US 20150196280A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2015/0196280 A1
YAMAMOTO (43) Pub. Date: Jul. 16, 2015

(54) ULTRASOUND DIAGNOSTIC APPARATUS, (52) US.CL
ULTRASOUND IMAGE GENERATING CPC oo, AG1B 8/5207 (2013.01); A61B 8/14
METHOD, AND RECORDING MEDIUM (2013.01); A61B 8/486 (2013.01); A61B
. 8/4488 (2013.01); AGIB 8/4245 (2013.01);
(71)  Applicant: FUJIFILM Corporation, Tokyo (JP) A6IB 8/465 (2013.01); A61B 8/5269 (2013.01)

(72) Inventor: Hiroaki YAMAMOTO,
Ashigara-kami-gun (JP)

7) ABSTRACT
(73) Assignee: FUJIFILM Corporation, Tokyo (IP)
(21) Appl. No.: 14/669,889
(22) Filed: Mar. 26, 2015 There are provided an ultrasonic diagnostic apparatus, an

L ultrasound image generating method, and a recording
Related U.S. Application Data medium having stored therein a program capable of generat-
(63) Continuation of application No. PCT/JP2013/075529, ing an ultrasound image with a precision close to that of

filed on Sep. 20, 2013. multi-focus even with amoving image. In the case of amotion
picture photographing mode, transmission/reception is per-

(30) Foreign Application Priority Data formed with single focus, and multi-line processing is per-
Sep. 27.2012 (TP 2012.215264 formed based on received element data. Thereafter, image
ol 11,2013 EJPg T 013145443 Processingis performed, andamoving image of an ultrasonic

image is displayed or a sound velocity value is calculated. In
the case of a still picture photographing mode, transmission/
reception is performed with multi-focus, and phasing addi-

Publication Classification

(51) Int.CL tion processing and the like are performed on received ele-
A6IB 8/08 (2006.01) ment data. Thereafter, image processing is performed, and a
A61B 8/00 (2006.01) still image of an ultrasonic image is displayed or a sound
A61B 8/14 (2006.01) velocity value is calculated.

i
12 16 74 ;
U i 16 8 20 o TR 26 N
Sl ) ) F M GENERATOR | Y 28
P3|z | RECEIVING 4/D ELEMENT | [ CLEMENT | HB{PHASING] 38 [DiSPLAY !
5| & NN Con- Lt DATA  [B{DATA PRO--BADDITION | | COH- BIMONITOR
ol E | YEHTER STORABE CESSD Ll SECTION] TROLLER
el o k h X ' v ; VY
fZ | m ! oy ¥ |
I I PR Ao by T 3 1o [PETECTION |
; - :‘ 404 !
: 3| % | {[SECTION SOUND 5 CE5S0 :
- EE-N I VELOCITY ; !
: ; 14 DETERMINER ; |
kL 420 :
i |cesson| |
a5 IMAGE ||
(R O
30 S— :
/ 1

| CONTROLLER

OPERATHY
32—PREI NG| [sToracel- 34




US 2015/0196280 A1

Jul. 16,2015 Sheet 1 0f 13

Patent Application Publication

NOLLOES

HITIOHLNOD
v /
" ||||||||||||||||| |” Mwm
 owan|
T 0wl [T
[T
N S
i | osa |—+er l@ W ooy
| ) " ENPEIER al W
m ! ALIDOTIA v iz |8
NS »f £ | £
: T / _ o
yyy | 1 v v v | 8|5
HITI104.L i [NOILOIS [~ | HOSS3O IAOVHOLS NETREL) NOLLO3S 212
HOLINOW|€ -NOD tINOLLIGOVjd+— ~Oxd VIVl  V1V( | ~NOD [HoNinEoguf€—] 2 | <
: Av1dSIal gp4— wmmw%mﬁ INEIERE! INEERE a/v Pl 2|2
82 ( P HOLYHIANTD | t [ 7 Pl x| D
9z EG z7 0z g1 91 m x
PR w 9 i
. | ‘DI



Patent Application Publication  Jul. 16,2015 Sheet 2 of 13 US 2015/0196280 A1

FIG. 2

ELEMENT DATA

TIME /\

DISTANCE nl. FROM CENTER ELEMENT
TO n—-TH ELEMENT

< > WIDTH L. OF ELEMENT
TRANSMISSION AND I A O |4'>|
RECEPTION ELEMENT A

p

A

LENGTH dn=((nL)*+d?*)1"2

ags

CALCULATE TIME USING ¢ DEPTHd
AMBIENT SOUND VELOCITY V REFLECTION

, POINT
TIME tn=((nL)+d2)"2/Va |




US 2015/0196280 A1

Jul. 16,2015 Sheet 3 of 13

Patent Application Publication

(8E)¥T'CT @—

vivd
<+— nGanTs (00

1NdNI

JOHL3 DNISS3004dd NOILISOdWIYEdNS
‘A3SOdNWIY3dNS 39 01

4— ()Y€

ONISS300dd V1vd INdWT13 40 dNTVA LNdNI

SONINIdO NOILdI03d ANV
< | ‘SHDNIN3IJO NOISSINSNVY.L 'SNOILISOd
1INIOd SNOO04 ALIOOT1dA ANNOS
(SYIDONASNVYYL ANNOSYY11N) 3904d

w V1va LNJANT13 40 S303ld 40 4d9ANN

40SS300dd vivd

vivd i [9ossanoud
ININI13 |€——] NOILIS
a3ss3Inodd i |-odwriadns
1Nd1No : [ A A

; ob

i [4oLvINo1vo
i [ 3w Aviaa
P

' 8v

1IN3IANT1T

4— (2E)VE

_ ANVH3IYH0439 NOILVINHOANI 3HINDOV



Patent Application Publication

FIG. 4B

ELEMENT DATA

/\W _ 62

CENTER

FLEMENT 5%d RECEPTION

\ |ELEMENT

Jul. 16,2015 Sheet 4 of 13

FIG. 4D

ELEMENT DATA

NO SIGNAL~—,

CENTER

ELEMENT 52e oo oo

92\ ELEMENT

e

Eo g }’:‘” i i R e 4:,”{{ [ {49};@”}-»\-, Sf B
y . o

/

4«
/ /\ '

e / /
5a /52¢c ¥ 52h

_ 52b
g
60 58
58
56- 56
p |
54
ELEMENT DATA ELEMENT DATA
16 GHOST U
7\
CENTER CENTER
ELEMENT 52d RECEPTION ELEMENT bZe RECERTION
ELEMENT 52d \ [ELEMENT
NN NNNNN77 70, 100 e 0 Ot/ NN N NN NNNNNNNNNNZ 760 0000 00 NN
52a/ 92h
D2a 52g 5%2b
60 60
58
64 64 64

FIG. 5A

US 2015/0196280 A1



Patent Application Publication  Jul. 16,2015 Sheet 5 of 13 US 2015/0196280 A1

FIG. 6A CENTER ELEMENT (x0.0)

| »

EEERHESSS%%%%%%Z%%%?%%%%Z%%%%%ERNSSSSEE

52a 52b 52¢ ||df 52d 52g

61
'!'Qacus POINT (x0,df)

//~ 58

RECEIVING PATH TRANSMISSION PATH
DISTANGE (Lra) [~ DISTANCE (L)

54
I—:\ REFLECTION POINT (x0,2)
y

FIG. 6B (x0.0)
ELEMENT INTERVAL Le i CENTER ELEMEI\)I(T (x0+T.e,0)
i d | '
NN NN NN 4 0 A A NN NN
A

52a 52b 52c 52d

/!

RECEIVING PATH

DISTANCE (Lrb
YUE (Lrb) TRANSMISSION

61 PATH DISTANCE (Ltb)
54 df +(z=df ) + Le’
REFLECTION
POINT (x0.2)
ELEMENT DATA
F1G. 6C 68 GROUP g6 68
68 M|\ / R\M 68
| \ ‘ | | / |
vy vV ¥ Vv ¥




US 2015/0196280 A1

Jul. 16,2015 Sheet 6 of 13

Patent Application Publication

“"

B
LA
*af <

-
AL
=

A HL DI

(<<<Qc:i

. ‘HOLVIN LON O0Q SISVHd LSOHD ANV
, NOILISOd SSaNLIHDIHG HOIH LV HOLVIN SISVHd
1IN3INTT3 HOVI 404 NOILDIHHOD ISVH 40 11NS3H V SV

>

—

v

4, Ol

*

ONLLAIHS TvHILY1 ANV
NOLLOIHHOO 3ISVHd gy NOILOIHYOD 3ISVHA  gpyp)

HQR//\\H

J
\/| or oI

%

ONLLAIHS TVHIALY1 ANV

*
ac o1 M\/\/N

1S3H3LINI 40 LNINTTT

._.mm_m_m_._.z_ 40 LN3JWI13

1SOHD 40 3SVO NI

IVNDIS dNd1 40 3SVO NI




Patent Application Publication  Jul. 16,2015 Sheet 7 of 13 US 2015/0196280 A1

e

STORE ELEMENT DATA [~ S14

v

MULTILINE PROCESSING [~ S16

v

DETERMINE AMBIENT |~ S18
SOUND VELOCITY

END



Patent Application Publication  Jul. 16,2015 Sheet 8 of 13 US 2015/0196280 A1

FIG. 10

START

SET Vst AND Vend ~ S20

!

V=Vst 522
sis
V=V+AV | |CALCULATE Focus INDEX [~ S24
T S26
N —V=vend?
Yes

DETERMINE AMBIENT ~ 330
SOUND VELOCITY BASED
ON FOCUS INDEX FOR EACH
SET SOUND VELOCITY V

END



Patent Application Publication

S42 ~~

Jul. 16,2015 Sheet90of13  US2015/0196280 Al
SINGLE FOCUS MULTI-FOCUS  |-_ 548

TRANSMISSION
AND RECEPTION

TRANSMISSION
AND RECEPTION

v

S44 A MULTILINE
PROCESSING
DISPLAY IMAGE OR CALCULATE |~ s46
SOUND VELOCITY VALUE
START
S54
GENERATE IMAGE [~ S50 ¢
CHANGE SOUND
VELOCITY VALUE
$52 X
~DETERMINE™~_ NG

< IMAGE
~QUALITY

|OK

STORE SOUND
VELOCITY VALUE

~ 556




US 2015/0196280 A1

Jul. 16,2015 Sheet 10 of 13

Patent Application Publication

ye~|3ovdoLs| [(NQE2T5 | —z¢
Y3ITTOHLNOD
s F ....... 1 0¢ %
“ “ HOLVHINID
1 JAHJOWAN Y NNy, =
: . dVYIN ALIDOT
i | IOVIL [T1OV oz L~ _3A aNNOS
e 250 N
: [@0ss30] | 4ININY313C Le
1 —0dd |-—+pp ALIDOTIA
: m_oﬂ_\,: m aNNOS V00T
m m L\
i | osa [—+ev +H+
: A “ d3ININYZ13d v L= | w
m m ALIDOTIA y b < | @
i | YOSS3ID |} dNNos NOLLOHFS] ! |21
| —Odd __-op { NOISSIN |- < | & i
1 INOILD3 13| ~CNWYHL | v | oo
A A A 4 ! + [ A.r_| h 4 h 4 A 4 % =i
¥3Tiodl] | [NoILO3s|&- [ HOSS3ID 3IOVH01S NETREL NOLLOIS a9
] AVIdSIA| gg 4~ DNISVHd e IN3W3T3 r IN3WT13 a/v NN
82 { | O LYHINTD | { ( ( ( e S
9¢ IOV e 114 8l 91 . :
IIIIIII||~“ ||||||||| | . m ||||| MII
O gl ‘DI L



Patent Application Publication

FIG. 14B

OBJ

FIG. 14A
LATTICE POINT X »

LATTICE POINT Xror

Jul. 16,2015 Sheet 11 of 13

ORI

POINT A1e® A2@ A3
WA2

LATTICE

[INRARNRANEEN

L
y

X
36 ,
[T

-l

US 2015/0196280 A1



Patent Application Publication  Jul. 16,2015 Sheet 120f13  US 2015/0196280 A1

FIG. 15
C START )
I

CALCULATE VIRTUAL RECEPTION  —~—S60
WAVE OF LATTICE POINT Xror

'

SET INITIAL VALUE OF VIRTUAL ~— S62
SOUND VELOCITY

!

CHANGE VIRTUAL SOUND VELOCITY [~ S64
BY ONE STEP

v

CALCULATE VIRTUAL SYNTHESIZED [~ S66
RECEPTION WAVE

\ 4

CALCULATE ERROR BETWEEN VIRTUAL
RECEPTION WAVE AND VIRTUAL
SYNTHESIZED RECEPTION WAVE

—— S68

BEEN FINISHED FOR ALL
VIRTUAL SOUND
VELOCITIES?

DETERMINE LOCAL SOUND VELOCITY
VALUE AT LATTICE POINT Xrol

’
C END )

——S72




NOILOJS

—
-«
R
o
= v v
m d3T1041INOD
2 3 (
e Neeee : 0¢
= L agowan|
s | 3DVl [T 9
o m _ 6¢
m ! + ! I 4
g i [doss3ao] | HOL193HH0D
« _ —0dd |y [ ALIDOT3A
" b | aoviaL | i aNnos
— : i
2 A t
: ' [osa |-ie Y14
i : 3 “ d3INING313d vl A s ITRE
= “ _ ALIDOT3A | w A
 [@oss30 | annos NoLLoTs| | | £ | €
| ~0dd 0y { NOISSIN |+ < | & |
= ¢ INOILOD313d| » ~SNYH 1| o !
£ m _|.|_ €¢ o =
m LA A 4 ' + Aur_| A 4 h 4 A 4 ; O Do
= d31odl] 1 [NOLLOAS|& [ HOSS30 IOVHOLS NETEEL NOLLOIS 22
& N AV1dsial gg A cz_w<_._n_AJ INIWT3 r INEERE a/v P2 |2
= : i ; .
S 82 { | OLyHaNIO | 7 [ { / Pl E
5 9 i JIOVAL | A 0¢C 8l 91 m : “
= B SR A
Aw 7 ¥z . gg mw
g 90T 91 DI
=
[~



US 2015/0196280 A1

ULTRASOUND DIAGNOSTIC APPARATUS,
ULTRASOUND IMAGE GENERATING
METHOD, AND RECORDING VMEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2013/075529 filed on Sep. 20,
2013, which claims priority under 35 U.S.C. §119(a) to Japa-
nese Patent Application No. 2012-215264 filed on Sep. 27,
2012 and Japanese Patent Application No. 2013-145443 filed
on Jul. 11, 2013. Each of the above application(s) is hereby
expressly incorporated by reference, in its entirety, into the
present application.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an ultrasound diag-
nostic apparatus, an ultrasound image generating method,
and a recording medium having stored therein a program,
which generate an ultrasound image used for inspection or
diagnosis of an inspection object by performing imaging of
the inspection object such as an organin a living body by the
transmission and reception of ultrasonic beams; in particular,
to an ultrasound diagnostic apparatus, an ultrasound image
generating method, and a recording medium having stored
therein a program, which perform multi-line processing with
single focus in a motion picture photographing mode and
perform normal processing with multi-focus in a still picture
photographing mode.

[0003] Conventionally, in the medical field, ultrasonic
examination apparatuses such as ultrasound image diagnostic
apparatuses using ultrasound images are being put into prac-
tical use. In general, this type of ultrasonic examination appa-
ratus has an ultrasound probe with a plurality of built-in
elements (ultrasound transducers), and an apparatus main
body connected with the ultrasound probe, and generates an
ultrasound image by transmitting ultrasonic beams from the
plurality of elements of the ultrasound probe toward an
inspection object (hereinafter, also referred to as a subject),
receiving ultrasonic echoes from the subject by the ultrasound
probe, and electrically processing the received ultrasonic
echo signals in the apparatus main body.

[0004] In the ultrasonic examination apparatus, when gen-
erating the ultrasound image, ultrasonic beams are transmit-
ted from the plurality of elements of the probe to an inspection
object region in a subject, for example, organs in a living body
or lesions or the like in the organs, by matching focus points,
and ultrasonic echoes from a reflecting body in the inspection
object region, for example, the surface or interface of the
organs, the lesions, or the like, are received via the plurality of
elements. However, since the ultrasonic echoes reflected by
the same reflecting body are received by a plurality of ele-
ments, with respect to an ultrasonic echo signal reflected by
the reflecting body positioned at a focus point position of an
ultrasonic beam transmitted from a transmission element and
received by the transmission element, an ultrasonic echo sig-
nal reflected by the same reflecting body and received by
another element which is not the transmission element is
delayed. For this reason, element data is generated by analog-
to-digital (A/D) converting the ultrasonic echo signals
received by the plurality of elements and is subjected to a
reception focusing process, that is, delay correction, phase
matching and phasing addition, to generate a sound ray sig-
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nal. An ultrasound image is generated based on the sound ray
signal obtained in this manner.

[0005] Forexample, JP 2010-207490 A describes a method
of, using respective average sound velocities from two
regions of interest ROI1 and ROI2 to an ultrasound probe, i.e.,
ambient sound velocities, determining an average sound
velocity between the two regions of interest, i.e., a local sound
velocity.

[0006] InlJP2010-207490 A, ROI1 is set in the subject ata
distance (depth) d from the ultrasound probe and ROI2 is set
in the subject at a distance (depth) d+Ad from the ultrasound
probe.

[0007] Next, an average sound velocity C, on a path from
the ultrasound probe to ROI1 is determined based on a set
sound velocity value at which the beam focusing degree (the
image quality of the ultrasound image) at ROI1 is the maxi-
mum, and an average sound velocity C, on a path from the
ultrasound probe to ROI2 is determined based on a set sound
velocity value at which the beam focusing degree (the image
quality of the ultrasound image) at ROI2 is the maximum.
[0008] Then, an average sound velocity C_ onthe path from
ROI1 to ROI2 is determined based on the average sound
velocities C, and C, and the distances from the ultrasound
probeto ROII and ROI2. When ROI1 and RO12 are set above
and below the target region in this manner, it is possible to
determine the sound velocity in this region.

SUMMARY OF THE INVENTION

[0009] In JP 2010-207490 A described above, in order to
accurately determine the average sound velocities on paths
from the ultrasound probe to ROI1 and ROI2, it is necessary
to obtain a clear reflected wavefront by transmitting transmis-
sion beams with their focus points being matched at the
respective positions of ROI1 and ROI2. For this reason, the
number of times of transmission focusing is increased
according to the number of ROIs and, as a result, there is a
problem in that the frame rate is decreased, which is not
suitable for a moving image.

[0010] An object of the present invention is to solve the
problems of the related art described above and to provide an
ultrasound diagnostic apparatus, an ultrasound image gener-
ating method, and a recording medium having stored therein
a program capable of generating an ultrasound image with a
precision close to that of multi-focus even with a moving
image.

[0011] In addition, an object of the present invention is to
provide an ultrasound diagnostic apparatus, an ultrasound
image generating method, and a recording medium having
stored therein a program capable of calculating a sound veloc-
ity value with a precision close to that of multi-focus even for
a moving image.

[0012] In order to attain the above objects, the present
invention provides as its first aspect an ultrasound diagnostic
apparatus inspecting an inspection object using ultrasonic
beams, comprising: a probe having a plurality of elements
arranged therein, the probe being configured to transmit the
ultrasonic beams, receive ultrasonic echoes reflected by the
inspection object, and output analog element signals accord-
ing to the received ultrasonic echoes; a transmitter configured
to cause the probe to transmit the ultrasonic beams plural
times through the plurality of elements such that predeter-
mined transmission focus points are formed; a receiver con-
figured to receive analog element signals that the plurality of
elements output in response to transmission of each of the
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ultrasonic beams for each of the transmission focus points,
and carry out a predetermined process; an analog-to-digital
converter configured to analog-to-digital convert the analog
element signals processed by the receiver into pieces of first
element data which are digital element signals; a first data
processor configured to generate a piece of second element
data corresponding to one of the pieces of first element data
from the pieces of first element data; and a photographing
mode switching unit configured to switch a mode between a
motion picture photographing mode in which a moving
image is taken by generating the ultrasonic beams continu-
ously in terms of time and a still picture photographing mode
in which a still image is taken by temporarily generating the
ultrasonic beams, wherein when the photographing mode
switching unit switches the mode to the motion picture pho-
tographing mode, the transmitter forms at least one focus
point in the inspection object, and the first data processor
processes the pieces of first element data.

[0013] Forinstance, the transmitter transmits the ultrasonic
beams plural times while changing an element being center.
In addition, for instance, the receiver changes an element
being center in response to transmission of each of the ultra-
sonic beams by the transmitter.

[0014] The receiver may carry out reception using same
elements as the plurality of elements used by the transmitter.
[0015] The first data processor may change a number of the
pieces of first element data to be processed when the photo-
graphing mode switching unit switches the mode to the
motion picture photographing mode.

[0016] It is preferable to include an image generator con-
figured to generate display image data based on the piece of
second element data; and a monitor configured to display a
moving image of an ultrasound image based on the display
image data.

[0017] Itis preferable to include an ambient sound velocity
determiner configured to determine an ambient sound veloc-
ity in the inspection object, and in this case, the image gen-
erator generates display image data using the determined
ambient sound velocity, and the monitor displays a moving
image of an ultrasound image based on the ambient sound
velocity.

[0018] It is preferable to include a local sound velocity
determiner configured to determine a local sound velocity
based on the ambient sound velocity, and in this case, the
image generator generates the display image data using the
determined local sound velocity, and the monitor displays a
moving image of an ultrasound image based on the local
sound velocity.

[0019] Ttis preferable to include a sound velocity corrector
configured to correct a sound velocity based on the ambient
sound velocity to obtain a sound velocity correction value,
and in this case, the image generator generates the display
image data using the sound velocity correction value, and the
monitor displays amoving image ofan ultrasound image with
a sound velocity having been corrected with the sound veloc-
ity correction value.

[0020] It is preferable to include a second data processor
configured to generate data of one line on an ultrasound image
based on one of the pieces of first element data, and in this
case, when the photographing mode switching unit switches
the mode to the still picture photographing mode, the trans-
mitter forms a plurality of focus points in the inspection
object, and the second data processor processes the pieces of
first element data.
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[0021] Preferably, an image generator generates display
image data based on data of one line on an ultrasound image
generated by the second data processor, and a monitor dis-
plays astill image of an ultrasound image based on the display
image data.

[0022] Preferably, the image generator generates display
image data using an ambient sound velocity determined by an
ambient sound velocity determiner, and the monitor displays
a still image of an ultrasound image based on the ambient
sound velocity.

[0023] Preferably, a local sound velocity determiner deter-
mines a local sound velocity based on the ambient sound
velocity, the image generator generates display image data
using the determined local sound velocity, and the monitor
displays a still image of an ultrasound image based on the
local sound velocity.

[0024] Preferably, a sound velocity corrector corrects a
sound velocity based on the ambient sound velocity to obtain
a sound velocity correction value, the image generator gen-
erates display image data using the sound velocity correction
value, and the monitor displays a still image of an ultrasound
image based on the sound velocity correction value.

[0025] Itis preferable to include an element data retaining
unit configured to retain at least either one of the pieces of first
element data and the pieces of second element data.

[0026] Preferably, the first data processor generates pieces
of first reception data by performing phasing addition on the
respective pieces of first element data just before generating
the piece of second element data from the pieces of first
element data, and generates a piece of second reception data
corresponding to one of the pieces of first reception data from
the pieces of first reception data.

[0027] It is preferable to include an image generator con-
figured to generate display image data based on the piece of
second reception data; and a monitor configured to display a
moving image of an ultrasound image based on the display
image data.

[0028] Preferably, the first data processor includes a super-
imposition processor configured to generate the piece of sec-
ond element data by superimposing two or more of the pieces
of first element data based on receiving times when the plu-
rality of elements receive ultrasonic echoes and positions of
the plurality of elements.

[0029] The present invention provides as its second aspect
an ultrasound diagnostic apparatus inspecting an inspection
object using ultrasonic beams, comprising: a probe having a
plurality of elements arranged therein, the probe being con-
figured to transmit the ultrasonic beams, receive ultrasonic
echoes reflected by the inspection object, and output analog
element signals according to the received ultrasonic echoes; a
transmitter configured to cause the probe to transmit the ultra-
sonic beams plural times through the plurality of elements
such that predetermined transmission focus points are
formed; a receiver configured to receive analog element sig-
nals that the plurality of elements output in response to trans-
mission of each of the ultrasonic beams for each of the trans-
mission focus points, and carry out a predetermined process;
an analog-to-digital converter configured to analog-to-digital
convert the analog element signals processed by the receiver
into pieces of first element data which are digital element
signals; a first data processor configured to carry out a phasing
addition process on the pieces of first element data and gen-
erate a piece of second element data corresponding to one of
the pieces of first element data after phasing addition; and a
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photographing mode switching unit configured to switch a
mode between a motion picture photographing mode in
which a moving image is taken by generating the ultrasonic
beams continuously in terms of time and a still picture pho-
tographing mode in which a still image is taken by tempo-
rarily generating the ultrasonic beams, wherein when the
photographing mode switching unit switches the mode to the
motion picture photographing mode, the transmitter forms at
least one focus point in the inspection object, and first data
processor processes the pieces of first element data after
phasing addition.

[0030] The present invention provides as its third aspect an
ultrasound image generating method for acquiring an ultra-
sound image for use in inspecting an inspection object using
a probe having a plurality of elements arranged therein, the
probe transmitting ultrasonic beams, receiving ultrasonic
echoes reflected by the inspection object, and outputting ana-
log element signals according to the received ultrasonic ech-
oes, the method comprising the steps of: when a mode is
switchable between a motion picture photographing mode in
which a moving image is taken by generating ultrasonic
beams continuously in terms of time and a still picture pho-
tographing mode in which a still image is taken by tempo-
rarily generating the ultrasonic beams, and the mode is
switched to the motion picture photographing mode, causing
the probe to transmit the ultrasonic beams plural times
through the plurality of elements such that predetermined
transmission focusing points are formed, while outputting
analog element signals that the plurality of elements output in
response to transmission of each of the ultrasonic beams;
analog-to-digital converting the analog element signals into
pieces of first element data which are digital element signals;
and generating a piece of second element data corresponding
to oneofthe pieces of first element data from the pieces of first
element data, with at least one focus point being formed in the
inspection object.

[0031] For instance, a plurality of focus points in the
inspection object are formed; the ultrasonic beams are trans-
mitted to transmission focus points; the pieces of first element
data are obtained; and data of one line on an ultrasound image
1s generated based on one of the pieces of first element data,
when the mode is switched to the still picture photographing
mode.

[0032] The present invention provides as its fourth aspect a
computer readable recording medium having stored therein a
program that causes a computer to execute the steps of the
ultrasound image generating method of the third aspect of the
present invention as a procedure.

[0033] According to the ultrasound diagnostic apparatus,
the ultrasound image generating method, and the recording
medium of the present invention, it is possible to generate an
ultrasound image and also calculate a sound velocity value
with a precision close to that of multi-focus even for a moving
image. The program is also capable of generating an ultra-
sound image and calculating a sound velocity value with a
precision close to that of multi-focus even for a moving
image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 11is a block diagram illustrating an ultrasound
diagnostic apparatus of a first embodiment of the present
invention.
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[0035] FIG. 2 is a conceptual diagram for describing an
example of a reception focusing process in the ultrasound
diagnostic apparatus depicted in FIG. 1.

[0036] FIG. 3 is a block diagram conceptually illustrating
an example of a configuration of an element data processor of
the ultrasound diagnostic apparatus depicted in FIG. 1.
[0037] FIG. 4A and FIG. 4C are conceptual diagrams each
for describing transmission and reception of ultrasonic waves
using an ideal ultrasonic beam and F1G. 4B and FIG. 4D are
conceptual diagrams each showing element data obtained by
the transmission and reception of ultrasonic waves.

[0038] FIG. 5A and FIG. 5C are conceptual diagrams each
for describing the ultrasound transmission and reception with
an actual ultrasonic beam and FIG. 5B and FIG. 5D are
conceptual diagrams each showing element data obtained by
the transmission and reception of ultrasonic waves.

[0039] FIG. 6A and FIG. 6B are conceptual diagrams for
describing a path of a sound wave in the case where the
transmission and reception of ultrasonic waves is performed
with respect to the same reflection point using different center
elements, FIG. 6C is a conceptual diagram for describing
element data obtained by a plurality of elements, and FIG. 6D
is a conceptual diagram for describing each of the delay times
of the element data depicted in FIG. 6C.

[0040] FIGS.7A to 7C and FIGS. 7D to 7F are conceptual
diagrams for describing element data in cases of a true signal
and a ghost, respectively, separately showing element data,
delay times thereof, and states where the pieces of element
data are superimposed, FIG. 7G is a conceptual diagram for
describing states where the pieces of element data corre-
sponding to a plurality of elements are superimposed, and
FIG. TH is a conceptual diagram for describing the results of
superimposing the pieces of element data in FIG. 7G.
[0041] FIG. 8 is a block diagram conceptually illustrating
an example of a configuration of a sound velocity determiner
of the ultrasound diagnostic apparatus depicted in FIG. 1.
[0042] FIG. 9isa flow chart for describing an example of a
sound velocity determining process of the ultrasound diag-
nostic apparatus depicted in FIG. 1.

[0043] FIG. 10 is a flow chart for describing a sound veloc-
ity determining method in the flow chart of FIG. 9.

[0044] FIG. 11 is a flow chart for describing a still picture
photographing mode and a motion picture photographing
mode of an ultrasound diagnostic apparatus of a first embodi-
ment of the present invention.

[0045] FIG. 12 is a flow chart for describing a sound veloc-
ity determining method.

[0046] FIG. 13 is ablock diagram illustrating an ultrasound
diagnostic apparatus of a second embodiment of the present
invention.

[0047] FIGS. 14A and 14B are schematic diagrams for
describing a calculation process of a local sound velocity
value.

[0048] FIG. 15 is a flow chart for describing an example of
the calculation process of the local sound velocity value.
[0049] FIG. 16 is ablock diagram illustrating an ultrasound
diagnostic apparatus of a third embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0050] Detailed description will be given of an ultrasound
diagnostic apparatus, an ultrasound image generating
method, and a computer readable recording medium having
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stored therein a program of the present invention based on
preferred embodiments illustrated in the attached diagrams.

[0051] FIG. 11is a block diagram illustrating an ultrasound
diagnostic apparatus of a first embodiment of the present
invention.

[0052] An ultrasound diagnostic apparatus 10 illustrated in
FIG. 1 which will be described in detail below has a motion
picture photographing mode in which a moving image is
taken by continuously generating ultrasonic beams in time
series and a still picture photographing mode in which a still
image is taken by temporarily generating ultrasonic beams,
and has a photographing mode switching unit for switching
the motion picture photographing mode and the still picture
photographing mode.

[0053] In the case of the motion picture photographing
mode, transmission and reception is performed with single
focus (one focus point) with respect to a subject (an inspec-
tion object), multi-line processing which will be described in
detail below is performed based on received element data
(first element data), and an ultrasound image (a moving
image) is generated and displayed, or calculation of a sound
velocity value is carried out. On the other hand, in the case of
the still picture photographing mode, similarly to the related
art, transmission and reception is performed with multi-focus
(alarge number of focus points) with respect to a subject, and
an ultrasound image (a still image) is generated and dis-
played, or calculation of a sound velocity value is carried out.

[0054] Below, detailed description will be given ofan ultra-
sound diagnostic apparatus 10 which has the motion picture
photographing mode and the still picture photographing
mode.

[0055] As illustrated in FIG. 1, the ultrasound diagnostic
apparatus 10 has an ultrasound probe 12, a transmission sec-
tion 14 and a receiving section 16 connected with the ultra-
sound probe 12, an analog-to-digital (A/D) converter 18, an
element data storage 20, an element data processor 22 (first
data processor), a sound velocity determiner 23, an image
generator 24, a display controller 26, a monitor 28, a control-
ler 30, an operating section 32, and a storage 34.

[0056] In the example in the diagram, the transmission
section 14, the receiving section 16, the A/D converter 18, the
element data storage 20, the element data processor 22, the
sound velocity determiner 23, the image generator 24, the
display controller 26, the monitor 28, the controller 30, the
operating section 32, and the storage 34 configure the appa-
ratus main body of the ultrasound diagnostic apparatus 10.

[0057] The ultrasound probe 12 (hereinafter, referred to as
the probe 12) has a transducer array 36 which can be used in
a normal ultrasound diagnostic apparatus.

[0058] The transducer array 36 has a plurality of elements,
that is, ultrasound transducers, which are one-dimensionally
or two-dimensionally arranged in an array. When taking an
ultrasound image of a subject (an inspection object), these
ultrasound transducers transmit ultrasonic beams to the sub-
ject in accordance with driving signals respectively supplied
from the transmission section 14, receive ultrasonic echoes
from the subject, and output reception signals. In the present
embodiment, each of a predetermined number of the ultra-
sound transducers which form one set out of the plurality of
ultrasound transducers of the transducer array 36 generates
each component of one ultrasonic beam, and one set of the
predetermined number of ultrasound transducers generates
one ultrasonic beam to be transmitted to the subject.
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[0059] Each of the ultrasound transducers is configured of
oscillators formed with electrodes at both ends of a piezoelec-
tric body formed of, for example, a piezoelectric ceramic
represented by lead zirconate titanate (PZT), a piezoelectric
polymer represented by polyvinylidene fluoride (PVDF), a
piezoelectric single crystal represented by lead magnesium
niobate-lead titanate solid solution (PMN-PT), or the like.

[0060] When a pulsed or continuous wave voltage is
applied to the electrodes of the oscillator, the piezoelectric
body expands and contracts according to the applied voltage,
and pulsed or continuous wave ultrasonic waves are genet-
ated from each oscillator. In addition, the ultrasonic waves
generated from the oscillators converge to be combined (that
is, transmission focusing is performed on the ultrasonic
waves) at a set focus point according to driving delays of the
respective oscillators, thereby forming an ultrasonic beam.

[0061] In addition, the oscillators expand and contract in
response to entered ultrasonic echoes reflected inside the
subject and generate electric signals according to the size of
the expansion and contraction. The electric signals are output
to the receiving section 16 as the reception signals.

[0062] Thetransmissionsection 14 includes, forexample, a
plurality of pulsars and supplies a driving signal (applies a
driving voltage) to each of the ultrasound transducers (oscil-
lators) of the probe 12.

[0063] Forexample, in accordance with a sound velocity or
with a sound velocity distribution set based on a transmission
delay pattern selected according to a control signal from the
controller 30, driving signals are supplied to a plurality of
ultrasound transducers (hereinafter, referred to as ultrasound
elements) forming one set with delay amounts of the respec-
tive driving signals being adjusted such that the ultrasonic
beam components which are transmitted from one set of a
predetermined number of ultrasound elements in the trans-
ducer array 36 form one ultrasonic beam.

[0064] Furthermore, transmission focusing for adjusting a
delay amount of a driving signal (an application timing of a
driving voltage) is performed such that the ultrasonic waves
transmitted by the plurality of ultrasound transducers form a
desired ultrasonic beam that is to converge at a predetermined
focus point (transmission focusing point) set in the subject,
and the driving signal is supplied to the ultrasound transduc-
ers. It is possible to set a large number of focus points in the
depth direction of the subject.

[0065] Here, the transmission delay pattern may be cor-
rected according to an ambient sound velocity value, a local
sound velocity value, and a sound velocity correction value to
be described below. In this manner, the desired ultrasonic
beam is transmitted from the probe 12 (the transducer array
36) to the subject. Here, the transmission section 14 and the
controller 30 configure a focus controller.

[0066] According to a control signal from the controller 30,
the receiving section 16 receives ultrasonic echoes from the
subject, which are generated by the interaction between the
ultrasonic beam and the subject using each of the ultrasound
elements of the transducer array 36, amplifies and outputs a
reception signal, that is, an analog element signal associated
with each of the ultrasound elements, and supplies the ampli-
fied analog element signal to the A/D converter 18.

[0067] The method of transmitting and receiving the ultra-
sonic waves in the ultrasound diagnostic apparatus 10 of the
present invention is basically the same as that of a known
ultrasound diagnostic apparatus.
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[0068] Accordingly, in a single transmission and reception
of ultrasonic waves (the transmission of one ultrasonic beam
and the reception of ultrasonic echoes corresponding to this
transmission), neither the number of ultrasound transducers
(the number of transmission openings) which generate the
ultrasonic waves nor the number of ultrasound transducers
(the number of reception openings) which receive the ultra-
sonic waves (through which the receiving section 16 receives
the reception signal) is limited as long as they are plural. In
addition, in a single transmission and reception, the number
of openings may be the same or different between the trans-
mission and the reception.

[0069] In addition, with adjacent ultrasonic beams in at
least the azimuth direction (the arrangement direction of the
ultrasound transducers), as long as transmission regions over-
lap, neither the number of times of the transmission and
reception of the ultrasonic waves (number of sound rays) for
forming one ultrasound image nor the intervals of the ultra-
sound transducers (center elements) being the center of the
transmission and reception (that is, the density of the scan-
ning lines) is limited. Accordingly, the transmission and
reception of the ultrasonic waves may be performed with all
of the ultrasound transducers corresponding to the region
scanned with ultrasonic waves as the center elements, or the
transmission and reception of the ultrasonic waves may be
performed with ultrasound transducers at predetermined
intervals, such as intervals of every two transducers or every
four transducers, as the center elements. The receiving sec-
tion 16 may change the element assuming the center to cor-
respond to the transmission of the ultrasonic beams by the
transmission section 14.

[0070] The A/D converter 18 is connected with the receiv-
ing section 16 and A/D converts the analog reception signal
supplied from the receiving section 16 into element data (first
element data) which is a digital reception signal. The A/D
converter 18 supplies the A/D converted element data to the
element data storage 20.

[0071] The element data storage 20 sequentially stores the
element data supplied from the A/D converter 18. In addition,
the element data storage 20 stores information relating to the
frame rate (for example, the depth of the reflecting position of
the ultrasonic waves, the density of the scanning lines, or a
parameter indicating a visual field width) input from the
controller 30 in association with each piece of element data.

[0072] Preferably, the element data storage 20 stores all the
pieces of element data corresponding to at least one ultra-
sound image (an ultrasound image of one frame) and does not
erase the element data of the ultrasound image before display
or during display at least until the display of the ultrasound
image is finished.

[0073] Inthe motion picture photographing mode, the con-
troller 30 controls so that the A/D converted element data is
output from the element data storage 20 to the element data
processor 22.

[0074] On the other hand, in the still picture photographing
mode, the controller 30 controls so that the A/D converted
element data is not output from the element data storage 20 to
the element data processor 22, but is output to the sound
velocity determiner 23 and the image generator 24 (a phasing
addition section 38).

[0075] The element data processor 22 is a feature of the
present invention and, in the motion picture photographing
mode, generates processed element data (second element
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data) corresponding to each piece of element data by supet-
imposing pieces of element data.

[0076] Specifically, under the control of the controller 30,
the element data processor 22 superimposes, out of pieces of
element data stored in the element data storage 20, certain
pieces of element data obtained by a predetermined number
(a plurality) of ultrasonic beam transmissions in which the
ultrasound transducers assuming the center (the elements
assuming the center (center elements)) are different and the
transmission regions of the ultrasonic beams overlap, accord-
ing to the times at which the ultrasound transducers receive
the ultrasonic echoes and the positions of the ultrasound
transducers, thereby generating processed element data cor-
responding to the element data (element data of an element of
interest to be described below). The element data processor
22 outputs the generated processed element data to the sound
velocity determiner 23 and the image generator 24.

[0077] In the motion picture photographing mode, the
sound velocity determiner 23 determines a sound velocity
(ambient sound velocity) of the ultrasonic waves in a subject
using the processed element data generated by the element
data processor 22. In the still picture photographing mode, the
sound velocity determiner 23 determines a sound velocity
(ambient sound velocity) of the ultrasonic waves in a subject
using the A/D converted element data in the element data
storage 20.

[0078] Detailed description will be given below of the ele-
ment data processor 22, the processed element data, the sound
velocity determiner 23, and the ambient sound velocity.

[0079] Under the control of the controller 30, the image
generator 24 generates reception data (a sound ray signal)
from the element data (the first element data) supplied from
the element data storage 20 or the processed element data
(second element data) supplied from the element data proces-
sor 22, and generates an ultrasound image from this reception
data.

[0080] An ultrasound image of a still image is generated
from the element data supplied from the element data storage
20, and an ultrasound image of a moving image is generated
from the processed element data supplied from the element
data processor 22.

[0081] The image generator 24 has the phasing addition
section 38, a detection processor 40, a DSC 42, an image
processor 44, and an image memory 46.

[0082] The phasing addition section 38 is connected with
the element data storage 20, the element data processor 22,
and the sound velocity determiner 23 and, in the motion
picture photographing mode, carries out phasing addition on
the processed element data generated by the element data
processor 22, thereby performing a reception focusing pro-
cess and generating reception data.

[0083] The distance to one reflection point in the subject is
different among the ultrasound transducers. Therefore, even
with ultrasonic echoes reflected at the same reflection point,
the time taken for the ultrasonic echo to arrive at each of the
ultrasound transducers is different. According to a reception
delay pattern selected by the controller 30, the phasing addi-
tion section 38 delays each piece of reception data by an
amount corresponding to the difference in the arrival time (the
delay time) of the ultrasonic echoes for each of the ultrasound
transducers, and carries out phasing addition on the reception
data to which the delay time is applied, thereby digitally
performing a reception focusing process and generating
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reception data. The phasing addition section 38 supplies the
generated reception data to the detection processor 40.
[0084] In addition, in the still picture photographing mode,
a plurality of focus points are set in the depth direction in the
subject, and the phasing addition section 38 carries out phas-
ing addition on the element data of one element, thereby
performing the reception focusing process to generate the
reception data, thus generating reception data of one line of
the ultrasound image for each of the focus points. At this time,
the phasing addition section 38 functions as a second data
processor.

[0085] Regardless of the motion picture photographing
mode or the still picture photographing mode, in the case
where the sound velocity (the ambient sound velocity) of the
ultrasonic waves in the subject has been determined by the
sound velocity determiner 23 and supplied to the phasing
addition section 38, the phasing addition section 38 performs
the reception focusing process by correcting the delay time,
the reception delay pattern, or the like using the ambient
sound velocity.

[0086] Inthe case where the ambient sound velocity has not
been determined, regardless of the motion picture photo-
graphing mode or the still picture photographing mode, the
phasing addition section 38 performs the reception focusing
process by a known method using a reception delay pattern as
described above.

[0087] FIG. 2 shows an example of the reception focusing
process using the ambient sound velocity.

[0088] FIG. 2 shows a case of a linear probe in which the
plurality of ultrasound transducers of the probe 12 are
arranged in a row in the left and right direction in the diagram.
However, the concept may be similarly applied even in the
case of a convex probe where only the probe shape is differ-
ent.

[0089] When the width of each of the ultrasound transduc-
ers in the azimuth direction is assumed to be L, the distance up
to the n-th ultrasound transducer from the ultrasound trans-
ducer in the center in the azimuth direction toward the end is
nl.

[0090] As shown in the diagram, when the reflection point
of the ultrasonic wave is assumed to be at a distance (depth) d,
which is positioned to be perpendicular to the arrangement
direction, from the center ultrasound transducer, the distance
(length) d,, between the n-th ultrasound transducer and the
reflection point is calculated using the formula (1).

d=((nLy+d)? M

[0091] Accordingly, using the ambient sound velocity V, a
time t,, for the ultrasonic echo from the reflection point to
arrive at (be received by) the n-th ultrasound transducer is
calculated using the formula (2).

t,=d /V=((nL P+ VYV )

[0092] As described above, the distance between each
ultrasound transducer and the reflection point is different
among the ultrasound transducers. In the case of this example,
as shown in the graph at the top of the diagram, the arrival
time t,, of the ultrasonic echo is longer as the ultrasound
transducer is positioned closer to the end in the arrangement
direction.

[0093] Specifically, when the time until the ultrasonic wave
is received by the center ultrasound transducer from the
reflection point is assumed to be t,, the ultrasonic wave
received by the n-th ultrasound transducer is delayed by the
time At=t,~t, with respect to the ultrasonic wave received by
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the center ultrasound transducer. In the present example, the
delay time At is a reception delay pattern.

[0094] The phasing addition section 38 performs phasing
addition on the reception data corresponding to each of the
ultrasound transducers using the delay time represented by
the time At described above and performs a reception focus-
ing process.

[0095] Inthe present invention, the reception focusing pro-
cess according to the ambient sound velocity is not limited to
this method and it is possible to use various known methods.
[0096] For example, the controller 30 may select a recep-
tion delay pattern according to the ambient sound velocity
and supply the control signal according thereto to the phasing
addition section 38. Alternatively, the controller 30 may cor-
rect the reception delay pattern according to the ambient
sound velocity and supply the control signal according to the
corrected reception delay pattern to the phasing addition sec-
tion 38. Alternatively, the phasing addition section 38 may
correct the control signal supplied from the controller 30
according to the ambient sound velocity and perform the
reception focusing process.

[0097] After carrying out correction of the attenuation
caused due to the distance according to the depth of the
reflection position of the ultrasonic wave on the reception
data generated by the phasing addition section 38, the detec-
tion processor 40 generates B-mode image data (display
image data) which is tomographic image information (bright-
ness image information) in the subject by carrying out an
envelope detection process.

[0098] Thedigital scan converter (DSC) 42 converts (raster
converts) the B-mode image data generated by the detection
processor 40 into image data corresponding to a normal tele-
vision signal scanning system.

[0099] The image processor 44 carries out various types of
necessary image processing such as a gradation process on
the B-mode image data input from the DSC 42 to generate
B-mode image data for display. The image processor 44 out-
puts the image processed B-mode image data to the display
controller 26 for display and stores the image processed
B-mode image data in the image memory 46. The image
processed B-mode image data is not necessarily stored in the
image memory 46.

[0100] Theimage memory 46 is aknown storage (a storage
medium) which stores the B-mode image data (display image
data) processed by the image processor 44. The B-mode
image data stored in the image memory 46 is read out to the
display controller 26 for display on the monitor 28 as neces-
sary.

[0101] The display controller 26 uses the B-mode image
data on which predetermined image processing has been car-
ried out by the image processor 44 to display an ultrasound
image of a moving image or an ultrasound image of a still
image on the monitor 28. The monitor 28 includes, for
example, a display device such as a liquid crystal display
(LCD) and displays an ultrasound image of a moving image
or an ultrasound image of a still image under the control of the
display controller 26.

[0102] The controller 30 controls each section of the ultra-
sound diagnostic apparatus 10 on the basis of instructions
input from the operating section 32 by an operator.

[0103] In addition, the controller 30 supplies various types
of information input by an operator via the operating section
32 to necessary units. For example, in the case where infor-
mation necessary for calculating the delay time used in the
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element data processor 22 and the phasing addition section 38
of the image generator 24 and information necessary for
element data processing in the element data processor 22 are
input by the operating section 32, the information is supplied
to the transmission section 14, the receiving section 16, the
element data storage 20, the element data processor 22, the
image generator 24, and the display controller 26 as neces-
sary.

[0104] The operating section 32 is used by the operator to
perform an input operation and can be formed of a keyboard,
amouse, a trackball, a touch panel, or the like.

[0105] In addition, the operating section 32 is provided
with an input function for the operator to input various types
of information as necessary. For example, the operating sec-
tion 32 has an input function for inputting information on the
probe 12 (the ultrasound transducer); information relating to
the generation of processed element data such as the trans-
mission openings and reception openings in the probe 12
(transducer array), the number of pieces of element data to be
superimposed and the method; the focus point position of the
ultrasonic beam; and the like.

[0106] These are input in accordance with, for example,
selection of a photograph site (examination site), selection of
image quality, selection of the depth of the ultrasound image
to be photographed, or the like.

[0107] Furthermore, the operating section 32 includes a
freeze button for setting a mode of the ultrasound diagnostic
apparatus 10 to the motion picture photographing modeor the
still picture photographing mode, and the operating section
32 functions as the photographing mode switching unit.
When the freeze button is operated, a setting signal which
switches the mode from the motion picture photographing
modeto the still picture photographing mode is transmitted to
the controller 30 to switch the mode from the motion picture
photographing mode to the still picture photographing mode.
On the other hand, when the operation of the freeze button is
released, the mode is switched from the still picture photo-
graphing mode to the motion picture photographing mode.
Here, the photographing mode switching unit is not limited to
the freeze button and a photographing mode switching sec-
tion which switches the photographing mode described above
may be provided.

[0108] The storage 34 stores information necessary for the
controller 30 to operate and control the ultrasound diagnostic
apparatus, such as an operation program for the controller 30
to execute control of each section of the ultrasound diagnostic
apparatus 10, the transmission delay pattern and the reception
delay pattern, information relating to the generation of pro-
cessed element data, information on the probe 12 input from
the operating section 32, and information on the transmission
openings, the reception openings, and the focus point posi-
tion.

[0109] For the storage 34, it is possible to use a known
recording medium such as a hard disk, a flexible disk, a
magneto-optical disk (MO), a magnetic tape (MT), a random
access memory (RAM), a compact disc read only memory
(CD-ROM), or a digital versatile disk read only memory
(DVD-ROM).

[0110] In the ultrasound diagnostic apparatus 10, the ele-
ment data processor 22, the sound velocity determiner 23, the
phasing addition section 38, the detection processor 40, the
DSC 42, the image processor 44, the display controller 26,
and the like are configured by a central processing unit (CPU)
and an operation program causing the CPU to execute various
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processes. However, in the present invention, these units may
be configured by a digital circuit.

[0111] As described above, the element data processor 22
generates processed element data by superimposing, out of
the pieces of element data (unprocessed element data) stored
in the element data storage 20, certain pieces of element data
obtained by a predetermined number (a plurality) of ultra-
sonic beam transmissions in which the ultrasound transducers
assuming the center (the center elements) are different and the
transmission regions of the ultrasonic beams overlap, accord-
ing to the receiving times of the ultrasound transducers and
the positions of the ultrasound transducers.

[0112] In the following description, the ultrasound trans-
ducers are also referred to simply as “elements”.

[0113] FIG. 3 is a block diagram conceptually illustrating
the configuration of the element data processor 22.

[0114] As illustrated in FIG. 3, the element data processor
22 has a delay time calculator 48 and a superimposition
processor 49.

[0115] The delay time calculator 48 acquires beforehand
necessary information input from the operating section 32 or
stored in the storage 34 after being input from the operating
section 32 relating to the probe 12 (the ultrasound transducers
(elements)), focus point positions of the ultrasonic beams, the
transmission openings and the reception openings of the
probe 12, and the like.

[0116] In addition, the delay time calculator 48 calculates
the delay time of the ultrasonic echoes received by the ele-
ments of the reception openings, that is, the element data,
based on the geometric positions of the elements of the trans-
mission openings which oscillate the ultrasonic waves in
order to transmit (generate) the ultrasonic beams and the
elements of the reception openings which receive the ultra-
sonic echoes from the subject.

[0117] The superimposition processor 49 reads out certain
pieces of element data (element data obtained with ultrasonic
beams where the center elements are different and the trans-
mission regions overlap (two or more pieces of element data
generated for two or more target regions)) to be superimposed
from the pieces of element data stored in the element data
storage 20 based on information relating to the number of
pieces of element data to be superimposed and the element
data process such as a superimposition processing method as
input from the operating section 32 or stored in the storage 34
after being input from the operating section 32.

[0118] Furthermore, based on the delay time corresponding
to each piece of the element data calculated by the delay time
calculator 48, the superimposition processor 49 superim-
poses two or more pieces of element data according to the
reception time, that is, by matching the time and by matching
the absolute positions of the receiving elements of the probe,
thereby generating the processed element data.

[0119] Detailed description will be given of the element
data processing performed in the element data processor 22.
[0120] Firstly, description will be given of a relationship
between ultrasonic beams from the transmission elements
and element data obtained by the reception elements in the
case where, in the ultrasound probe 12, the ultrasonic beams
are transmitted to the subject from the transmission openings,
that is, the elements (hereinafter, simply referred to as the
transmission elements) which send out the ultrasonic waves
in order to transmit the ultrasonic beams, and the element data
is obtained by receiving the ultrasonic echoes generated by
interaction with the subject at the reception openings, that is,
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at the elements (hereinafter, simply referred to as the recep-
tion elements) which receive the ultrasonic echoes.

[0121] As an example, as shown in FIG. 4A, an ultrasonic
beam is transmitted by the transmission section 14 with three
elements 52¢ to 52e as the transmission elements and ultra-
sonic echoes are received with seven elements 52a to 52g as
the reception elements. Next, as shown in FIG. 4C, the ultra-
sonic beam is transmitted with three elements 52d to 52f'as
transmission elements by moving (hereinafter, also referred
to as shifting) the elements by one element in the azimuth
direction and ultrasonic echoes are received by the receiving
section 16 with seven elements 524 to 52/ as the reception
elements to acquire the respective piece of element data.

[0122] That is, the center element (the element in the cen-
ter) is the element 524 in the example shown in FIG. 4A and
the center element is the element 52¢ in the example shown in
FIG. 4B.

[0123] Now, an ideal case will be considered in which an
ultrasonic beam 56 transmitted to the inspection object region
including areflection point 54 is converged at a focus point 58
and narrowed to the element interval or less.

[0124] As shown in FIG. 4A, when the ultrasonic beam 56
is transmitted from the elements 52¢ to 52¢ which are trans-
mission elements with the element 524 directly above the
reflection point 54 (on a straight line linking the reflection
point and the focus point) as the center element, and pieces of
element data are acquired by receiving the ultrasonic echoes
at the elements 52a to 52g which are the reception elements,
the focus point 58 of the ultrasonic beam 56 is on a straight
line linking the element 524 which is the center element and
the reflection point 54. In such a case, since the ultrasonic
beam 56 is transmitted up to the reflection point 54, the
ultrasonic echoes reflected from the reflection point 54 are
generated.

[0125] The ultrasonic echoes from the reflection point 54
are received at the elements 52a to 52¢ which are the recep-
tion elements after passing through a receiving path 60 broad-
ening at a predetermined angle, and the element data 62 as
shown in FIG. 4B is obtained by the elements 524 to 52g. In
FIG. 4B, the vertical axis represents the time and the horizon-
tal axis represents the position (the position of the elements)
in the azimuth direction corresponding to FIG. 4A (the same
applies to FIG. 4D).

[0126] In contrast, as shown in FIG. 4C, in the case where
the center element is shifted by the amount of one element, the
element 52¢ next to the element 524 directly above the reflec-
tion point 54 becomes the center element.

[0127] The ultrasonic beam 56 is transmitted from the ele-
ments 52d to 52f which are transmission elements with the
element 52e as the center element and the ultrasonic echoes
are received at the elements 525 to 52/ which are the recep-
tion elements. At this time, when the ultrasonic beam 56 is
ideal in the same manner, the reflection point 54 is not present
in the transmission direction of the ultrasonic beam 56, that is,
on a straight line linking the center element 52¢ and the focus
point 58. Accordingly, the ultrasonic beam 56 is not transmit-
ted to the reflection point 54.

[0128] Therefore, the ultrasonic echoes reflected from the
reflection point 54 are not generated and the elements 525 to
52/ which are reception elements do not receive the ultra-
sonic echoes, and thus, as shown in FIG. 4D, the reflected
signal from the reflection point 54 is not obtained (the signal
intensity of the element data is “0”).
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[0129] However, since the actual ultrasonic beam is dif-
fused after being converged at the focus point 58 as an ultra-
sonic beam 64 shown in FIGS. 5A and 5C, the width is wider
than the element interval.

[0130] Here, similarly to FIG. 4A, in the case where the
ultrasonic beam 64 is transmitted with the elements 52¢ to 52e
as the transmission elements and the element 524 directly
above the reflection point 54 as the center element as in FIG.
5A, evert when the ultrasonic beam 64 is wide, the focus point
58 is on a straight line linking the element 524 and the reflec-
tion point 54. Accordingly, the ultrasonic beam 64 is reflected
at the reflection point 54 and ultrasonic echoes are generated.
[0131] As a result, in the same manner as the case of FIG.
4A, the ultrasonic echoes from the reflection point 54 are
received at the elements 52a to 52g which are the reception
elements after passing through a receiving path 60 which
broadens at a predetermined angle, and, similarly, true ele-
ment data 66 as shown in FIG. 5B is obtained.

[0132] Next, in the same manner as FIG. 4C, as shown in
FIG. 5C, the ultrasonic beam 56 is transmitted by shifting the
center element by one element, i.e., with the adjacent element
52¢ as the center element and the elements 524 to 52f"as the
transmission elements, and the ultrasonic echoes are received
with the elements 525 to 52k as the reception elements. Even
in such a case, since the ultrasonic beam 64 is wide, even
when the reflection point 54 is not present in the transmission
direction of the ultrasonic waves, that is, on a straight line
linking the element 52¢ which is the center element and the
focus point 58, the ultrasonic beam 64 is transmitted to (ar-
rives at) the reflection point 54.

[0133] Therefore, ultrasonic echoes which do not exist
originally or so-called ghost reflected echoes are generated
from the reflection point 54 in the transmission direction of
the ultrasonic beam. The ghost reflected echoes from the
reflection point 54 are received at the elements 525 to 527
which are reception elements after passing through the
receiving path 60 which broadens at a predetermined angle as
shown in FIG. 5C. As aresult, ghost element data 68 as shown
in FIG. 5D is obtained by the elements 525 to 524.

[0134] The ghost element data 68 as described above
decreases the precision of the ultrasound image generated
from the element data.

[0135] The element data processor 22 calculates the delay
time corresponding to the element data in the delay time
calculator 48, and the superimposition processor 49 superim-
poses two or more pieces of element data according to the
delay time and the absolute positions of the elements,
whereby the true element data is emphasized and the ghost
element data is attenuated to generate the processed element
data which is element data with high precision.

[0136] As described above, the delay time calculator 48
calculates the delay time of the element data received at each
of the elements of the reception elements (reception open-
ings).

[0137] That is, the propagation distance of the ultrasonic
beam 64 shown in FIG. 5C is the sum of the transmission path
where the ultrasonic beam 64 reaches the reflection point 54
from the center element 52e via the focus point 58 and the
receiving path where the ghost reflected echoes from the
reflection point 54 reach each of the elements 525 to 527
which are the reception elements.

[0138] The propagation distance of the ultrasonic beam 64
shown in FIG. 5C is longer than the propagation distance of
the ultrasonic beam 64 shown in FIG. 5A, that is, the sum of
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the transmission path where the ultrasonic beam 64 reaches
the reflection point 54 from the center element 524 via the
focus point 58 and the receiving path where the true reflected
echoes from the reflection point 54 reach the elements 524 to
52g which are the reception elements.

[0139] Therefore, the ghost element data 68 as shown in
FIG. 5D is delayed compared to the true element data 66 as
shown in FIG. 5B.

[0140] In the delay time calculator 48 of the element data
processor 22, the time difference between the true element
data and the ghost element data, that is, the delay time of the
ghost element data is calculated from the sound velocity, the
transmission elements, the focus point of the ultrasonic beam,
the reflection point of the subject, and the geometric arrange-
ment of the reception elements.

[0141] Accordingly, in the calculation of the delay time,
information on the shape of the probe 12 (the element inter-
val, the probe type such as linear, convex, or the like), the
sound velocity, the position of the focus point, the transmis-
sion opening, the reception opening, and the like is necessary.
In the delay time calculator 48, the information input by the
operating section 32 or stored in the storage 34 is acquired to
calculate the delay time. For the sound velocity, use may be
made of a fixed value (for example, 1540 m/sec) set in
advance, a sound velocity (an ambient sound velocity) deter-
mined by the sound velocity determiner to be described
below, or one input by the operator.

[0142] It is possible to calculate the delay time from the
difference in the propagation time calculated using the sound
velocity and the total length (propagation distance) of the
transmission path of the ultrasonic beam from the transmis-
sion element to the reflection point via the focus point and the
receiving path of true reflected ultrasonic echoes or ghost
reflected signals from the reflection point up to the reception
elements, the total length being calculated from the geometric
arrangement of, for example, the transmission elements, the
focus point of the ultrasonic beam, the reflection point in the
subject, and the reception elements.

[0143] In the present invention, for example, as shown in
FIG. 6A and FIG. 6B, it is possible to determine the length of
the transmission path and the receiving path of the ultrasonic
beam in the case of the true ultrasonic echoes and the ghost
reflected echoes. Here,in FIGS. 6A and 6B, the x direction is
the azimuth direction and the y direction is the depth direc-
tion.

[0144] Inaddition, in FIG. 6A, the transmission and recep-
tion of the ultrasonic waves is performed in the same manner
as in FIG. 5A and, in F1G. 6B, the transmission and reception
of the ultrasonic waves is performed in the same manner as in
FIG. 5C.

[0145] Inthe case ofthe true ultrasonic echoes, as shown in
FIG. 6A (FIG. 5A), the element 524 which is the center
element, the focus point 58, and the reflection point 54 are all
positioned on the same line in the azimuth direction. That is,
the focus point 58 and the reflection point 54 are positioned
directly below the center element 524.

[0146] Accordingly, when the position of the element 524
which is the center element is assumed to be coordinates (x0,
0) which are two-dimensional x-y coordinates, the x coordi-
nates of the focus point 58 and the reflection point 54 are also
“x0”. Below, the position of the focus point 58 in the trans-
mission is coordinates (x0, df), the position of the reflection
point 54 is coordinates (x0, z), and the interval of the elements
is Le.
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[0147] At this time, the length (transmission path distance)
Lta of a transmission path 61 of the ultrasonic beam from the
element 52d which is the center element to the reflection point
54 via the focus point 58 and the length (the receiving path
distance) Lra of the receiving path 60 of the true reflected
ultrasonic echoes from the reflection point 54 to the element
52d can be calculated using [ta=I_ra=z.

[0148] Accordingly, in the case of the true ultrasonic ech-
oes, the propagation distance Lua of the ultrasonic echoes is
Lua=Lta+Lra=2z.

[0149] Next, as shown in FIG. 6B, by shifting the transmit-
ting element and the reception element by one element in the
x direction (the azimuth direction) (shifting in the direction to
the right in the diagram), transmission and reception are
performed with the center element set to the element 52e. As
shown in FIG. 5C, in this case, the echoes reflected at the
reflection point 54 are the ghost reflected echoes.

[0150] The reflection point 54 is positioned on the same
line in the azimuth direction as the element 52d. Accordingly,
as shown in FIG. 6B, in the transmission and the reception,
the positions of the element 52¢ which is the center element
and the reflection point 54 in the x direction are shifted in the
x direction by one element, that is, by Le.

[0151] Since the coordinates of the element 524 whose
position in the x direction conforms with the reflection point
54 are (x0, 0), the coordinates of the element 52e which is the
center element become (x0+Le, 0), and the coordinates of the
focus point 58 in the transmission become (x0+Le, df). Here,
as described above, the coordinates of the reflection point 54
are (x0, 7).

[0152] Accordingly, it is possible to calculate the length
(the transmission path distance) Ltb of the transmission path
61 of the ultrasonic beam from the element 52¢ which is the
center element to the reflection point 54 via the focus point 58
using Ltb=df+V{(z—df)*+Le’}. On the other hand, it is pos-
sible to calculate the length (the receiving path distance) Lrb
of the receiving path 60 of the ghost reflected signal from the
reflection point 54 to the element 52d directly above the
reflection point 54 (the same position in the x direction (=the
azimuth direction)), using Lrb=z.

[0153] Accordingly, a propagation distance Lub of ultra-
sonic waves in the case of ghost reflected echoes is Lub=Ltb+
Leb=df+V{(z-df)*+Le*} +z.

[0154] In this manner, a value obtained by dividing the
propagation distance Lua of the ultrasonic waves which is the
sum of the distance Lta of the transmission path 61 and the
distance Lra of the receiving path 60 as determined by the
geometric arrangement shown in FIG. 6A by the sound veloc-
ity is the propagation time of the true ultrasonic echoes. In
addition, a value obtained by dividing the propagation dis-
tance Lub of the ultrasonic waves which is the sum of the
distance Ltb of the transmission path 61 and the distance Lrb
of the receiving path 60 as determined by the geometric
arrangement shown in FIG. 6B by the sound velocity is the
propagation time of the ghost reflected echoes.

[0155] The delay time is determined from the difference
between the propagation time of the true ultrasonic echoes
when the x coordinates of the reflection point 54 and the
center element are the same and the propagation time of the
ghost reflected echoes when the x coordinates of the reflec-
tion point 54 and the center element are shifted from each
other by a single element interval.

[0156] The geometric models of FIG. 6A and FIG. 6B are
each a model where the transmission path 61 goes via the
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focus point 58; however, the present invention is not limited
thereto, and, for example, may be a path arriving at the reflec-
tion point 54 without going via the focus point 58.

[0157] In addition, the geometric models of FIG. 6A and
FIG. 6B are each for the case of a linear probe; however,
without being limited thereto, it is possible to perform the
geometric calculation in the same manner from the shape of
the probe even for other probes.

[0158] For example, in the case of a convex probe, it is
possible to carry out the calculation in the same manner by
setting the geometric model using the radius of the probe and
angle of the element interval.

[0159] In addition, in the case of a steering transmission, it
is possible to calculate the delay time of the true element data
and the ghost element data in the vicinity of the true element
data from the positional relationship between transmission
elements and reflection points using a geometric model tak-
ing information on the transmission angle and the like into
consideration.

[0160] Furthermore, without being limited to a method of
calculating the delay time using a geometric model, by deter-
mining in advance the delay time for every measuring condi-
tion from the measuring results of measuring a high bright-
ness reflection point in accordance with measuring conditions
of the apparatus and storing the delay times in the apparatus,
the delay time for the same measuring condition may be read
out.

[0161] FIG. 6C shows the true element data 66 and the
ghost element data 68.

[0162] In FIG. 6C, the data in the center in the azimuth
direction 1s the true element data 66, that is, element data
obtained by transmission and reception where the positions of
the center element and the reflection point 54 in the x direc-
tion conform (element data where the element 524 is taken as
the center element in the example in the diagram). In addition,
pieces of data on both sides of the center are ghost element
data, that 1s, element data obtained by transmission and recep-
tion where the positions of the center element and the reflec-
tion point 54 in the x direction do not conform (element data
where the element 52¢ or the element 52¢ is taken as the
center element in the example in the diagram).

[0163] Inaddition, FIG. 6D shows an example of the delay
times of the pieces of ghost element data 68 withrespect to the
true element data 66 obtained by the geometric calculation
described above. Centering on the true element data 66,
pieces of the element data 68 of the ghost signals are delayed
to be symmetrical in the x direction, that is, the azimuth
direction, in terms of time.

[0164] In this manner, it is also possible to use the delay
time calculated in the delay time calculator 48 of the element
data processor 22 in the delay correction in the phasing addi-
tion section 38.

[0165] As will be described in detail below, in the present
invention, by superimposing on element data, which is
obtained by the transmission of an ultrasonic beam with a
certain element of interest being the center element (the trans-
mission and reception of the element of interest), another
element data, which is obtained by the transmission of an
ultrasonic beam with at least a part of the ultrasonic beam
overlapping and with the center element being different, with
the reception times of the ultrasonic echoes and the positions
of the elements being matched, the processed element data
(second element data) of the element of interest is generated
(the element data of the element of interest is rebuilt).
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[0166] In FIG. 6A, the reflection point 54 indicates the
position ofa certain sampling point (the output position ofthe
element data) positioned directly below the element of inter-
est (at the same position in the azimuth direction or on a
straight line linking the element of interest and the focus
point). In the present invention, the transmission and recep-
tion path to the sampling point in the transmission and recep-
tion of the element of interest is regarded as the transmission
and reception path of the true element data and the transmis-
sion and reception path to the same sampling point in the
transmission and reception of the ultrasonic waves where the
center element is different (the transmission and reception
from the adjacent elements) is regarded as the ghost transmis-
sion and reception path. The superimposition is performed by
calculating the delay time from the difference between those
transmission paths and matching times of pieces of element
data using the delay time. In other words, the delay time is
calculated and the superimposition of pieces of element data
is performed assuming that element data obtained by the
transmission and reception of the element of interest is the
true element data and element data obtained by the transmis-
sion and reception where the center element is different is the
ghost element data.

[0167] In the present invention, the superimposition of
pieces of element data is performed by calculating the delay
time with the same concept for all of the sampling points (the
output positions of all the pieces of element data) and the
processed element data of each of the elements is generated.

[0168] Here, in fact, even when a position of a sampling
point (reflection point) is shifted in the azimuth direction (the
x direction), the length of the receiving path (the receiving
path distance Lrb) does not change. Accordingly, for each
element of interest, the calculation of the delay time of a
certain piece of element data from another piece of element
data obtained through transmission and reception with a dif-
ferent center element may be performed for every sampling
point along the depth direction (the y direction).

[0169] In addition, it is not necessary to know which piece
of element data is the true element data in the superimposition
process. Thatis, although described in detail with reference to
FIGS. 7A to 7H below, in the superimposition process, the
element data of the element of interest is automatically
emphasized and remains when this element data is the true
element data and the element data is cancelled when the
element data is ghost element data. That is, in the case where
the element data of the element of interest is the true element
data, the process according to the delay time is matched and
the signal is emphasized, whereas in the case where the ele-
ment data of the element of interest is the ghost element data,
the process according to the delay time does not match and the
signal is cancelled.

[0170] Next, in the superimposition processor 49 of the
element data processor 22 of the present invention, the super-
imposition process of pieces of element data is performed
using the delay time calculated in the delay time calculator 48
in this manner.

[0171] Here, in the superimposition process in the super-
imposition processor 49, information on the superimposition
processing method and the number of pieces of superimpo-
sition element data at the time of the superimposition is nec-
essary, and this information may be input using the operating
section 32 in advance, or may be stored in the storage 34 in
advance.
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[0172] FIGS. 7A to 7H show an example of the superim-
position process performed in the superimposition processor
49. Here, the example shown in FIGS. 7A to 7H is the case
where the number of pieces of element data is five and the
number of pieces of superimposition element data is three.
[0173] FIG. 7A shows five pieces of element data lined up
side by side obtained by carrying out the transmission and
reception of the ultrasonic waves five times. In addition, FIG.
7 A represents, for each piece of element data, the state where
ultrasonic echoes are received after the ultrasonic beams are
transmitted. The horizontal axis of each piece of element data
represents a reception element, with the center element in the
transmission and reception of the ultrasonic beam being posi-
tioned in the center in each piece of element data. The vertical
axis represents the reception time. In this example, transmis-
sion and reception of the ultrasonic waves is performed five
times by shifting the center element by one element every
time, for example, from the element 525 to the element 521
[0174] FIGS. 7A to TH show the state where one reflection
point is present only directly below the center element in the
middle element data. That is, out of the five pieces of element
data, in the middle element data, the true ultrasonic echoes are
received from the reflection point in the transmission and
reception of the ultrasonic waves. That is, the element data in
the middle is the true element data.

[0175] Regarding the four pieces of element data on both
sides of the middle element data, the reflection point is not
present directly below the center element in the transmission
and reception of the ultrasonic waves. However, as the trans-
mitted ultrasonic beam broadens, the ultrasonic beam hits the
reflection point which is present directly below the transmis-
sion element of the middle element data, and element data of
the resultant reflected echo generated thereby, that is, the
ghost element data appears.

[0176] The further the ghost element data is positioned
away from the true element data, the longer the propagation
time of the ultrasonic waves up to the reflection point, and
thus the reception time for the ghost element data is delayed
compared to the true element data. In addition, the position of
the reception element that first receives the ultrasonic echoes
from the reflection point is shifted in the azimuth direction in
this case.

[0177] Here, on the horizontal axis of each piece of element
data in FIGS. 7A to 7H, the center element during the trans-
mission of the ultrasonic beam is taken as the center. Accord-
ingly, in the examples shown in FIGS. 7A to 7H, since trans-
mission is carried out by shifting the center element by one
element for each piece of the element data, the absolute
positions of the elements in the azimuth direction in each
piece of element data are shifted by one element. In other
words, in the middle element data, the reception element
which first receives the reflected signal from the reflection
point is the center element, and in adjacent pieces of element
data on both sides of the middle element data, the reception
element is shifted by one element from that of the middle
element data. That s, in the element data on the right side, the
reception element is shifted by one element to the left, and in
the element data on the left side, the reception element is
shifted by one element to the right. Furthermore, in each piece
of element data at either end, the reception element is shifted
by two elements from that of the middle element data, that is,
in the element data at the right end, the reception element is
shifted by two elements to the left, and in the element data at
the left end, the reception element is shifted by two elements
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to the right. In this manner, in addition to the presence of delay
in the reception time compared to the true signal, in the ghost
signal, the reception element is also shifted in terms of direc-
tion compared to the true signal.

[0178] FIG. 7B shows an example of the delay time of the
reception time with respect to the element data in the middle
of the five element data shown in FIG. 7A.

[0179] In the superimposition processor 49, in the case
where the element data in the middle is set as the element data
of the element of interest and the delay time shown in FIG. 7B
is used, the delay time correction is performed on a certain
number of pieces of element data to be superimposed (three
pieces of element data in the example in the diagram) with the
element data of the element of interest being centered; and
pieces of unprocessed element data of three pieces of element
data are superimposed after each piece of element data is
shifted according to the difference in element position with
respect to the element of interest (difference in position of the
center element), i.e., shifted by one element in the azimuth
direction toward either end in the example in the diagram, that
is, with matched phases, and the resultant is determined as
one superimposition-processed element data associated with
the element data of the element of interest.

[0180] That is, in the present example, the processed ele-
ment data of the element data of the element of interest is
generated by superimposing the element data obtained by
transmission and reception of the ultrasonic waves where the
element adjacent to the element of interest is the center ele-
ment (hereinafter, also referred to as the element data of the
adjacent element) on the element data obtained by the trans-
mission and reception of the ultrasonic waves where the ele-
ment of interest is the center element (hereinafter, also
referred to as element data of the element of interest).

[0181] The superimposition-processed element data of the
element data of the element of interest obtained in this manner
is shown in FIG. 7C.

[0182] As described above, the element data of the element
of interest shown in FIG. 7A is true element data in which the
reflection point is present directly below the center element
(that is, the element of interest). In addition, the element data
obtained by the transmission and reception where an element
adjacent to the element of interest is the center element is also
data of ultrasonic echoes where the ultrasonic waves reach the
reflection point and reflected.

[0183] Accordingly, when the phase matching is performed
by carrying out delay time correction and azimuth direction
shifting on pieces of element data of the elements adjacent to,
1.e., on both sides of the element of interest, the pieces of
element data of the adjacent elements and the element data of
the element of interest overlap at a high brightness position
since their phases match as shown in FIG. 7C. Therefore, for
example, when these pieces of element data are added, the
element data value becomes a large value (high brightness
value) and, for instance, when an average value is determined
by averaging, the element data also becomes an emphasized
value (high brightness value).

[0184] In contrast, FIG. 7D shows an example of a case
with the same element data as FIG. 7A; however, the element
data to the immediate left of the middle element data is the
element data of the element of interest. That is, this example
shows a case of the transmission and reception of ultrasonic
waves where an element that is not present directly above the
reflection point is the center element, and the center element
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is the element of interest. Accordingly, the element data
wherethis element is the center element is ghost element data.
[0185] FIG. 7E is the same as FIG. 7B and shows an
example of the delay time of the reception time with respect
to the element data of the element of interest of the five pieces
of element data shown in FIG. 7A. That is, since FIG. 7A and
FIG. 7D are of the same element data, the delay time of the
reception time with respect to the element data of the element
of interest of the five pieces of element data shown in FIG. 7D
is also the same.

[0186] In the superimposition processor 49, the delay time
correction is performed for certain pieces of element data to
be superimposed (three pieces of element data in the example
in the diagram) with the element data of the element of inter-
est being centered with the use of the delay time shown in
FIG. 7E (that is, the same as FIG. 7B); and pieces of unproc-
essed element data of three elements are superimposed after
each piece of element data is shifted according to the differ-
ence in element position with respect to the element of inter-
est (difference in position of the center element), i.e., shifted
by one element in the azimuth direction toward either end in
the example in the diagram, and the resultant is determined as
one superimposition-processed element data associated with
the element data of the element of interest.

[0187] The superimposition-processed element data of the
element data of the element of interest obtained in this manner
is shown in FIG. 7F.

[0188] Theelement data of the element of interest shown in
FIG. 7D is ghost element data. Therefore, even when phase
matching is performed by performing delay time correction
and azimuth direction shifting on pieces of unprocessed ele-
ment data of the adjacent pieces of element data on both sides
ofthe element data of the element of interest, as shown in FIG.
7F, the pieces of element data of the adjacent pieces of ele-
ment data and the element data of the element of interest do
notoverlap because their phases do not match with each other.
For this reason, since the phases do not match even when, for
example, three pieces of element data are added, signals or the
like where the phases are inverted cancel out each other, and
thus the added value does not become large and, for example,
a small value is obtained when the average value is deter-
mined by averaging.

[0189] For the other pieces of element data, as a result of
performing the same delay time correction and azimuth direc-
tion shifting as those performed on the element data of the
element of interest, FIG. 7G shows an overlapping state of
three adjacent pieces of element data for each of five pieces of
element data in the example in the diagram. With respect to
these, FIG. TH shows the results after, for example, an addi-
tion process or an averaging process is carried out as the
superimposition process.

[0190] As shown in FIG. 7H, in the case of element data
where a center element directly below which the reflection
point is present shown in FIG. 7A is the element of interest as
shown in FIG. 7A, the element data of the true signal is
determined as superimposition-processed element data hav-
ing a high brightness value. In contrast, in all of the four
pieces of element data (the two pieces of element data on
either side of the middle element data), for the ghost element
data, the element data with their phases not matching with
each other are added or averaged. Therefore, since the ele-
ment data cancel out each other, the value of the ghost super-
imposition-processed element data is lower than that of the
superimposition-processed element data having a high
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brightness value which is element data of a true signal, and it
is possible to reduce the influence of the ghost element data on
the true element data, or it is possible to reduce the influence
thereof to the ignorable level.

[0191] That is, one or more pieces of element data which
are obtained by transmission and reception of ultrasonic
waves where the transmission regions of the ultrasonic beams
overlap and where the center elements are different are super-
imposed on element data (element data of the element of
interest) where a certain element is set as the element of
interest and which is obtained by transmission of an ultra-
sonic beam with the element of interest being the center
element, and thus processed element data corresponding to
the element data of the element of interest is generated. In
other words, the element data of the element of interest is
rebuilt (corrected) using the element data obtained through
transmission and reception where the center element is dif-
ferent. Due to this processing, the brightness level of the true
element data can be increased and it is possible to decrease the
ghost element data.

[0192] Therefore, as will be described below, according to
the present invention which performs determination of the
sound velocity using the processed element data, itis possible
to determine the sound velocity in the subject with high
precision even with one focus point without influence of the
ghost by using element data equivalent to that obtained by
linking focus points at many points on a sound ray transmit-
ted, that is, element data obtained by the transmission of the
ultrasonic waves with multiple virtual focus points (the recep-
tion data (ultrasound image data)).

[0193] Inaddition, similarly, since it is possible to generate
the ultrasound image with element data without influence of
the ghost, that is, element data equivalent to that obtained by
linking focus points at all points on a sound ray, by perform-
ing phasing addition and a detection process on the processed
element data, generating the reception data, and generating
the ultrasound image, it is possible to generate an ultrasound
image with high image quality, high brightness, and excellent
sharpness.

[0194] The generation of the processed element data is also
referred to as a multi-line process in the following descrip-
tion.

[0195] As described above, the processed element data
generated in the multi-line process is element data without
influence of the ghost and equivalent to that obtained by
linking focus points at many points on a sound ray transmit-
ted, that is, element data obtained by the transmission of the
ultrasonic waves with multiple virtual focus points.

[0196] Therefore, according to the present invention which
performs the determination of the sound rays using the pro-
cessed element data, even with the transmission of ultrasonic
waves with one focus point on one sound ray. it is possible to
determine the sound velocity with high precision equal to or
higher than that in the case where the transmission of the
ultrasonic waves is performed with many focus points on one
sound ray. In addition, since the sound velocity can be deter-
mined with high precision by the transmission of ultrasonic
waves with one focus point on one sound ray, it is also pos-
sible to prevent a decrease in the frame rate which accompa-
nies the determination of the sound velocity (updating of the
sound velocity). For this reason, the present invention is
effective in the motion picture photographing mode.

[0197] In the multi-line process above, the processed ele-
ment data of the element data of the element of interest is
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generated by superimposing the pieces of element data where
the center elements are different and which are obtained by
the transmission of a plurality of ultrasonic beams whose
transmission directions are parallel (the angles are the same);
however, the present invention is not limited thereto.

[0198] For example, the processed element data may be
generated by superimposing the pieces of element data where
the center elements are the same and which are obtained by
the transmission of a plurality of ultrasonic beams whose
transmission directions (angles) are different. At this time,
among transmitted ultrasonic beams, an ultrasonic beam for
use in generating the processed element data of the element
data (that is, a direction of the sound ray for use in generating
the processed element data) may be set by default according
to the examination site, the type of probe, or the like, or may
be selected by the operator.

[0199] The processed element data may be generated using
both of the element data where the center elements are dif-
ferent and which are obtained by the transmission of parallel
ultrasonic beams and the element data where the center ele-
ments are the same and which are obtained by the transmis-
sion of ultrasonic beams in different transmission directions.

[0200] In the present invention, the center element is the
element in the center in the azimuth direction in the case
where the number of transmission openings (the number of
elements which perform the transmission of the ultrasonic
waves) is an odd number, and the center element is any of the
elements in the center in the azimuth direction or is set to a
virtual element which is assumed to be present in the middle
between elements in the center in the case where the number
of openings is an even number in the azimuth direction In
other words, calculation is performed assuming that there is a
focus point on a line in the middle of the opening in the case
where the number of openings is an even number.

[0201] As the superimposition processing method in the
superimposition processor 49, an average value or a median
value may be taken instead of only adding, or addition may be
carried out after multiplication with a coefficient. Here, tak-
ing the average value or the median value may be considered
equivalent to applying an averaging filter or a median filter in
the element data level; however, an inverse filter or the like
used in a normal image processing may also be applied
instead of the averaging filter and the median filter. Alterna-
tively, the invention is not limited thereto and the superimpo-
sition process may be changed based on the feature amount of
each piece of element data to be superimposed, for instance,
the pieces of element data to be superimposed are compared
and when they are similar, the maximum value is taken; when
they are not similar, the average value is taken; and when there
1s bias in the distribution, the intermediate value is taken.

[0202] Inaddition, the number of pieces of element data to
be superimposed on the element data of the element of inter-
est is not limited to two in the example in the diagram and may
be one or may be three or more. That is, the number of pieces
of element data to be superimposed on the element data of the
element of interest may be appropriately set according to the
required processing speed (the frame rate or the like), image
quality, or the like.

[0203] Here, it is desirable that the number of pieces of
element data to be superimposed on the element data of the
element of interest accord with the degree of the spread of the
beam width of the ultrasonic beam. Accordingly, in the case
where the beam width changes according to the depth, the
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number of pieces of element data to be superimposed may
also be changed according to the depth.

[0204] In addition, since the beam width depends on the
number of transmission openings, the number of pieces of
element data to be superimposed may be changed according
to the number of the transmission openings. Alternatively, the
number of pieces of element data to be superimposed may be
changed based on the feature amount of the image such as the
brightness value or the like, or the optimum number of pieces
of element data to be superimposed may be selected based on
images generated by changing the number of pieces of ele-
ment data to be superimposed among a plurality of patterns.

[0205] As described above, the element data processor 22
outputs the generated processed element data to the image
generator 24 (the phasing addition section 38) and the sound
velocity determiner 23.

[0206] In the image generator 24 to which the processed
element data is supplied, as described above, the phasing
addition section 38 carries out phasing addition on the pro-
cessed element data to perform a reception focusing process
to thereby generate the reception data, and the detection pro-
cessor 40 carries out attenuation correction and an envelope
detection process on the reception data to thereby generate
B-mode image data.

[0207] In addition, in the image generator 24, the DSC 42
raster converts the B-mode image data into image data cor-
responding to a normal television signal scanning method,
and the image processor 44 carries out a predetermined pro-
cess such as a gradation process.

[0208] The image processor 44 stores the generated
B-mode image data in the image memory 46 and/or sends the
generated B-mode image data to the display controller 26 to
display a B-mode image of the subject on the monitor 28.

[0209] On the other hand, the sound velocity determiner 23
determines the sound velocity (calculates the sound velocity)
of the ultrasonic waves in the subject using the supplied
processed element data.

[0210] FIG. 81is a block diagram conceptually showing the
configuration of the sound velocity determiner 23.

[0211] As shown in FIG. 8, the sound velocity determiner
23 has a region-of-interest setting section 70, a transmission
focusing controller 72, a set sound velocity specifying section
74, a focus index calculator 76, and an ambient sound velocity
determiner 78.

[0212] The region-of-interest setting section 70 sets a
region of interest in the B-mode image (in the ultrasound
image) according to instructions from the controller 30.

[0213] In the sound velocity determiner 23, the sound
velocity of the subject is determined for every region of
interest.

[0214] In the present embodiment, the region-of-interest
setting section 70 divides the entire screen of the B-mode
image into a grid pattern and sets each of the resulting seg-
ments as a region of interest.

[0215] The number of divisions (the number of the seg-
ments) may be set in advance by default, or the operator may
set any number in the azimuth direction and/or the depth
direction. In the case where the number of the divisions is set
by default, a set value may vary depending on the image size
or the site to be observed. Furthermore, it may be possible for
the operator to select one from a plurality of choices of the
number of divisions set in advance.
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[0216] Inthe presentinvention, the region of interest is not
limited to the regions in the grid pattern obtained by dividing
the B-mode image.

[0217] For example, all of the pixels (the positions (re-
gions) corresponding to all of the pixels) generating the
reception data (B-mode image data) may be set as regions of
interest. In other words, in the embodiment where the screen
1s divided as described above, the screen may be divided into
a grid pattern corresponding to all of the pixels generating the
reception data. In addition, the entire screen may be set as one
region of interest.

[0218] Alternatively, instead of the entire screen, a part of
the screen which is set in advance or selected from a plurality
of choices may be divided into a grid pattern, and the seg-
ments thereof may be individually set as regions of interest. In
addition, instead of the entire screen, the region of interest
may be set in correspondence with a region of interest (ROI)
set by the operator. Here, in the case where the region of
interest is set in a part of the screen or in the ROI, the division
may be performed in the same manner as for the entire screen.
Inaddition, the operator may select the setting of the region of
interest in the entire screen or the setting of the region of
interest in the ROL.

[0219] Inaddition, the form of the division is not limited to
a grid pattern. For example, in the case of a B-mode image
with a fan shape such as an ultrasound image using a convex
probe, the form of the division may also be set to a fan shape
according to this. Also in such a case, it is possible to use each
embodiment described above.

[0220] Incases where an image is greatly changed or where
an observation condition such as observation magnification
or observation depth is modified, or in other cases, a region of
interest may be changed or updated, and such change or
update of a region of interest may be carried out in response
to an instruction by the operator. The case where an image is
greatly changed described above refers to the case where, for
example, a change value in a feature amount of the image
exceeds a threshold value.

[0221] The region-of-interest setting section 70 also sets a
focus point (the position of the focus point) in order to trans-
mit the ultrasonic waves (perform transmission focusing)
corresponding to the determination of the sound velocity for
the set region of interest.

[0222] The focus point may be set by default in advance
according to the observation site, the number of sound rays,
the number of transmission and reception openings, the type
of the probe 12, or the like, or the operator may select or input
instructions. One among the default setting, and the opera-
tor’s instruction, and the like may be selected for use.
[0223] As described above, the present invention, which
determines the sound velocity using the processed element
resulting from the superimposition of pieces of element data,
can perform the transmission using multiple virtual focus
points. Accordingly, in the motion picture photographing
mode, basically, the focus point is set to one position for one
sound ray. With this, it is possible to determine the sound
velocity even during taking a moving image.

[0224] The position of the focus point in the motion picture
photographing mode is desirably set at the deepest position
on the measuring screen or at a still deeper position. With this,
since a spreading transmission beam is transmitted on the
display screen, when the superimposition process is pet-
formed by the multi-line process, the actual signal is
enhanced and the ghost signal is suppressed by the superim-
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position of the large number of pieces of element data,
whereby element data can be obtained by pseudo focusing
regardless of the depth. However, in the case where the pre-
cisionofthe superimposition is decreased due to the influence
of non-uniformity in a living body, or the like, since the
quality of the signal becomes lower than that with the actual
focus point, the performance could be inferior to the actual
focus point. For this reason, in the case where the frame rate
is not related, for instance in the case of a still image, it is
desirable to carry out the measurement with a conventional
method.

[0225] In addition, in the calculation of the sound velocity
value in the moving image, since the element data is data in
which focusing is established at any depth owing to the multi-
line process, it is possible to freely set the setting intervals of
the ROI. For example, it is possible to obtain a sound velocity
value with improved spatial resolution by setting the ROI
intervals more finely than in a still image.

[0226] The transmission focusing controller 72 sends a
transmission focusing instruction to the controller 30 so that
the transmission section 14 performs the transmission focus-
ing according to the region of interest and the focus point set
by the region-of-interest setting section 70.

[0227] The set sound velocity specifying section 74 speci-
fies a set sound velocity in order to perform reception focus-
ing with respect to the reception data under the control of the
controller 30 in the determination of the ambient sound veloc-
ity.

[0228] The focus index calculator 76 calculates the focus
index of the reception data by performing reception focusing
with respect to the reception data for each of a plurality of set
sound velocities specified by the set sound velocity specify-
ing section 74 using the element data in the element data
storage 20 or the processed element data generated by the
element data processor 22.

[0229] The ambient sound velocity determiner 78 deter-
mines the ambient sound velocity of the region of interest
based on the focus index for each of the plurality of set sound
velocities.

[0230] Below, detailed description will be given of a
method for determining the sound velocity in the ultrasound
diagnostic apparatus 10 with reference to the flow chart
shown in FIG. 9 with taking a method for determining a sound
velocity in the motion picture photographing mode as an
example.

[0231] In the ultrasound diagnostic apparatus 10, when
determining the ambient sound velocity, first, the region-of-
interest setting section 70 sets the region of interest and the
focus point according to instructions from the controller 30 as
described above (step S10).

[0232] Here, in the present invention, the timing at which
the ambient sound velocity is determined (the update timing
of the ambient sound velocity) is not particularly limited and
may be the same as a known ultrasound diagnostic apparatus.
For example, the determination of the ambient sound velocity
may be performed only one time according to the instruction
of the measurement start instructions, may be performed
when the image is greatly changed (when a change value of a
feature amount of the image exceeds a threshold, or the like),
may be performed every predetermined number of frames or
every time a predetermined time passes as determined as
appropriate, or may be performed according to the input
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instructions of the operator. Two or more timings for the
sound velocity determination as described above may be
appropriately selected.

[0233] Regardless ofthe timing at which the ambient sound
velocity is determined, in the motion picture photographing
mode in which the multi-line process is performed, since the
transmission is performed with one focus point for one sound
ray, it is possible to determine the ambient sound velocity
even in the motion picture photographing mode.

[0234] According to the setting of the region of interest, the
transmission focusing controller 72 sends a transmission
focusing control instruction to the controller 30 so that the
transmission section 14 executes the transmission focusing
with respect to the set region of interest and focus point.
[0235] In response thereto, the transmission section 14
transmits the ultrasonic beam to the subject by driving the
probe 12 (corresponding ultrasound transducers (elements) in
the transducer array 36), the ultrasonic echoes reflected by the
subject are received by the elements, and analog reception
signals are output from the ultrasound transducers (elements)
to the receiving section 16 (step S12).

[0236] Thereceiving section 16 carries out a predetermined
process such as amplification on the analog reception signals
and supplies them to the A/D converter 18.

[0237] The A/D converter 18 A/D converts the analog
reception signals supplied from the receiving section 16 to
alter the signals into element data which are digital reception
signals.

[0238] The element data is stored in the element data stor-
age 20 (step S14).

[0239] When the element data is stored in the element data
storage, the element data processor 22 generates the pro-
cessed element data by performing the multi-line process
described above.

[0240] Thatis, as shown in FIGS. 7A to 7H. for the element
of interest and adjacent elements on both sides thereof, the
element data processor 22 calculates the delay times of the
pieces of element data of the adjacent elements with respect to
the element data of the element of interest, performs delay
time correction and azimuth direction shifting on the pieces
of element data of the adjacent elements, and generates the
processed element data of the element of interest by super-
imposing the pieces of element data of the adjacent elements
on both sides on the element data of the element of interest
(step S16).

[0241] The element data processor 22 supplies the genet-
ated processed element data to the sound velocity determiner
23 (the focus index calculator 76). Here, the element data
processor 22 also supplies the generated processed element
data to the image generator 24, and the image generator 24
generates the ultrasound image (B-mode image data) using
the processed element data, as described above.

[0242] The sound velocity determiner 23 determines the
sound velocity of the ultrasonic waves in the subject using the
supplied processed element data (step S18).

[0243] FIG. 10 shows a flow chart of an example of the
sound velocity determining method in the sound velocity
determiner 23. Here, in the present invention, the sound
velocity determining method in the sound velocity deter-
miner 23 is not limited to this method and it is possible to use
various sound velocity determining methods (methods of cal-
culating the sound velocity) performed in ultrasound diag-
nostic apparatuses.
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[0244] When the processed element data is supplied, the
sound velocity determiner 23 stores the processed element
data in a predetermined site as necessary and, first, sets a start
sound velocity Vst and an end sound velocity Vend of the set
sound velocity V (step S20), and then sets the start sound
velocity Vst to the set sound velocity V (step S22).

[0245] Set sound velocities including the start sound veloc-
ity Vst and the end sound velocity Vend may be set inadvance
as default values. Alternatively, only the start sound velocity
Vst and the end sound velocity Vend may be input by the
operator as desired, while only the incrementing step therebe-
tween (predetermined step sound velocity amount AV) may
be set as a default value. As a further alternative, the operator
may input the start sound velocity Vst, the end sound velocity
Vend and the incrementing step as desired. In addition, in the
case where the set sound velocity or the incrementing step of
the set sound velocity is set by default, a plurality of types of
set sound velocities are set according to the observation site,
the sex of the subject, or the like, and appropriate one can be
selected by the operator.

[0246] Inthepresentexample,asanexample, 1410m/secis
set as the start sound velocity Vstand 1570 m/sec is set as the
end sound velocity Vend and, accordingly, the set sound
velocity is set at intervals of 40 m/sec as the predetermined
incrementing step.

[0247] Next, the focus index calculator 76 calculates the
focus index of the reception data by carrying out reception
focusing with respect to the processed element data for each
of the plurality of set sound velocities specified by the set
sound velocity specifying section 74 for each of the regions of
interest (step S24).

[0248] Specifically, the focus index calculator 76 calcu-
lates, as the focus index, an integrated value, a squared inte-
gral value, a peak value, a degree of sharpness (sharpness), a
contrast, a brightness value, a half-width, a frequency spec-
trum integration, a frequency spectrum integral value or
squared integral value normalized by a DC component or a
maximum value, an autocorrelation value, and the like of the
reception data (the ultrasound image data/ultrasound image)
in the region of interest.

[0249] Next, the sound velocity determiner 23 determines
whether or not the set sound velocity V has reached the end
sound velocity Vend in the set sound velocity specifying
section 74 (step S26), and, if the set sound velocity V is less
than the end sound velocity Vend (No), the predetermined
step sound velocity amount AV, thatis, 40 m/sec in the present
example, is added to the set sound velocity V (step S28) to
calculate the focus index of the region of interest.

[0250] This routine is repeated and when it is determined
that the set sound velocity V has reached the end sound
velocity Vend (Yes), the ambient sound velocity of the region
of interest is determined by the ambient sound velocity detet-
miner 78 based on the focus index for each of the plurality of
set sound velocities by, for example, setting the set sound
velocity with the highest focus index to the ambient sound
velocity of the region of interest (step S30). For example, by
setting the brightness of the ultrasound image as the focus
index, the sound velocity with which the ultrasound image
having the highest brightness is obtained in the region of
interest is set as the ambient sound velocity of the region of
interest.

[0251] That is, the ambient sound velocity in the present
example is the average sound velocity of a region between the
ultrasound probe 12 (the transducer array 36 (ultrasound
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transducers)) and a certain region of interest when the sound
velocity from the probe 12 to the region of interest is assumed
to be constant.

[0252] As described above, the sound velocity determiner
23 performs the determination of the ambient sound velocity
in this manner in all of the set regions of interest. The ambient
sound velocity determined by the sound velocity determiner
23 is stored in the element data storage 20 in association with
positional information in the ultrasound image.

[0253] In addition, the determined ambient sound velocity
is supplied to the phasing addition section 38 and used in the
reception focusing process. With this, an ultrasound image
based on the ambient sound velocity is displayed on the
monitor 28.

[0254] In the determination of the ambient sound velocity,
even in the case where A/D converted element data is used
instead of the processed element data generated by the multi-
line process, it is possible to determine the ambient sound
velocity as described above in the same manner as with the
processed element data generated by the multi-line process.
Accordingly, detailed description of the method for determin-
ing the ambient sound velocity using the element data will be
omitted. Also in this case, the ambient sound velocity deter-
mined by the sound velocity determiner 23 is stored in the
element data storage 20 in association with the positional
information in the ultrasound image.

[0255] Inaddition, the ambient sound velocity value deter-
mined using the element data is supplied to the phasing addi-
tion section 38 and used in the reception focusing process. An
ultrasound image based on the ambient sound velocity is
displayed on the monitor 28.

[0256] The ultrasound diagnostic apparatus 10 basically
has the above configuration.

[0257] The ultrasound diagnostic apparatus 10 has the
motion picture photographing mode and the still picture pho-
tographing mode as described above.

[0258] In the motion picture photographing mode, a mov-
ing image is taken by continuously generating the ultrasonic
beams in time series as described above. At this time, trans-
mission and reception is performed with single focus to
obtain element data, the multi-line process described above is
performed based on the element data, and processed element
data is obtained. The phasing addition process is carried out
on the processed element data, B-mode image data is
obtained, and an ultrasound image is displayed on the monitor
28 as a moving image. For example, when obtaining the
element data, the element data is obtained while shifting the
element assuming the center in the arrangement direction of
the elements, that is, while scanning in the arrangement direc-
tion.

[0259] Here, in the motion picture photographing mode, it
is not always necessary to use the single focus. At least with
a frame rate which is able to be used for a moving image, for
example, with a frame rate of 5 fr/sec or more, focus points
may be plural.

[0260] On the other hand, in the still picture photographing
mode, as described above, the transmission and reception is
performed with multi-focus in the same manner as the tech-
niques of the related art and the element data is obtained. The
phasing addition process is carried out on the element data,
data of one line of an ultrasound image is generated based on
one piece of element data, thereafter B-mode image data is
obtained and the ultrasound image is displayed on the moni-
tor 28 as a still image. Also in this case, for example, the
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element data is obtained while shifting the element assuming
the center in the arrangement direction of the elements, that is,
while scanning in the arrangement direction.

[0261] Here, the scanning direction and the scanning
method for obtaining the ultrasound image for both of the
motion picture photographing mode and the still picture pho-
tographing mode are not particularly limited and it is possible
to appropriately use a known method or system.

[0262] In addition, in the case where the mode is switched
from the motion picture photographing mode to the still pic-
ture photographing mode, for a focus point which corre-
sponds to a focus point of a moving image out of a large
number of focus points used in generating a still image, it is
also possible to use data obtained in the motion picture pho-
tographing mode. With this, it is possible to shorten the time
necessary to generate the still image.

[0263] Inthe still picture photographing mode, in compari-
son with the motion picture photographing mode, the frame
rate need not be considered, and a plurality of focus points are
set for one sound ray (one line of an ultrasound image), so that
the image quality of the ultrasound image is better than that of
the motion picture photographing mode. The position of the
focus points may be the same for all of the sound rays, or
sound rays with different focus points may be mixed.

[0264] Inaddition, in the still picture photographing mode,
it is possible to obtain an ambient sound velocity value with
improved spatial resolution in comparison with the motion
picture photographing mode since the multi-focus is used.
[0265] In addition, the still picture photographing mode
may also have a configuration where the transmission and
reception are performed with single focus in the same marner
as the motion picture photographing mode to obtain (first)
element data, the multi-line process described above is pet-
formed to determine processed element data, and image data
is generated from the processed element data. At that time, by
switching the photographing mode, it is possible to change
the measuring conditions such as the number of focus points
and the focus point positions (the conditions of the transmis-
sion and reception of the ultrasonic waves) and the processing
conditions of the multi-line process such as the number of
pieces of element data to be superimposed in the multi-line
process. For example, in the case where the mode is switched
from the still picture photographing mode to the motion pic-
ture photographing mode by switching the photographing
mode, by reducing the number of pieces of element data to be
superimposed in the multi-line process, it is possible to ensure
the moving image performance by reducing the load of the
data processing in the motion picture photographing mode.
[0266] Next, description will be given of a method of pho-
tographing an ultrasound image using the ultrasound diag-
nostic apparatus 10.

[0267] FIG. 11 is a flow chart for describing the still picture
photographing mode and the motion picture photographing
mode of the first ultrasound diagnostic apparatus of the
embodiments of the present invention.

[0268] Inthe ultrasound diagnostic apparatus 10, as shown
in FIG. 11, it is determined whether or not the mode is the
motion picture photographing mode (step S40). Whether or
not the mode is the motion picture photographing mode is
determined based on the operation of the freeze button.
[0269] In the case of the motion picture photographing
mode where the operation of the freeze button is released,
transmission and reception is performed with single focus
(step S42). Then, the multi-line process is performed based on
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the received element data (step S44). Then, based on the
processed element data, the moving image of the ultrasound
image is displayed, or the sound velocity value is calculated
(step S46).

[0270] On the other hand, in step S40, in the case where the
mode s not the motion picture photographing mode, that is, in
the case of the still picture photographing mode where the
freeze button is operated, the transmission and reception is
performed with multi-focus (step S48). Then, the phasing
addition process and the like are carried out on the received
element data and a still image of the ultrasound image is
displayed, or the sound velocity value is calculated (step
S46).

[0271] In this manner, a picture of a subject in the motion
picture photographing mode can be taken although its image
quality is worse than in the related art, and a picture of sites to
be precisely observed, or the like, can be taken in the still
picture photographing mode with an image quality as in the
related art. In addition, conventionally, it was possible to
calculate the sound velocity value (the ambient sound veloc-
ity value) only in the still picture photographing mode; how-
ever, it is possible to calculate the sound velocity value (the
ambient sound velocity value) even in the motion picture
photographing mode.

[0272] Here, the computer readable recording medium
having stored therein the program of the present invention is
for causing a computer in the ultrasound diagnostic apparatus
10 to execute various types of photographing methods in the
motion picture photographing mode and the still picture pho-
tographing mode shown in FIG. 11 described above. In addi-
tion, the computer readable recording medium having stored
therein the program of the present invention causes each of
the sections of the ultrasound diagnostic apparatus 10 to
perform the various types of processes described above.

[0273] In addition, the generation of the ultrasound image
and the determination of the sound velocity may be per-
formed at the same time or may be performed separately. That
is, the generation of the ultrasound image as well as the
determination of the sound velocity may be performed using
the element data obtained by the transmission and reception
of one set of ultrasonic waves for one frame, or the generation
of the ultrasound image and the determination of the sound
velocity may be separately performed using different element
data obtained through a different sequence of transmission
and reception. The determination of the sound velocity may
be performed for each frame, or may be performed once per
a number of frames.

[0274] Intheultrasound diagnostic apparatus 10, the multi-
line process is described with an example of using A/D con-
verted element data; however, it is also possible to carry out
the multi-line process using the reception data after phasing
addition. In this case, a line which is a reference for the
phasing addition is matched in each piece of element data (the
line which is a reference for the phasing addition is shifted
from the center line of each piece of element data), phasing
addition is performed on each piece of element data to gen-
erate reception data, and the multi-line process described
above is performed using the reception data.

[0275] Alternatively, after performing only lateral shifting
(refer to FIGS. 7A to 7H and the like) with respect to each of
the first element data, phasing addition is carried out to gen-
erate reception data, and the multi-line process may be per-
formed using the reception data.
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[0276] At thetime ofthe multi-line process using the recep-
tion data after phasing addition, the ambient sound velocity is,
for example, determined as shown in FIG. 12. At this time, the
sound velocity determiner 23 has a function of carrying out
the ambient sound velocity determining process described
below.

[0277] First, image generation is carried out using the ele-
ment data after the multi-line process is performed on the
reception data after phasing addition (hereinafter, referred to
as the element data after processing) (step S50). The image
generation generates B-mode image data by carrying out
correction of attenuation according to the depth and envelope
detection processing on the element data after processing in
the same manner as the detection processor 40.

[0278] Then, the image quality of the generated image is
determined (step S52). In step S52, when the image quality is
determined to be not good (NG), the sound velocity value is
changed within a search range (step S54), the phasing addi-
tion process, the multi-line process, and the image generation
are performed, and the image quality is determined again. In
step S52, while the sound velocity value is changed within a
search range until the image quality is determined to be good
(step S54), the determination of the image quality (step S52)
is repeated to find the optimum sound velocity value.

[0279] Instep S52, when the image quality is determined to
be good, the sound velocity value is stored as the ambient
sound velocity value (step S56). The ambient sound velocity
value determined in this manner can be used in the phasing
addition process. In addition, the ambient sound velocity
value is stored in association with the positional information
of the ultrasound image in the element data storage 20.

[0280] For the determination of the image quality, for
example, the sharpness value of the image data of the gener-
ated image is used. In addition, it is also possible to use the
values given as the focus indexes in the foregoing explanation
on the focus index calculator 76. The search range of the
sound velocity value can be set in the same manner as the
method for setting the set sound velocity in the set sound
velocity specifying section 74 of the sound velocity deter-
miner 23 described above.

[0281] Next, description will be given of a second embodi-
ment of the present invention.

[0282] FIG. 13 isablock diagram illustrating an ultrasound
diagnostic apparatus of the second embodiment ofthe present
invention. FIGS. 14A and 14B are schematic diagrams for
describing a calculation process of a local sound velocity
value.

[0283] An ultrasound diagnostic apparatus 10a illustrated
in FIG. 13 is different from the ultrasound diagnostic appa-
ratus 10 illustrated in FIG. 1 in that a local sound velocity
determiner 25 and a sound velocity map generator 27 are
provided. Since the configuration is the same as that of the
ultrasound diagnostic apparatus 10 illustrated in FIG. 1 in
other respects, detailed description thereof will be omitted.

[0284] Thelocal sound velocity determiner 25 is connected
with the sound velocity determiner 23, and the sound velocity
map generator 27 is connected with the local sound velocity
determiner 25. The local sound velocity value determined by
the local sound velocity determiner 25 is output to the sound
velocity map generator 27 and the phasing addition section
38. The local sound velocity determiner 25 and the sound
velocity map generator 27 are connected with the controller
30 and controlled by the controller 30.
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[0285] The ultrasound diagnostic apparatus 10a can calcu-
latealocal sound velocity value and generate a sound velocity
map based on the local sound velocity. Here, the local sound
velocity is a sound velocity in an arbitrary site in the subject.
[0286] The local sound velocity determiner 25 determines
the local sound velocity using the ambient sound velocity
value. Below, description will be given of the calculation
process of the local sound velocity value.

[0287] FIGS. 14A and 14B are diagrams schematically
showing the calculation process of the local sound velocity
value.

[0288] For the determination of the local sound velocity
value, for example, it is possible to use the method disclosed
in JP 2010-99452 A filed by the applicant of the present
application.

[0289] In this method, paying attention to received waves
Wx reaching a transducer array 36 from a lattice point X
which is a reflection point in the subject during the transmis-
sion of ultrasonic beams into the subject as shown in FIG.
14 A, alattice point representing a region of interest ROl in the
subject OBJ is set as X, ,,, and lattice points arranged at equal
intervals in the XY direction at positions shallower than the
lattice point X, (that is, closer to the transducer array 36)
are set as A1, A2, . . . as shown in FIG. 14B, and the sound
velocities at least between the lattice point X,,; and the

respective lattice points A1, A2, . . . are assumed to be con-
stant.
[0290] In the present example, (T and a delay time At) of

reception waves (W, W, .. . ) from the lattice points Al,
A2, ... areassumed to be known, and the local sound velocity
value at the lattice point X, is determined from the posi-
tional relationship between the lattice point X, and the
lattice points Al, A2, . . . . Specifically, according to the
Huygens’ principle, the fact that a reception wave W, from
the lattice point X 5 ,;and a reception wave W g, ,determined
by virtually synthesizing reception waves from the lattice
points A1, A2, ... are identical is used. The value of assumed
sound velocity where the difference between the reception
wave W-and the virtual synthesized reception wave W g, .18
minimum is set as the local sound velocity value at the lattice
point Xz o

[0291] Here, the range and number of the lattice points Al,
A2, ..., used in the calculation for determining the local
sound velocity value at the lattice point X, are determined
in advance. Here, since the error in the local sound velocity
value becomes large when the range of the lattice points used
in the local sound velocity value calculation is wide and the
error from a virtual reception wave becomes large when the
range of the lattice points is narrow, the range of the lattice
points is determined by finding a balance between the above
factors.

[0292] The interval of the lattice points A1, A2, .. .inthe X
direction is determined based on a balance between the reso-
lution and the processing time. The interval of the lattice
points A1, A2, . .. in the X direction is from 1 mmto 1 cm as
one example.

[0293] The error of the error calculation becomes large
when the interval of the lattice points A1, A2, ...intheY
direction is narrow and the error in the local sound velocity
value becomes large when the interval is wide. The interval of
the lattice points A1, A2, . . . in the Y direction is determined
based on the setting of the image resolution of the ultrasound
image. The interval of the lattice points A1, A2, .. .inthe Y
direction is 1 cm as one example.
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[0294] Inthecase where the interval of the lattice points A1,
A2, .. .1is wide, the calculation of the synthesized wave is
difficult, and therefore fine lattice points may be generated by
interpolation.

[0295] The ambient sound velocity value of the entire
region of interest is input to the local sound velocity deter-
miner 25. In the local sound velocity determiner 25, a starting
pixel of interest where the calculation of the local sound
velocity value is started is set and the calculation of the local
sound velocity value of the pixel of interest is performed.
[0296] Below, description will be given of the method for
determining the local sound velocity value of the pixel of
interest using the flow chart shown in FIG. 15.

[0297] First, based on the ambient sound velocity value at
the lattice point X5, a waveform of the virtual reception
wave W when the lattice point X, is set as the reflection
point is calculated (step S60).

[0298] Next, theinitial value of the assumed sound velocity
at the lattice point X, is set (step S62). Then, the assumed
sound velocity is changed by one step (step S64) and the
virtual synthesized reception wave W, ,1s calculated (step
S66). When the local sound velocity value at the lattice point
Xror 18 assumed to be V, the times taken for the ultrasonic
waves propagated from the lattice point X, to reach the
lattice points A1, A2, . .. are X, Al/Y, X30A2/V, . .. . Here,
XroAl, Xzo/A2, . . . are distances between the respective
lattice points A1, A2, . . . and the lattice point X ;. Since the
ambient sound velocity values at the lattice points A1, A2, ..
. has been determined by the sound velocity determiner 23
and are known, it is possible to determine the reception waves
from the lattice points A1, A2, .. .inadvance. Accordingly, by
synthesizing the reflected waves (ultrasonic echoes) respec-
tively emitted from the lattice points Al, A2, . . . with the
delays X, ALV, X, ,,A2/V, . .., itis possible to determine
the virtual synthesized reception wave W, ..

[0299] Here, since the process described above is pet-
formed on the element data in practice, the times (T1, T2, . .
. ) taken to reach the lattice points A1, A2, . . . from the lattice
point X, are represented by the following formula (3),
where X, X, . . . are distances in the scanning direction
(the X direction) between the respective lattice points A1, A2,
... and the lattice point X, and At is the time interval of the
lattice points in the Y direction.

[Formula 1]

TI=V (Xa VP +A02),
2=V (X, o/ VP +(A12),

= )

[0300] Itispossible to obtain the virtual synthesized recep-
tion wave W, , by synthesizing the reception waves from
the lattice points A1, A2, .. . using delays obtained by adding
the time (At/2) taken to reach the lattice point X, from the
lattice point An associated with the same sound ray as the
lattice point X5, to T1, T2, . . . described above.

[0301] Here, in the case where the lattice points are set at
equal intervals (At) on the time axis in the Y direction, the
intervals are not necessarily equal intervals in terms of space.
Accordingly, when calculating the time taken for the ultra-
sonic wave to reach each of the lattice points, a corrected At/2
may be used instead of At/2 in formula (3). Here, for example,
the corrected At/2 is a value obtained by adding or subtracting
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to or from At/2 a value obtained by dividing the difference in
depth (distance in the Y direction) between each of A1, A2, .
.. and the lattice point An associated with the same sound ray
as the lattice point Xz, by V. The depth of each of the lattice
points Al, A2, . .. can be determined since the local sound
velocity values in the lattice points at shallower depths are
known.

[0302] In addition, the calculation of the virtual synthe-
sized reception wave W, ,,, is performed by superimposing
default pulse waves (W, W ., ... ) emitted in practice from
the lattice points Al, A2, . . . with the delays X ,,A1/V,
XpoA2V, . ...

[0303] Next, the error between the virtual reception wave
W, and the virtual synthesized reception wave W, is cal-
culated (step S68). The error between the virtual reception
wave W,-and the virtual synthesized reception wave W g, , 18
calculated by a method using cross-correlation therebetween,
a method in which phase phasing addition is performed by
multiplying the virtual reception wave W, by a delay
obtained from the virtual synthesized reception wave W,
or amethod in which phase phasing addition is performed by
inversely multiplying the virtual synthesized reception wave
Wons by a delay obtained from the virtual reception wave
W . In order to obtain a delay from the virtual reception wave
W, the lattice point Xz, 1s set as the reflection point, and the
time when the ultrasonic wave propagated at the sound veloc-
ity V reaches each of the elements may be taken as the delay.
In addition, in order to obtain a delay from the virtual synthe-
sized reception wave W, an equal phase line is extracted
from the phase difference of the synthesized reception waves
between adjacent elements and the equal phase line is set as
the delay, or the phase difference at the maximum (peak)
positions of the synthesized reception waves of each of the
elements may simply be set as the delay. In addition, the
cross-correlated peak positions of the synthesized reception
waves from the elements may be set as the delay. The error
during the phase phasing addition is determined by a method
of using peak to peak of the waveform after the phasing
addition or a method of using the maximum value of the
amplitude after the envelope detection.

[0304] Next, when the calculation with all of the assumed
sound velocity values is completed by repeating from step
S64 to step S68 (“Y” in step S70), the local sound velocity
value at the lattice point X, is determined (step S72). In the
case where the Huygens® principle is strictly applied, the
waveform of the virtual synthesized reception wave W,
determined in step S66 described above is equal to the wave-
form of the virtual reception wave (reflected wave) W - with
the local sound velocity value at the lattice point X, being
assumed as V. In step S72, the value of the assumed sound
velocity value where the difference between the virtual recep-
tion wave W and the virtual synthesized reception wave
Wons is the minimum is determined to be the local sound
velocity value at the lattice point X ;.

[0305] Instead of the methods described above (calculating
the virtual synthesized reception waveform, calculating the
error from the virtual reception waveform, and determining
the sound velocity), a table may be used in which the ambient
sound velocity value of the lattice point X 5 ,,and the ambient
sound velocity values of lattice points Al, A2, . . . are inputs
and the sound velocity value at the lattice point X, is an
output.
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[0306] In addition, the determination of the local sound
velocity value may be performed a plurality of times using
lattice points with different intervals and different ranges.
[0307] The sound velocity map generator 27 stores the
local sound velocity value determined by the local sound
velocity determiner 25 in association with the positional
information in the ultrasound image and generates a sound
velocity map having the local sound velocity value and the
positional information of the ultrasound image. The sound
velocity map generator 27 supplies the information on the
sound velocity map to the phasing addition section 38.
[0308] With this, when the reception focusing process is
performed on the element data in the phasing addition section
38, it is possible to perform the reception focusing process
based on the sound velocity map stored in the sound velocity
map generator 27. In addition, when the transmission of the
ultrasonic beam is performed by the transmission section 14,
the delay amount of the driving signal may be adjusted based
on the sound velocity map stored in the sound velocity map
generator 27.

[0309] Intheimage generator 24, the phasing addition pro-
cess is performed using the local sound velocity value detet-
mined by the local sound velocity determiner 25 and B-mode
image data (display image data) to be displayed is generated.
Then, the ultrasound image using the local sound velocity
value is displayed on the monitor 28 as a moving image or a
still image.

[0310] The sound velocity map generator 27 may be con-
figured to sequentially update the local sound velocity value
of a corresponding region every time the local sound velocity
value is supplied from the local sound velocity determiner 25,
or may be configured to generate a sound velocity map for
every frame. In addition, as well as generating a sound veloc-
ity map for each frame, the sound velocity map generator 27
may store the sound velocity maps of previous frames up to a
frame several frames before in addition to the latest sound
velocity (sound velocity map).

[0311] The ultrasound diagnostic apparatus 10a can take
ultrasound images in the motion picture photographing mode
and the still picture photographing mode as with the ultra-
sound diagnostic apparatus 10 of the first embodiment and
has the same effects as the ultrasound diagnostic apparatus 10
of the first embodiment.

[0312] With the ultrasound diagnostic apparatus 10a, it is
also possible to carry out the multi-line process using the
reception data after phasing addition in the same manner as
the ultrasound diagnostic apparatus 10 of the first embodi-
ment.

[0313] Next, description will be given of a third embodi-
ment of the present invention.

[0314] FIG. 16 is a block diagram illustrating another
example of the ultrasound diagnostic apparatus of the
embodiments of the present invention.

[0315] An ultrasound diagnostic apparatus 104 illustrated
in FIG. 16 is different from the ultrasound diagnostic appa-
ratus 10 illustrated in FIG. 1 in that a sound velocity corrector
29 is provided. Since the configuration is the same as that of
the ultrasound diagnostic apparatus 10 illustrated in FIG. 1 in
other respects, detailed description thereof will be omitted.
[0316] The sound velocity corrector 29 is connected with
the sound velocity determiner 23 and the phasing addition
section 38. The sound velocity corrector 29 is connected with
the controller 30 and controlled by the controller 30.
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[0317] The sound velocity corrector 29 corrects the sound
velocity based on the ambient sound velocity and obtains,
stores, and retains the sound velocity correction value. Spe-
cifically, the sound velocity corrector 29 replaces the initial
set sound velocity with the calculated ambient sound velocity,
and stores and retains the result. The initial set sound velocity
is a sound velocity value set by default as the sound velocity
value to be used in the generation of reception data in the
phasing addition section 38.

[0318] The sound velocity correction value of the sound
velocity corrector 29 is output to the phasing addition section
38. With this, when the reception focusing process is pet-
formed on the element data in the phasing addition section 38,
it is possible to perform the reception focusing process based
on the sound velocity correction value.

[0319] Inthe image generator 24, the phasing addition pro-
cess 1s performed using the initial set sound velocity value
which is set again by the sound velocity corrector 29, and
B-mode image data (display image data) to be displayed is
generated. Then, an ultrasound image where the sound veloc-
ity is corrected with the sound velocity correction value is
displayed on the monitor 28 as a moving image or a still
image.

[0320] The ultrasound diagnostic apparatus 105 can take
ultrasound images in the motion picture photographing mode
and the still picture photographing mode as with the ultra-
sound diagnostic apparatus 10 of the first embodiment and
has the same effects as the ultrasound diagnostic apparatus 10
of the first embodiment.

[0321] With the ultrasound diagnostic apparatus 105, it is
also possible to carry out the multi-line process using recep-
tion data after phasing addition in the same manner as the
ultrasound diagnostic apparatus 10 of the first embodiment.

[0322] The present invention is basically configured as
described above. Moreover, detailed description has been
given of the ultrasound diagnostic apparatus, the ultrasound
image generating method, and the computer readable record-
ing medium having stored therein the program of the present
invention; however, the present invention is not limited to the
embodiments described above and various improvements and
modifications may be made within a range which does not
depart from the gist of the present invention.

What is claimed is:

1. An ultrasound diagnostic apparatus inspecting an
inspection object using ultrasonic beams, comprising:
aprobe having a plurality of elements arranged therein, the
probe being configured to transmit the ultrasonic beams,
receive ultrasonic echoes reflected by the inspection
object, and output analog element signals according to
the received ultrasonic echoes;

a transmitter configured to cause the probe to transmit the
ultrasonic beams plural times through the plurality of
elements such that predetermined transmission focus
points are formed,

areceiver configured to receive analog element signals that
the plurality of elements output in response to transmis-
sion of each of the ultrasonic beams for each of the
transmission focus points, and carry out a predetermined
process;

an analog-to-digital converter configured to analog-to-
digital convert the analog element signals processed by
the receiver into pieces of first element data which are
digital element signals;
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a first data processor configured to generate a piece of
second element data corresponding to one of the pieces
of first element data from the pieces of first element data;
and

a photographing mode switching unit configured to switch
a mode between a motion picture photographing mode
in which a moving image is taken by generating the
ultrasonic beams continuously in terms of time and a
still picture photographing mode in which a stillimage is
taken by temporarily generating the ultrasonic beams,

wherein when the photographing mode switching unit
switches the mode to the motion picture photographing
mode, the transmitter forms at least one focus point in
the inspection object, and the first data processor pro-
cesses the pieces of first element data.

2. The ultrasound diagnostic apparatus according to claim

1, wherein the transmitter transmits the ultrasonic beams
plural times while changing an element being center.

3. The ultrasound diagnostic apparatus according to claim

1, wherein the receiver changes an element being center in
response to transmission of each of the ultrasonic beams by
the transmitter.

4. The ultrasound diagnostic apparatus according to claim

1, wherein the receiver carries out reception using same ele-
ments as the plurality of elements used by the transmitter.

5. The ultrasound diagnostic apparatus according to claim

1, wherein the first data processor changes a number of the
pieces of first element data to be processed when the photo-
graphing mode switching unit switches the mode to the
motion picture photographing mode.

6. The ultrasound diagnostic apparatus according to claim

1, further comprising: an image generator configured to gen-
erate display image data based on the piece of second element
data; and a monitor configured to display a moving image of
an ultrasound image based on the display image data.

7. The ultrasound diagnostic apparatus according to claim

6, further comprising: an ambient sound velocity determiner
configured to determine an ambient sound velocity in the
inspection object,

wherein the image generator generates display image data
using the determined ambient sound velocity, and

wherein the monitor displays a moving image of an ultra-
sound image based on the ambient sound velocity.

8. The ultrasound diagnostic apparatus according to claim

7, further comprising: a local sound velocity determiner con-
figured to determine a local sound velocity based on the
ambient sound velocity,

wherein the image generator generates the display image
data using the determined local sound velocity, and

wherein the monitor displays a moving image of an ultra-
sound image based on the local sound velocity.

9. The ultrasound diagnostic apparatus according to claim

7, further comprising: a sound velocity corrector configured
to correct a sound velocity based on the ambient sound veloc-
ity to obtain a sound velocity correction value,

wherein the image generator generates the display image
data using the sound velocity correction value, and

wherein the monitor displays a moving image of an ultra-
sound image with a sound velocity having been cor-
rected with the sound velocity correction value.

10. The ultrasound diagnostic apparatus according to claim

1, further comprising: a second data processor configured to
generate data of one line on an ultrasound image based on one
of the pieces of first element data,
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wherein when the photographing mode switching unit
switches the mode to the still picture photographing
mode, the transmitter forms a plurality of focus points in
the inspection object, and the second data processor
processes the pieces of first element data.

11. The ultrasound diagnostic apparatus according to claim
10, further comprising: an image generator configured to
generate display image data based on data of one line on an
ultrasound image generated by the second data processor; and
amonitor configured to display a still image of an ultrasound
image based on the display image data.

12. The ultrasound diagnostic apparatus according to claim
11, further comprising: an ambient sound velocity determiner
configured to determine an ambient sound velocity in the
inspection object,

wherein the image generator generates display image data

using an ambient sound velocity determined by the
ambient sound velocity determiner, and

wherein the monitor displays a still image of an ultrasound

image based on the ambient sound velocity.

13. The ultrasound diagnostic apparatus according to claim
12, further comprising: a local sound velocity determiner
configured to determine a local sound velocity based on the
ambient sound velocity,

wherein the local sound velocity determiner determines a

local sound velocity based on the ambient sound veloc-
ity,

wherein the image generator generates display image data

using the determined local sound velocity. and
wherein the monitor displays a still image of an ultrasound
image based on the local sound velocity.

14. The ultrasound diagnostic apparatus according to claim
11, further comprising: a sound velocity corrector configured
to correct a sound velocity based on the ambient sound veloc-
ity to obtain a sound velocity correction value,

wherein the image generator generates display image data

using the sound velocity correction value, and

wherein the monitor displays a still image of an ultrasound

image based on the sound velocity correction value.

15. The ultrasound diagnostic apparatus according to claim
1, further comprising: an element data retaining unit config-
ured to retain at least either one of the pieces of first element
data and the pieces of second element data.

16. The ultrasound diagnostic apparatus according to claim
1, wherein the first data processor generates pieces of first
reception data by performing phasing addition on the respec-
tive pieces of first element data just before generating the
piece of second element data from the pieces of first element
data, and generates a piece of second reception data corre-
sponding to one of the pieces of first reception data from the
pieces of first reception data.

17. The ultrasound diagnostic apparatus according to claim
16, further comprising: an image generator configured to
generate display image data based on the piece of second
reception data; and a monitor configured to display a moving
image of an ultrasound image based on the display image
data.

18. The ultrasound diagnostic apparatus according to claim
1, wherein the first data processor includes a superimposition
processor configured to generate the piece of second element
data by superimposing two or more of the pieces of first
element data based on receiving times when the plurality of
elements receive ultrasonic echoes and positions of the plu-
rality of elements.
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19. An ultrasound diagnostic apparatus inspecting an

inspection object using ultrasonic beams, comprising:

a probe having a plurality of elements arranged therein, the
probe being configured to transmit the ultrasonic beams,
receive ultrasonic echoes reflected by the inspection
object, and output analog element signals according to
the received ultrasonic echoes;

a transmitter configured to cause the probe to transmit the
ultrasonic beams plural times through the plurality of
elements such that predetermined transmission focus
points are formed,

areceiver configured to receive analog element signals that
the plurality of elements output in response to transmis-
sion of each of the ultrasonic beams for each of the
transmission focus points, and carry out a predetermined
process;

an analog-to-digital converter configured to analog-to-
digital convert the analog element signals processed by
the receiver into pieces of first element data which are
digital element signals;

a first data processor configured to carry out a phasing
addition process on the pieces of first element data and
generate a piece of second element data corresponding
to one of the pieces of first element data after phasing
addition; and

a photographing mode switching unit configured to switch
a mode between a motion picture photographing mode
in which a moving image is taken by generating the
ultrasonic beams continuously in terms of time and a
still picture photographing mode in which a stillimage is
taken by temporarily generating the ultrasonic beams,

wherein when the photographing mode switching unit
switches the mode to the motion picture photographing
mode, the transmitter forms at least one focus point in
the inspection object, and first data processor processes
the pieces of first element data after phasing addition.

20. An ultrasound image generating method for acquiring

an ultrasound image for use in inspecting an inspection object
using a probe having a plurality of elements arranged therein,
the probe transmitting ultrasonic beams, receiving ultrasonic
echoes reflected by the inspection object, and outputting ana-
log element signals according to the received ultrasonic ech-
oes, the method comprising the steps of:

when a mode is switchable between a motion picture pho-
tographing mode in which a moving image is taken by
generating ultrasonic beams continuously in terms of
time and a still picture photographing mode in which a
still image is taken by temporarily generating the ultra-
sonic beams, and the mode is switched to the motion
picture photographing mode,

causing the probe to transmit the ultrasonic beams plural
times through the plurality of elements such that prede-
termined transmission focusing points are formed, while
outputting analog element signals that the plurality of
elements output in response to transmission of each of
the ultrasonic beams; analog-to-digital converting the
analog element signals into pieces of first element data
which are digital element signals; and generating a piece
of second element data corresponding to one of the
pieces of first element data from the pieces of first ele-
ment data,

with at least one focus point being formed in the inspection
object.
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21. The ultrasound image generating method according to
claim 20, further comprising the steps of: forming a plurality
of focus points in the inspection object; transmitting the ultra-
sonic beams to transmission focus points; obtaining the
pieces of first element data; and generating data of one line on
an ultrasound image based on one of the pieces of first ele-
ment data when the mode is switched to the still picture
photographing mode.

22. A computer readable recording medium having stored
therein a program that causes a computer to execute the steps
of the ultrasound image generating method according to
claim 20 as a procedure.
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