated. In Fig. 3, one example of the operation of a track ball and a screen display and a method
for obtaining the line address and depth of a Doppler sample gate after movement are shown. As shown in the drawing,
the Doppler sample gate is composed of a pair of line bodies opposite to each other. The image of the Doppler sample
gate is generated by the display body output portion 30 as a display body image generating portion, and the pair of
line bodies are displayed so as to be orthogonal to the ultrasonic beam line. First, as shown in Fig. 3, it is assumed
that the position of the Doppler sample gate 33 before movement was at point P on a circular ultrasonic image 31. At
this time, it is also assumed that the operator makes an input equivalent to vector a by operating the track ball 23. The
calculation portion 25 has a coordinate conversion rule for converting the input vector a to the amount of movement
on the monitor display. In the coordinate conversion rule, first, the vector a is converted to a vector a' (= ka) by multiplying
the vector a by a coefficient k. Moreover, a vector a' is represented by (dx, dy)in XY Cartesian coordinates and is the
added X component (dx, 0) and Y component (0, dy). Here, the starting point and end point of the vector a' are repre-
sented by P and P', respectively. Furthermore, the distance from the central point O of a sectoral portion in an ultra-
sonogram 31 to point P is represented by D. Furthermore, the angle made by the vertical line passing through the
central point O and a beam line containing a straight line OP is represented by ©. The information regarding D and ©
is held as the information regarding the depth and line address with which the line address and depth storage portion
17 is related.

[0022] First, the angle B made by the horizontal line passing through point P and a straight line PP is represented
by formula 1.

— -1 d_y
B =tan (dx)

(1)

[0023] Furthermore, the angle o made by a beam line containing a straight line OP and a vector PP' is represented
by formula 2.

0=90°-B-0 @)

[0024] Furthermore, the distance 1 between P and P' is represented by formula 3.

1= J(dx)® + (dy)® (3)

[0025] Furthermore, the angle 6 made by the beam line where point P before movement is located or the straight
line and a beam line where point P' after movement is to be located is represented by formula 4.

0= tan-‘(l -sina)

b (4)

[0026] On the other hand, the amount of change from the depth at point P before movement to the depth at point P'
after movement is represented by formula 5.
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d=1- coso (5)

[0027] Then, the calculation portion 25 determines the line address of a beam line where point P' after movement is
located based on the angle 6 according to formula 4. For example, in the case of the present embodiment, since each
beam line is set so as to be one degree away from neighboring lines, for example, if 0 is two degrees, a beam line at
a location two beam lines away from the original beam line is set as a beam line after movement and its line address
is obtained.

[0028] Furthermore, in the calculation portion 25, the amount of change d of the depth of formula 5 is sought and,
based on the result, the depth of point P' after movement is sought. That is, a depth obtained by subtraction of d from
the depth D at point P before movement is made a depth of point P' after movement.

[0029] Moreover, in Fig. 3, in the interests of simplicity, since the vector a' and the angle 6 are largely illustrated, the
position of point P' is out of the beam line making an angle with the line OP. However, since actual calculation is
performed at every small time interval, both vector a' and angle 6 are very small and changes where the position of
point P' comes off the beam line making the angle 6 with the line OP are as small as negligible.

[0030] Next, in step S03, the calculation portion 25 judges whether or not the beam line according to the line address
sought in step S02 can be displayed. For example, as shown in Fig. 4, when an area where the central angle of a
sectoral portion is 300° is scanned by an ultrasonic beam, a non-displayable sectoral area 35 of a central angle of 60°
exists. In this case, there are cases where a line address at which the point P' after movement sought in step S02 is
located is included in the non-displayable area 35. In this case, the process proceeds to step S04 and, except for that,
the process proceeds to step S05.

[0031] Instep S04, out of beam lines contained in the display area 37 shown in Fig. 4, the calculation portion 25 sets
the line address of a beam line the closest to the beam line according to the line address sought in step S02 instead
of the line address sought in step S02, and the process proceeds to step S07. As a result, point P' after movement
moves along the outer edge portion 39 of the display area 37 on the screen.

[0032] Furthermore, in step S05, the calculation portion 25 judges whether or not the position of the depth sought
in step S02 is contained in the display area. That is, as shown in Fig. 5, it is judged whether or not the position of the
depth is in the non-display area more inner than the inside circle 41 in the circular B-mode image corresponding to the
outer surface of the probe 1 since the depth is too small, or, as shown in Fig. 6, it is judged whether or not the position
of the depth is in the non-display area more outer than the outside circle 43 in the display area in the circular B-mode
image as the maximum shooting area determined in accordance with the PRF in advance since the depth is too large,
for example. When the depth is in the non-display area, the process proceeds to step S06, and, in other cases, the
process proceeds to step S07.

[0033] In step S06, as shown in Fig. 5, when the depth is too small, the calculation portion 25 sets the minimum
depth which can be displayed instead of the depth sought in step S02, and the process proceeds to step S07. As a
result, on the screen, point P' after movement moves along the circle 41 having the minimum depth which can be
displayed. On the other hand, as shown in Fig. 6, when the depth is too large, the calculation portion 25 sets the
maximum depth which can be displayed instead of the depth sought in step S02, and the process proceeds to step
S07. As a result, point P' after movement moves along the circle 43 showing the maximum depth which can be dis-
played.

[0034] Then, in step S07, the calculation portion 25 inputs the line address and depth of point P' after movement
sought in step S02, S04, and S06 to the line address processing portion 27 and the depth setting portion 29. Then,
these line address and depth are input to the Doppler processing portion 13 and set as the position of the Doppler
sample gate after movement. Furthermore, a mark for displaying the Doppler sample gate is generated by the display
body output portion 30 and this mark superimposed on the B-mode image is displayed on the display portion 9. Fur-
thermore, these line address and depth are input to the line address and depth storage portion 17 and the line address
and depth held up to that time is replaced with the new line address and depth.

[0035] As described above, according to the present embodiment, the position of a Doppler sample gate as a display
body is stored in connection with the address and depth of a beam line and displayed. Then, the calculation portion
25 resolves the amount of movement input from the track ball 23 with reference to the beam line and depth before
movement into a component in the direction of the ultrasonic beam line of the ultrasonogram and a component orthog-
onal to the direction, an ultrasonic beam line after movement is sought based on the resolved orthogonal components,
the position of the depth in the ultrasonic beam line after movement is sought based on the resolved component in the
direction of the ultrasonic beam line, and thus, the display position of the Doppler sample gate after movement is
changed. As a result, regardless of the position of the Doppler sample gate on the B-mode image, the movement of
the Doppler sample gate can be made close to the direction of the movement of the track ball, and the feeling of
strangeness of the operator is reduced, and the operability can be improved. Furthermore, since the central position
of the Doppler sample gate can be located on an ultrasonic beam line, an appropriate measurement can be performed.
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[0036] Furthermore, when an input takes place such that the Doppler sample gate enters an non-displayable area,
since the Doppler sample gate is made to move along the outer edge portion of a display area, the Doppler sample
gate does not disappear from the screen and accordingly, the operator does not lose sight of that and, as a result, the
operability is more improved.

[0037] Furthermore, in the above-described embodiment, regarding whether or not the line address can be displayed
and the depth can be displayed, only restrictions on the transmission and reception of ultrasonic waves were consid-
ered, but, except of these, restrictions based on the requirements of the monitor may be considered. Fig. 7 shows one
example of screen displays where there are restrictions based on such screen specifications and the operation of a
track ball. As shown in Fig. 7, when the display area is limited because of screen size, there are non-display areas,
and, in this case, the combination of depths or line addresses related to such area is input to the input amount and
output position calculation portion and, when the point P' after movement sought in step S02 is contained in such areas,
they may be changed to a line address and depth in the area which is the closest to the input P' after movement and
may be displayed. Thus, even if the instruction is wrongly input to move the Doppler sample gate into an non-displayable
area, the Doppler sample gate does not disappear from the screen and stops at the outer edge portion of the display
area, and accordingly, the operator is prevented from losing sight of the Doppler sample gate and the operability can
be more improved.

[0038] Furthermore, the same method as the above-described method for setting the Doppler sample gate may be
used for moving a Doppler color box. Fig. 8 shows the operation of a track ball and the screen display when a Doppler
color box is moved in an ultrasonograph in which the present invention is applied. The Doppler color box is a specified
area where a part of the area of a B-mode image is specified and a color flow mapping image as a color Doppler image,
in which blood flow velocities, etc., sought in Doppler mode are classified by color and displayed, superimposed on
the B-mode image is displayed. The Doppler color box is generally defined such that the upper and lower limits of
depths and the area of line addresses are specified and, as a result, the shape of the Doppler color box is sectoral as
shown in Fig. 7. Then, when the beam address and depth related to, for example, the central point R of the Doppler
color box are dealt with in the same way as in the setting of the Doppler sample gate described above, the Doppler
color box can be moved. Furthermore, the M-node sample gate may be set by the same method.

[0039] Furthermore, the present invention can be applied not only to the setting of the position described above, but
also to the alteration, expansion, or reduction of the areas such as the Doppler color box, the B-mode shooting area,
etc In this case, the boundary line of the outer edge portion of the Doppler color box and the B-mode shooting area,
and Points representing the boundary, for example, points on the boundary line and points at the corners of the area
are made display bodies, and, when these are moved by a track ball, etc., in the same way as in the above-described
Doppler sample gate, the alteration, expansion, or reduction of the area can be made.

[0040] Inthe above embodiment, a method for controlling movement of a display body was described in accordance
with the coordinate conversion rule suited for an ultrasonogram of a wide-angle sectoral portion or a circular portion,
for example, but the present invention is not limited to the rule and the rule can be modified as described next. That
is, in the case of a conventional ultrasonogram in which the central angle of a sectoral portion is 120° or less, it is
considered that a method for controlling movement of the display body in accordance with the conventional coordinate
conversion rule is accustomed to use. Then, when the central angle of a sectoral portion in the ultrasonogram is a set
value (for example, 120°) or less, the conventional coordinate conversion rule (first coordinate conversion rule) is
applied, and when the central angle of a sectoral portion exceeds a set value, the coordinate conversion rule of the
present invention (second coordinate conversion rule) can be applied. In this case, the first and second coordinate
conversion rules are set in the calculation portion 25 in Fig. 1. The calculation portion 25 compares the central angle
of a sectoral portion in an ultrasonogram given by the control portion 19 with a set value, and either of the first and
second coordinate conversion rules is applied. Then, the ultrasonograph becomes convenient to use.

Claims
1. An ultrasonograph comprising:

an ultrasonogram generating portion for generating an ultrasonogram based on a reflection echo signal ob-
tained by radially scanning a specimen irradiated with an ultrasonic beam and a display area;

a monitor screen for displaying the generated ultrasonogram;

a display-body image generating portion for generating an image of a display body superimposed on the
ultrasonogram;

means for storing a first display position of the display body displayed on the monitor screen;

an input portion for inputting the amount of movement of the display body from the first display position to a
second display position;
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calculation means for determining the second display position of the display body based on the amount of
movement input from the input portion and the display area; and

means for moving the display body from the first display position to the second display position determined
by the calculation means.

An ultrasonograph according to claim 1, wherein the calculation means contains a storage portion for storing the
first display position of the display body through the position of an ultrasonic beam line and a depth on the ultrasonic
beam line.

An ultrasonograph according to claim 1, wherein the calculation means decomposes the amount of movement
input from the input portion into a component in the direction of the ultrasonic beam line of the ultrasonogram and
a component orthogonal to the former component, the ultrasonic beam line of the second display portion is deter-
mined based on the component orthogonal to the former component, and the depth position on the ultrasonic
beam line of the second display position is determined based on the component in the direction of the ultrasonic
beam line.

An ultrasonograph according to claim 1, wherein the display body is a Doppler sample gate made up of a pair of
line bodies opposite to each other, and the display-body image generating portion generates an image in which
the pair of line bodies are displayed so as to be orthogonal to the ultrasonic beam line.

An ultrasonograph according to claim 1, wherein the display body is a Doppler color box marking off the display
area of a color flow mapping image, and the ultrasonogram generating portion contains means for generating a
color flow mapping image showing the state of a blood flow in the Doppler color box and making the image displayed
in the Doppler color box on the monitor screen.

An ultrasonograph according to claim 1, wherein the display body is a frame body for marking off an interest area.

An ultrasonograph according to claim 1, wherein the calculation means determines a second display position of
the display body based on a coordinate transformation rule set in advance, and the coordinate transformation rule
is separately set for a case where the central angle of a sectoral or circular portion of the ultrasonogram is a set
value or less and for a case where the central angle of the sectoral or circular portion of the ultrasonogram is above
the set value.

An ultrasonograph according to claim 7, wherein the set value of the central angle is 120°.

An ultrasonograph according to claim 7, wherein the coordinate transformation rule contains a first coordinate
transformation rule to be applied to a case where the central angle of a sectoral portion of the ultrasonogram is a
set value or less and a second coordinate transformation rule to be applied to a case where the central angle of
the sectoral or circular portion of the ultrasonogram is above the set value, wherein, in the first coordinate trans-
formation rule, the direction of one axis of the amount of movement input from the input portion corresponds to a
depth in the direction of an ultrasonic beam line and the direction of the other axis corresponds to the direction
orthogonal to the direction of the ultrasonic beam line, and wherein, in the second coordinate transformation rule,
the amount of movement input from the input portion is decomposed into a component in the direction of an ultra-
sonic beam line and a component orthogonal to the ultrasonic beam line, an ultrasonic beam line at a second
display position of the display body is determined based on the component orthogonal to the ultrasonic beam line,
and a depth position on the ultrasonic beam line at the second display portion is determined based on the com-
ponent in the direction of the ultrasonic beam line.

An ultrasonograph according to claim 1, wherein the calculation means contains a first conversion means which
determines a second display position of the display body in accordance with a coordinate transformation rule where
the direction of one axis of the amount of movement input from the input portion corresponds to a depth in the
direction of an ultrasonic beam line and the direction of the other axis corresponds to the direction orthogonal to
the direction of the ultrasonic beam line and a second conversion means in which the amount of movement input
from the input portion is decomposed into a component in the direction of an ultrasonic beam line and a component
orthogonal to the ultrasonic beam line, an ultrasonic beam line at a second display position of the display body
based on the component orthogonal to the ultrasonic beam line is determined, and a depth position in the ultrasonic
beam line at a second display position is determined based on the component in the direction of the ultrasonic
beam line, and the display position after movement of the display body is determined by the first conversion means
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when the central angle of a sectoral portion of the ultrasonogram displayed on the monitor screen is 120° or less
and by the second conversion means when the central angle of the sectoral or circular portion of the ultrasonogram
is above 120°.

An ultrasonograph according to claim 1, wherein the sectoral or circular portion of the ultrasonogram contains non-
displayable areas in the central portion and the outer portion, and wherein, when the display position of the display
body after movement reaches the non-displayable areas, the display body is displayed on the ultrasonogram close
to the display position of the display body after movement.

An ultrasonograph according to claim 1, wherein the sectoral portion of the ultrasonogram contains a non-display-
able area beyond the central angle of the sectoral portion, and wherein, when the display position of the display
body after movement reaches the non-displayable area, the calculation means displays the display body in the
side portion of a sectoral portion of the ultrasonogram close to the display position of the display body after move-
ment.

A method for controlling movement of a display body of an ultrasonograph, comprising the steps of:

generating an ultrasonogram based on a reflection echo signal obtained by radially scanning a specimen
irradiated with an ultrasonic beam and a display area;

displaying the generated ultrasonogram on a monitor screen;

generating an image of a display body superimposed on the ultrasonogram;

storing a first display position of the display body displayed on the monitor screen;

inputting an amount of movement to a second display position from the first display position of the display body;
calculating the second display position of the display body based on the input amount of movement and a
display area; and

moving the display body from the first display position to the second display position.

A method for controlling movement of a display body of an ultrasonograph as claimed in claim 13, wherein, in the
step of calculating, the first display position of the display body is stored through the position of an ultrasonic beam
line and a depth on the ultrasonic beam line.

A method for controlling movement of a display body of an ultrasonograph as claimed in claim 13, wherein, in the
step of calculating, the amount of movement input from the input portion is decomposed into a component in the
direction of the ultrasonic beam line of the ultrasonogram and a component orthogonal to the ultrasonic beam line,
an ultrasonic beam line of a second display position is determined based on the component orthogonal to the
ultrasonic beam line, and a depth position of the second display position on the ultrasonic beam line is determined
based on the component in the direction of the ultrasonic beam line.

A method for controlling movement of a display body of an ultrasonograph as claimed in claim 13, wherein the
display body is a Doppler sample gate made up of a pair of line bodies opposite to each other, and the display-
body image generating portion generates an image in which the pair of line bodies are displayed so as to be
orthogonal to the ultrasonic beam line.

A method for controlling movement of a display body of an ultrasonograph as claimed in claim 13, wherein the
display body is a Doppler color box marking off the display area of a color flow mapping image, and the ultrason-
ogram generating portion contains means for generating a color flow mapping image showing the state of a blood
flow inside the Doppler color box and making the image displayed in the Doppler color box on the monitor screen.

A method for controlling movement of a display body of an ultrasonograph as claimed in claim 13, wherein the
display body is a frame marking off an interest area.

A method for controlling movement of a display body of an ultrasonograph as claimed in claim 13, wherein, in the
step of calculating, the second display position of the display body is determined based on a coordinate transfor-
mation rule determined in advance, and the coordinate transformation rule is separately determined in a case
where the central angle of the sectoral or circular portion of the ultrasonogram is a set value or less, and a case
where the central angle is above the set value.

A method for controlling movement of a display body of an ultrasonograph as claimed in claim 13, wherein the set
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