US009826962B2

a2 United States Patent

Tanabe

US 9,826,962 B2
Nov. 28, 2017

(10) Patent No.:
(45) Date of Patent:

(54) ULTRASOUND DIAGNOSTIC APPARATUS
(71)

(72)

Applicant: FUITFILM Corporation, Tokyo (IP)
Inventor: Tsuyoshi Tanabe, Kanagawa (JP)
(73)

(*)

Assignee: FUJIFILM Corporation, Tokyo (JP)

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 589 days.

Notice:

1)
(22)

Appl. No.: 14/520,658

Filed: Oct. 22, 2014

Prior Publication Data
US 2015/0038847 A1 Feb. 5, 2015
Related U.S. Application Data

Division of application No. 13/402.463, filed on Feb.
22, 2012, now Pat. No. 8,900,148.

(65)

(62)

(30) Foreign Application Priority Data

2011-051508
2011-051727

Mar. 9, 2011
Mar. 9, 2011

(IP)
(IP)

(Continued)

(51) Int. CL
AGIB 8/08
AGIB 8/00

(2006.01)

(2006.01)
(Continued)
(52) US.CL
CPC ..coveee A61B 8/5253 (2013.01); A6IB 8/00
(2013.01); A61B 8/145 (2013.01); A61B

874444 (2013.01);
(Continued)
Field of Classification Search
CPC A61B 8/4472; A61B 8/5253; A61B 8/546;
A61B 8/56
See application file for complete search history.

(58)

(56) References Cited

U.S. PATENT DOCUMENTS

GO1S 7/52023
600/447
GO1S 7/52044
600/441

5,908,390 A * 6/1999 Matsushima

5,910,116 A * 6/1999 Ishii

(Continued)

FOREIGN PATENT DOCUMENTS

12/2004
3/2000

(Continued)

CN 1553785

2000-70265

OTHER PUBLICATIONS

Japanese Official Action—2011-051727—dated Feb. 12, 2013.
(Continued)

Primary Examiner — Baisakhi Roy
(74) Attorney, Agent, or Firm — Young & Thompson

7) ABSTRACT

The ultrasound probe transmits and receives ultrasonic
waves in different directions and the diagnostic apparatus
body combines a plurality of images captured in the different
directions of transmission and reception to produce an
ultrasound image. In this process, the ultrasound diagnostic
apparatus measures the temperature of the ultrasound probe
to change the ultrasound transmission and reception for
producing a composite ultrasound image or makes the
directions of transmission and reception in the last ultra-
sound image in one composite ultrasound image coincide
with those in the first ultrasound image in its temporally
adjacent composite ultrasound image. The ultrasound diag-
nostic apparatus thus enables consistent ultrasound diagno-
sis against heat generated in the integrated circuit board of
the ultrasound probe while simplifying the control of the
ultrasound transmission and reception.

6 Claims, 23 Drawing Sheets

102
& PEZOELECTRIC UNIT » 7
203 SIGNAL PROGESSCR 124 28 50 AR
et Y T DIAGNOSTIC APPARATUS BODY |
24 26 ;i 52 54 36 i
L / /fh.» L i N
WRELESS] | ;7 | VAELESS ) !
COMMUNE-LY i o v]{commuvx | SERIAL DATA 84 ;
pARALLEL/ [T GATION | @ 0 T} CATION PARMLLEL |+ ISTORAGER ) :
SCRIAL L WT |1t Ll CONVERTER: | LM | | [
CONVERTER Ol el wonToR <
[ 1’"“;‘ i
?“ 35 o r _./“Lw_ﬂ’
i H 1
S o 62 ?
! COMMUNCATION P H CONTROLLER |
J CONTRDLL ; s i ? ) i
e |t : 78 78 80 !
: [ ‘l U ! SO ST i
. —i i : ! ‘f / oHp’\rg ! [ :
OO : B —— ! ! [ ,UST[% pqg»;‘;‘é@gop{[%m. ; i
3 i < ¥
‘ 344 ! 38 AND SOR L.
oy ot SUNMING
, e — P : ; U] IMAGE GENERATING Uttt ;
et CONTROLLER] P !
1 gy TEANSMISSION 'L__J Pl £ !
: L DRIVE L :b? . [ ;
I i e §
| ——— | L—ltpansmission] [T [ PPARATUS — ;
! S — CONTROLLER i ;}GO%“,Q“#;{‘ "LE[gN BODY (OPERATNGL- 72 |
a4z TEMPERATRE] e sl o conTROLLER] | T !
AT smison i T 7 !
: = ! 324 . m e



US 9,826,962 B2

Page 2
(30) Foreign Application Priority Data 2008/0146940 Al*  6/2008 Jenkins ............. A61B 8/08
600/463
Mar. 9, 2011 (JP) wovovoeeeeeeeeee. 2011-051888 2009/0088638 Al ~ 4/2009 Sato et al.
Mar. 9, 2011 (IP) oo 2011051900 201000RIOI ALY 42010 KAO o AGIB 800
Mar. 28, 2011 (JP) oo 2011-070036 2010/0160786 Al*  6/2010 Nordgren .............. A61B 8/467
600/459
(51) Int.CL 2011/0118599 Al* 52011 OSUMI woooooor.. A61B /00
GOIS 15/89 (2006.01) , v 00l Tamab 609/437
GOIS 7/52 (2006.01) 2012/0232392 Al*  9/2012 Tanabe .............. A61B6§04L2‘§§
AG6IB 8/14 (2006.01)
(52) US. CL FOREIGN PATENT DOCUMENTS
CPC ....... AGIB 8/4472 (2013.01); A61B 8/5207

(2013.01); A61B 8/54 (2013.01); A61B 8/546
(2013.01); GO1S 7/5205 (2013.01); GOIS
7/52079 (2013.01); GO1S 7/52085 (2013.01);
GO1S 15/8995 (2013.01); A6IB 8/56
(2013.01); GO1S 15/8915 (2013.01)

(56) References Cited
U.S. PATENT DOCUMENTS

6,106,471 A 8/2000 Wiesauer et al.
6,210,328 Bl 4/2001 Robinson et al.
7,828,731 B2  11/2010 Baba et al.
8,900,148 B2* 12/2014 Tanabe ............c....... A61B 8/00
600/437
2004/0073113 Al 4/2004 Salgo et al.
2004/0210137 Al  10/2004 Baba et al.
2005/0080329 Al* 4/2005 Uchiboti .......ccco.... A61B 8/06
600/407
2006/0058677 Al* 3/2006 Okada .......ccoovevnn. A61B 8/00
600/459

Jp 2002-526224 8/2002
Jp 2003-070786 3/2003
Jp 2005-058321 3/2005
JP 2006-095151 4/2006
JP 2006-340890 12/2006
JP 2008-063017 3/2008
JP 2009-82469 4/2009
JP 2010-528697 8/2010
OTHER PUBLICATIONS

Japanese Official Action—2011-070036—dated Feb. 19, 2013.
Japanese Official Action—2011-051900—dated Feb. 26, 2013.
Japanese Official Action—2011-051727—dated Aug. 13, 2013.
Chinese Office Action dated Jan. 4, 2015 in corresponding Chinese
Patent Application No. 201210044964.7 with English translation of
Chinese Office Action.

CN Office Action, dated Aug. 17, 2015; Application No.
201210044964.7.

* cited by examiner



US 9,826,962 B2

Sheet 1 of 23

Nov. 28, 2017

U.S. Patent

e e e e e e e e i e ,
w ww ' vZe |
w ¥ITIOULNOD o ! N vaanaL Y
= 1NN b 008 leems] HITIOHINOD i . |
4 R il ol v 3 . i
m ONLVIIJON ) g i viivddy NOLLVOINAWAOD! 1§ " INCISSIASNVAL N «
T & N i _I j

X ~ w S{eT Lol 3AMO ] e
w 85 LT NOISSINSNVY L :
. || [MITIOULNOO| JHITIOULNOO i
! {1iNN SNILVEEHED FovAl TNA . L 3804d zomﬁmoum Nyeodooo |
_ “ ONINWNS |! VAR ; e P
M T . any i (1 8¢ Ve HHOSSIO0Ud) i y3nng |
, _ 0$SI00Ud : o HOIVNDIS et Hi
m HONINIBNOO Jet™ " 3nyypyp  [+PNLLSTIM OV - H vnainian | | SNVELE S
i YL 3oy ISYHd | (o : . v s Vi

3 » ; . ' : H : | )
% [ 1.x ........ 1.:.:2.*:;. ;;;;;;;;;;; ;\ ;;;;;;;; " M v : . mwm/umw Ik . mr !
P 08 8L 9L b , : |
- S |1, B3TouiNoD et s ¥

HYITIOWLNO i [NOLLYOINNIWWOO : D :
TPinit W o Hwossaooyd| | ]! P
HOTAVIdSIE - 29 o - L s ldld 43000
@ ] L 9€ 1 Hvnamiant |l !
| o 1 .t L
| |gOLINOW — « v ¥ HALHIANOD| rJ. ol H
| LNA |2 {43LH3ANOD 1IN i TN WIS [ | H{aossanoudl | | i
. Y IOVHOLS| *| T31Tvavd |, | NOLLYD i NOLLYD | |/ 13TIVHYd [ U unss  ledi] H3ONA 13
; vo VIVQ ¢ IVIHES TTT-INNWNODTT] 0 ! TTHINDIWINGD T vnOIAIONE | ] SNVRL
; ] sSATAM| L 1 1 | | SSETTYIM : R Sy
: 7 7 7 sins 7 7 e fle i
i 9% 5 2s LG 92 ve g0z~ 8l 18044 |
L, AQ0g snivdvddy OUSONOvID E;%s%?" .«\. ........ g ——— e i !

, vl 0s 82 vzl YOSSIO0Hd TWNDIS 0Z
r LINN OR4LDTTI0Z3Id 9
VOl .
LOI4



U.S. Patent Nov. 28,2017  Sheet 2 of 23 US 9,826,962 B2

FIG.2
18 18 16
s
BEEENERRN
1, \ ! \
A A
F AT
/ \ g i \ v,
By | | C
i \ )1 \
/ \ ' .
1! \ ’1 \
] ) / :
P L i A

FIG.3A
aAlBlcialelc|alBlclalBlc
\ A A A )
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.3B
Al B |sto| A | B |sToP] A | B fsTor| A | B |sTOP
\ A A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.3C

A ISTOP STOP] A |STOP STOPy A |STOP STOP} A |STOP STOP

\ A A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME




U.S. Patent Nov. 28,2017  Sheet 3 of 23 US 9,826,962 B2

FIG.4A
AlBlciciBlAlAlBlCclCcIBI]A
\ A_ A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.4B
Al B |storl B A lsTorl A} B |STOP| B | A STOP
\ A A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIGAC

A | B ISTOPSTOP| B § A | A | B ISTOPSTOP} B | A

\ A A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME

FIG.0A
Blafjclclalstojalslstorje]alc
\ A A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.5B

B | A |STOPSTOP| A |[STOP STOP} A |STOP| A | B ISTOP

\ A A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME




US 9,826,962 B2

Sheet 4 of 23

Nov. 28,2017

U.S. Patent

................................ iy b ——— o o
wn P! gze !
| = {
HITIOHLINDD P! / m&:m%@ﬂﬂ%w_zm%/Nﬂ w
7 g A AN o AQOE  je—s| HITIOHINOO i ] YITIOHLNOD |« ,
ONLLYY3dO SNLYYVddy NOLLYDINTIAWOO, | *INOISSINSNYYL :
ﬂ M & / _ | i
89| | J 3O oo
89 P! , NOISSINSNVYML i
............................................. | ! [4ITIONINOD| JHITIONINOO N i
FIINAONLLVEINGD FOviAl TiNA 1 b 3804d NOLLd3O3M o | W} "
m ONIWANS || A 7 m Hil i
o INN 7] MoSSIO0Ud| | TVt A ave u0S3FOoUd) {11 w3ona i
HONINIGNOO ™~ Inypyi (+ONILSNIM V] e b ' TYNaIAIGNI SO -SNvHL Y
AET ASVHd i - ; . ¥
AT A T FA— ! | A
! 08 8¢ 9/ E J D202 )l 1 Bhn
| b3 wamodiNoo : e o
| Y3 TI0HINOD b INOLLYOINNWWOD . ik ;
AVIdSIa ~z2o9 ; F1H0SS3004d] ¢ (! 0
il ; HEERRt
i b 9¢ v HIVAGIAIONT | | | P
Lo || .k m,
HOLINOW —] « ¥ L v 43LY3ANOD| ,r/._ P ¥
1NN | - [¥3LH3ANOD TINA P 1IN N P Pl H
v Laovyous| | ETIvavd || Nolvo | g 1| Novo | | iamvava[e T HHOS5I008d 1 w3ona |
+9 ViVQ (¢ /YIS [TT-INAWWOOIT] i 1 [T|-INNWWOOIY] T vnainang [ | SNYHL |
SsTTaUM] | 1} | | SSTIIUM ! b by
5 h s AL T ST
AQOE SNLYHVddY OILSONDVIA Y S e St tctndl
......................................... i [ |
) av'L 0s 82 az1 HOSS3IO0Hd TYNDIS 02
‘ LINN O141037130Z31d 9
ot 9014



U.S. Patent Nov. 28,2017  Sheet 5 of 23 US 9,826,962 B2

FIG.7A
A B G A B C A 8 C A B C
L A Al A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.7B
V' S / 3://// / v i
A VBHC) A DB e » VB CH A VB S
Y A Al A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.7C

A

A A_ A J

FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME

FIG.8A
AlB]J]CIA}|B}J]CJ]AIB|JC}|A]IB]|C
\ A A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME

7 V7 2 7
B/
A VB 9 A (@ C/q A B / CA4 A ;53//}9
\ A__ Al A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
5 N N N
ALE /C A OTL. 70! A EE /c A A Z %
L A A _A J

FIRST FRAMF SECOND FRAME THIRD FRAMF FOURTH FRAME



U.S. Patent

Nov. 28, 2017 Sheet 6 of 23

US 9,826,962 B2

FIG.9A

AlBIClA|B|C]|A

BI{CJA]IB}{C

N A A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.9B
V4 //ﬂ/ e e //// Vo4

¢ 7 /]

Sl 17 1000 WA 75 s 5 B 1074, 10.9 iR s s o,
L A A A )
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME

FIG.9C

4

DEle o s E
L _A A AL J

FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME

FIG.10A
BlAalclclalBelBlAalc]lclAalB
N A A A Y,
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.10B
v v Vi 7/ 77 4

1 Z A z
B/l A LCYCA A BB AL CHCAH A B
N _A A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.10C

‘Bl ol sl E
\ A A A J

FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME




US 9,826,962 B2

Sheet 7 of 23

Nov. 28,2017

U.S. Patent

.................................. g P i e _
I o \ . HOSNIS |

: p P! YNLYHIJWIAL !

N JUTTIOUINODL | wamiouinoo i | 4 T10HLNOD J ‘ _
DNILYHIO SLVMN Y NOLLYOINNIAWOO| i | * NOISSINSN VAL ¥ !

- SN S

w _ 8o | o 3AMO | o

85 vl NOISSINSNYY.L ;

R || I TIONINOD| RATIONINOOY i

T LINN DNILVHIANTD JOVAL IGEEE b JacHd NOLLGEOTY oo | M !

: DNINWNS |} P 7 # 7 m Hl L
I fyossaooud LGNVl 1> ovE HOSSRoRd L w3ona |
HONINIBWNOOD [+~ 3oyl RONLLSNEAY e L Hvnaaian |5 15| ~SNvEL [

[ 3ov Bsvid_|; i m At I

LA \ .............. .M\. ,,,,,,,,,,,,,, x ,,,,,,, " Pl ) ; Lo\ ; . \ i

! 08 8L 9L b : /J P02 g 1 Bhu
HMITIOHINOD b z%mﬁom%ﬁmwmv ” L ¥
DEE L i ol m N E :
AVIdSIa  |~2Z9 b ) %mom%m%mmahm H) waona ;|
L \ L T: S [T SNV |

) o 9¢g y {| TYNAIAIONT | & !

i “ |\ Pl L

HOLINOW N « v v e R t y
LN |+ [431Y3ANOD TINA P 1INN WIS || ilyossanoudl | i s

Vo EOVHOLS) - T vEYd | NOLLYO P NOLLYD | /13T [ ™ o le—ed] 3000 fi
ss3TM| | 1 | [ SST1IIM ; P iy

\. 7 7 it 7 7 i Rl A e Vi

95 14°] c& ! i 92 e =l oA g1’ 36044 i

AQ08 SNLVHYddY DILSONDYIQ L o ,

......................................... e e o , :
5] 0s 82 0zt HOSSIO0Hd TYNDIS 02
A LINM ORILOFTFOZIId 9
o TRIE



US 9,826,962 B2

U.S. Patent Nov. 28, 2017 Sheet 8 of 23

FIG.12
1 18 16
P/

IENEEEREEN!

L2 P
S \
L1 | ]
! ) / L C
\ e
\

H » TIME

FIG.13A
Tl
i L-»TIME

TRANSMISSION o8
PULSE orr |

INDIVIDUAL SIGNAL OV | U 1

PROCESSOR  ofr |

ﬂ 1 = > TIME
L L LT e

'
¢
'
'
'

FIG.13B

TRANSMISSION % 7

PULSE oF
INDIVIDUAL SIGNAL * |
PROCESSOR  or

t
v
'
v
'

» TIME

FIG.13C
nonn
E r_-l ﬁ !—_1 » TIME

TRANSMISSION  on
PULSE OFFﬂ

INDIVIDUAL SIGNALOV |

PROCESSOR  orr —




U.S. Patent Nov. 28,2017  Sheet 9 of 23 US 9,826,962 B2

FIG.14A
alslclalelclalBslc|alBl|c
\ A A A J
FIRST FRAME SEGOND FRAME THIRD FRAME FOURTH FRAME
FIG.14B

/// /| ff// ///, /f//// // ///'_\//
AVBHCAAVENE) A UBCA A VEXNS)
N A A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.14C
N A A A J

FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME



U.S. Patent Nov. 28,2017 Sheet 10 of 23 US 9,826,962 B2

FIG.15A
A B C A B C A B C A B C
L A A A /
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.15B
/// e p P 4 7
A [B C A EV /C A /B /G/ A {% /C
L A Al A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.15C
V7~ R ~ 7~ e
83NN My
[\ A A A Vs

FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME

FIG.15D FIG.15E
18 18 16 18 18 16
; ) )
[TITITITTI [TTTITT
‘ 4 ]
LBJ A M--C L3 i i \‘\
t' ] \ / [}
L2 B L2/ \\ N
/ {
L1 L1 ! \ ! \
/ \ N
I Lofo
\\\
B C

pdales
x>



U.S. Patent Nov. 28,2017  Sheet 11 of 23 US 9,826,962 B2

FIG.16A
AlB]J]C|A}IBIJCITAIB]J]CIA]BI]C
\ A A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME

A, 7Y 77 7A7 77 UG Y
A BA/’C A /B /C/ A //B/ }3 A /B/ /C/
L Al A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
7V 77 77
ArBYCa A Bj%()% A B;ZCZ A VB
oA Z %
\ A A A J

FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME



U.S. Patent Nov. 28,2017  Sheet 12 of 23 US 9,826,962 B2

FIG.17A
AlelclatlBlcialBlcialBlc
i\ A A A y,
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.17B

7Y 77 % G Y
A PR A DBIE) » VENE) A UBXS
N\ A A A Y,
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.17C
A B ATBECH A
\ A A

FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME

FIG.17D FIG1T7E
18 18 18 18 18 18
2 |
\ Xllllllil” HEEERRREE
L3 | MG L31 A i
1= ]
Pl 7 L Bp \
L1 | % L1 ﬁ |
o I 7 i
N
B c

>/\_,«
)>"’\_/



U.S. Patent Nov. 28,2017  Sheet 13 of 23 US 9,826,962 B2

alslclalslclalslclalBlc
\ A A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
rrs V4 AV i s )4 )4
A VBACA A UG A BV c A BN C
VAV, V4 L rd yd Z Z
\ A A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME

FIG.18C

A J

FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME

A

FIG.19A
slajclclalBl{BlAjCc|c]|AlB
N A A A )
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.19B
5/ A [0 ¢ a BB A Lch e a UB?

Z Z Z <

\ A A A J

FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.19C

%/W/ 2 Yl 7
B% A ZC%C AV B%B A
Z 7 Z 7

L A A

FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME




US 9,826,962 B2

Sheet 14 of 23

Nov. 28,2017

U.S. Patent

................................. s B e
/ Pl \ mom?%m S
P ERINREETE
o, | unn 9068 O] WITIONINOD i 3 TIOHLNGD q
~ T oot !
89 ! o IANT | e
86 P NOISSINSNYYL %
. T || [43TI0HINOO| I TIOULNOO _
' LINN DNILYHINTD JOVII A b 3808d NOIMLJ303d o — | R — :
" DNIAWOS |} VAR 7 : L L
[ INT 1 byoss300ud]| o, SNV L v 8¢ are O ToNoIs Ll w3000 i
FIONINIBNOO [+ goyint (o NILSNP OV e b Hownaiaan [ ] -SNvdd !
3 - ] 14 — ! M }
DL ISVHd | F m b ;!
SUSY AN F A FA— ! , s
h ' = B .& ' ' " .
i 08 8L ars . f/ : L : ;!
- ! i| ¥37T108INCD “ DL :
HE3T NO 1 [NOILYDINNWIWOD : T :
AVIdSIO [~ 29 L HHOSS300dd 1 11| y3ona |
. i .ﬁ / 1 IWNDIS il 1 -SNVHL : !
L 9¢ p HOVNQIAIGNT | ¢ ) TR R
t _ v N ' v}
i et | | b s
i I . B ' I
HOLINOW — - SN y MILIANOD| | I it i
LIND | 2 |¥3LH3ANOD 1INA i 1INA WIS | ilhoss3noud |l b
T L{30vHOLs| | TATIVMV |, | NOILYO P NOLLYO [ f/13TWvd [ TN le—ed] H3ONT [
9 ViVQ + STVRES [TTSINOWNOO[T 1 | [T]-INNWAOO T qvnaiaiang [ i SNVEL L
SSITIUM| | 1 F | [SST UM ; b i
7 7 7 i 7 7 S A [ i
9g G 4 b oY A ve ez 8L 49044 |
ACOE SNLYHYddY OLLSONOVIQ N PR o e e e T !
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; i :
avl 0G5 82 azi HOSS3D0Hd TYNDIS 02
A LINN OIMLOT130Z31d 9
aot .
0¢'Ol4



US 9,826,962 B2

Sheet 15 of 23

Nov. 28, 2017

U.S. Patent

FIG.21A

&
Y
& e
o AV%_\\ V\‘"\ w
1../7 o - .
-
m i .I,)NJ//I/I ﬂx/(\\A
& oD ~—
— -
] T
b L
- —
T | |
T A ]
- P
o Y
L N
=i m
|
—
o

FIG.21C

FIG.21B




U.S. Patent Nov. 28,2017 Sheet 16 of 23 US 9,826,962 B2

FIG.22A
RANSMISSION
AR N o [1 [1 [ s TIME
ON I
INDQ/FI?%%%%&I)GRNAL OFF—I U U U l_> TIME
FIG.22B i
ION on | |
e | N R B

INDIVIDUAL SIGNAL ON §
PROCESSOR OFFJ: ] L] L L TivE

i .
H .
: :
' '

FIG.22C

TRANSMISSION  ON _ﬂ

PULSE OFF ~ » TIME

| J—
IDUAL SIGNAL ON l ! ?
IND};/R%CESSSOR DFF i r—-l r_] l_l + TIME

FIG.23A
aAleslclalslcltalelclalslc
L A A A )
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.23B
A VBACA A U X e a VB GA A VBN G
/ 7 e
. A A A )
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.23C

[T e T
A A N y

FIRST FRAME  SECOND FRAME THIRD FRAME FOURTH FRAME

\




U.S. Patent Nov. 28,2017  Sheet 17 of 23 US 9,826,962 B2

FIG.24A
alelc|alslclalBlclals]c
N A A A )
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
; 7 7 4 Ya P 4 7
A VB A VBTG A UBH/C) A BN 0/

Y4 Z vl L v LLALL LA
\ A A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
lafsichaEc) A ¢
N A A J

FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME

FIG.25A
aAleslclalslclalslclalslc
\ A A A )
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME

7 e v S

A UBH A A VB CA A VB4 EA A VEAS

/X / | N
\ A A A )
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME

FIG.25C
2 %
/ % %7 7

\ A A A J

FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME



U.S. Patent Nov. 28,2017  Sheet 18 of 23 US 9,826,962 B2

FIG.26A
alslclals|c|alslc]|alB]c
\ A A A J
FIRST FRAME SEGOND FRAME THIRD FRAME FOURTH FRAME
FIG.26B

/////// //7’/;,// //'////: /77/
AUBIO A B A VEXSI A LB
\ _A A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.26C

/]

7 Y, 2 Yy
N T D%
A A A 7

FIRST FRAME SECCND FRAME THIRD FRAME FOURTH FRAME

\

FIG.27A
AIB]J]ClAIB|ICITAIBICIA]|B]C
. A _A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.27B

v /// s / //{//
A PEE) » VBN » VEE) » UENE
L A A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.27C

A A A )

FIRST YRAME SECOND FRAME THIRD FRAME FOURTH FRAME

A

\




U.S. Patent Nov. 28,2017 Sheet 19 of 23 US 9,826,962 B2

FIG.28A
BIA|]C|C|A|B|BITA]J]CIC|A}|B
\ A A A J
FIRST FRAME SEGOND FRAME THIRD FRAME FOURTH FRAME
FIG.28B
74 7// 777 AU, Y] 777
A 2 VS » Pee)] » VSN » 1B/
\ A A A J
FIRST FRAME SEGOND FRAME THIRD FRAME FOURTH FRAME

FI1G.28C

\ A A A J

FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME




US 9,826,962 B2

Sheet 20 of 23

Nov. 28,2017

U.S. Patent

............................................................ o o e
i 0L i 3z€ !
i / P \ m
| YITIOYLNOD b !

LIND HITIOHLNOO |1 ! |
! — AQOY  fe—> . ¥ITTOYLNOD :
gL i
| ONLLVHIO] T 5| vigveldy NOLLVOINNINGD| v NOISSINSNYeL i
! 4 N i
| _ u 8gi | R 20V« R ey
| 85 Pl NOISSINSNVY.L i
A N || [4ITIOUINOOL L JHITIONINOD i
i {TINA ONLVAENES Fo VAl N 1 b J80ud NOILdIO03Y Ay M
i ‘ ! : F s, A I Bl dd it
: ! ONINWNS |} VA 7 “ D L
I : JOVIAL ASYHd ." P m w "_ : !
| NS A — A —— a— o : BN N
Pl o8 8. Y2 o " DB0Z ) 8k
! O LNOD D mmjom»zowu : EERIE : m
| i {NOLLYOINNIAW ; I b
| TAVIASIO - 29 L HHOSSIO0Nd) ¢ )| ygona |}
_ L A L JYNOIS b SNwl |
__ i b 9e v HOIVAAIAIGNL | ¢ [ !
— " M t N vl
! b meRY Pl P
: i . [ i
| |HOLINOW - < T v MILHIANOD| : FJ. Pl i
| LN 2 (I LYIANGD LINn P 1INN VR3S |, 1 ihiossaoond || ¥
i L TAQVHOLS] - TEIVEVG | | NOLLYO . NOLLYO | 1/ 137vivd [ 53008 a= li| waona i
“ SRERERIAD G A G EERENI ; P i
._ 7 7 7 A 7 7 AT [ i
j 9g s 25 P! 92 vz egz-" | gl 36044 !
[ _AOOE SNLydvddy¥ OLLSONDVIQ S o st a4 et e 1 el !
L Ty O T e[ .

4% 0s s8g 321 HOSSIOOUd TYNDIS 0F
A LINN OIL0T130Z31d 9
301 .
6¢ 9014



U.S. Patent Nov. 28,2017  Sheet 21 of 23 US 9,826,962 B2

FIG.30A
Blalc|lc|alslB|Aalclc|alB
\ A A A J
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.30B
alslclc|e|ajalslclc|B]a
\ A A A )
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME
FIG.30C

AlB]J]CJIA]IBIC]JTAIB]JC}IA|B]JC

. A A A )
FIRST FRAME SECOND FRAME THIRD FRAME FOURTH FRAME




U.S. Patent Nov. 28,2017 Sheet 22 of 23 US 9,826,962 B2

Bl]Cc1C;1BIBIC|CIB

N A _A A J

FIRST  SECOND THIRD  FOURTH
FRAME  FRAME  FRAME  FRAME

FIG.31B

AIB|IBJALJLA]JC]CLA

(. A Al A J

FIRST SECOND THIRD  FOURTH
FRAME  FRAME  FRAME  FRAME

FIG.32A
Blaflclclalsls|clc]s
_ A A A )
FIRST SECOND  THIRD  FOURTH
FRAME FRAME ~ FRAME  FRAME
FIG.32B

AlBIC|C|IBJALAJC|IC IBIBJAJALA

\ A A A A A
FIRST SECOND THIRD  FOURTH  FIFTH SIXTH

FRAME FRAME FRAME  FRAME  FRAME FRAME

SEVENTH
FRAME



U.S. Patent Nov. 28,2017 Sheet 23 of 23 US 9,826,962 B2

FIG33A |sialc|alB|c|s

k w_l L A1/
e
FIRST

\
THIRD

FRAME  seconp FRAME £ourTH
FRAME FRAME

FIG33B |alslclelalclslalala

L LA
7 \. A {\
FIRST THIRD ) | SIXTH
FRAME  seconp FRAME pourth \FRAME grventH
FRAME FRAME FRAME

FIFTH
FRAME

FIG.34

INREERERE




US 9,826,962 B2

1
ULTRASOUND DIAGNOSTIC APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to an ultrasound diagnostic
apparatus. The invention more particularly relates to an
ultrasound diagnostic apparatus capable of suppressing heat
generation from an ultrasound probe while easily controlling
the ultrasound transmission and reception in spatial com-
pounding.

Ultrasound diagnostic apparatus using ultrasound images
are put to practical use in the medical field.

In general, an ultrasound diagnostic apparatus includes an
ultrasound probe (hereinafter referred to as “probe”) and a
diagnostic apparatus body. In the ultrasound diagnostic
apparatus, the probe transmits ultrasonic waves toward a
subject and receives ultrasonic echoes from the subject. The
diagnostic apparatus body electrically processes the recep-
tion signals received by and outputted from the probe to
produce an ultrasound image.

So-called “speckle”™ (speckle noise/speckle pattern) is
known as a factor that may deteriorate the image quality of
an ultrasound image in the ultrasound diagnostic apparatus.
Speckle is white spot noise caused by the mutual interfer-
ence of scattered waves generated by numerous scattering
sources which are present in a subject and have a smaller
wavelength than that of an ultrasonic wave.

Spatial compounding as described in JP 2005-58321 A
and JP 2003-70786 A is known as a method of reducing such
speckle in the ultrasound diagnostic apparatus.

As conceptually shown in FIG. 34, spatial compounding
is a technique which involves performing a plurality of types
of ultrasound transmission and reception in mutually differ-
ent directions (at mutually different scanning angles)
between a piezoelectric unit 100 and a subject, and com-
bining ultrasound images obtained by the plurality of types
of ultrasound transmission and reception to produce a com-
posite ultrasound image.

More specifically, in the example shown in FIG. 34, three
types of ultrasound transmission and reception are per-
formed which include the ultrasound transmission and
reception as in the normal ultrasound image generation
(normal transmission and reception), the ultrasound trans-
mission and reception in a direction inclined by an angle of
8 with respect to the direction of the normal transmission
and reception, and the ultrasound transmission and reception
in a direction inclined by an angle of -6 with respect to the
direction of the normal transmission and reception.

An ultrasound image A (solid line) obtained by the normal
transmission and reception, an ultrasound image B (broken
line) obtained by the transmission and reception in the
direction inclined by the angle of 0, and an ultrasound image
C (chain line) obtained by the transmission and reception in
the direction inclined by the angle of -0 are combined to
produce a composite ultrasound image covering the region
of the ultrasound image A shown by the solid line.

The probe making up the ultrasound diagnostic apparatus
includes a piezoelectric unit which transmits ultrasonic
waves to a subject, receives ultrasonic echoes generated by
reflection of the ultrasonic waves on the subject and outputs
the received ultrasonic echoes as electric signals (reception
signals).

Recently, the probe may also be provided with an inte-
grated circuit board for use in amplifying the reception
signals outputted from the piezoelectric unit, performing
A/D conversion or other processing, changing the timing of
transmission and reception of ultrasonic waves in the piezo-
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electric unit, wireless communication with the diagnostic
apparatus body without using any cord, and reducing noise.

As is well known, the piezoelectric unit generates heat
through the ultrasound transmission and reception.

Higher-definition ultrasound images are obtained with
increasing power of ultrasonic waves transmitted from the
piezoelectric unit. However, the amount of heat generated
from the piezoelectric unit is also increased with increasing
power of ultrasonic waves transmitted from the piezoelectric
unit.

The integrated circuit board also generates heat through
reception signal processing.

That is, the probe generates heat through ultrasound
transmission and reception.

The heat generation from the probe destabilizes the drive
of the piezoelectric unit and the operation of each circuit of
the integrated circuit board. As a result, output signals from
the transmitted or received ultrasonic waves are destabilized
to further destabilize the signal processing in the integrated
circuit board. That is, the heat generation from the probe
lowers the image quality of ultrasound images.

Therefore, it is necessary in the ultrasound diagnostic
apparatus to suppress the temperature increase within the
probe as much as possible in order to consistently obtain
high-definition ultrasound images.

As also described above, spatial compounding enables
speckle on the resulting ultrasound image to be reduced.

On the other hand, since the directions of ultrasound
transmission and reception are to be changed for each
ultrasound image used to produce a composite ultrasound
image, the control of ultrasound transmission and reception
becomes complicated.

SUMMARY OF THE INVENTION

An object of the present invention is to solve the forego-
ing prior art problems and to provide an ultrasound diag-
nostic apparatus which, when a composite ultrasound image
is produced from ultrasound images by spatial compound-
ing, is capable of suppressing the temperature increase
within the ultrasound probe while minimizing the image
quality deterioration of ultrasound images even if the tem-
perature is increased.

Another object of the invention is to provide an ultra-
sound diagnostic apparatus capable of reducing the switch-
ing control of the directions of ultrasound transmission and
reception in the production of an ultrasound image through
spatial compounding, thereby simplifying the control of the
ultrasound transmission and reception upon spatial com-
pounding.

In order to achieve the above objects, a first aspect of the
invention provides an ultrasound diagnostic apparatus com-
prising:

an ultrasound probe configured to transmit ultrasonic
waves into a subject and receive ultrasonic echoes generated
by reflection of the ultrasonic waves from the subject, the
ultrasound probe including a signal processor for processing
reception signals based on the ultrasonic echoes and a
temperature sensor for measuring a temperature at a prede-
termined position; and

a diagnostic apparatus body configured to generate ultra-
sound images in accordance with the reception signals
processed in the signal processor of said ultrasound probe,

wherein said ultrasound probe is configured to perform a
plurality of types of ultrasound transmission and in mutually
different directions of ultrasound transmission and reception
and said diagnostic apparatus body is configured to combine
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ultrasound images based on each of the plurality of types of
ultrasound transmission and reception, and

wherein, upon production of the composite ultrasound
image in said diagnostic apparatus body, said ultrasound
probe is configured to change ultrasound transmission and
reception for producing said composite ultrasound image in
accordance with a temperature measurement result obtained
with said temperature sensot.

In the ultrasound diagnostic apparatus according to the
first aspect of the invention, upon the production of the
composite ultrasound image in the diagnostic apparatus
body, the ultrasound probe preferably performs the ultra-
sound transmission and reception for producing the com-
posite ultrasound image through the plurality of types of
ultrasound transmission and reception or through at least one
type of ultrasound transmission and reception after reduction
of one or more types of ultrasound transmission and recep-
tion from the plurality of types of ultrasound transmission
and reception based on the temperature measurement result
obtained with the temperature sensor.

The temperature sensor preferably measures a tempera-
ture of the signal processor.

Upon the production of the composite ultrasound image in
the diagnostic apparatus body, the ultrasound probe prefer-
ably performs ultrasound transmission and reception for
obtaining a main image as an ultrasound image in a preset
predetermined output region by one of the plurality of types
of ultrasound transmission and reception.

Preferably, a temperature T1 and a temperature T2 higher
than the temperature T2 are set as thresholds and, upon the
production of the composite ultrasound image in the diag-
nostic apparatus body, depending on the temperature mea-
surement result obtained with the temperature sensor, the
ultrasound probe performs the plurality of types of ultra-
sound transmission and reception when the temperature
measurement result is less than the temperature T1, performs
a set minimum number of types of ultrasound transmission
and reception when the temperature measurement result is
equal to or more than the temperature T2, and performs a
given number of types of ultrasound transmission and recep-
tion which is smaller than the number of the plurality of
types of transmission and reception but is larger than the set
minimum number of types of ultrasound transmission and
reception when the temperature measurement result is equal
to or more than the temperature T1 but less than the
temperature T2.

Preferably, a temperature T1 and a temperature T2 higher
than the temperature T2 are set as thresholds and, upon the
production of the composite ultrasound image in the diag-
nostic apparatus body, depending on the temperature mea-
surement result obtained with the temperature sensor, the
ultrasound probe performs the plurality of types of ultra-
sound transmission and reception when the temperature
measurement result is less than the temperature T1, and
when the temperature measurement result is equal to or
more than the temperature T1, performs, in one composite
ultrasound image, the at least one type of ultrasound trans-
mission and reception after the reduction of the one or more
types of ultrasound transmission and reception from the
plurality of types of ultrasound transmission and reception
and performs, in its temporally consecutive composite ultra-
sound image, the plurality of types of ultrasound transmis-
sion and reception or the at least one type of ultrasound
transmission and reception after the reduction of the one or
more types of ultrasound transmission and reception from
the plurality of types of ultrasound transmission and recep-
tion, a number of types of ultrasound transmission and
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reception reduced from the number of the plurality of types
of ultrasound transmission and reception being different in
two consecutive ultrasound images including the one com-
posite ultrasound image and its temporally consecutive
composite ultrasound image. The ultrasound probe prefer-
ably performs the ultrasound transmission and reception by
reducing the one or more types of ultrasound transmission
and reception from the plurality of types of ultrasound
transmission and reception in one of the two temporally
consecutive composite ultrasound images when the tem-
perature measurement result is equal to or more than the
temperature T1 but less than the temperature T2.

The ultrasound probe preferably performs the ultrasound
transmission and reception by reducing the one or more
types of ultrasound transmission and reception from the
plurality of types of ultrasound transmission and reception in
both of the two temporally consecutive composite ultra-
sound images when the temperature measurement result is
equal to or more than the temperature T2.

The ultrasound probe preferably transmits and receives
the ultrasonic waves in identical directions for a last ultra-
sound image in one composite ultrasound image and a first
ultrasound image in its temporally consecutive composite
ultrasound image.

Upon the production of the composite ultrasound image in
the diagnostic apparatus body, the ultrasound probe prefer-
ably performs the ultrasound transmission and reception so
as to reduce temporally consecutive ultrasound image when
two or more types of ultrasound transmission and reception
are reduced from the plurality of types of ultrasound trans-
mission and reception.

Upon the production of the composite ultrasound image in
the diagnostic apparatus body, the ultrasound probe prefer-
ably performs the ultrasound transmission and reception so
as to reduce a last ultrasound image in a composite ultra-
sound image and a first ultrasound image in its temporally
consecutive composite ultrasound image when the one or
more types of ultrasound transmission and reception are
reduced from the plurality of types of ultrasound transmis-
sion and reception.

In the ultrasound diagnostic apparatus according to the
first aspect of the invention, upon the production of the
composite ultrasound image in the diagnostic apparatus
body, the ultrasound probe preferably adjusts conditions of
the ultrasound transmission and reception so as to change an
image quality of an ultrasound image to be combined in the
diagnostic apparatus body in accordance with the tempera-
ture measurement result obtained with the temperature sen-
SOr.

The temperature sensor preferably measures a tempera-
ture of the signal processor.

The ultrasound probe preferably changes at least one of a
number of available channels and a number of sound rays to
adjust the conditions of the ultrasound transmission and
reception.

Preferably, a temperature T3 and a temperature T4 higher
than the temperature T3 are set as thresholds, and ultrasound
transmission and reception at a normal image quality level
corresponding to ultrasound images of predetermined image
quality, ultrasound transmission and reception at a low
image quality level corresponding to ultrasound images of
lowest image quality, and ultrasound transmission and
reception at a medium image quality level corresponding to
ultrasound images having image quality lower than the
normal image quality level but higher than the low image
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quality level are set in the conditions of the ultrasound
transmission and reception for obtaining the ultrasound
image to be combined.

Upon the production of the composite ultrasound image in
the diagnostic apparatus body, depending on the temperature
measurement result obtained with the temperature sensor,
the ultrasound probe preferably performs all of the plurality
of types of ultrasound transmission and reception at the
normal image quality level when the temperature measure-
ment result is less than the temperature T3.

Upon the production of the composite ultrasound image in
the diagnostic apparatus body, depending on the temperature
measurement result obtained with the temperature sensor,
the ultrasound probe preferably performs at least two of the
plurality of types of ultrasound transmission and reception at
the medium image quality level when the temperature
measurement result is equal to or more than the temperature
T3 but less than the temperature T4 and at the low image
quality level when the temperature measurement result is
equal to or more than the temperature T4.

Upon the production of the composite ultrasound image in
the diagnostic apparatus body, depending on the temperature
measurement result obtained with the temperature sensor,
the ultrasound probe preferably performs at least two of the
plurality of types of ultrasound transmission and reception at
the medium image quality level when the temperature
measurement result is equal to or more than the temperature
T3 but less than the temperature T4, and performs at least
one of the plurality of types of ultrasound transmission and
reception at the medium image quality level and one or more
types of ultrasound transmission and reception except the at
least one of the plurality of types of ultrasound transmission
and reception at the low image quality level when the
temperature measurement result is equal to or more than the
temperature T4.

Upon the production of the composite ultrasound image in
the diagnostic apparatus body, depending on the temperature
measurement result obtained with the temperature sensor,
the ultrasound probe preferably performs at least two of the
plurality of types of ultrasound transmission and reception at
the medium image quality level when the temperature
measurement result is equal to or more than the temperature
T3 but less than the temperature T4, and performs the at least
two of the plurality of types of ultrasound transmission and
reception at the low image quality level and all of one or
more types of ultrasound transmission and reception except
the at least two of the plurality of types of ultrasound
transmission and reception at the medium image quality
level when the temperature measurement result is equal to or
more than the temperature T4.

Preferably, upon the production of the composite ultra-
sound image in the diagnostic apparatus body, the ultrasound
probe performs ultrasound transmission and reception for
obtaining a main image as an ultrasound image in a preset
predetermined output region by one of the plurality of types
of ultrasound transmission and reception and the ultrasound
transmission and reception for the main image are per-
formed at the normal image quality level.

The ultrasound probe preferably transmits and receives
the ultrasonic waves in identical directions for a last ultra-
sound image in one composite ultrasound image and a first
ultrasound image in its temporally consecutive composite
ultrasound image.

In the ultrasound diagnostic apparatus according to the
first aspect of the invention, upon the production of the
composite ultrasound image in the diagnostic apparatus
body, the ultrasound probe preferably adjusts a depth of the

10

15

20

25

30

35

40

45

50

55

60

65

6

reception signals to be processed by the signal processor so
as to change a depth of an ultrasound image to be combined
in the diagnostic apparatus body in accordance with the
temperature measurement result obtained with the tempera-
ture sensor.

The temperature sensor preferably measures a tempera-
ture of the signal processor.

Preferably, a temperature T5 and a temperature T6 higher
than the temperature T5 are set as thresholds and a normal
depth according to which the reception signals are processed
up to a predetermined depth, a small depth according to
which the reception signals are processed up to a shallowest
depth and a medium depth according to which the reception
signals are processed up to a depth smaller than the normal
depth but larger than the small depth are set for the depth of
the reception signals to be processed by the signal processor.

Upon the production of the composite ultrasound image in
the diagnostic apparatus body, depending on the temperature
measurement result obtained with the temperature sensor,
the ultrasound probe preferably performs all of reception
signal processing in the plurality of types of ultrasound
transmission and reception up to the normal depth when the
temperature measurement result is less than the temperature
T5.

Upon the production of the composite ultrasound image in
the diagnostic apparatus body, depending on the temperature
measurement result obtained with the temperature sensor,
the ultrasound probe preferably performs reception signal
processing in at least two of the plurality of types of
ultrasound transmission and reception up to the medium
depth when the temperature measurement result is equal to
or more than the temperature T3 but less than the tempera-
ture T6 and up to the small depth when the temperature
measurement result is equal to or more than the temperature
Té6.

Upon the production of the composite ultrasound image in
the diagnostic apparatus body, depending on the temperature
measurement result obtained with the temperature sensor,
the ultrasound probe preferably performs reception signal
processing at least two of the plurality of types of ultrasound
transmission and reception up to the medium depth when the
temperature measurement result is equal to or more than the
temperature T5 but less than the temperature T6, and alter-
nately repeats reception signal processing up to the small
depth in at least two of the plurality of types of ultrasound
transmission and reception and reception signal processing
up to the medium depth in the at least two of the plurality of
types of ultrasound transmission and reception in temporally
consecutive composite ultrasound images when the tem-
perature measurement result is equal to or more than the
temperature T5.

Upon the production of the composite ultrasound image in
the diagnostic apparatus body, depending on the temperature
measurement result obtained with the temperature sensor,
the ultrasound probe preferably performs reception signal
processing in at least two of the plurality of types of
ultrasound transmission and reception up to the medium
depth when the temperature measurement result is equal to
or more than the temperature T5 but less than the tempera-
ture T6 and performs reception signal processing in at least
one of the plurality of types of ultrasound transmission and
reception up to the medium depth and one or more types of
ultrasound transmission and reception except the at least one
of the plurality of types of ultrasound transmission and
reception up to the small depth when the temperature
measurement result is equal to or more than the temperature
Té.
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Ultrasound images subjected to the reception signal pro-
cessing up to the medium depth and ultrasound images
subjected to the reception signal processing up to the small
depth are preferably different in order of processing in
temporally consecutive composite ultrasound images when
the temperature measurement result is equal to or more than
the temperature T6.

Upon the production of the composite ultrasound image in
the diagnostic apparatus body, depending on the temperature
measurement result obtained with the temperature sensor,
the ultrasound probe preferably performs reception signal
processing in at least two of the plurality of types of
ultrasound transmission and reception up to the medium
depth when the temperature measurement result is equal to
or more than the temperature T5 but less than the tempera-
ture T6 and performs the reception signal processing in the
at least two of the plurality of types of ultrasound transmis-
sion and reception up to the small depth and all of one or
more types of ultrasound transmission and reception except
the at least two of the plurality of types of ultrasound
transmission and reception up to the medium depth when the
temperature measurement result is equal to or more than the
temperature T6.

Preferably, upon the production of the composite ultra-
sound image in the diagnostic apparatus body, the ultrasound
probe performs ultrasound transmission and reception for
obtaining a main image as an ultrasound image in a preset
predetermined output region by one of the plurality of types
of ultrasound transmission and reception and reception
signals obtained by the ultrasound transmission and recep-
tion for the main image are processed up to the normal
depth.

The ultrasound probe preferably transmits and receives
the ultrasonic waves in identical directions for a last ultra-
sound image in one composite ultrasound image and a first
ultrasound image in its temporally consecutive composite
ultrasound image.

In the ultrasound diagnostic apparatus according to the
first aspect of the invention, upon the production of the
composite ultrasound image in the diagnostic apparatus
body, the ultrasound probe preferably adjusts reception
signal processing performed by the signal processor so as to
reduce a number of sound rays in a region beyond a
predetermined depth in an ultrasound image to be combined
by the diagnostic apparatus body depending on the tempera-
ture measurement result obtained with the temperature sen-
sor, and upon the production of the composite ultrasound
image in the diagnostic apparatus body, the diagnostic
apparatus body interpolates sound rays eliminated beyond
the predetermined depth with their surrounding sound rays
to produce the ultrasound image.

The temperature sensor preferably measures a tempera-
ture of the signal processor.

Preferably, a temperature T7 and a temperature T8 higher
than the temperature T7 are set as thresholds, and a normal
depth up to which the number of sound rays is not reduced,
a small depth which is shallowest, and a medium depth
which is smaller than the normal depth but is larger than the
small depth are set for the predetermined depth beyond
which the number of sound rays is reduced.

Upon the production of the composite ultrasound image in
the diagnostic apparatus body, depending on the temperature
measurement result obtained with the temperature sensor,
the ultrasound probe preferably processes all of ultrasound
images up to the normal depth when the temperature mea-
surement result is less than the temperature T7.
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Upon the production of the composite ultrasound image in
the diagnostic apparatus body, depending on the temperature
measurement result obtained with the temperature sensor,
the ultrasound probe preferably reduces the number of sound
rays beyond the medium depth in at least two of ultrasound
images when the temperature measurement result is equal to
or more than the temperature T7 but less than the tempera-
ture T8, and reduces the number of sound rays beyond the
small depth in the at least two of ultrasound images when the
temperature measurement result is equal to or more than the
temperature T8§.

Upon the production of the composite ultrasound image in
the diagnostic apparatus body, depending on the temperature
measurement result obtained with the temperature sensor,
the ultrasound probe preferably reduces the number of sound
rays beyond the medium depth in at least two of ultrasound
images when the temperature measurement result is equal to
or more than the temperature T7 but less than the tempera-
ture T8, and reduces the number of sound rays beyond the
medium depth in at least one of ultrasound images and one
or more ultrasound images except the at least one of ultra-
sound images beyond the small depth when the temperature
measurement result is equal to or more than the temperature
T8.

Upon the production of the composite ultrasound image in
the diagnostic apparatus body, depending on the temperature
measurement result obtained with the temperature sensor,
the ultrasound probe preferably reduces the number of sound
rays beyond the medium depth in at least two of ultrasound
images when the temperature measurement result is equal to
or more than the temperature T7 but less than the tempera-
ture T8, and reduces the number of sound rays beyond the
small depth in the at least two of ultrasound images and all
of one or more ultrasound images except the at least two of
ultrasound images beyond the medium depth when the
temperature measurement result is equal to or more than the
temperature T8.

Preferably, upon the production of the composite ultra-
sound image in the diagnostic apparatus body, the ultrasound
probe performs ultrasound transmission and reception for
obtaining a main image as an ultrasound image in a preset
predetermined output region by one of the plurality of types
of ultrasound transmission and reception and an ultrasound
image obtained by the ultrasound transmission and reception
for the main image has the normal depth.

The ultrasound probe preferably transmits and receives
the ultrasonic waves in identical directions for a last ultra-
sound image in one composite ultrasound image and a first
ultrasound image in its temporally consecutive composite
ultrasound image.

A second aspect of the invention provides an ultrasound
diagnostic apparatus comprising:

an ultrasound probe configured to transmit ultrasonic
waves irito a subject and receive ultrasonic echoes generated
by reflection of the ultrasonic waves from the subject; and

a diagnostic apparatus body configured to generate ultra-
sound images in accordance with the reception signals
processed in the signal processor of said ultrasound probe,

wherein said ultrasound probe is configured to perform a
plurality of types of ultrasound transmission and in mutually
different directions of ultrasound transmission and reception
and said diagnostic apparatus body is configured to combine
ultrasound images based on each of the plurality of types of
ultrasound transmission and reception, and

wherein said ultrasound probe configured to perform said
plurality of types of ultrasound transmission and reception
so as to transmit and receive the ultrasonic waves in identical
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directions in a last ultrasound image of one composite
ultrasound image and a first ultrasound image of its tempo-
rally adjacent composite ultrasound image.

In the ultrasound diagnostic apparatus according to the
second aspect of the invention, the probe preferably further
comptises a transmission controller for controlling transmis-
sion of the ultrasonic waves from the piezoelectric unit and
a signal processor for processing the reception signals
outputted from the piezoelectric unit.

At least one of the diagnostic apparatus body and the
ultrasound probe preferably includes a selector for selecting
a number of ultrasound images to be combined to produce
the composite ultrasound image.

At least one of a predetermined number of temporally
consecutive composite ultrasound images preferably has a
different number of ultrasound images to be combined.

At least one of a predetermined number of temporally
consecutive composite ultrasound images preferably has a
different combination of types of ultrasound transmission
and reception in ultrasound images.

An ultrasound image to be combined is preferably shared
between the temporally adjacent composite ultrasound
images so that a last ultrasound image in one composite
ultrasound image and a first ultrasound image in its subse-
quent composite ultrasound image transmit and receive the
ultrasonic waves in the identical directions.

According to the first aspect of the inventive ultrasound
diagnostic apparatus configured as described above, the
ultrasound transmission and reception are changed depend-
ing on the temperature increase in the ultrasound probe upon
spatial compounding for combining a plurality of images
different in the directions of ultrasound transmission and
reception. More specifically, the number of images to be
combined by spatial compounding is reduced depending on
the temperature increase in the ultrasound probe. Alterna-
tively, the image quality of images to be combined by spatial
compounding is changed depending on the temperature
increase in the ultrasound probe. Alternatively, the depth of
images to be combined by spatial compounding is changed
depending on the temperature increase in the ultrasound
probe. Alternatively, depending on the temperature increase
of the ultrasound probe, the number of sound rays is changed
beyond the predetermined depth in images to be combined
by spatial compounding and the areas having no sound rays
are interpolated upon the composition.

Therefore, according to the ultrasound diagnostic appa-
ratus in the first aspect of the invention, the drive frequency,
drive time and transmission/reception processing frequency
of the piezoelectric unit and the integrated circuits such as
AFEs for processing reception signals which are mounted on
the ultrasound probe can be reduced depending on the
internal temperature of the ultrasound probe. Therefore,
when heat is generated within the ultrasound probe, the
temperature increase in the integrated circuit and the piezo-
electric unit can be suppressed. Heat generation from the
ultrasound probe can also be suppressed to minimize the
deterioration of the image quality.

Therefore, the ultrasound diagnostic apparatus according
to the first aspect of the invention is capable of consistently
obtaining high-definition ultrasound images through spatial
compounding.

According to the ultrasound diagnostic apparatus in the
second aspect of the invention, the frequency of the switch-
ing in the directions of ultrasound transmission and recep-
tion can be reduced also upon spatial compounding.

Therefore, the ultrasound diagnostic apparatus according
to the second aspect of the invention is capable of simpli-
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fying the control of ultrasound transmission and reception
upon spatial compounding. Accordingly, the burden of the
ultrasound probe upon spatial compounding can be reduced,
for example, in the ultrasound diagnostic apparatus in which
the function of controlling the ultrasound transmission and
reception is incorporated in the ultrasound probe.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a conceptual block diagram showing the first
embodiment of the ultrasound diagnostic apparatus accord-
ing to the first aspect of the invention.

FIG. 2 is a conceptual diagram for illustrating spatial
compounding that may be performed in the ultrasound
diagnostic apparatus of the invention.

FIGS. 3A, 3B and 3C are conceptual diagrams for illus-
trating an example of spatial compounding which is per-
formed in the first embodiment of the ultrasound diagnostic
apparatus according to the first aspect of the invention.

FIGS. 4A, 4B and 4C are conceptual diagrams for illus-
trating another example of spatial compounding which is
performed in the first embodiment of the ultrasound diag-
nostic apparatus according to the first aspect of the inven-
tion.

FIGS. 5A and 5B are conceptual diagrams for illustrating
yet another example of spatial compounding which is per-
formed in the first embodiment of the ultrasound diagnostic
apparatus according to the first aspect of the invention.

FIG. 6 is a conceptual block diagram showing the second
embodiment of the ultrasound diagnostic apparatus accord-
ing to the first aspect of the invention.

FIGS. 7A, 7B and 7C are conceptual diagrams for illus-
trating an example of spatial compounding which is per-
formed in the second embodiment of the ultrasound diag-
nostic apparatus according to the first aspect of the
invention.

FIGS. 8A, 8B and 8C are conceptual diagrams for illus-
trating another example of spatial compounding which is
performed in the second embodiment of the ultrasound
diagnostic apparatus according to the first aspect of the
invention.

FIGS. 9A, 9B and 9C are conceptual diagrams for illus-
trating yet another example of spatial compounding which is
performed in the second embodiment of the ultrasound
diagnostic apparatus according to the first aspect of the
invention.

FIGS. 10A, 10B and 10C are conceptual diagrams for
illustrating still another example of spatial compounding
which is performed in the second embodiment of the ultra-
sound diagnostic apparatus according to the first aspect of
the invention.

FIG. 11 is a conceptual block diagram showing the third
embodiment of the ultrasound diagnostic apparatus accord-
ing to the first aspect of the invention.

FIG. 12 is a conceptual diagram for illustrating reception
signal processing through spatial compounding which is
performed in the third embodiment of the ultrasound diag-
nostic apparatus according to the first aspect of the inven-
tion.

FIGS. 13A, 13B and 13C are conceptual diagrams for
illustrating reception signal processing through spatial com-
pounding which is performed in the third embodiment of the
ultrasound diagnostic apparatus according to the first aspect
of the invention.

FIGS. 14A, 14B and 14C are conceptual diagrams for
illustrating an example of spatial compounding which is
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performed in the third embodiment of the ultrasound diag-
nostic apparatus according to the first aspect of the inven-
tion.

FIGS. 15A, 15B, 15C, 15D and 15E are conceptual
diagrams for illustrating another example of spatial com-
pounding which is performed in the third embodiment of the
ultrasound diagnostic apparatus according to the first aspect
of the invention.

FIGS. 16A, 16B and 16C are conceptual diagrams for
illustrating yet another example of spatial compounding
which is performed in the third embodiment of the ultra-
sound diagnostic apparatus according to the first aspect of
the invention.

FIGS. 17A, 17B, 17C, 17D and 17E are conceptual
diagrams for illustrating still another example of spatial
compounding which is performed in the third embodiment
of the ultrasound diagnostic apparatus according to the first
aspect of the invention.

FIGS. 18A, 18B and 18C are conceptual diagrams for
illustrating still yet another example of spatial compounding
which is performed in the third embodiment of the ultra-
sound diagnostic apparatus according to the first aspect of
the invention.

FIGS. 19A, 19B and 19C are conceptual diagrams for
illustrating a further example of spatial compounding which
is performed in the third embodiment of the ultrasound
diagnostic apparatus according to the first aspect of the
invention.

FIG. 20 is a conceptual block diagram showing the fourth
embodiment of the ultrasound diagnostic apparatus accord-
ing to the first aspect of the invention.

FIGS. 21A, 21B and 21C are conceptual diagrams for
illustrating sound ray reduction through spatial compound-
ing which is performed in the fourth embodiment of the
ultrasound diagnostic apparatus according to the first aspect
of the invention.

FIGS. 22A, 22B and 22C are conceptual diagrams for
illustrating sound ray reduction through spatial compound-
ing which is performed in the fourth embodiment of the
ultrasound diagnostic apparatus according to the first aspect
of the invention.

FIGS. 23A, 23B and 23C are conceptual diagrams for
illustrating an example of spatial compounding which is
performed in the fourth embodiment of the ultrasound
diagnostic apparatus according to the first aspect of the
invention.

FIGS. 24A, 24B and 24C are conceptual diagrams for
illustrating another example of spatial compounding which
is performed in the fourth embodiment of the ultrasound
diagnostic apparatus according to the first aspect of the
invention.

FIGS. 25A, 25B and 25C are conceptual diagrams for
illustrating yet another example of spatial compounding
which is performed in the fourth embodiment of the ultra-
sound diagnostic apparatus according to the first aspect of
the invention.

FIGS. 26A, 26B and 26C are conceptual diagrams for
illustrating still another example of spatial compounding
which is performed in the fourth embodiment of the ultra-
sound diagnostic apparatus according to the first aspect of
the invention.

FIGS. 27A, 27B and 27C are conceptual diagrams for
illustrating still yet another example of spatial compounding
which is performed in the fourth embodiment of the ultra-
sound diagnostic apparatus according to the first aspect of
the invention.
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FIGS. 28A, 28B and 28C are conceptual diagrams for
illustrating a further example of spatial compounding which
is performed in the fourth embodiment of the ultrasound
diagnostic apparatus according to the first aspect of the
invention.

FIG. 29 is a conceptual block diagram showing the
ultrasound diagnostic apparatus according to the second
aspect of the invention.

FIGS. 30A and 30B are conceptual diagrams for illustrat-
ing an example of spatial compounding which is performed
in the ultrasound diagnostic apparatus according to the
second aspect of the invention. FIG. 30C is a conceptual
diagram for illustrating normal spatial compounding.

FIGS. 31A and 31B are conceptual diagrams for illustrat-
ing another example of spatial compounding which is per-
formed in the ultrasound diagnostic apparatus according to
the second aspect of the invention.

FIGS. 32A and 32B are conceptual diagrams for illustrat-
ing yet another example of spatial compounding which is
performed in the ultrasound diagnostic apparatus according
to the second aspect of the invention.

FIGS. 33A and 33B are conceptual diagrams for illustrat-
ing still another example of spatial compounding which is
performed in the ultrasound diagnostic apparatus according
to the second aspect of the invention.

FIG. 34 is a conceptual diagram for illustrating spatial
compounding.

DETAILED DESCRIPTION OF THE
INVENTION

Next, the ultrasound diagnostic apparatus of the invention
is described in detail by referring to the preferred embodi-
ments shown in the accompanying drawings.

FIG. 1 is a conceptual block diagram showing the first
embodiment of the ultrasound diagnostic apparatus accord-
ing to the first aspect of the invention.

An ultrasound diagnostic apparatus 10A shown in FIG. 1
includes an ultrasound probe 12A and a diagnostic apparatus
body 14A. The ultrasound probe 12A is connected to the
diagnostic apparatus body 14A by wireless communication.

The ultrasound probe 12A (hereinafter referred to as
“probe 12A”) transmits ultrasonic waves to a subject,
receives ultrasonic echoes generated by reflection of the
ultrasound waves on the subject, and outputs reception
signals of an ultrasound image in accordance with the
received ultrasonic echoes.

In the practice of the invention, various known ultrasound
probes can be used for the probe 12A. Therefore, there is no
particular limitation on the type of the probe 12A and
various types such as convex type, linear type and sector
type can be used. The probe may be an external probe or a
radial scan type probe for use in an ultrasound endoscope. In
addition, the probe 12A may have ultrasound transducers
compatible with harmonic imaging for use in receiving
second or higher order harmonics from transmitted ultra-
sonic waves.

The probe 12A includes a piezoelectric unit 16, a signal
processor 20, a parallel/serial converter 24, a wireless com-
munication unit 26, an antenna 28, a transmission drive 30,
a transmission controller 32A, a reception controller 34A, a
communication controller 36, a probe controller 38 and a
temperature sensor 42.

The piezoelectric unit 16 is a one-dimensional or two-
dimensional array of (ultrasound) transducers 18 transmit-
ting and receiving ultrasonic waves. The piezoelectric unit
16 is connected to the signal processor 20.



US 9,826,962 B2

13

The signal processor 20 includes individual signal pro-
cessors 20a corresponding to the individual transducers 18
of the piezoelectric unit 16. The individual signal processors
204 are connected to the wireless communication unit 26 via
the parallel/serial converter 24. The wireless communication
unit 26 is further connected to the antenna 28.

Each of the transducers 18 is connected to the transmis-
sion controller 32A via the transmission drive 30. Each of
the individual signal processors 20a is connected to the
reception controller 34A. The wireless communication unit
26 is connected to the communication controller 36.

The parallel/serial converter 24, the transmission control-
ler 32A, the reception controller 34A, and the communica-
tion controller 36 are connected to the probe controller 38.

The probe 12A of the ultrasound diagnostic apparatus
10A is provided with the temperature sensor 42 for measur-
ing the temperature of the signal processor 20. The tem-
perature measurement result obtained with the temperature
sensor 42 is supplied to the transmission controller 32A and
the reception controller 34A.

The probe 12A includes a built-in battery, which supplies
electric power for drive to each component. The battery is
not shown in FIG. 1.

The piezoelectric unit 16 is of a known type which
includes a one-dimensional or two-dimensional array of the
transducers 18 transmitting and receiving ultrasonic waves,
and a backing layer, an acoustic matching layer and an
acoustic lens laminated thereon.

Each of the transducers 18 is an ultrasound transducer
having a piezoelectric body made of, for example, PZT (lead
zirconate titanate) or PVDF (polyvinylidene fluoride), and
electrodes provided on both ends of the piezoelectric body.

When a pulsed voltage or a continuous-wave voltage is
applied to the electrodes of the ultrasound transducer, the
piezoelectric body expands and contracts to cause the trans-
ducer to generate pulsed or continuous ultrasonic waves.
The ultrasonic waves generated by the ultrasound transduc-
ers are combined to form ultrasonic beams.

Upon reception of propagating ultrasonic waves, each
ultrasound transducer expands and contracts to produce
electric signals, which are then outputted as ultrasonic
reception signals.

The transducers 18 transmit ultrasonic waves according to
drive signals supplied from the transmission drive 30. The
transducers 18 receive ultrasonic echoes from the subject,
convert the received ultrasonic echoes into electric signals
(reception signals) and output the electric signals to the
individual signal processors 20a.

The transmission drive 30 includes a digital/analog con-
verter, a low-pass filter, an amplifier and pulsers. The
transmission drive 30 supplies each transducer 18 (elec-
trodes of the ultrasound transducer) with a pulsed drive
voltage (transmission pulse) to oscillate the ultrasound trans-
ducer to thereby transmit ultrasonic waves.

The transmission drive 30 adjusts the delay amounts of
drive signals for the respective transducers 18 based on a
transmission delay pattern selected by the transmission
controller 32A and supplies the transducers 18 with adjusted
drive signals so that the ultrasonic waves transmitted from
the transducers 18 form ultrasonic beams.

The transducers 18 of the piezoelectric unit 16 are con-
nected to the corresponding individual signal processors 20a
of the signal processor 20.

Each individual signal processor 20a has an AFE (analog
front end) including an LNA (low-noise amplifier), a VCA
(voltage-controlled attenuator), a PGA (programmable gain
amplifier), a low-pass filter and an analog/digital converter.
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Under the control of the reception controller 34A, the
individual signal processors 20a convert the reception sig-
nals outputted from the corresponding transducers 18 into
digital reception signals in the AFE. Then, the individual
signal processors 20a subject the digital reception signals
generated in the AFE to quadrature detection or quadrature
sampling to generate complex baseband signals. In addition,
the individual signal processors 20a sample the generated
complex baseband signals to generate sample data contain-
ing tissue area information and supply the generated sample
data to the parallel/serial converter 24.

The parallel/serial converter 24 converts the parallel
sample data generated by the individual signal processors
20¢ in a plurality of channels into serial sample data.

The probe 12A is provided with the temperature sensor 42
for measuring the temperature of the signal processor 20
(reception signal processing circuit portion). The tempera-
ture measurement result of the signal processor 20 obtained
with the temperature sensor 42 is sent to the transmission
controller 32A and the reception controller 34A.

The temperature sensor 42 is not particularly limited but
known temperature sensors can be used.

The use of the temperature sensor 42 is not limited to the
measurement of the temperature of the signal processor 20
but the internal temperature of the probe 12A may be
measured. However, the temperature sensor 42 preferably
measures the temperature of the signal processor 20 because
heat generation from the signal processor 20 (in particular
the AFEs) which processes the reception signals outputted
from the transducers 18 is the largest in the probe 12A.

The ultrasound diagnostic apparatus 10A has the function
of spatial compounding in which ultrasound images
obtained by the ultrasound transmission and reception
(transmission and reception of an ultrasonic wave) in mutu-
ally different directions are combined to produce a compos-
ite ultrasound image. In the illustrated case, for example,
three ultrasound images are combined in spatial compound-
ing. Therefore, when spatial compounding is performed, the
transmission controller 32A and the reception controller 34 A
control the drive of the transmission drive 30 and the
individual signal processors 20a, respectively, such that
three types of ultrasound transmission and reception are
performed in three mutually different directions of transmis-
sion and reception.

In the ultrasound diagnostic apparatus 10A, the number of
images to be combined by spatial compounding is changed
depending on the temperature at a predetermined position
inside the probe 12A. More specifically, the reception con-
troller 34A and the transmission controller 32A change the
number of types of ultrasound transmission and reception
depending on the temperature of the signal processor 20
measured with the temperature sensor 42 so as to change the
number of ultrasound images to be subjected to spatial
compounding. This point will be described in detail later.

The wireless communication unit 26 performs carrier
modulation based on the serial sample data to generate
transmission signals. The wireless communication unit 26
supplies the antenna 28 with the generated transmission
signals so that the antenna 28 transmits radio waves to
achieve transmission of the serial sample data.

The modulation methods that may be employed herein
include ASK (Amplitude Shift Keying), PSK (Phase Shift
Keying), QPSK (Quadrature Phase Shift Keying), and 16
QAM (16 Quadrature Amplitude Modulation).

The wireless communication unit 26 uses the antenna 28
to transmit the sample data to the diagnostic apparatus body
14A through wireless communication with the diagnostic
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apparatus body 14A. In addition, the wireless communica-
tion unit 26 receives various control signals from the diag-
nostic apparatus body 14A and outputs the received control
signals to the communication controller 36.

The communication controller 36 controls the wireless
communication unit 26 so that the sample data is transmitted
at a transmission radio field intensity that is set by the probe
controller 38. The communication controller 36 outputs the
various control signals received by the wireless communi-
cation unit 26 to the probe controller 38.

The probe controller 38 controls various components of
the probe 12A according to various control signals trans-
mitted from the diagnostic apparatus body 14A.

As described above, the ultrasound diagnostic apparatus
10A of the invention has the function of producing an image
(composite ultrasound image) through spatial compounding.

As is well known, spatial compounding is a technique
which involves performing a plurality of types of ultrasound
transmission and reception with respect to a subject in
mutually different directions of ultrasound transmission and
reception (at mutually different scanning angles or in mutu-
ally different scanning directions), and combining ultra-
sound images obtained by the plurality of types of ultra-
sound transmission and reception to produce a composite
ultrasound image. Such spatial compounding enables
speckle of ultrasound images to be reduced.

When spatial compounding is performed in the illustrated
ultrasound diagnostic apparatus 10A, the probe 12A per-
forms the three types of ultrasound transmission and recep-
tion in mutually different directions. As conceptually shown
in FIG. 2, the three types of transmission and reception
include, for example, transmission and reception for obtain-
ing a main image (ultrasound image covering the whole area
for outputting as a composite ultrasound image) which is an
ultrasound image having the same region as that of a normal
ultrasound image (this case is hereinafter referred to as the
“transmission and reception for the main image”), ultra-
sound transmission and reception in a direction inclined by
an angle of 0 with respect to the direction of the ultrasound
transmission and reception for the main image (ultrasound
transmission and reception in the direction inclined by the
angle of 8"), and ultrasound transmission and reception in a
direction inclined by an angle of -8 with respect to the
direction of the transmission and reception for the main
image.

For convenience, the transmission and reception for the
main image is also referred to as the “transmission and
reception for an image A”, the ultrasound transmission and
reception in the direction inclined by the angle of 6 with
respect to the direction of the transmission and reception for
the image A to as the “transmission and reception for an
image B”, and the ultrasound transmission and reception in
the direction inclined by the angle of -0 with respect to the
direction of the transmission and reception for the image A
to as the “transmission and reception for an image C.”

When spatial compounding is performed, the transmis-
sion controller 32A and the reception controller 34A control
the drive of the transmission drive 30 and the individual
signal processors 20a, respectively, such that the transmis-
sion and reception for the images A, B and C are performed
in a predetermined order.

In other words, when spatial compounding is performed
in the illustrated example, the three types of ultrasound
transmission and reception which make up a frame unit for
obtaining a composite ultrasound image are repeatedly per-
formed on a frame basis without changing the frame rate.
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Therefore, when spatial compounding is performed, the
transmission controller 32A and the reception controller 34 A
of the probe 12A control the drive of the transmission drive
30 and the individual signal processors 20a, respectively,
such that the three types of ultrasound transmission and
reception are repeatedly performed.

When spatial compounding is performed, the diagnostic
apparatus body 14A (more specifically an image combining
unit 80) combines the three ultrasound images including the
ultrasound image A (solid line) obtained by the transmission
and reception for the image A, the ultrasound image B
(broken line) obtained by the transmission and reception for
the image B, and the ultrasound image C (chain line)
obtained by the transmission and reception for the image C
to produce a composite ultrasound image covering the
region of the ultrasound image A.

Therefore, in the illustrated example, the number (prede-
termined number) of ultrasound images to be combined by
spatial compounding is three.

In the practice of the invention, the predetermined number
of ultrasound images to be combined by spatial compound-
ing is not limited to three but may be two or four or more.

The method of ultrasound transmission and reception in
different directions is not limited to the method as concep-
tually shown in FIG. 2 in which the ultrasound transmission
and reception are delayed. Various known methods of ultra-
sound transmission and reception in different directions can
be used, as exemplified by the methods described in JP
2005-58321 A and JP 2003-70786 A.

In addition, the illustrated example refers to the linear
type but, as described above, the invention is applicable to
probes of various types including convex type and sector
type.

As described above, the probe 16 is provided with the
temperature sensor 42 for measuring the temperature of the
signal processor 20. The temperature measurement result
obtained with the temperature sensor 42 is supplied to the
transmission controller 32A and the reception controller
34A.

The temperature thresholds including the first temperature
T1 [° C.] and the second temperature T2 [© C.] which is
higher than T1 are set for the probe 12A (the transmission
controller 32A and the reception controller 34A). In the
ultrasound diagnostic apparatus 10A, T1 and T2 may be
fixed or variable if the relation of T1<T2 is met.

When the temperature measurement result obtained with
the temperature sensor 42 is less than T1 upon spatial
compounding, the three types of ultrasound transmission
and reception (corresponding to three ultrasound images) are
all performed in one frame. In other words, the three types
of ultrasound transmission and reception are all performed
when the probe 12A (signal processor 20) has a steady
temperature.

For example, the transmission controller 32A and the
reception controller 34A first perform the transmission and
reception for the image A for obtaining the ultrasound image
A serving as the main image.

Then, the transmission controller 32A and the reception
controller 34A perform the transmission and reception for
the image B for obtaining the ultrasound image B in the
direction inclined by the angle of 6 with respect to the
direction for the ultrasound image A.

Then, the transmission controller 32A and the reception
controller 34A perform the transmission and reception for
the image C for obtaining the ultrasound image C in the
direction inclined by the angle of -0 with respect to the
direction for the ultrasound image A.
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More specifically, when the temperature measurement
result obtained with the temperature sensor 42 is less than
T1, as conceptually shown in FIG. 3A, the probe 12A
performs, in one frame, all of the three types of ultrasound
transmission and reception including the “transmission and
reception for the image A”, the “transmission and reception
for the image B” and the “transmission and reception for the
image C”. Therefore, the ultrasound transmission and recep-
tion are performed for three images. The diagnostic appa-
ratus body 14A combines the three ultrasound images
obtained in one frame to produce a composite ultrasound
image.

In contrast, when the temperature measurement result
obtained with the temperature sensor 42 is equal to or more
than T1 but less than T2, the probe 12A reduces, in one
frame, the number of times of ultrasound transmission and
reception for producing the composite ultrasound image by
1 corresponding to the formation of one image, thus per-
forming the ultrasound transmission and reception for two
images not for one image (non-operational periods are
provided). In other words, when the temperature is equal to
or more than T1 but less than T2, one type of ultrasound
transmission and reception is reduced from the three types of
ultrasound transmission and reception to perform two types
of ultrasound transmission and reception.

For example, when the temperature measurement result is
equal to or more than T1 but less than T2, the probe 12A first
performs, in one frame, the transmission and reception for
the image A, then the transmission and reception for the
image B, and does not perform the transmission and recep-
tion for the subsequent image C.

More specifically, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T1 but less than T2, as conceptually shown in
FIG. 3B, the ultrasound transmission and reception are
repeatedly performed on a frame basis according to the
process of one frame including the “transmission and recep-
tion for the image A”, “transmission and reception for the
image B” and “non-operation (stop).” The diagnostic appa-
ratus body 14A combines two ultrasound images obtained in
one frame to produce a composite ultrasound image.

When the temperature measurement result obtained with
the temperature sensor 42 is equal to or more than T2, the
probe 12A reduces the number of times of ultrasound
transmission and reception for producing the composite
ultrasound image by 2 corresponding to the formation of two
images, thus performing the ultrasound transmission and
reception for one image not for two images (non-operational
periods are prolonged). In other words, when the tempera-
ture is equal to or more than T2, two types of ultrasound
transmission and reception are reduced from the three types
of ultrasound transmission and reception to perform only
one type of ultrasound transmission and reception.

For example, when the temperature measurement result is
equal to or more than T2, the probe 12A first performs, in
one frame, the transmission and reception for the image A
but does not perform the transmission and reception for the
image B and also the transmission and reception for the
subsequent image C.

More specifically, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T2, as conceptually shown in FIG. 3C, the
ultrasound transmission and reception are repeatedly per-
formed on a frame basis according to the process of one
frame including the “transmission and reception for the
image A”, “non-operation” and “non-operation.” The diag-
nostic apparatus body 14A uses one ultrasound image
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obtained in one frame to produce a composite ultrasound
image. In other words, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T2, spatial compounding is not performed in the
ultrasound diagnostic apparatus 10A.

As is clear from the above description, in cases where the
temperature of the probe 12A is increased upon spatial
compounding, the ultrasound diagnostic apparatus 10A
reduces the drive time of the signal processor 20 and the like
without changing the frame rate for producing composite
ultrasound images through spatial compounding. In other
words, in cases where the temperature of the probe 12A is
increased, the drive of the signal processor 20 and other heat
generation part is stopped depending on the temperature.

Therefore, according to the invention, the internal tem-
perature of the probe 12A can be promptly reduced by
stopping the heat generation part such as the signal proces-
sor 20 even if the temperature of the probe 12A is increased
upon spatial compounding. Even if the temperature of the
probe 12A is increased, the image quality deterioration can
be minimized by promptly reducing the temperature inside
the probe 12A while suppressing the temperature increase
therein.

In the example shown in FIGS. 3A to 3C, the order of
ultrasound transmission and reception of the images of one
frame is the same for all the frames but this is not the sole
case of the invention. In other words, the order of ultrasound
transmission and reception of the images in each frame may
be different. In addition, the order of ultrasound transmission
and reception of the images of one frame may be different
between cases where the temperature measurement result
obtained with the temperature sensor 42 is equal to or more
than T1 but less than T2 and cases where the temperature
measurement result obtained with the temperature sensor 42
is equal to or more than T2.

Examples of these processes are shown in FIGS. 4A-4C
and 5A-5B.

For example, when the temperature measurement result
obtained with the temperature sensor 42 is less than T1, as
shown in FIG. 4A, the ultrasound transmission and reception
of the first frame, the second frame, the third frame and the
like may be performed in the orders of “image A—image
B—image C”, “image C—image B—image A”, “image
A—image B—image C” and the like, respectively.

When the temperature measurement result obtained with
the temperature sensor 42 is equal to or more than T1 but
less than T2 and the ultrasound transmission and reception
are not performed for the image C, as shown in FIG. 4B, the
ultrasound transmission and reception of the first frame, the
second frame, the third frame and the like may be performed
in the orders of “image A—image B—non-operation (stop)”,
“image B—image A—snon-operation”, “image A—simage
B—snon-operation” and the like, respectively.

That is, in the practice of the invention, the directions of
ultrasound transmission and reception in the last ultrasound
image in one of two consecutive frames (i.e., two temporally
consecutive composite ultrasound images) and the first
ultrasound image in the subsequent frame may be the same.

This order of ultrasound transmission and reception
enables the ultrasound transmission and reception to be
continued in the same directions to facilitate the control of
the transmission drive 30 and the individual signal proces-
sors 20a.

For example, when the temperature measurement result
obtained with the temperature sensor 42 is equal to or more
than T1 but less than T2 and the ultrasound transmission and
reception are not performed for the image C, as shown in
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FIG. 4C, the non-operational time period may be increased
by continuing the non-operational state provided in the last
part of one frame up to the first part of the subsequent frame,
more specifically by performing the ultrasound transmission
and reception of the first frame, the second frame, the third
frame and the like in the orders of “image A—image
B—snon-operation (stop)”, “non-operation—image B—im-
age A”, “image A—image B—non-operation” and the like,
respectively.

In the above examples, the number of non-operational
states determined by the temperature measurement results is
the same in all the frames but this is not the sole case of the
invention. That is, the number of non-operational states may
be different in the consecutive frames. In other words, in the
practice of the invention, in cases where the temperature of
the probe 12A is increased, the ultrasound transmission and
reception may be stopped anywhere within two consecutive
frames.

For example, when the temperature measurement result
obtained with the temperature sensor 42 is equal to or more
than T1 but less than T2, as shown in FIG. 5A, the
ultrasound transmission and reception of the first frame, the
second frame, the third frame, the fourth frame and the like
may be performed in the orders of “image B—simage A—im-
age C”, “image C—image A-snon-operation (stop)”,
“image A—simage B—snon-operation”, “image B—simage
A—image C” and the like, respectively.

When the temperature measurement result obtained with
the temperature sensor 42 is equal to or more than T2, as
shown in FIG. 5B, the ultrasound transmission and reception
of the first frame, the second frame, the third frame, the
fourth frame and the like may be performed in the orders of
“Iimage B—image A—>non-operation”, “non-operation—im-
age A—non-operation”, “non-operation—image A—>non-
operation”, “image A—image B—snon-operation” and the
like, respectively.

In the example shown in FIGS. 5A and 5B, similarly to
the example shown in FIGS. 4A to 4C, the directions of
ultrasound transmission and reception are the same in the
last ultrasound image in one frame and the first ultrasound
image in its subsequent frame. However, in the example
shown in FIGS. 5A and 5B in which the number of ultra-
sound images to be combined is different in the consecutive
frames, this is not the sole case of the invention. That is,
even in the example shown in FIGS. 5A and 5B in which the
number of ultrasound images to be combined is different in
the consecutive frames, the directions of ultrasound trans-
mission and reception may be different between the last
ultrasound image in one frame and the first ultrasound image
in its subsequent frame as in the example shown in FIG. 3A.

In the above examples, the transmission and reception for
the image B and/or the transmission and reception for the
image C are stopped when the temperature inside the probe
12A is increased but this is not the sole case of the invention.
That 1s, the transmission and reception for the image A may
be stopped as a result of a temperature increase and a
composite ultrasound image in the region of the ultrasound
image A be produced from the transmission and reception
for the image B and the transmission and reception for the
image C.

However, the composite ultrasound image produced in the
diagnostic apparatus body 14A is an image having the region
of the ultrasound image A serving as the main image.
Therefore, it is more advantageous to perform the transmis-
sion and reception for the image A serving as the main image
(transmission and reception covering the whole area for
outputting as a composite ultrasound image) because a
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proper composite ultrasound image can be consistently
obtained. In cases where the ultrasound transmission and
reception are performed only for one image because of the
temperature increase, the transmission and reception for the
image A which is the normal ultrasound transmission and
reception is to be performed to output an ultrasound image
in a predetermined region.

In addition, in the above examples, since the predeter-
mined number (maximum number of images to be com-
bined) upon spatial compounding is three, two temperature
thresholds are provided but this is not the sole case of the
invention. For example, in cases where the predetermined
number upon spatial compounding is four or more, three or
more thresholds may be provided.

Even if the predetermined number is four or more and/or
the number of thresholds is three or more, the example
shown in FIGS. 4A-4C in which the order of ultrasound
transmission and reception of the images is different in
consecutive frames and the example shown in FIGS. 5A and
5B in which the number of times of ultrasound transmission
and reception performed in consecutive frames is different
are of course applicable.

As described above, the reception signals outputted from
the probe 12A are supplied to the diagnostic apparatus body
14A by wireless communication.

The diagnostic apparatus body 14A includes an antenna
50, a wireless communication unit 52, a serial/parallel
converter 54, a data storage unit 56, an image generating unit
58, a display controller 62, a monitor 64, a communication
controller 68, an apparatus body controller 70 and an opet-
ating unit 72.

The antenna 50 for use in the transmission to and recep-
tion from the antenna 28 of the probe 12A is connected to the
wireless communication unit 52. The wireless communica-
tion unit 52 is connected to the data storage unit 56 via the
serial/parallel converter 54. The data storage unit 56 is
connected to the image generating unit 58. The image
generating unit 58 is connected to the monitor 64 via the
display controller 62.

The wireless communication unit 52 is connected to the
communication controller 68. The serial/parallel converter
54, the image generating unit 58, the display controller 62
and the communication controller 68 are connected to the
apparatus body controller 70.

The apparatus body controller 70 controls the components
in the diagnostic apparatus body 14A. The apparatus body
controller 70 is connected to the operating unit 72 to perform
various input operations including as to whether or not
spatial compounding is to be performed.

The diagnostic apparatus body 14A includes a built-in
power supply unit, which supplies electric power for drive
to each component. The power supply unit is not shown in
FIG. 1.

The diagnostic apparatus body 14A may include a
recharging means for recharging a built-in battery of the
probe 12A.

The wireless communication unit 52 transmits various
control signals to the probe 12A through wireless commu-
nication with the probe 12A. The wireless communication
unit 52 demodulates the signals received by the antenna 50
to output serial sample data.

The communication controller 68 controls the wireless
communication unit 52 so that various control signals are
transmitted at a transmission radio field intensity that is set
by the apparatus body controller 70.

The serial/parallel converter 54 converts the serial sample
data outputted from the wireless communication unit 52 into
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parallel sample data. The data storage unit 56 is constituted
by a memory, a hard disk, or the like and stores at least one
frame of sample data converted by the serial/parallel con-
verter 54

The image generating unit 58 performs reception focusing
on sample data for each image read out from the data storage
unit 56 to generate image signals representing an ultrasound
image. The image generating unit 58 includes a phase
adjusting and summing unit 76, an image processor 78 and
the image combining unit 80.

The phase adjusting and summing unit 76 selects one
reception delay pattern from a plurality of previously stored
reception delay patterns according to the reception direction
set by the apparatus body controller 70 and, based on the
selected reception delay pattern, provides the complex base-
band signals represented by the sample data with respective
delays and adds them up to perform the reception focusing.
This reception focusing vields baseband signals (sound ray
signals) where the ultrasonic echoes are well focused.

The image processor 78 generates image signals for an
ultrasound image (B-mode image), which is tomographic
image information on a tissue inside the subject, according
to the sound ray signals generated by the phase adjusting and
summing unit 76.

The image processor 78 includes an STC (sensitivity time
control) section and a DSC (digital scan converter). The
STC section corrects the sound ray signals for the attenua-
tion due to distance according to the depth at which the
ultrasonic waves are reflected. The DSC converts the sound
ray signals corrected by the STC into image signals com-
patible with the common scanning method of television
signals (raster conversion) and performs required image
processing such as gradation processing to generate ultra-
sound image signals.

The image combining unit 80 combines the ultrasound
images when spatial compounding is performed.

The ultrasound diagnostic apparatus 10A basically com-
bines three ultrasound images when spatial compounding is
performed.

In the ultrasound diagnostic apparatus 10A, as described
above, the temperature of the reception processor 20 is
measured with the temperature sensor 42 and the number of
ultrasound images to be combined by spatial compounding
is appropriately reduced while increasing the non-opera-
tional time period of the reception processor 20 and the like
each time the measured temperature exceeds one of the set
temperature thresholds.

For example, upon spatial compounding, the probe 12A
performs the transmission and reception for the image A, the
transmission and reception for the image B and the trans-
mission and reception for the image C as shown in FIG. 3A
when the temperature measurement result obtained with the
temperature sensor 42 shows that the temperature is less
than T1.

When the temperature measured with the temperature
sensor 42 is equal to or more than T1 but less than T2, as
shown in FIG. 3B, the probe 12A only performs the trans-
mission and reception for the image A and the transmission
and reception for the image B (the transmission and recep-
tion for the image C are not performed).

When the temperature measured with the temperature
sensor 42 is equal to or more than T2, as shown in FIG. 3C,
the probe 12A only performs the transmission and reception
for the image A (the transmission and reception for the
images B and C are not performed).

When spatial compounding is performed in the respective
cases, the image combining unit 80 combines three or two
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ultrasound images for which the ultrasound transmission and
reception were performed based on the temperature of the
reception processor 20 measured with the temperature sen-
sor 42 and there is no image composition when one ultra-
sound image is formed.

In the example shown in FIGS. 3A to 3C, when the
temperature measured with the temperature sensor 42 is less
than T1, the image combining unit 80 combines the ultra-
sound image A derived from the transmission and reception
for the image A, the ultrasound image B derived from the
transmission and reception for the image B, and the ultra-
sound image C derived from the transmission and reception
for the image C to generate image signals for a composite
ultrasound image.

When the temperature measured with the temperature
sensor 42 is equal to or more than T1 but less than T2, the
image combining unit 80 combines the ultrasound image A
derived from the transmission and reception for the image A
and the ultrasound image B derived from the transmission
and reception for the image B to generate image signals for
a composite ultrasound image.

When the temperature measured with the temperature
sensor 42 is equal to or more than T2, the ultrasound image
A derived from the transmission and reception for the image
A is only supplied and therefore the image combining unit
80 does not perform image composition but directly outputs
the image signals for the ultrasound image A as in the
production of a normal ultrasound image.

The display controller 62 causes the monitor 64 to display
the ultrasound image according to the image signals gener-
ated by the image generating unit 58.

The monitor 64 includes a display device such as an LCD,
for example, and displays the ultrasound image under the
control of the display controller 62.

The operation of the ultrasound diagnostic apparatus 10A
shown in FIG. 1 is described below.

In the ultrasound diagnostic apparatus 10A, during the
diagnosis, various kinds of information inputted from the
operating unit 72 of the diagnostic apparatus body 14A are
first sent from the wireless communication unit 52 (antenna
50) of the diagnostic apparatus body 14A to the wireless
communication unit 26 (antenna 28) of the probe 12A and
then supplied to the probe controller 38. Then, ultrasonic
waves are transmitted from the transducers 18 in accordance
with the drive voltage supplied from the transmission drive
30 of the probe 12A.

The reception signals outputted from the transducers 18
that have received the ultrasonic echoes generated by reflec-
tion of the ultrasonic waves on the subject are supplied to the
corresponding individual signal processors 20a to generate
sample data.

In the probe 12A, when spatial compounding is per-
formed, the temperature measurement result of the signal
processor 20 obtained with the temperature sensor 42 is sent
to the transmission controller 32A and the reception con-
troller 34A.

In the ultrasound diagnostic apparatus 10A, the number of
ultrasound images to be combined by spatial compounding
is appropriately reduced based on the temperature measure-
ment result each time the temperature of the reception
processor 20 exceeds one of the set temperature thresholds.
Therefore, in the probe 12A, the number of ultrasound
images for which the ultrasound transmission and reception
are to be performed is appropriately reduced while increas-
ing the non-operational time period of the reception proces-
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sor 20 and the like based on the temperature measurement
result of the signal processor 20 obtained with the tempera-
ture sensor 42.

For example, when the temperature measurement result
obtained with the temperature sensor 42 is less than T1, the
transmission controller 32A and the reception controller 34A
control the operations of the transmission drive 30 and the
signal processor 20 (each individual signal processor 20a) so
that the transmission and reception for the image A, the
transmission and reception for the image B and the trans-
mission and reception for the image C are performed as
shown in FIG. 3A.

When the temperature measurement result obtained with
the temperature sensor 42 is equal to or more than T1 but
less than T2, the transmission controller 32A and the recep-
tion controller 34A control the operations of the transmis-
sion drive 30 and the signal processor 20 so that the
transmission and reception for the image A and the trans-
mission and reception for the image B are performed but the
transmission and reception for the image C are stopped as
shown in FIG. 3B.

When the temperature measured with the temperature
sensor 42 is equal to or more than T2, the transmission
controller 32A and the reception controller 34A control the
operations of the transmission drive 30 and the signal
processor 20 so that the transmission and reception for the
image A are only performed and the transmission and
reception for the image B and the transmission and reception
for the image C are stopped as shown in FIG. 3C.

The sample data generated by the individual signal pro-
cessors 20qa are sent to the parallel/serial converter 24, where
the sample data is converted into serial data. The serial data
is then wirelessly transmitted from the wireless communi-
cation unit 26 (antenna 28) to the diagnostic apparatus body
14A.

The sample data received by the antenna 50 of the
diagnostic apparatus body 14A is sent to the wireless com-
munication unit 52. The sample data is then sent from the
wireless communication unit 52 to the serial/parallel con-
verter 54 and is converted into parallel data. The sample data
converted into parallel form is stored in the data storage unit
56.

Further, the sample data for each image is read out from
the data storage unit 56 to generate image signals of an
ultrasound image in the image generating unit 58. The
display controller 62 causes the monitor 64 to display the
ultrasound image based on the image signals.

When spatial compounding is performed, the image com-
bining unit 80 of the image generating unit 58 combines the
ultrasound images.

In the ultrasound diagnostic apparatus 10A, as described
above, the number of ultrasound images to be combined by
spatial compounding is appropriately reduced each time the
temperature of the reception processor 20 exceeds one of the
set temperature thresholds. Based on the temperature of the
reception processor 20, the image combining unit 80 com-
bines three or two images or does not perform image
composition when one ultrasound image is formed.

More specifically, in the example shown in FIG. 3A to 3C,
when the temperature measured with the temperature sensor
42 in the probe 12A is less than T1, the image combining
unit 80 combines the ultrasound image A derived from the
transmission and reception for the image A, the ultrasound
image B derived from the transmission and reception for the
image B, and the ultrasound image C derived from the
transmission and reception for the image C to generate
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image signals for a composite ultrasound image, and outputs
the image signals to the display controller 62.

When the temperature measured with the temperature
sensor 42 in the probe 12A is equal to or more than T1 but
less than T2, the image combining unit 80 combines the
ultrasound image A derived from the transmission and
reception for the image A and the ultrasound image B
derived from the transmission and reception for the image B
to generate image signals for a composite ultrasound image,
and outputs the image signals to the display controller 62.

When the temperature measured with the temperature
sensor 42 in the probe 12A is equal to or more than T2, the
image combining unit 80 does not perform image compo-
sition but directly outputs the image signals of the ultra-
sound image A to the display controller 62.

FIG. 6 is a conceptual block diagram showing the second
embodiment of the ultrasound diagnostic apparatus accord-
ing to the first aspect of the invention.

Many components of the ultrasound diagnostic apparatus
10B shown in FIG. 6 are the same as those of the ultrasound
diagnostic apparatus 10A shown in FIG. 1. Therefore, like
components are denoted by the same reference numerals and
the following description mainly focuses on the different
features.

As in the first embodiment of the ultrasound diagnostic
apparatus 10A, the ultrasound diagnostic apparatus 10B
shown in FIG. 6 includes an ultrasound probe 12B (herein-
after referred to as “probe 12B”) and a diagnostic apparatus
body 14B. As in the above embodiment, the ultrasound
probe 12B is connected to the diagnostic apparatus body
14B by wireless communication.

Similarly to the probe 12A in the first embodiment, the
probe 12B transmits ultrasonic waves to the subject,
receives ultrasonic echoes generated by reflection of the
ultrasound waves on the subject, and outputs reception
signals of an ultrasound image in accordance with the
received ultrasonic echoes.

There is no limitation on the type of the probe 12B and
various known ultrasound probes can be used.

As in the probe 12A, the probe 12B also includes a
piezoelectric unit 16, a signal processor 20, a parallel/serial
converter 24, a wireless communication unit 26, an antenna
28, a transmission drive 30, a transmission controller 32B,
a reception controller 34B, a communication controller 36,
a probe controller 38 and a temperature sensor 42.

The probe 12B also includes a built-in battery (not
shown), which supplies electric power for drive to each
component.

The piezoelectric unit 16, the signal processor 20, the
parallel/serial converter 24, the wireless communication unit
26, the antenna 28, the transmission drive 30, the commu-
nication controller 36, the probe controller 38 and the
temperature sensor 42 are basically the same as those of the
probe 12A.

More specifically, the piezoelectric unit 16 is a one-
dimensional or two-dimensional array of transducers 18
transmitting and receiving ultrasonic waves.

The transmission drive 30 supplies the transducers 18
with a drive voltage so that the transducers transmit ultra-
sonic waves so as to form ultrasonic beams.

The transducers 18 output the reception signals of the
ultrasonic echoes to individual signal processors 20a of the
signal processor 20. As described above, each individual
signal processor 20a has an AFE, processes the reception
signals to generate sample data and supplies the generated
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sample data to the parallel/serial converter 24. The parallel/
serial converter 24 converts the parallel sample data into
serial sample data.

The ultrasound diagnostic apparatus 10B also has the
function of spatial compounding in which ultrasound images
obtained by the ultrasound transmission and reception in
mutually different directions are combined to produce a
composite ultrasound image.

Similarly to the above ultrasound diagnostic apparatus
10A, the ultrasound diagnostic apparatus 10B combines, for
example, three ultrasound images upon spatial compound-
ing. Therefore, the transmission controller 32B and the
reception controller 34B control the drive of the transmis-
sion drive 30 and the individual signal processors 20q,
respectively, such that three types of ultrasound transmission
and reception are performed in mutually different directions
of ultrasound transmission and reception.

The probe 12B has the temperature sensor 42 for mea-
suring the temperature of the signal processor 20. The
temperature sensor 42 supplies the temperature measure-
ment result to the transmission controller 32B and the
reception controller 34B.

Upon spatial compounding, the transmission controller
32B and the reception controller 34B change the image
quality of the ultrasound images for use in producing the
composite ultrasound image based on the temperature mea-
surement result. More specifically, based on the temperature
of the signal processor 20 measured with the temperature
sensor 42, the transmission controller 32B and the reception
controller 34B control the drive of the transmission drive 30
and the individual signal processors 20a, respectively so as
to change the number of sound rays and/or the number of
available channels in the ultrasound transmission and recep-
tion for the predetermined ultrasound images to be subjected
to spatial compounding.

This point will be described in detail later.

The wireless communication unit 26 generates transmis-
sion signals from the serial sample data and transmits the
serial sample data to the diagnostic apparatus body 14B via
the antenna 28.

The wireless communication unit 26 receives various
control signals from the diagnostic apparatus body 14B and
outputs the received control signals to the communication
controller 36.

The communication controller 36 controls the wireless
communication unit 26. The communication controller 36
outputs the various control signals received by the wireless
communication unit 26 to the probe controller 38.

The probe controller 38 controls various components of
the probe 12B according to various control signals trans-
mitted from the diagnostic apparatus body 14B.

As described above, the ultrasound diagnostic apparatus
10B has the function of producing an image (composite
ultrasound image) through spatial compounding.

As in the first embodiment of the ultrasound diagnostic
apparatus 10A shown in FIG. 1, the ultrasound diagnostic
apparatus 10B also performs, for example, the three types of
ultrasound transmission and reception in mutually different
directions upon spatial compounding as conceptually shown
in FIG. 2. More specifically, upon spatial compounding, the
probe 12B performs the three types of ultrasound transmis-
sion and reception, including the “transmission and recep-
tion for the image A” as the ultrasound transmission and
reception for obtaining the main image (image including the
whole area of the composite ultrasound image formed by
spatial compounding), the “transmission and reception for
the image B” in a direction inclined by an angle of 8 with
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respect to the direction of the transmission and reception for
the image A, and the “transmission and reception for the
image C” in a direction inclined by an angle of -6 with
respect to the direction of the transmission and reception for
the image A.

Also in this embodiment, when spatial compounding is
performed, the probe 12B repeatedly performs the three
types of ultrasound transmission and reception which make
up a frame unit without changing the frame rate (see FIGS.
7A to 7C).

When spatial compounding is performed, the transmis-
sion controller 32B and the reception controller 34B of the
probe 12B control the drive of the transmission drive 30 and
the individual signal processors 20a, respectively, such that
the three types of ultrasound transmission and reception are
repeatedly performed.

On the other hand, when spatial compounding is per-
formed, the diagnostic apparatus body 14B (more specifi-
cally an image combining unit 80) combines the three
ultrasound images including the ultrasound image A (solid
line) as the main image obtained by the transmission and
reception for the image A, the ultrasound image B (broken
line) obtained by the transmission and reception for the
image B, and the ultrasound image C (chain line) obtained
by the transmission and reception for the image C to produce
a composite ultrasound image covering the region of the
ultrasound image A.

Therefore, the number (predetermined number) of ultra-
sound images to be combined by spatial compounding in the
ultrasound diagnostic apparatus 10B is three. However, the
predetermined number may be two or four or more as in the
above embodiment.

In addition, various known methods can be used to
transmit and receive ultrasonic waves in different directions
as in the above embodiment.

As described above, the probe 12B is provided with the
temperature sensor 42 for measuring the temperature of the
signal processor 20. The temperature measurement result
obtained with the temperature sensor 42 is supplied to the
transmission controller 32B and the reception controller
34B.

The temperature thresholds including the first temperature
T3 [° C.] and the second temperature T4 [© C.] which is
higher than T3 are set for the probe 12B (transmission
controller 32B and the reception controller 34B). In the
ultrasound diagnostic apparatus 10B, T3 and T4 may be
fixed or variable if the relation of T3<T4 is met.

As described above, the ultrasound diagnostic apparatus
10B changes the conditions of ultrasound transmission and
reception for obtaining ultrasound images to be subjected to
spatial compounding based on the temperature measurement
result obtained with the temperature sensor 42.

In the illustrated embodiment, three conditions of ultra-
sound transmission and reception under which the image
quality of the resulting ultrasound images is different are set
in the probe 12B for the ultrasound transmission and recep-
tion upon spatial compounding.

The first is the “transmission and reception at the normal
image quality level” which are those corresponding to
ultrasound images of predetermined image quality to be
combined by spatial compounding. The second is the “trans-
mission and reception at the low image quality level” which
are those corresponding to ultrasound images of the lowest
image quality to be combined by spatial compounding. The
third is the “transmission and reception at the medium image
quality level” which are those corresponding to ultrasound
images having image quality between that in the transmis-
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sion and reception at the normal image quality level and that
in the transmission and reception at the low image quality
level.

In the illustrated embodiment, the image quality is
adjusted by the number of available channels and/or the
number of sound rays (number of scanning lines). The
number of available channels (number of simultaneously
available channels) is the number of the transducers used in
the ultrasound transmission and reception.

More specifically, the transmission and reception at the
normal image quality level are performed by setting the
number of available channels and the number of sound rays
to predetermined numbers. The transmission and reception
at the medium image quality level are performed by reduc-
ing the number of available channels and/or the number of
sound rays from those in the transmission and reception at
the normal image quality level. The transmission and recep-
tion at the low image quality level are performed by reduc-
ing the number of available channels and/or the number of
sound rays from those in the transmission and reception at
the medium image quality level.

In the illustrated embodiment, in the transmission and
reception at the normal image quality level, the number of
sound rays and the number of available channels are, for
example, 256 and 64, respectively. In the transmission and
reception at the medium image quality level, the number of
sound rays and the number of available channels are, for
example, 128 and 48, respectively. In the transmission and
reception at the low image quality level, the number of
sound rays and the number of available channels are, for
example, 96 and 32, respectively.

In this embodiment, the transmission and reception at the
normal image quality level, the transmission and reception
at the medium image quality level and the transmission and
reception at the low image quality level use different num-
bers of sound rays and available channels, respectively, but
this is not the sole case of the invention.

For example, the transmission and reception at the normal
image quality level, the transmission and reception at the
medium image quality level and the transmission and recep-
tion at the low image quality level may be performed by only
changing the number of sound rays or the number of
available channels. Each type of ultrasound transmission
and reception may have different parameters. For example,
the number of sound rays may only be different between the
transmission and reception at the normal image quality level
and the transmission and reception at the medium image
quality level, or the number of sound rays and the number
of available channels may be different between the trans-
mission and reception at the medium image quality level and
the transmission and reception at the low image quality
level.

As described above, upon spatial compounding, the illus-
trated ultrasound diagnostic apparatus 10B performs the
three types of ultrasound transmission and reception for
three images in mutually different directions of ultrasound
transmission and reception as conceptually shown in FIGS.
2 and 7A to 7C. In the ultrasound diagnostic apparatus 10B,
the three types of ultrasound transmission and reception
which make up a frame unit for obtaining a composite
ultrasound image are repeatedly performed on a frame basis.

For example, as shown in FIGS. 7A to 7C, the transmis-
sion controller 32B and the reception controller 34B first
perform the transmission and reception for the image A for
obtaining the ultrasound image A as the main image.

Then, the transmission controller 32B and the reception
controller 34B perform the transmission and reception for
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the image B for obtaining the ultrasound image B in the
direction inclined by the angle of 6 with respect to the
direction for the ultrasound image A.

Then, the transmission controller 32B and the reception
controller 34B perform the transmission and reception for
the image C for obtaining the ultrasound image C in the
direction inclined by the angle of -6 with respect to the
direction for the ultrasound image A.

In FIGS. 7A to 7C, areas each having a black letter on a
white background correspond to the transmission and recep-
tion at the normal image quality level. Coarsely hatched
(shaded) areas correspond to the transmission and reception
at the medium image quality level. Densely hatched areas
correspond to the transmission and reception at the low
image quality level.

When spatial compounding is performed, the transmis-
sion controller 32B and the reception controller 34B of the
probe 12B in the ultrasound diagnostic apparatus 10B con-
trol, as described below, the drive of the transmission drive
30 and the individual signal processors 20a based on the
temperature measurement result obtained with the tempera-
ture sensor 42, respectively.

That is, when the temperature measurement result
obtained with the temperature sensor 42 is less than T3, the
transmission controller 32B and the reception controller 34B
control the drive of the transmission drive 30 and the
individual signal processors 20a, respectively, so that the
transmission and reception for the images A, B and C are all
performed in one frame at the normal image quality level as
shown in FIG. 7A.

The case in which the temperature measurement result
obtained with the temperature sensor 42 is less than T3
refers to the case in which the probe 12B (signal processor
20) has a steady temperature.

When the temperature measurement result obtained with
the temperature sensor 42 is equal to or more than T3 but
less than T4, the transmission controller 32B and the recep-
tion controller 34B control the drive of the transmission
drive 30 and the individual signal processors 20a, respec-
tively, so that, in one frame, the transmission and reception
for the image A are performed at the normal image quality
level and the transmission and reception for the images B
and C are performed at the medium image quality level as
shown in FIG. 7B.

In addition, when the temperature measurement result
obtained with the temperature sensor 42 is equal to or more
than T4, the transmission controller 32B and the reception
controller 34B control the drive of the transmission drive 30
and the individual signal processors 20a, respectively, so
that, in each frame, the transmission and reception for the
image A are performed at the normal image quality level and
the transmission and reception for the images B and C are
performed at the low image quality level as shown in FIG.
7C.

As is clear from the above description, in cases where the
temperature of the probe 12B is increased upon spatial
compounding, the ultrasound diagnostic apparatus 10B
reduces the number of sound rays and/or the number of
available channels in the ultrasound transmission and recep-
tion for obtaining ultrasound images to be combined into a
composite ultrasound image, thereby lowering the image
quality of the ultrasound images. More specifically, in the
ultrasound diagnostic apparatus 10B of the invention, when
the temperature of the probe 12B is increased, the number of
times the heat generation areas such as the individual signal
processors 20a are driven or the number of times the
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reception signals are processed in the signal processor 20 or
the like is reduced depending on the temperature.

Therefore, according to the invention, the internal tem-
perature of the probe 12B can be promptly reduced by
stopping the heat generation areas such as the signal pro-
cessor 20 even if the temperature of the probe 12B is
increased during spatial compounding. Even if the tempera-
ture of the probe 12B is increased, the image quality
deterioration can be minimized by promptly reducing the
temperature inside the probe 12B while suppressing the
temperature increase therein.

In the example shown in FIGS. 7B and 7C, when the
temperature measurement result obtained with the tempera-
ture sensor 42 is equal to or more than T3 but less than T4
or is equal to or more than T4, the ultrasound transmission
and reception are performed under the same condition for
the images for which the condition of ultrasound transmis-
sion and reception is to be changed from the transmission
and reception at the normal image quality level. However,
this is not the sole case of the invention.

In other words, the transmission and reception at the
medium image quality level and the transmission and recep-
tion at the low image quality level may be performed in one
frame, or the transmission and reception at the normal image
quality level, the transmission and reception at the medium
image quality level and the transmission and reception at the
low image quality level may be performed in one frame.

An example of the ultrasound transmission and reception
is conceptually shown in FIGS. 8A to 8C.

In this example, as in FIG. 7A, when the temperature
measurement result obtained with the temperature sensor 42
is less than T3, the transmission and reception for the images
A, B and C are all performed at the normal image quality
level as shown in FIG. 8A. As in FIG. 7B, when the
temperature measurement result obtained with the tempera-
ture sensor 42 is equal to or more than T3 but less than T4,
the transmission and reception for the image A are per-
formed at the normal image quality level, whereas those for
the images B and C are performed t the medium image
quality level as shown in FIG. 8B.

In contrast, in this example, when the temperature mea-
surement result obtained with the temperature sensor 42 is
equal to or more than T4, the transmission and reception for
the image A are performed at the normal image quality level,
those for the image B at the medium image quality level and
those for the image C at the low image quality level as
shown in FIG. 8C. Alternatively, the transmission and recep-
tion for the image A may be performed at the normal image
quality level, those for the image B at the low image quality
level and those for the image C at the medium image quality
level.

Compared to the example shown in FIGS. 7A to 7C, this
method reduces the effect of preventing heat generation but
is advantageous in terms of the image quality of the com-
posite ultrasound images.

In the above example, when the temperature in the probe
12B 1s increased, the condition of ultrasound transmission
and reception is changed from the transmission and recep-
tion at the normal image quality level in the transmission and
reception for the image B and/or those for the image C but
this is not the sole case of the invention. That is, the
transmission and reception for the image A may be per-
formed by changing from the transmission and reception at
the normal image quality level to those at the medium or low
image quality level depending on the temperature increase.

However, the ultrasound image A is the main image. In
other words, the composite ultrasound image produced in
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the diagnostic apparatus body 14B through spatial com-
pounding is the image having the region of the ultrasound
image A (transmission and reception for the image A).
Therefore, when the transmission and reception at the nor-
mal image quality level are included in one frame, it is more
advantageous to perform the transmission and reception for
the image A serving as the main image at the normal image
quality level because a proper composite ultrasound image
can be consistently obtained.

In the above example, the transmission and reception for
the image A are performed at the normal image quality level
at any temperature but this is not the sole case of the
invention. That is, the transmission and reception for the
image A may be performed at the medium or low image
quality level based on the temperature measurement result
obtained with the temperature sensor 42.

An example of the ultrasound transmission and reception
is conceptually shown in FIGS. 9A to 9C.

In this example, as in FIG. 7A, when the temperature
measurement result obtained with the temperature sensor 42
is less than T3, the transmission and reception for the images
A, B and C are all performed at the normal image quality
level as shown in FIG. 9A. As in FIG. 7B, when the
temperature measurement result obtained with the tempera-
ture sensor 42 is equal to or more than T3 but less than T4,
the transmission and reception for the image A are per-
formed at the normal image quality level, whereas those for
the images B and C are performed at the medium image
quality level as shown in FIG. 9B.

In contrast, in this example, when the temperature mea-
surement result obtained with the temperature sensor 42 is
equal to or more than T4, the transmission and reception for
the image A are performed at the medium image quality
level, whereas those for the images B and C are performed
at the low image quality level as shown in FIG. 9C.

Compared to the examples shown in FIGS. 7A-7C and
8A-8C, this method is disadvantageous in terms of the image
quality but enhances the effect of preventing heat generation.

In this example, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T3, the ultrasound transmission and reception for
the two images are performed by changing from the trans-
mission and reception at the normal image quality level to
another. However, this is not the sole case of the invention.

The condition of ultrasound transmission and reception
for only one image or three or more images may be changed
from the transmission and reception at the normal image
quality level based on the temperature measurement result
obtained with the temperature sensor 42.

Considering the purpose that the temperature increase
within the probe 12B is suppressed while minimizing the
image quality deterioration due to the temperature increase,
when the temperature exceeds one of the thresholds, the
ultrasound transmission and reception for two or more
images are preferably performed by changing the condition
of ultrasound transmission and reception from the transmis-
sion and reception at the normal image quality level depend-
ing on the temperature. In addition, in order to suppress the
temperature increase while preventing the image quality
deterioration, when the temperature exceeds one of the
thresholds, the transmission and reception for all images
except the image A (main image) are preferably performed
by changing the condition of ultrasound transmission and
reception from the transmission and reception at the normal
image quality level depending on the temperature.

In addition, in the above examples, since the predeter-
mined number upon spatial compounding is three, two
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temperature thresholds are provided. However, this is not the
sole case of the invention and in cases where the predeter-
mined number is four or more, three or more thresholds may
be provided.

The number of conditions of ultrasound transmission and
reception determined by the temperature is not limited to
three. For example, two conditions including the transmis-
sion and reception at the normal image quality level and the
transmission and reception at the low image quality level
may be applied. Alternatively, four or more conditions
including a plurality of types of transmission and reception
at the medium image quality level in addition to the trans-
mission and reception at the normal image quality level and
the transmission and reception at the low image quality level
may be applied.

In the examples shown in FIGS. 7A to 9C, the order of
ultrasound transmission and reception in one frame is the
same for all the frames but this is not the sole case of the
invention and the order of ultrasound transmission and
reception of the images may be different frame by frame.

For example, as shown in FIGS. 10A to 10C, the ultra-
sound transmission and reception of the first frame, the
second frame, the third frame, the fourth frame and the like
may be performed in the orders of “image B—image A—im-
age C”, “image C—image A—image B”, “image B—image
A—image C”, “image C—image A—" image B and the like,
respectively.

That is, in the second embodiment of the ultrasound
diagnostic apparatus 10B, as in the first embodiment, the
directions of ultrasound transmission and reception in the
last ultrasound image in the earlier one of two consecutive
frames (i.e., two temporally consecutive composite ultra-
sound images) and the first ultrasound image in the subse-
quent frame may be the same.

This order of ultrasound transmission and reception
enables the ultrasound transmission and reception to be
continued in the same directions to facilitate the control of
the transmission drive 30 and the individual signal proces-
sors 20a.

As described above, the reception signals outputted from
the probe 12B are supplied to the diagnostic apparatus body
14B by wireless communication.

Similarly to the first embodiment of the diagnostic appa-
ratus body 14A shown in FIG. 1, the diagnostic apparatus
body 14B includes an antenna 50, a wireless communication
unit 52, a serial/parallel converter 54, a data storage unit 56,
an image generating unit 58, a display controller 62, a
monitor 64, a communication controller 68, an apparatus
body controller 70 and an operating unit 72.

As in the above embodiment, the diagnostic apparatus
body 14B includes a built-in power supply unit (not shown),
which supplies electric power for drive to each component.

The antenna 50, the wireless communication unit 52, the
serial/parallel converter 54, the data storage unit 56, the
image generating unit 58, the display controller 62, the
monitor 64, the communication controller 68 and the appa-
ratus body controller 70 are basically the same as those in
the diagnostic apparatus body 10A shown in FIG. 1.

More specifically, the wireless communication unit 52
performs wireless communication with the probe 12B via
the antenna 50 to transmit control signals to the probe 12B
and receive signals sent from the probe 12B. The wireless
communication unit 52 demodulates the received signals
and outputs them to the serial/parallel converter 54 as serial
sample data.
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The communication controller 68 controls the wireless
communication unit 52 so that various control signals are
transmitted according to the settings made by the apparatus
body controller 70.

The serial/parallel converter 54 converts the serial sample
data into parallel sample data. The data storage unit 56 stores
at least one frame of sample data converted by the serial/
parallel converter 54.

The image generating unit 58 (phase adjusting and sum-
ming unit 76, image processor 78 and image combining unit
80) performs reception focusing on sample data for each
image read out from the data storage unit 56 to generate
image signals representing an ultrasound image.

As described above, when spatial compounding is per-
formed in the ultrasound diagnostic apparatus 10B, the
probe 12B performs, for example, the ultrasound transmis-
sion and reception for three images, that is, the transmission
and reception for the images A, B and C.

When spatial compounding is performed, the image com-
bining unit 80 of the image generating unit 58 accordingly
combines the ultrasound image A derived from the trans-
mission and reception for the image A, the ultrasound image
B derived from the transmission and reception for the image
B, and the ultrasound image C derived from the transmission
and reception for the image C to generate image signals for
a composite ultrasound image.

As described above, when spatial compounding is per-
formed in the ultrasound diagnostic apparatus 10B, the
probe 12B changes the condition of ultrasound transmission
and reception for obtaining ultrasound images to be com-
bined based on the temperature measurement result obtained
with the temperature sensor 42.

Therefore, the ultrasound images to be combined in the
image combining unit 80 have accordingly changed image
quality such as normal, medium or low image quality.

The display controller 62 causes the monitor 64 to display
the ultrasound image according to the image signals gener-
ated by the image generating unit 58.

Under the control of the display controller 62, the monitor
64 displays the ultrasound image.

The apparatus body controller 70 controls the components
in the diagnostic apparatus body 14B. The apparatus body
controller 70 is connected to the operating unit 72 to perform
various input operations including as to whether or not
spatial compounding is to be performed.

The operation of the ultrasound diagnostic apparatus 10B
shown in FIG. 6 is described below.

Similarly to the ultrasound diagnostic apparatus 10A,
during the diagnosis, various kinds of information inputted
to the operating unit 72 are first sent to the probe 12B by
wireless communication and then supplied to the probe
controller 38 also in the ultrasound diagnostic apparatus
10B.

Then, ultrasonic waves are transmitted from the transduc-
ers 18 in accordance with the drive voltage supplied from the
transmission drive 30 of the probe 12B.

The reception signals outputted from the transducers 18
that have received the ultrasonic echoes generated by reflec-
tion of the ultrasonic waves on the subject are supplied to the
corresponding individual signal processors 20a to generate
sample data.

In the probe 12B, when spatial compounding is per-
formed, the temperature measurement result of the signal
processor 20 obtained with the temperature sensor 42 is sent
to the transmission controller 32B and the reception con-
troller 34B.



US 9,826,962 B2

33

As described above, when spatial compounding is per-
formed in the ultrasound diagnostic apparatus 10B, the
probe 12B adjusts the image quality of the ultrasound
images to be combined based on the temperature measure-
ment result of the reception processor 20 obtained with the
temperature sensor 42. More specifically, when spatial com-
pounding is performed, the probe 12B selects the condition
of ultrasound transmission and reception for obtaining ultra-
sound images to be combined from among the transmission
and reception at the normal image quality level, transmis-
sion and reception at the medium image quality level and
transmission and reception at the low image quality level
based on the temperature measurement result of the recep-
tion processor 20 such that the image quality of the com-
posite ultrasound image is lowered each time the tempera-
ture of the reception processor 20 exceeds one of the
temperature thresholds.

For example, when the temperature measured with the
temperature sensor 42 is less than T3, the transmission
controller 32B and the reception controller 34B control the
operations of the transmission drive 30 and the signal
processor 20 (each individual signal processor 20a) so that
the transmission and reception for the images A, B and C are
all performed at the normal image quality level as shown in
FIG. 7A.

When the temperature measured with the temperature
sensor 42 is equal to or more than T3 but less than T4, the
transmission controller 32B and the reception controller 34B
control the operations of the transmission drive 30 and the
signal processor 20 so that the transmission and reception
for the image A are performed at the normal image quality
level and the transmission and reception for the images B
and C are performed at the medium image quality level as
shown in FIG. 7B.

When the temperature measured with the temperature
sensor 42 is equal to or more than T4, the transmission
controller 32B and the reception controller 34B control the
operations of the transmission drive 30 and the signal
processor 20 so that the transmission and reception for the
image A are performed at the normal image quality level and
the transmission and reception for the images B and C are
performed at the low image quality level as shown in FIG.
7C.

The sample data generated by the individual signal pro-
cessors 20qa are sent to the parallel/serial converter 24, where
the sample data is converted into serial data. The serial data
is then wirelessly transmitted from the wireless communi-
cation unit 26 (antenna 28) to the diagnostic apparatus body
14B.

The sample data received by the wireless communication
unit 52 of the diagnostic apparatus body 14B is converted
into parallel data in the serial/parallel converter 54 and
stored in the data storage unit 56.

Further, the sample data for each image is read out from
the data storage unit 56 to generate image signals of an
ultrasound image in the image generating unit 58. The
display controller 62 causes the monitor 64 to display the
ultrasound image based on the image signals.

When spatial compounding is performed, the image com-
bining unit 80 of the image generating unit 58 combines the
ultrasound images.

More specifically, as described above, when spatial com-
pounding is performed, the image combining unit 80 com-
bines the ultrasound image A derived from the transmission
and reception for the image A, the ultrasound image B
derived from the transmission and reception for the image B,
and the ultrasound image C derived from the transmission
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and reception for the image C to generate image signals for
a composite ultrasound image, and outputs the image signals
to the display controller 62.

As described above, when spatial compounding is per-
formed in the ultrasound diagnostic apparatus 10B, the
probe 12B selects the condition of ultrasound transmission
and reception from among the transmission and reception at
the normal image quality level, transmission and reception
at the medium image quality level and transmission and
reception at the low image quality level based on the
temperature measurement result of the reception processor
20 such that the image quality of the composite ultrasound
image is lowered each time the temperature of the reception
processor 20 exceeds one of the temperature thresholds.

Therefore, the ultrasound images to be combined in the
image combining unit 80 are also various combinations of
normal image quality images, medium image quality images
and low image quality images based on the temperature
measurement results.

For example, in the above-described ultrasound transmis-
sion and reception shown in FIGS. 7A to 7C, when the
temperature measured with the temperature sensor 42 in the
probe 12B is less than T3, the ultrasound images A, B and
C all have normal image quality as obtained by the trans-
mission and reception at the normal image quality level.

When the temperature measured with the temperature
sensor 42 in the probe 12B is equal to or more than T3 but
less than T4, the ultrasound image A has normal image
quality as obtained by the transmission and reception at the
normal image quality level, and the ultrasound images B and
C have medium image quality as obtained by the transmis-
sion and reception at the medium image quality level.

When the temperature measured with the temperature
sensor 42 in the probe 12B is equal to or more than T4, the
ultrasound image A has normal image quality as obtained by
the transmission and reception at the normal image quality
level, and the ultrasound images B and C have low image
quality as obtained by the transmission and reception at the
low image quality level.

FIG. 11 is a conceptual block diagram showing the third
embodiment of the ultrasound diagnostic apparatus accord-
ing to the first aspect of the invention.

Many components of the ultrasound diagnostic apparatus
10C shown in FIG. 11 are the same as those of the ultrasound
diagnostic apparatus 10A shown in FIG. 1. Therefore, like
components are denoted by the same reference numerals and
the following description mainly focuses on the different
features.

As in the first embodiment of the ultrasound diagnostic
apparatus 10A, the ultrasound diagnostic apparatus 10C
shown in FIG. 11 includes an ultrasound probe 12C (here-
inafter referred to as “probe 12C”) and a diagnostic appa-
ratus body 14C. As in the above embodiment, the ultrasound
probe 12C is connected to the diagnostic apparatus body
14C by wireless communication.

Similarly to the probe 12A in the first embodiment, the
probe 12C transmits ultrasonic waves to the subject,
receives ultrasonic echoes generated by reflection of the
ultrasound waves on the subject, and outputs reception
signals of an ultrasound image in accordance with the
received ultrasonic echoes.

There is no limitation on the type of the probe 12C and
various known ultrasound probes can be used.

As in the probe 12A, the probe 12C also includes a
piezoelectric unit 16, a signal processor 20, a parallel/serial
converter 24, a wireless communication unit 26, an antenna
28, a transmission drive 30, a transmission controller 32C,
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a reception controller 34C, a communication controller 36,
a probe controller 38 and a temperature sensor 42.

The probe 12C also includes a built-in battery (not
shown), which supplies electric power for drive to each
component.

The piezoelectric unit 16, the signal processor 20, the
parallel/serial converter 24, the wireless communication unit
26, the antenna 28, the transmission drive 30, the commu-
nication controller 36, the probe controller 38 and the
temperature sensor 42 are basically the same as those of the
probe 12A.

More specifically, the piezoelectric unit 16 is a one-
dimensional or two-dimensional array of transducers 18
transmitting and receiving ultrasonic waves.

The transmission drive 30 supplies the transducers 18
with a drive voltage so that the transducers transmit ultra-
sonic waves so as to form ultrasonic beams.

The transducers 18 output the reception signals of the
ultrasonic echoes to individual signal processors 20a of the
signal processor 20. As described above, the individual
signal processors 20a each include an AFE, process the
reception signals to generate sample data and supply the
generated sample data to the parallel/serial converter 24. The
parallel/serial converter 24 converts the parallel sample data
into serial sample data.

The ultrasound diagnostic apparatus 10C also has the
function of spatial compounding in which ultrasound images
obtained by the ultrasound transmission and reception in
mutually different directions are combined to produce a
composite ultrasound image.

Similarly to the above ultrasound diagnostic apparatus
10A, the ultrasound diagnostic apparatus 10C combines, for
example, three ultrasound images upon spatial compound-
ing. Therefore, the transmission controller 32C and the
reception controller 34C control the drive of the transmis-
sion drive 30 and the individual signal processors 20a,
respectively, such that three types of ultrasound transmission
and reception are performed in mutually different directions
of ultrasound transmission and reception.

The probe 12C has the temperature sensor 42 for mea-
suring the temperature of the signal processor 20. The
temperature sensor 42 supplies the temperature measure-
ment result to the reception controller 34C.

Upon spatial compounding, based on the temperature
measurement result, the reception controller 34C adjusts the
depth of the reception signals to be processed in the signal
processor 20 and changes the depth of the ultrasound images
to be combined by spatial compounding.

This point will be described in detail later.

The wireless communication unit 26 generates transmis-
sion signals from the serial sample data and transmits the
serial sample data to the diagnostic apparatus body 14C via
the antenna 28.

The wireless communication unit 26 receives various
control signals from the diagnostic apparatus body 14C and
outputs the received control signals to the communication
controller 36.

The communication controller 36 controls the wireless
communication unit 26. The communication controller 36
outputs the various control signals received by the wireless
communication unit 26 to the probe controller 38.

The probe controller 38 controls various components of
the probe 12C according to various control signals trans-
mitted from the diagnostic apparatus body 14C.

As described above. the ultrasound diagnostic apparatus
10C of the invention has the function of producing an image
(composite ultrasound image) through spatial compounding.
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As in the ultrasound diagnostic apparatus 10A shown in
FIG. 1, the ultrasound diagnostic apparatus 10C also pet-
forms, for example, the three types of ultrasound transmis-
sion and reception in mutually different directions upon
spatial compounding as conceptually shown in FIG. 12
(FIG. 2). More specifically. upon spatial compounding, the
probe 12C performs the three types of ultrasound transmis-
sion and reception, including the “transmission and recep-
tion for the image A” as the transmission and reception for
obtaining the main image (image including the whole area of
the composite ultrasound image formed by spatial com-
pounding), the “transmission and reception for the image B”
in a direction inclined by an angle of 6 with respect to the
direction of the transmission and reception for the image A,
and the “transmission and reception for the image C” in a
direction inclined by an angle of -8 with respect to the
direction of the transmission and reception for the image A.

Also in this embodiment, when spatial compounding is
performed, the probe 12C repeatedly performs the three
types of ultrasound transmission and reception which make
up a frame unit (see FIGS. 14A to 14C).

When spatial compounding is performed, the transmis-
sion controller 32C and the reception controller 34C of the
probe 12C control the drive of the transmission drive 30 and
the individual signal processors 20a, respectively, such that
the three types of ultrasound transmission and reception are
repeatedly performed.

On the other hand, when spatial compounding is per-
formed, the diagnostic apparatus body 14C (more specifi-
cally an image combining unit 80) combines the three
ultrasound images including the ultrasound image A (solid
line) as the main image obtained by the transmission and
reception for the image A, the ultrasound image B (broken
line) obtained by the transmission and reception for the
image B, and the ultrasound image C (chain line) obtained
by the transmission and reception for the image C to produce
a composite ultrasound image covering the region of the
ultrasound image A.

Therefore, the number (predetermined number) of ultra-
sound images to be combined by spatial compounding in the
ultrasound diagnostic apparatus 10C is three. However, the
predetermined number may be two or four or more as in the
above embodiments.

In addition, various known methods can be used to
transmit and receive ultrasonic waves in different directions
as in the above embodiments.

As described above, the probe 12C is provided with the
temperature sensor 42 for measuring the temperature of the
signal processor 20. The temperature measurement result
obtained with the temperature sensor 42 is supplied to the
reception controller 34C.

The temperature thresholds including the first temperature
T5 [° C.] and the second temperature T6 [© C.] which is
higher than T5 are set for the probe 12C (reception controller
34C). In the ultrasound diagnostic apparatus 10C, T5 and T6
may be fixed or variable if the relation of T5<T6 is met.

As described above, in the ultrasound diagnostic appara-
tus 10C, when spatial compounding is performed, the depth
of the reception signal processing in the ultrasound trans-
mission and reception which is performed in the individual
signal processors 20a is changed based on the temperature
measurement result obtained with the temperature sensor 42.

In the illustrated example, as conceptually shown in FIG.
12, three depths are set in the probe 12C (reception control-
ler 34C) for the depth of the reception signal processing in
the individual signal processors 20a (depth in the directions
of ultrasound transmission and reception) in the ultrasound
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transmission and reception for obtaining ultrasound images
to be combined by spatial compounding.

That is, ultrasound images having three different depths
are set as the ultrasound images to be combined by spatial
compounding. In other words, three types of ultrasound
images different in size in the depth direction are set as the
ultrasound images to be combined by spatial compounding.

In the first type, the reception signal processing is pet-
formed up to the “depth [.1” (normal depth) which is the
same as that of the composite ultrasound image to be
produced by spatial compounding (i.e., main image) and the
ultrasound image having a predetermined depth (a prede-
termined size in the depth direction) is generated.

In the second type, the reception signal processing is
performed up to the “depth L.3” (small depth) which is the
smallest in the images to be combined by spatial compound-
ing and the ultrasound image having the smallest depth
(smallest size in the depth direction) is generated.

In the third type, the reception signal processing is per-
formed up to the “depth [.2” (medium depth) which is
smaller than the depth L1 but larger than the depth L3 and
the ultrasound image having the medium depth (medium
size in the depth direction) is generated.

The depths L1, .2 and L3 in this embodiment may be the
same as or different from those in the fourth embodiment to
be described later.

In the illustrated example, the drive of the individual
signal processors 20a of the signal processor 20 (more
specifically the AFEs thereof) is activated or deactivated
(on/off) to adjust the depth of the reception signal processing
(adjust the depth of the ultrasound images).

More specifically, when the individual signal processor
20a performs the reception signal processing up to the depth
L1, as conceptually shown in FIG. 13A, a transmission pulse
is applied while at the same time the drive of the individual
signal processor 20« is activated (on), and the drive of the
individual signal processor 20a is deactivated (off) at a point
in time when a time period corresponding to the depth L1
(depth corresponding to the composite ultrasound image)
has passed.

When the individual signal processor 20a performs the
reception signal processing up to the depth 1.2, as concep-
tually shown in FIG. 13B, a transmission pulse is applied
while at the same time the drive of the individual signal
processor 20a is activated, and the drive of the individual
signal processor 20q is deactivated at a point in time when
a time period corresponding to the depth .2 which is smaller
than the depth L1 has passed.

In addition, when the individual signal processor 20a
performs the reception signal processing up to the depth L3,
as conceptually shown in FIG. 13C, a transmission pulse is
applied while at the same time the drive of the individual
signal processor 20a is activated, and the drive of the
individual signal processor 20a is deactivated at a point in
time when a time period corresponding to the smallest depth
L3 which is smaller than the depth 1.2 has passed.

As described above, as conceptually shown in FIGS. 12
and 14A to 14C, when spatial compounding is performed in
the illustrated ultrasound diagnostic apparatus 10C, the three
types of ultrasound transmission and reception for three
images which are made in mutually different directions of
ultrasound transmission and reception and which make up a
frame unit for obtaining a composite ultrasound image are
repeatedly performed on a frame basis.

For example, as shown in FIGS. 12 and 14A to 14C, the
transmission controller 32C and the reception controller 34C
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first perform the transmission and reception for the image A
for obtaining the ultrasound image A as the main image.

Then, the transmission controller 32C and the reception
controller 34C perform the transmission and reception for
the image B for obtaining the ultrasound image B in the
direction inclined by the angle of 6 with respect to the
direction for the ultrasound image A.

Then, the transmission controller 32C and the reception
controller 34C perform the transmission and reception for
the image C for obtaining the ultrasound image C in the
direction inclined by the angle of -6 with respect to the
direction for the ultrasound image A.

In FIGS. 14A to 14C, areas each having a black letter on
a white background correspond to the processing of the
reception signals up to the depth L1 (normal depth); coarsely
hatched (shaded) areas correspond to the processing of the
reception signals up to the depth [.2 (medium depth); and
densely hatched areas correspond to the processing of the
reception signals up to the depth L3 (small depth).

When the temperature measurement result obtained with
the temperature sensor 42 is less than T5 upon spatial
compounding, the reception controller 34C of the probe 12C
in the ultrasound diagnostic apparatus 10C controls the drive
of the individual signal processors 20a so that, in one frame,
the reception signal processing in the transmission and
reception for the images A, B and C is all performed up to
the depth L1 as shown in FIG. 14A.

The case in which the temperature measurement result
obtained with the temperature sensor 42 is less than T5
refers to the case in which the probe 12C (signal processor
20) has a steady temperature.

When the temperature measurement result obtained with
the temperature sensor 42 is equal to or more than T5 but
less than T6, the reception controller 34C controls the drive
of the individual signal processors 20a so that, in one frame,
the reception signal processing in the transmission and
reception for the image A is performed up to the depth L1
and that in the transmission and reception for the images B
and C is performed up to the depth 1.2 as shown in FIG. 14B.

That is, according to this processing, spatial compounding
is not performed in the region distant from the piezoelectric
unit 16 (region beyond the depth L2) and the deeper region
of the composite ultrasound image is only made up of the
ultrasound image A.

In addition, when the temperature measurement result
obtained with the temperature sensor 42 is equal to or more
than T6, the reception controller 34C controls the drive of
the individual signal processors 20a so that, in one frame,
the reception signal processing in the transmission and
reception for the image A is performed up to the depth L1
and that in the transmission and reception for the images B
and C is performed up to the depth .3 as shown in FIG. 14C.

That 1s, according to this processing, the three ultrasound
images are combined by spatial compounding to obtain a
high-quality image only in the region near the piezoelectric
unit 16.

As is clear from the above description, in cases where the
temperature of the probe 12C is increased upon spatial
compounding, the ultrasound diagnostic apparatus 10C
reduces the processing depth in the processing of the recep-
tion signals from the ultrasound transmission and reception
for obtaining ultrasound images to be combined into a
composite ultrasound image. That is, when the temperature
of the probe 12C is increased, the ultrasound diagnostic
apparatus 10C reduces the drive time of the individual signal
processors 20a for processing the reception signals from the
ultrasonic echoes depending on the temperature.
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Therefore, according to the invention, the internal tem-
perature of the probe 12C can be promptly reduced by
stopping the signal processor 20 which is the major heat
generation area even if the temperature of the probe 12C is
increased during spatial compounding. Even if the tempera-
ture of the probe 12C is increased, the image quality
deterioration can be minimized by promptly reducing the
temperature inside the probe 12C while suppressing the
temperature increase therein.

In the example shown in FIGS. 14A to 14C, the process-
ing depth of all the reception signals is the same in one frame
making up a composite ultrasound image. However, this is
not the sole case of the invention and the reception signals
of one or more ultrasound images in each frame (each
composite ultrasound image) may be different.

An example of the reception signal processing is concep-
tually shown in FIGS. 15A to 15C.

In this example, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T6, as shown in FIG. 15C, the reception signal
processing in the transmission and reception for the image A
is performed up to the depth L1 for all the frames but the
reception signal processing for the other images is per-
formed so that the depth is different between the odd frames
and the even frames. More specifically, the reception signal
processing for the images B and C is performed up to the
depth L3 in the odd frames and up to the depth L2 in the
even frames.

FIG. 15A showing the case where the temperature mea-
surement result is less than T5 and FIG. 15B showing the
case where the temperature measurement result is equal to or
more than T5 but less than T6 are similar to FIG. 14A and
FIG. 14B, respectively.

Therefore, in this example, when the temperature mea-
surement result obtained with the temperature sensor 42 is
equal to or more than T6, the ultrasound images A to C as
shown in FIG. 15D are combined to obtain the composite
ultrasound image in each odd frame, whereas the ultrasound
images A to C as shown in FIG. 15E are combined to obtain
the composite ultrasound image in each even frame.

In this example, the depth of the images to be combined
by spatial compounding can be increased in every two
frames and therefore the image quality deterioration in the
section from the deeper end of the depth L3 to the deeper end
of the depth L2 can be reduced compared to the example
shown in FIGS. 14A to 14C in which the images produced
by spatial compounding are observed as consecutive images.

In the example shown in FIGS. 14A to 14C, when the
temperature in the case shown in FIG. 14B is equal to or
more than T5 but less than T6, the same ultrasound image as
that shown in FIG. 15E is obtained, and when the tempera-
ture in the case shown in FIG. 14C is equal to or more than
T6, the same ultrasound image as that shown in FIG. 15D is
obtained.

In the above example, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T5 but less than T6 or equal to or more than T§,
the images in one frame for which the depth of the reception
signal processing was changed from the depth L1 both have
the same depth. However, this is not the sole case of the
invention.

In other words, the reception signal processing up to the
depth .2 and that up to the depth L3 may be performed in
one frame. The reception signal processing up to the depth
L1, that up to the depth L2 and that up to the depth L3 may
be performed in one frame.
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An example of the reception signal processing is concep-
tually shown in FIGS. 16A to 16C.

In this example, as in FIG. 14A, when the temperature
measurement result obtained with the temperature sensor 42
is less than T5, the reception signal processing for all the
images A, B and C is performed up to the depth L1 as shown
in FIG. 16A. As in FIG. 14B, when the temperature mea-
surement result obtained with the temperature sensor 42 is
equal to or more than T5 but less than T6, the reception
signal processing for the image A is performed up to the
depth L1 and that for the images B and C is performed up
to the depth L2 as shown in FIG. 16B.

In contrast, in this example, when the temperature mea-
surement result obtained with the temperature sensor 42 is
equal to or more than T6, the reception signal processing for
the image A is performed up to the depth L1, that for the
image B up to the depth [.2 and that for the image C up to
the depth L3 as shown in FIG. 16C. Alternatively, the depth
of the images A, B and C may be set to the depth [.1, depth
L3 and the depth L2, respectively.

Compared to the example shown in FIGS. 14A to 14C,
this method reduces the effect of preventing heat generation
but is advantageous in terms of the image quality of the
composite ultrasound images.

In this example, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T6, the reception signal processing up to the depth
L2 and the reception signal processing up to the depth 1.3
may be alternately performed for the images B and C.

An example is shown in FIGS. 17A to 17E.

In the example shown in FIGS. 17A to 17E, when the
temperature measurement result obtained with the tempera-
ture sensor 42 is equal to or more than T6, in the odd frames,
the reception signal processing for the image A is performed
up to the depth L1, that for the image B up to the depth [.2
and that for the image C up to the depth L3 as shown in FIG.
17C (as in FIG. 16C). In contrast, in the even frames, the
reception signal processing for the image A is performed up
to the depth L1 but that for the images B and C is performed
up to the depths L3 and L2, respectively.

Also in FIGS. 17A and 17B, FIG. 17A showing the case
where the temperature measurement result is less than TS
and FIG. 17B showing the case where the temperature
measurement result is equal to or more than T5 but less than
T6 are similar to FIG. 16A and FIG. 16B, respectively.

Therefore, in this example, when the temperature mea-
surement result obtained with the temperature sensor 42 is
equal to or more than T6, the ultrasound images A to C
having three different depths as shown in FIG. 17D are
combined to obtain the composite ultrasound image in each
odd frame, whereas the ultrasound images A to C having
three different depths as shown in FI1G. 17E are combined to
obtain the composite ultrasound image in each even frame.

In this example, the composite ultrasound image shown in
FIG. 17D and the composite ultrasound image shown in
FIG. 17E are replaced by each other in every two frames.
Therefore, in the regions shown by the oblique lines in
FIGS. 17D and 17E which are made up of one image,
one-image composition and two-image composition are
alternately used in very two frames. Accordingly, when the
images produced by spatial compounding are observed as
continuous images, portions having continuously and partly
deteriorating image quality can be eliminated to suppress the
deterioration of the image quality of the composite ultra-
sound images.

In the above example, when the temperature in the probe
12C is increased, the depth of the reception signal process-
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ing is changed to L2 or L3 in the transmission and reception
for the image B and/or those for the image C but this is not
the sole case of the invention. That is, the depth of the
reception signal processing in the transmission and reception
for the image A may be changed to L2 or L3 depending on
the temperature increase.

However, the ultrasound image A is the main image. In
other words, the composite ultrasound image produced in
the diagnostic apparatus body 14C through spatial com-
pounding is the image having the region of the ultrasound
image A (transmission and reception for the image A).
Therefore, when the reception signal processing up to the
depth L1 is included in one frame, it is more advantageous
to process the reception signals derived from the transmis-
sion and reception for the image A serving as the main image
up to the depth L1 because a proper composite ultrasound
image can be consistently obtained.

In the above example, the processing for at least one
image (the reception signal processing for the image A) is
performed up to the depth L1 at any temperature. However,
this is not the sole case of the invention and the reception
signal processing for all the images may be performed up to
the depth L2 or [.3 depending on the temperature.

An example of the ultrasound transmission and reception
is conceptually shown in FIGS. 18A to 18C.

In this example, as in FIG. 14A, when the temperature
measurement result obtained with the temperature sensor 42
is less than T3, the reception signal processing for the
images A, B and C is all performed up to the depth L1 as
shown in FIG. 18A. As in FIG. 14B, when the temperature
measurement result obtained with the temperature sensor 42
is equal to or more than T5 but less than T6, the reception
signal processing for the image A is performed up to the
depth L1 and that for the images B and C is performed up
to the depth L2 as shown in FIG. 18B.

In contrast, in this example, when the temperature mea-
surement result obtained with the temperature sensor 42 is
equal to or more than T6, the reception signal processing for
the image A is performed up to the depth L2, and that for the
images B and C up to the depth L3 as shown in FIG. 18C.

According to this example, the depth of the resulting
composite ultrasound image is reduced but the effect of
preventing heat generation is increased.

In this example, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T5, the depth of the reception signal processing
for the two images was changed from the depth L1 but this
is not the sole case of the invention. That is, the depth of the
reception signal processing for only one image or three or
more images may be changed from the depth L1 based on
the temperature measurement result obtained with the tem-
perature sensor 42.

Considering the purpose that the temperature increase
within the probe 12C is suppressed while minimizing the
image quality deterioration due to the temperature increase,
when the temperature exceeds one of the thresholds, the
depth of the reception signal processing for two or more
images is preferably changed from the depth L1. In addition,
in order to suppress the temperature increase while prevent-
ing the image quality deterioration, when the temperature
exceeds one of the thresholds, the depth of the reception
signal processing for all the images except the image A
(main image) is preferably changed from the depth L1
depending on the temperature.

In addition, in the above examples, since the predeter-
mined number upon spatial compounding is three, two
temperature thresholds are provided. However, this is not the
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sole case of the invention and in cases where the predeter-
mined number is four or more, three or more thresholds may
be provided.

The number of depths set for the reception signal pro-
cessing depending on the temperature is also not limited to
three. For example, two depths including the normal depth
(L1) and the small depth (L.3) may be provided. Alterna-
tively, four or more depths of reception signal processing
may be provided by setting a plurality of medium depths
such as the depth [.2-1 and the depth 1.2-2 between the
normal depth L1 and the small depth L3.

In the examples shown in FIGS. 14A to 18C, the order of
ultrasound transmission and reception in one frame is the
same for all the frames. However, this is not the sole case of
the invention and the order of ultrasound transmission and
reception of the images in each frame may be different.

For example, as shown in FIGS. 19A to 19C, the ultra-
sound transmission and reception of the first frame, the
second frame, the third frame, the fourth frame and the like
may be performed in the orders of “image B—image A—im-
age C”, “image C—image A—image B”, “image B—image
A—image C”, “image C—image A—image B” and the like,
respectively.

That is, also in the third embodiment of the ultrasound
diagnostic apparatus 10C, as in the first embodiment, the
directions of ultrasound transmission and reception in the
last ultrasound image in the earlier one of two consecutive
frames (i.c., two temporally consecutive composite ultra-
sound images) and the first ultrasound image in the subse-
quent frame may be the same.

This order of ultrasound transmission and reception
enables the ultrasound transmission and reception to be
continued in the same directions to facilitate the control of
the transmission drive 30 and the individual signal proces-
sors 20a.

As described above, the reception signals outputted from
the probe 12C are supplied to the diagnostic apparatus body
14C by wireless communication.

Similarly to the first embodiment of the diagnostic appa-
ratus body 10A shown in FIG. 1, the diagnostic apparatus
body 14C includes an antenna 50, a wireless communication
unit 52, a serial/parallel converter 54, a data storage unit 56,
an image generating unit 58, a display controller 62, a
monitor 64, a communication controller 68, an apparatus
body controller 70 and an operating unit 72.

As in the above embodiment, the diagnostic apparatus
body 14C includes a built-in power supply unit (not shown),
which supplies electric power for drive to each component.

The antenna 50, the wireless communication unit 52, the
serial/parallel converter 54, the data storage unit 56, the
image generating unit 58, the display controller 62, the
monitor 64, the communication controller 68 and the appa-
ratus body controller 70 are basically the same as those in
the diagnostic apparatus body 10A shown in FIG. 1.

More specifically, the wireless communication unit 52
performs wireless communication with the probe 12C via
the antenna 50 to transmit control signals to the probe 12C
and receive signals sent from the probe 12C. The wireless
communication unit 52 demodulates the received signals
and outputs them to the serial/parallel converter 54 as serial
sample data.

The communication controller 68 controls the wireless
communication unit 52 so that various control signals are
transmitted according to the settings made by the apparatus
body controller 70.
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The serial/parallel converter 54 converts the serial sample
data into parallel sample data. The data storage unit 56 stores
at least one frame of sample data converted by the serial/
parallel converter 54.

The image generating unit 58 (phase adjusting and sum-
ming unit 76, image processor 78 and image combining unit
80) performs reception focusing on sample data for each
image read out from the data storage unit 56 to generate
image signals representing an ultrasound image.

As described above, when spatial compounding is per-
formed in the ultrasound diagnostic apparatus 10C, the
probe 12C performs, for example, the ultrasound transmis-
sion and reception for three images, that is, the transmission
and reception for the images A, B and C.

When spatial compounding is performed, the image com-
bining unit 80 of the image generating unit 58 accordingly
combines the ultrasound image A derived from the trans-
mission and reception for the image A, the ultrasound image
B derived from the transmission and reception for the image
B, and the ultrasound image C derived from the transmission
and reception for the image C to generate image signals for
a composite ultrasound image.

As described above, when spatial compounding is per-
formed in the ultrasound diagnostic apparatus 10C, the
probe 12C changes, based on the temperature measurement
result obtained with the temperature sensor 42, the depth of
the ultrasonic echoes to be subjected to the reception signal
processing which is used to obtain the ultrasound images to
be combined. Therefore, the ultrasound images to be com-
bined by spatial compounding accordingly have a depth
(size in the depth direction) corresponding to the depth 11,
L2 orL3.

The display controller 62 causes the monitor 64 to display
the ultrasound image according to the image signals gener-
ated by the image generating unit 58.

Under the control of the display controller 62, the monitor
64 displays the ultrasound image.

The apparatus body controller 70 controls the components
in the diagnostic apparatus body 14C. The apparatus body
controller 70 is connected to the operating unit 72 to perform
various input operations including as to whether or not
spatial compounding is to be performed.

The operation of the ultrasound diagnostic apparatus 10C
shown in FIG. 11 is described below.

Similarly to the ultrasound diagnostic apparatus 10A,
during the diagnosis, various kinds of information inputted
to the operating unit 72 are first sent to the probe 12C by
wireless communication and then supplied to the probe
controller 38 also in the ultrasound diagnostic apparatus
10C.

Then, ultrasonic waves are transmitted from the transduc-
ers 18 in accordance with the drive voltage supplied from the
transmission drive 30 of the probe 12C.

The reception signals outputted from the transducers 18
that have received the ultrasonic echoes generated by reflec-
tion of the ultrasonic waves on the subject are supplied to the
corresponding individual signal processors 20a to generate
sample data.

In the probe 12C, when spatial compounding is pet-
formed, the temperature measurement result of the signal
processor 20 obtained with the temperature sensor 42 is sent
to the reception controller 34C.

As described above, when spatial compounding is per-
formed in the ultrasound diagnostic apparatus 10C, the
probe 12C adjusts, based on the temperature measurement
result of the reception processor 20 obtained with the
temperature sensor 42, the depth in the reception signal
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processing for obtaining the ultrasound images to be com-
bined. More specifically, the probe 12C sets the depth of the
reception signal processing for the ultrasound images to be
combined to one of the depths L1, L.2 and L3 so that the
depth of any of the ultrasound images to be combined may
be reduced each time the temperature exceeds one of the
thresholds according to the temperature measurement result
obtained with the temperature sensor 42 and controls the
drive of the individual signal processors 20a for processing
the reception signals.

For example, when the temperature measured with the
temperature sensor 42 is less than T5, the reception control-
ler 34C controls the operation of the signal processor 20
(individual signal processors 20a) so as to process the
reception signals for all of the images A, B and C up to the
depth L1 as shown in 14A.

When the temperature measured with the temperature
sensor 42 is equal to or more than T5 but less than T6, the
reception controller 34C controls the operation of the signal
processor 20 so as to process the reception signals for the
image A up to the depth L1 and those for the images B and
C up to the depth L2 as shown in 14B.

In addition, when the temperature measured with the
temperature sensor 42 is equal to or more than T6, the
reception controller 34C controls the operation of the signal
processor 20 so as to process the reception signals for the
image A up to the depth L1 and those for the images B and
C up to the depth L3 as shown in 14C.

The sample data generated by the individual signal pro-
cessors 20qa are sent to the parallel/serial converter 24, where
the sample data is converted into serial data. The serial data
is then wirelessly transmitted from the wireless communi-
cation unit 26 (antenna 28) to the diagnostic apparatus body
14C.

The sample data received by the wireless communication
unit 52 of the diagnostic apparatus body 14C is converted
into parallel data in the serial/parallel converter 54 and
stored in the data storage unit 56.

Further, the sample data for each image is read out from
the data storage unit 56 to generate image signals of an
ultrasound image in the image generating unit 58. The
display controller 62 causes the monitor 64 to display the
ultrasound image based on the image signals.

When spatial compounding is performed, the image com-
bining unit 80 of the image generating unit 58 combines the
ultrasound images.

More specifically, as described above, when spatial com-
pounding is performed, the image combining unit 80 com-
bines the ultrasound image A derived from the transmission
and reception for the image A, the ultrasound image B
derived from the transmission and reception for the image B,
and the ultrasound image C derived from the transmission
and reception for the image C to generate image signals for
a composite ultrasound image, and outputs the image signals
to the display controller 62.

As described above, when spatial compounding is per-
formed in the ultrasound diagnostic apparatus 10C, the
probe 12C controls the drive of the individual signal pro-
cessors 20a based on the temperature measurement result
obtained with the temperature sensor 42 such that the depth
of any of the ultrasound images to be combined is reduced
each time the temperature exceeds one of the temperature
thresholds. Therefore, the ultrasound images to be combined
in the image combining unit 80 are also various combina-
tions of normal depth images, medium depth images and
small depth images based on the temperature measurement
results obtained with the temperature sensor 42.
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For example, in the above example shown in FIGS. 14A
to 14C, when the temperature measured with the tempera-
ture sensor 42 in the probe 12C is less than T5, the
ultrasound images A, B and C to be combined in the image
combining unit 80 all have the normal depth. When the
temperature measured with the temperature sensor 42 in the
probe 12C is equal to or more than T5 but less than T6, the
ultrasound images to be combined in the image combining
unit 80 include the ultrasound image A having the normal
depth and the ultrasound images B and C having the medium
depth. In addition, when the temperature measured with the
temperature sensor 42 in the probe 12C is equal to or more
than T6, the ultrasound images to be combined in the image
combining unit 80 include the ultrasound image A having
the normal depth and the ultrasound images B and C having
the small depth.

FIG. 20 is a conceptual block diagram showing the fourth
embodiment of the ultrasound diagnostic apparatus accord-
ing to the first aspect of the invention.

Many components of the ultrasound diagnostic apparatus
10D shown in FIG. 20 are the same as those of the
ultrasound diagnostic apparatus 10A shown in FIG. 1.
Therefore, like components are denoted by the same refer-
ence numerals and the following description mainly focuses
on the different features.

As in the first embodiment of the ultrasound diagnostic
apparatus 10A, the ultrasound diagnostic apparatus 10D
shown in FIG. 20 includes an ultrasound probe 12D (here-
inafter referred to as “probe 12D”) and a diagnostic appa-
ratus body 14D. As in the above embodiment, the ultrasound
probe 12D is connected to the diagnostic apparatus body
14D by wireless communication.

Similarly to the probe 12A in the first embodiment, the
probe 12D transmits ultrasonic waves to the subject,
receives ultrasonic echoes generated by reflection of the
ultrasound waves on the subject, and outputs reception
signals of an ultrasound image in accordance with the
received ultrasonic echoes.

There is no limitation on the type of the probe 12D and
various known ultrasound probes can be used.

As in the probe 12A, the probe 12D also includes a
piezoelectric unit 16, a signal processor 20, a parallel/serial
converter 24, a wireless communication unit 26, an antenna
28, a transmission drive 30, a transmission controller 32D,
a reception controller 34D, a communication controller 36,
a probe controller 38 and a temperature sensor 42.

The probe 12D also includes a built-in battery (not
shown), which supplies electric power for drive to each
component.

The piezoelectric unit 16, the signal processor 20, the
parallel/serial converter 24, the wireless communication unit
26, the antenna 28, the transmission drive 30, the commu-
nication controller 36, the probe controller 38 and the
temperature sensor 42 are basically the same as those of the
probe 12A.

More specifically, the piezoelectric unit 16 is a one-
dimensional or two-dimensional array of transducers 18
transmitting and receiving ultrasonic waves.

The transmission drive 30 supplies the transducers 18
with a drive voltage so that the transducers transmit ultra-
sonic waves so as to form ultrasonic beams.

The transducers 18 output the reception signals of the
ultrasonic echoes to individual signal processors 20a of the
signal processor 20. As described above, each individual
signal processor 20a has an AFE, processes the reception
signals to generate sample data and supplies the generated
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sample data to the parallel/serial converter 24. The parallel/
serial converter 24 converts the parallel sample data into
serial sample data.

The ultrasound diagnostic apparatus 10D also has the
function of spatial compounding in which ultrasound images
obtained by the ultrasound transmission and reception in
mutually different directions are combined to produce a
composite ultrasound image.

Similarly to the above ultrasound diagnostic apparatus
10A, the ultrasound diagnostic apparatus 10D combines, for
example, three ultrasound images upon spatial compound-
ing. Therefore, the transmission controller 32D and the
reception controller 34D control the drive of the transmis-
sion drive 30 and the individual signal processors 20q,
respectively, such that three types of ultrasound transmission
and reception are performed in mutually different directions
of ultrasound transmission and reception.

The probe 12D has the temperature sensor 42 for mea-
suring the temperature of the signal processor 20. The
temperature sensor 42 supplies the temperature measure-
ment result to the reception controller 34D.

Upon spatial compounding, based on the temperature
measurement result, the reception controller 34D adjusts the
depth of the reception signals to be processed in the signal
processor 20 and reduces the number of sound rays in the
regions of the ultrasound images to be combined by spatial
compounding beyond the predetermined depth.

This point will be described in detail later.

The wireless communication unit 26 generates transmis-
sion signals from the serial sample data and transmits the
serial sample data to the diagnostic apparatus body 14D via
the antenna 28.

The wireless communication unit 26 receives various
control signals from the diagnostic apparatus body 14D and
outputs the received control signals to the communication
controller 36.

The communication controller 36 controls the wireless
communication unit 26. The communication controller 36
outputs the various control signals received by the wireless
communication unit 26 to the probe controller 38.

The probe controller 38 controls various components of
the probe 12D according to various control signals trans-
mitted from the diagnostic apparatus body 14D.

As described above, the ultrasound diagnostic apparatus
10D of the invention has the function of producing an image
(composite ultrasound image) through spatial compounding.

As in the ultrasound diagnostic apparatus 10A shown in
FIG. 1, the ultrasound diagnostic apparatus 10D also pet-
forms, for example, the three types of ultrasound transmis-
sion and reception in mutually different directions upon
spatial compounding as conceptually shown in FIG. 21A
(FIG. 2). More specifically, upon spatial compounding, the
probe 12D performs the three types of ultrasound transmis-
sion and reception, including the “transmission and recep-
tion for the image A” as the ultrasound transmission and
reception for obtaining the main image (image including the
whole area of the composite ultrasound image formed by
spatial compounding), the “transmission and reception for
the image B” in a direction inclined by an angle of 0 with
respect to the direction of the transmission and reception for
the image A, and the “transmission and reception for the
image C” in a direction inclined by an angle of -6 with
respect to the direction of the transmission and reception for
the image A.

Also in this embodiment, when spatial compounding is
performed, the probe 12D repeatedly performs the three



US 9,826,962 B2

47
types of ultrasound transmission and reception which make
up a frame unit (see FIGS. 23A to 23C).

When spatial compounding is performed, the transmis-
sion controller 32D and the reception controller 34D of the
probe 12D control the drive of the transmission drive 30 and
the individual signal processors 20a, respectively, such that
the three types of ultrasound transmission and reception are
repeatedly performed.

On the other hand, when spatial compounding is per-
formed, the diagnostic apparatus body 14D (more specifi-
cally an image combining unit 80) combines the three
ultrasound images including the ultrasound image A (solid
line) as the main image obtained by the transmission and
reception for the image A, the ultrasound image B (broken
line) obtained by the transmission and reception for the
image B, and the ultrasound image C (chain line) obtained
by the transmission and reception for the image C to produce
a composite ultrasound image covering the region of the
ultrasound image A.

Therefore, the number (predetermined number) of ultra-
sound images to be combined by spatial compounding in the
ultrasound diagnostic apparatus 10D is three. However, the
predetermined number may be two or four or more as in the
above embodiments.

In addition, various known methods can be used to
transmit and receive ultrasonic waves in different directions
as in the above embodiments.

As described above. the probe 12D is provided with the
temperature sensor 42 for measuring the temperature of the
signal processor 20. The temperature measurement result
obtained with the temperature sensor 42 is supplied to the
reception controller 34D.

The temperature thresholds including the first temperature
T7 [° C.] and the second temperature T8 [© C.] which is
higher than T7 are set for the probe 12D (the reception
controller 34D). In the ultrasound diagnostic apparatus 10D,
T7 and T8 may be fixed or variable if the relation of T7<T8
is met.

In the ultrasound diagnostic apparatus 10D, when spatial
compounding is performed, the number of sound rays in the
ultrasound image is reduced in the region beyond the
predetermined depth based on the temperature measurement
result obtained with the temperature sensor 42.

In the illustrated example, as conceptually shown in FIG.
21A, three depths are set in the probe 12D (reception
controller 34D) for the depth (depth in the directions of
ultrasound transmission and reception) beyond which the
number of sound rays is reduced upon spatial compounding.
The first is the depth L1 (normal depth) within which the
number of sound rays is not reduced, that is, all the sound
rays have the same depth as that of the composite ultrasound
image to be produced by spatial compounding. The second
is the shallowest or smallest depth 3. The third is the depth
L2 (medium depth) which is the depth between the depth L1
and the depth L3.

For example, the probe 12D reduces the number of sound
rays by eliminating one of every two sound rays based on the
temperature measurement result obtained with the tempera-
ture sensor 42.

When the number of sound rays is reduced beyond the
depth 1.2, the sound rays for producing the ultrasound image
is as conceptually shown in FIG. 21B (illustrated by the
ultrasound image B) in which the sound rays are shown by
thin solid lines and the eliminated sound rays are shown by
thin broken lines. When the number of sound rays is reduced
beyond the depth L3, the sound rays for producing the
ultrasound image is as conceptually shown in FIG. 21C.
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The portions of the image corresponding to the sound rays
eliminated by the probe 12D, that is, the portions shown by
thin broken lines are produced later by interpolation using
the surrounding sound rays in the image generating unit 58
of the diagnostic apparatus body 14D.

In this embodiment, the number of sound rays is reduced
in the region beyond the predetermined depth by eliminating
one of every two sound rays as in the illustrated case (the
number of sound rays is reduced by half). However, this is
not the sole case of the invention. Therefore, in this embodi-
ment, the number of sound rays may be reduced in the region
beyond the predetermined depth by eliminating one of every
three sound rays (the number of sound rays is reduced to
two-thirds) or by eliminating one of every four sound rays
(the number of sound rays is reduced to three-fourths).

Alternatively, the number of sound rays in the region
beyond the predetermined depth may be reduced by elimi-
nating two or more than two consecutive sound rays.

In the illustrated example, the drive of the individual
signal processors 20a of the signal processor 20 (more
specifically the AFEs thereof) is activated or deactivated
(on/off) to reduce the number of sound rays in the region
beyond the predetermined depth.

In the case of the depth L1, that is, when the number of
sound rays is not reduced, as conceptually shown in FIG.
22A, for all the sound rays, a transmission pulse is applied
while at the same time the drive of the individual signal
processors 20a is activated (on), and the drive of the
individual signal processors 20a is deactivated (off) when a
time period corresponding to the depth L1 (depth corre-
sponding to the composite ultrasound image) has passed.

When the number of sound rays is reduced beyond the
depth L2, as conceptually shown in FIG. 22B, a transmission
pulse is applied while at the same time the drive of the
individual signal processors 20a is activated, and the drive
of the individual signal processors 20a is deactivated in the
corresponding sound rays (sound rays to be eliminated
beyond the predetermined depth) at a point in time when a
time period corresponding to the depth L2 which is smaller
than the depth L1 has passed.

That is, in the example in which one of every two sound
rays is eliminated, the individual signal processors 20a
alternately perform the drive shown in FIG. 22A and the
drive shown in FIG. 22B on the basis of every two sound
rays.

When the number of sound rays is reduced beyond the
depth L3, as conceptually shown in FIG. 22C, a transmission
pulse is applied while at the same time the drive of the
individual signal processors 20q is activated, and the drive
of the individual signal processors 20a is deactivated in the
corresponding sound rays at a point in time when a time
period corresponding to the smallest depth L3 which is
smaller than the depth 1.2 has passed.

That is, in the example in which one of every two sound
rays is eliminated, the individual signal processors 20a
alternately perform the drive shown in FIG. 22A and the
drive shown in FIG. 22C on the basis of every two sound
rays.

As described above, when spatial compounding is per-
formed in the illustrated ultrasound diagnostic apparatus
10D, as conceptually shown in FIGS. 21A and 23A to 23C,
the three types of ultrasound transmission and reception for
three images which are made in mutually different directions
of ultrasound transmission and reception and which make up
a frame unit for obtaining a composite ultrasound image are
repeatedly performed on a frame basis.
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For example, the transmission controller 32D and the
reception controller 34D first perform the transmission and
reception for the image A for obtaining the ultrasound image
A as the main image as shown in FIGS. 21A and 23A to 23C.

Then, the transmission controller 32D and the reception
controller 34D perform the transmission and reception for
the image B for obtaining the ultrasound image B in the
direction inclined by the angle of 6 with respect to the
direction for the ultrasound image A.

Then, the transmission controller 32D and the reception
controller 34D perform the transmission and reception for
the image C for obtaining the ultrasound image C in the
direction inclined by the angle of -6 with respect to the
direction for the ultrasound image A.

In FIGS. 23A to 23C, areas each having a black letter on
a white background correspond to the ultrasound transmis-
sion and reception up to the depth L1 (normal depth), that is,
the ultrasound transmission and reception for the image in
which the number of sound rays is not reduced; coarsely
hatched (shaded) areas correspond to the ultrasound trans-
mission and reception for the image in which the number of
sound rays is reduced beyond the depth L.2 (medium depth);
and densely hatched areas correspond to the ultrasound
transmission and reception for the image in which the
number of sound rays is reduced beyond the depth .3 (small
depth).

When the temperature measurement result obtained with
the temperature sensor 42 is less than T7 upon spatial
compounding, the reception controller 34D of the probe 12D
in the ultrasound diagnostic apparatus 10D controls the drive
of the individual signal processors 20a so that the number of
sound rays is not reduced in the transmission and reception
for all the images A, B and C in one frame (the reception
signal processing is performed up to the depth L1) as shown
in FIG. 23A.

The case in which the temperature measurement result
obtained with the temperature sensor 42 is less than T7
refers to the case in which the probe 12D (signal processor
20) has a steady temperature.

When the temperature measurement result obtained with
the temperature sensor 42 is equal to or more than T7 but
less than T8, the reception controller 34D controls the drive
of the individual signal processors 20a so that, in one frame,
the number of sound rays is not reduced in the transmission
and reception for the image A but is reduced in the trans-
mission and reception for the images B and C beyond the
depth 1.2 as shown in FIG. 23B.

That is, this processing reduces the image quality of the
image formed by spatial compounding in the region distant
from the piezoelectric unit 16 (region beyond the depth L.2).

In addition, when the temperature measurement result
obtained with the temperature sensor 42 is equal to or more
than T8, the reception controller 34D controls the drive of
the individual signal processors 20a so that, in one frame,
the number of sound rays is not reduced in the transmission
and reception for the image A but is reduced in the trans-
mission and reception for the images B and C beyond the
depth L3 as shown in FIG. 23C.

That is, this processing reduces the image quality of the
image formed by spatial compounding in the region distant
from the vicinity of the piezoelectric unit 16 (region beyond
the depth 13).

As is clear from the above description, in cases where the
temperature of the probe 12D is increased upon spatial
compounding, the ultrasound diagnostic apparatus 10D of
the invention reduces the number of sound rays in the
regions of the ultrasound images beyond the predetermined

20

25

35

40

45

60

65

50

depth by processing the reception signals in the ultrasound
transmission and reception for obtaining the ultrasound
images to be combined into a composite ultrasound image.
That is, when the temperature of the probe 12D is increased,
the ultrasound diagnostic apparatus 10D of the invention
reduces the drive time of the individual signal processors
20a for processing the reception signals from the ultrasonic
echoes depending on the temperature.

Therefore, according to the invention, the internal tem-
perature of the probe 12D can be promptly reduced by
stopping the signal processor 20 which is the major heat
generation area even if the temperature of the probe 12D is
increased during spatial compounding. Even if the tempera-
ture of the probe 12D is increased, the image quality
deterioration can be minimized by promptly reducing the
temperature inside the probe 12D while suppressing the
temperature increase therein.

In the example shown in FIGS. 23A to 23C, the process-
ing depth of all the reception signals is the same in one frame
making up the composite ultrasound image. However, this is
not the sole case of the invention and the reception signal
processing depth of one or more ultrasound images in each
frame (each composite ultrasound image) may be different.

For example, in the example shown in FIGS. 23 A to 23C,
the number of sound rays is reduced in all the frames beyond
the depth L3 in the transmission and reception for the images
B and C when the temperature measurement result obtained
with the temperature sensor 42 is equal to or more than T§.
However, this is not the sole case of the invention.

For example, as in the above case, when the temperature
measurement result obtained with the temperature sensor 42
is less than T7, the number of sound rays is not reduced in
the ultrasound transmission and reception for all the images
as shown in FIG. 24A, and when the temperature measure-
ment result obtained with the temperature sensor 42 is equal
to or more than T7 but less than T8, the number of sound
rays is not reduced in the transmission and reception for the
image A but is reduced in the transmission and reception for
the images B and C beyond the depth L2 as shown in FIG.
24B.

In contrast, when the temperature measurement result
obtained with the temperature sensor 42 is equal to or more
than T8, for example, the process may be applied in which
the number of sound rays is likewise not reduced in the
transmission and reception for the image A in all the frames
but is reduced in each odd frame in the transmission and
reception for the images B and C beyond the depth L3 and
in each even frame in the transmission and reception for the
images B and C beyond the depth L2 as shown in FIG. 24C.

In this example, one of every two frames can have an
increased depth beyond which no sound ray is provided.
Therefore, when the images produced by spatial compound-
ing are observed as continuous images, the image quality
deterioration in the section from the deeper end of the depth
L3 to the deeper end of the depth L2 can be reduced
compared to the example shown in FIGS. 23A to 23C.

In the above example, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T7 but less than T8 or equal to or more than T8,
the images in one frame in which the number of sound rays
is reduced have no sound ray beyond the same depth.
However, this is not the sole case of the invention.

In other words, reduction in the number of sound rays
beyond the depth [.2 and reduction in the number of sound
rays beyond the depth L3 may coexist in one frame. Alter-
natively, non-reduction in the number of sound rays, reduc-
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tion in the number of sound rays bevond the depth .2 and
reduction in the number of sound rays beyond the depth L3
may coexist in one frame.

An example of the reception signal processing is concep-
tually shown in FIGS. 25A to 25C.

In this example, as in the above example, when the
temperature measurement result obtained with the tempera-
ture sensor 42 is less than T7, the number of sound rays is
not reduced in the transmission and reception for all the
images A, B and C as shown in FIG. 25A. As in the above
example, when the temperature measurement result obtained
with the temperature sensor 42 is equal to or more than T7
but less than T8, the number of sound rays is not reduced in
the transmission and reception for the image A but is reduced
in the transmission and reception for the images B and C
beyond the depth 1.2 as shown in FIG. 25B.

In contrast, in this example, when the temperature mea-
surement result obtained with the temperature sensor 42 is
equal to or more than T8, the number of sound rays is not
reduced in the transmission and reception for the image A
but is reduced in the transmission and reception for the
images B and C beyond the depths L2 and L3, respectively,
as shown in FIG. 25C. Alternatively, the depth of the images
A, B and C may be set to L1, L3 and L2, respectively.

Compared to the example shown in FIGS. 23A to 23C,
this example reduces the effect of preventing heat generation
but is advantageous in terms of the image quality of the
composite ultrasound images.

In this example, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T8, reduction in the number of sound rays beyond
the depth L2 and reduction in the number of sound rays
beyond the depth .3 may be alternately performed for the
images B and C.

For example, as in the above example, when the tempera-
ture measurement result obtained with the temperature sen-
sor 42 is less than T7, the number of sound rays is not
reduced in the ultrasound transmission and reception for all
the images as shown in FIG. 26 A, and when the temperature
measurement result is equal to or more than T7 but less than
T8, the number of sound rays is not reduced in the trans-
mission and reception for the image A but is reduced in the
transmission and reception for the images B and C beyond
the depth L2 as shown in FIG. 26B.

In contrast, when the temperature measurement result
obtained with the temperature sensor 42 is equal to or more
than T8, for example, the process may be applied in which
the number of sound rays is likewise not reduced in the
transmission and reception for the image A in all the frames
but is reduced in each odd frame in the transmission and
reception for the images B and C beyond the depths 1.2 and
L3, respectively, and in each even frame in the transmission
and reception for the images B and C beyond the depths [L3
and L2, respectively, as shown in FIG. 26C.

In this example, the region beyond the depth .3 where the
number of sound rays is reduced is repeated in the ultra-
sound images to be combined by spatial compounding on
the basis of every two frames. Therefore, any region where
the image quality is continuously deteriorated can be elimi-
nated from the composite ultrasound images to suppress the
image quality deterioration when the images produced by
spatial compounding are observed as contiruous images.

In the above example, when the temperature in the probe
12D is increased, the transmission and reception for the
image B and/or those for the image C are performed by
reducing the number of sound rays in the region beyond the
predetermined depth but this is not the sole case of the
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invention. That is, the transmission and reception for the
image A may be performed by reducing the number of sound
rays in the region beyond the predetermined depth depend-
ing on the temperature increase.

However, the ultrasound image A is the main image. In
other words, the composite ultrasound image produced in
the diagnostic apparatus body 14D through spatial com-
pounding is the image having the region of the ultrasound
image A (derived from the transmission and reception for the
image A). Therefore, when the ultrasound transmission and
reception which does not involve the reduction in the
number of sound rays is included in one frame, it is more
advantageous to perform the transmission and reception for
the image A serving as the main image without reducing the
number of sound rays because a proper composite ultra-
sound image can be consistently obtained.

In the above example, the number of sound rays is not
reduced up to the depth L1 in at least one image (the
transmission and reception for the image A) at any tempera-
ture. However, this is not the sole case of the invention and
the number of sound rays may be performed beyond the
depth L2 or L3 in the ultrasound transmission and reception
for all the images depending on the temperature.

An example of the ultrasound transmission and reception
is conceptually shown in FIGS. 27A to 27C.

In this example, as in the above example, when the
temperature measurement result obtained with the tempera-
ture sensor 42 is less than T7, the number of sound rays is
not reduced in the transmission and reception for all the
images A, B and C as shown in FIG. 27A. As in the above
example, when the temperature measurement result obtained
with the temperature sensor 42 is equal to or more than T7
but less than T8, the number of sound rays is not reduced in
the transmission and reception for the image A but is reduced
in the transmission and reception for the images B and C
beyond the depth 1.2 as shown in FIG. 27B.

In contrast, in this example, when the temperature mea-
surement result obtained with the temperature sensor 42 is
equal to or more than T8, the number of sound rays is
reduced in the transmission and reception for the image A
beyond the depth .2 and in the transmission and reception
for the images B and C beyond the depth L3 as shown in
FIG. 27C.

According to this example, the image quality of the
resulting composite ultrasound image is reduced as s whole
but the effect of preventing heat generation is increased.

In the above example, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T7, the number of sound rays is reduced in the
region deeper than the predetermined depth in the ultrasound
transmission and reception for two images in one frame but
this is not the sole case of the invention. That is, based on
the temperature measurement result obtained with the tem-
perature sensor 42, the number of sound rays may be
reduced beyond the predetermined depth in the ultrasound
transmission and reception for only one image in one frame
or in the ultrasound transmission and reception for three or
more images in one frame.

Considering the purpose that the temperature increase
within the probe 12D is suppressed while minimizing the
image quality deterioration due to the temperature increase,
when the temperature exceeds one of the thresholds, the
number of sound rays is preferably reduced beyond the
predetermined depth in two or more images of one frame. In
addition, in order to suppress the temperature increase while
preventing the image quality deterioration, when the tem-
perature exceeds one of the thresholds, the number of sound
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rays for all the images except the image A (main image) is
preferably reduced in the region beyond the predetermined
depth depending on the temperature.

In addition, in the above examples, since the predetet-
mined number upon spatial compounding is three, two
temperature thresholds are provided. However, this is not the
sole case of the invention and in cases where the predeter-
mined number is four or more, three or more thresholds may
be provided.

The number of depths set for the reception signal pro-
cessing depending on the temperature is also not limited to
three. For example, two depths including the normal depth
(L1) and the small depth (I.3) may be provided. Alterna-
tively, four or more depths of reception signal processing
may be provided by setting a plurality of medium depths
such as the depth L2-1 and the depth 12-2 between the
normal depth [L1 and the small depth 3.

In the examples shown in FIGS. 23A to 27C, the order of
ultrasound transmission and reception in one frame is the
same for all the frames. However, this is not the sole case of
the invention and the order of ultrasound transmission and
reception of the images in each frame may be different.

For example, as shown in FIGS. 28A to 28C, the ultra-
sound transmission and reception of the first frame, the
second frame, the third frame, the fourth frame and the like
may be performed in the orders of “image B—simage A—im-
age C”, “image C—image A—image B”, “image B—image
A—image C” and “image C—image A—image B” and the
like, respectively.

That is, also in the fourth embodiment of the ultrasound
diagnostic apparatus 10D, as in the first embodiment, the
directions of ultrasound transmission and reception in the
last ultrasound image in the earlier one of two consecutive
frames (i.e., two temporally consecutive composite ultra-
sound images) and the first ultrasound image in the subse-
quent frame may be the same.

This order of ultrasound transmission and reception
enables the ultrasound transmission and reception to be
continued in the same directions to facilitate the control of
the transmission drive 30 and the individual signal proces-
sors 20a.

As described above, the reception signals outputted from
the probe 12D are supplied to the diagnostic apparatus body
14D by wireless communication.

Similarly to the first embodiment of the diagnostic appa-
ratus body 10A shown in FIG. 1, the diagnostic apparatus
body 14D includes an antenna 50, a wireless communication
unit 52, a serial/parallel converter 54, a data storage unit 56,
an image generating unit 58, a display controller 62, a
monitor 64, a communication controller 68, an apparatus
body controller 70 and an operating unit 72.

As in the above embodiment, the diagnostic apparatus
body 14D includes a built-in power supply unit (not shown),
which supplies electric power for drive to each component.

The antenna 50, the wireless communication unit 52, the
serial/parallel converter 54, the data storage unit 56, the
image generating unit 58, the display controller 62, the
monitor 64, the communication controller 68 and the appa-
ratus body controller 70 are basically the same as those in
the diagnostic apparatus body 10A shown in FIG. 1.

More specifically, the wireless communication unit 52
performs wireless communication with the probe 12D via
the antenna 50 to transmit control signals to the probe 12D
and receive signals sent from the probe 12D. The wireless
communication unit 52 demodulates the received signals
and outputs them to the serial/parallel converter 54 as serial
sample data.
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The communication controller 68 controls the wireless
communication unit 52 so that various control signals are
transmitted according to the settings made by the apparatus
body controller 70.

The serial/parallel converter 54 converts the serial sample
data into parallel sample data. The data storage unit 56 stores
at least one frame of sample data converted by the serial/
parallel converter 54.

The image generating unit 58 (phase adjusting and sum-
ming unit 76D, image processor 78 and image combining
unit 80) performs reception focusing on sample data for each
image read out from the data storage unit 56 to generate
image signals representing an ultrasound image.

As described above, when spatial compounding is per-
formed in the ultrasound diagnostic apparatus 10D, the
probe 12D performs, for example, the ultrasound transmis-
sion and reception for three images, that is, the transmission
and reception for the images A, B and C.

When spatial compounding is performed, the image com-
bining unit 80 of the image generating unit 58 accordingly
combines the ultrasound image A derived from the trans-
mission and reception for the image A, the ultrasound image
B derived from the transmission and reception for the image
B, and the ultrasound image C derived from the transmission
and reception for the image C to generate image signals for
a composite ultrasound image.

As described above, when spatial compounding is per-
formed in the ultrasound diagnostic apparatus 10D, the
probe 12D reduces the number of sound rays in the region
beyond the predetermined depth as for the reception of the
ultrasonic echoes based on the temperature measured with
the temperature sensor 42. That is, the number of sound rays
is reduced in the region of the ultrasound image beyond the
predetermined depth based on the temperature measured
with the temperature sensor 42.

Upon spatial compounding, the phase adjusting and sum-
ming unit 76D interpolates the eliminated sound rays with
the adjacent sound rays (surrounding sound rays) as to the
ultrasound image in which the number of sound rays is
reduced in the region beyond the predetermined depth to
generate sound rays corresponding to those of the region
where the number of sound rays was reduced, thus gener-
ating sound rays (sound ray signals) for the whole ultra-
sound image.

The interpolation method is not particularly limited but
any known interpolation method implemented in various
image processing steps can all be used.

The display controller 62 causes the monitor 64 to display
the ultrasound image according to the image signals gener-
ated by the image generating unit 58.

Under the control of the display controller 62, the monitor
64 displays the ultrasound image.

The apparatus body controller 70 controls the components
in the diagnostic apparatus body 14D. The apparatus body
controller 70 is connected to the operating unit 72 to perform
various input operations including as to whether or not
spatial compounding is to be performed.

The operation of the ultrasound diagnostic apparatus 10D
shown in FIG. 20 is described below.

Similarly to the ultrasound diagnostic apparatus 104,
during the diagnosis, various kinds of information inputted
to the operating unit 72 are first sent to the probe 12D by
wireless communication and then supplied to the probe
controller 38 also in the ultrasound diagnostic apparatus
10D.
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Then, ultrasonic waves are transmitted from the transduc-
ers 18 in accordance with the drive voltage supplied from the
transmission drive 30 of the probe 12D.

The reception signals outputted from the transducers 18
that have received the ultrasonic echoes generated by reflec-
tion of the ultrasonic waves on the subject are supplied to the
corresponding individual signal processors 20a to generate
sample data.

In the probe 12D, when spatial compounding is per-
formed, the temperature measurement result of the signal
processor 20 obtained with the temperature sensor 42 is sent
to the reception controller 34D.

As described above, when spatial compounding is per-
formed in the ultrasound diagnostic apparatus 10D, the
probe 12D reduces the number of sound rays in the regions
of the ultrasound images beyond the predetermined depth
based on the temperature measurement results of the recep-
tion signal processor 20 obtained with the temperature
sensor 42. More specifically, the probe 12D controls the
drive of the individual signal processors 20a processing the
reception signals such that the depth beyond which the
number of sound rays is reduced in any of the ultrasound
images to be combined is decreased in the order of “depth
[1—>depth [2—depth [3” each time the temperature
exceeds one of the thresholds according to the temperature
measurement results obtained with the temperature sensor
42.

For example, when the temperature measured with the
temperature sensor 42 is less than T7, the reception control-
ler 34D controls the operation of the signal processor 20
(individual signal processors 20a) so that the number of
sound rays is not reduced in the transmission and reception
for all the images A, B and C as shown in 23A.

When the temperature measured with the temperature
sensor 42 is equal to or more than T7 but less than T8, the
reception controller 34D controls the operation of the signal
processor 20 so that the number of sound rays is not reduced
in the transmission and reception for the image A but is
reduced in the transmission and reception for the images B
and C beyond the depth .2 in one of every two frames as
shown in FIG. 23B.

When the temperature measured with the temperature
sensor 42 is equal to or more than T8, the reception
controller 34D controls the operation of the signal processor
20 so that the number of sound rays is not reduced in the
transmission and reception for the image A but is reduced in
the transmission and reception for the images B and C
beyond the depth L3 in one of every two frames as shown
in FIG. 23C.

The sample data generated by the individual signal pro-
cessors 20qa are sent to the parallel/serial converter 24, where
the sample data is converted into serial data. The serial data
is then wirelessly transmitted from the wireless communi-
cation unit 26 (antenna 28) to the diagnostic apparatus body
14D.

The sample data received by the wireless communication
unit 52 of the diagnostic apparatus body 14D is converted
into parallel data in the serial/parallel converter 54 and
stored in the data storage unit 56.

Further, the sample data for each image is read out from
the data storage unit 56 to generate image signals of an
ultrasound image in the image generating unit 58. The
display controller 62 causes the monitor 64 to display the
ultrasound image based on the image signals.

Upon spatial compounding, the phase adjusting and sum-
ming unit 76D of the image generating unit 58 interpolates
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the sound rays eliminated by the probe 12D and then the
image combining unit 80 combines the ultrasound images.

As described above, when spatial compounding is per-
formed in the ultrasound diagnostic apparatus 10D, the
probe 12D reduces the number of sound rays in the ultra-
sound images to be combined beyond the predetermined
depth based on the temperature measurement results of the
reception processor 20 obtained with the temperature sensor
42. More specifically, the probe 12D reduces the number of
sound rays in any of the ultrasound images to be combined
beyond the depth .2 or L3 based on the temperature
measurement result obtained with the temperature sensor 42.

For example, in the example shown in FIGS. 23A to 23C,
when the temperature is less than T7 upon spatial com-
pounding, the probe 12D does not reduce the number of
sound rays in the ultrasound transmission and reception
based on the temperature measurement result obtained with
the temperature sensor 42. When the temperature measured
with the temperature sensor 42 is equal to or more than T7
but less than T8, the number of sound rays is reduced in the
region beyond the depth [.2 in one of every two frames. In
addition, when the temperature measured with the tempera-
ture sensor 42 is equal to or more than T8, the number of
sound rays is reduced in the region beyond the depth L3 in
one of every two frames.

When spatial compounding is performed, the phase
adjusting and summing unit 76D correspondingly interpo-
lates the eliminated sound rays (the portions having no
sound rays) with the surrounding sound rays as for the image
for which the number of sound rays is reduced in the region
beyond the depth 1.2 or L3 to thereby generate sound rays
corresponding to the whole area of one ultrasound image
and sends the produced sound rays to the image combining
unit 80.

When spatial compounding is performed, the image com-
bining unit §0 combines the ultrasound image A derived
from the transmission and reception for the image A, the
ultrasound image B derived from the transmission and
reception for the image B, and the ultrasound image C
derived from the transmission and reception for the image C
which were generated in the phase adjusting and summing
unit 76D to thereby generate image signals for a composite
ultrasound image, and outputs the image signals to the
display controller 62.

FIG. 29 is a conceptual block diagram showing an
embodiment of the ultrasound diagnostic apparatus accord-
ing to the second aspect of the invention.

Many components of the ultrasound diagnostic apparatus
10E shown in FIG. 29 are the same as those of the ultrasound
diagnostic apparatus 10A shown in FIG. 1 except that the
temperature sensor 42 is not provided. Therefore, like com-
ponents are denoted by the same reference numerals and the
following description mainly focuses on the different fea-
tures.

As in the first embodiment of the ultrasound diagnostic
apparatus 10A, the ultrasound diagnostic apparatus 10E
shown in FIG. 29 includes an ultrasound probe 12E (here-
inafter referred to as “probe 12E”) and a diagnostic appa-
ratus body 14E. As in the above embodiment, the ultrasound
probe 12E is connected to the diagnostic apparatus body 14E
by wireless communication.

As in the first embodiment of the probe 12A, the probe
12E transmits ultrasonic waves to the subject, receives
ultrasonic echoes generated by reflection of the ultrasound
waves on the subject, and outputs reception signals of an
ultrasound image in accordance with the received ultrasonic
echoes.
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There is no limitation on the type of the probe 12E and
various known ultrasound probes can be used.

As in the probe 12A, the probe 12E also includes a
piezoelectric unit 16, a signal processor 20, a parallel/serial
converter 24, a wireless communication unit 26, an antenna
28, a transmission drive 30, a transmission controller 32E, a
reception controller 34F, a communication controller 36 and
a probe controller 38. As described above, the probe 12E in
this aspect includes no temperature sensor.

The probe 12E also includes a built-in battery (not
shown), which supplies electric power for drive to each
component.

The piezoelectric unit 16, the signal processor 20, the
parallel/serial converter 24, the wireless communication unit
20, the antenna 28, the transmission drive 30, the commu-
nication controller 36 and the probe controller 38 are basi-
cally the same as those of the probe 12A.

More specifically, the piezoelectric unit 16 is a one-
dimensional or two-dimensional array of transducers 18
transmitting and receiving ultrasonic waves.

The transmission drive 30 supplies the transducers 18
with a drive voltage so that the transducers transmit ultra-
sonic waves so as to form ultrasonic beams.

The transducers 18 output the reception signals of the
ultrasonic echoes to individual signal processors 20a of the
signal processor 20. As described above, each individual
signal processor 20a has an AFE, processes the reception
signals to generate sample data and supplies the generated
sample data to the parallel/serial converter 24. The parallel/
serial converter 24 converts the parallel sample data into
serial sample data.

The ultrasound diagnostic apparatus 10E also has the
function of spatial compounding in which ultrasound images
obtained by the ultrasound transmission and reception in
mutually different directions are combined to produce a
composite ultrasound image.

Similarly to the above ultrasound diagnostic apparatus
10A, the ultrasound diagnostic apparatus 10E combines, for
example, three ultrasound images upon spatial compound-
ing. Therefore, the transmission controller 32E and the
reception controller 34E control the drive of the transmis-
sion drive 30 and the individual signal processors 20q,
respectively, such that three types of ultrasound transmission
and reception are performed in mutually different directions
of ultrasound transmission and reception.

When spatial compounding is performed, the transmis-
sion controller 32E and the reception controller 34E of the
probe 12E control the drive of the transmission drive 30 and
the individual signal processors 20a, respectively, such that
the plurality of types of ultrasound transmission and recep-
tion are performed in a predetermined order.

When spatial compounding is performed in the ultrasound
diagnostic apparatus 10E according to this aspect, the probe
12E makes the directions of ultrasound transmission and
reception in the last ultrasound image in the earlier one of
two temporally consecutive frames (composite ultrasound
images) coincide with those in the first ultrasound image in
its subsequent frame. In other words, the last ultrasound
image in the earlier one of two temporally consecutive
composite ultrasound images is made to coincide with the
first ultrasound image in its subsequent composite ultra-
sound image in the directions of ultrasound transmission and
reception.

This point will be described in detail later.
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The wireless communication unit 26 generates transmis-
sion signals from the serial sample data and transmits the
serial sample data to the diagnostic apparatus body 14E via
the antenna 28.

The wireless communication unit 26 receives various
control signals from the diagnostic apparatus body 14E and
outputs the received control signals to the communication
controller 36.

The communication controller 36 controls the wireless
communication unit 26. The communication controller 36
outputs the various control signals received by the wireless
communication unit 26 to the probe controller 38.

The probe controller 38 controls various components of
the probe 12E according to various control signals trans-
mitted from the diagnostic apparatus body 14E.

As described above, the ultrasound diagnostic apparatus
10E of the invention has the function of producing an image
(composite ultrasound image) through spatial compounding.

As in the ultrasound diagnostic apparatus 10A shown in
FIG. 1, the ultrasound diagnostic apparatus 10E also per-
forms, for example, the three types of ultrasound transmis-
sion and reception in mutually different directions upon
spatial compounding as conceptually shown in FIG. 2. More
specifically, upon spatial compounding, the probe 12E per-
forms the three types of ultrasound transmission and recep-
tion, including the “transmission and reception for the image
A” as the ultrasound transmission and reception for obtain-
ing the main image (image including the whole area of the
composite ultrasound image formed by spatial compound-
ing), the “transmission and reception for the image B” in a
direction inclined by an angle of 8 with respect to the
direction of the transmission and reception for the image A,
and the “transmission and reception for the image C” in a
direction inclined by an angle of -6 with respect to the
direction of the transmission and reception for the image A.

The diagnostic apparatus body 14E (more specifically an
image combining unit 80 to be described later) combines
one to three ultrasound images selected from the ultrasound
image A (solid line) as the main image obtained by the
transmission and reception for the image A, the ultrasound
image B (broken line) obtained by the transmission and
reception for the image B, and the ultrasound image C (chain
line) obtained by the transmission and reception for the
image C according to the number of types of ultrasound
transmission and reception performed in each frame to
thereby produce a composite ultrasound image covering the
region of the ultrasound image A.

When spatial compounding is performed in the ultrasound
diagnostic apparatus 10E, for example, a predetermined
number of (i.e., one to three) types of ultrasound transmis-
sion and reception which are selected from the three types
including the transmission and reception for the image A,
those for the image B and those for the image C and which
make up a frame unit for obtaining a composite ultrasound
image are repeatedly performed on a frame basis.

As will be described later in detail, in the second aspect
of the invention, the number of types of ultrasound trans-
mission and reception in each frame upon spatial compound-
ing may be the same in all the frames or a frame having a
different number of types of ultrasound transmission and
reception may be included. That is, when spatial compound-
ing is performed in the ultrasound diagnostic apparatus 10E,
the number of ultrasound images to be combined may be the
same for all the composite ultrasound images or composite
ultrasound images made from different numbers of ultra-
sound images may coexist.
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In the practice of the invention, the number of types of
ultrasound transmission and reception set to perform spatial
compounding, that is, the maximum number of ultrasound
images to be combined is not limited to three. That is, the
maximum number of ultrasound images to be combined by
spatial compounding may be two or four or more.

In addition, various known methods can be used to
transmit and receive ultrasonic waves in different directions
as in the above embodiments.

As described above, when spatial compounding is per-
formed, the plurality of types of ultrasound transmission and
reception which are made in mutually different directions of
ultrasound transmission and reception and which make up a
frame are repeatedly performed on a frame basis.

In normal spatial compounding, the plurality of types of
ultrasound transmission and reception which are different in
the directions of ultrasound transmission and reception are
performed in each frame in the same order. More specifi-
cally, when the transmission and reception for the images A,
B and C are performed as in the illustrated example, as
conceptually shown in FIG. 30C, the ultrasound transmis-
sion and reception are repeatedly performed on a frame basis
in the order of the transmission and reception for the image
A, those for the image B and those for the image C which
make up one frame. Therefore, in normal spatial compound-
ing, the directions of ultrasound transmission and reception
are to be changed each time the transmission and reception
for each image are performed.

In contrast, when spatial compounding is performed in the
ultrasound diagnostic apparatus 10E, the probe 12E makes
the directions of ultrasound transmission and reception in
the last ultrasound image in the earlier one of two temporally
consecutive frames (composite ultrasound images) coincide
with those in the first ultrasound image in its subsequent
frame. In other words, the last ultrasound image in the earlier
one of two temporally consecutive composite ultrasound
images is made to coincide with the first ultrasound image
in its subsequent composite ultrasound image in the direc-
tions of ultrasound transmission and reception.

In other words, in the ultrasound diagnostic apparatus 10E
of the invention, the last ultrasound transmission and recep-
tion in the earlier one of two temporally consecutive frames
is made to coincide with the first ultrasound transmission
and reception in its subsequent frame in the directions of
ultrasound transmission and reception.

For example, as conceptually shown in FIG. 30A, the
ultrasound transmission and reception of the first frame, the
second frame, the third frame, the fourth frame and the like
are performed in the orders of “image B—~image A—image
C”, “image C—image A—image B”, “image B—image
A—image C” (in the same order as the first frame), “image
C—image A—image B” (in the same order as the second
frame) and the like, respectively. In other words, the ultra-
sound transmission and reception in the order of “image
B—image A—image C” and those in the order of “image
C—image A—=image B” are alternately repeated.

Alternatively, as conceptually shown in FIG. 30B, the
ultrasound transmission and reception of the first frame, the
second frame, the third frame, the fourth frame and the like
are performed in the orders of “image A—image B—image
C”, “image C—image B—image A”, “image A—image
B—image C” (in the same order as the first frame), “image
C—image B—image A” (in the same order as the second
frame) and the like, respectively. In other words, the ultra-
sound transmission and reception in the order of “image
A—image B—image C” and those in the order of “image
C—image B—=image A” are alternately repeated.
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In this aspect, when spatial compounding is thus per-
formed, the last image in the earlier one of two temporally
consecutive frames is made to coincide with the first image
in its subsequent frame in the directions of ultrasound
transmission and reception. In other words, the last ultra-
sound image in the earlier one of two temporally adjacent
composite ultrasound images produced by spatial com-
pounding and the first ultrasound image in the subsequent
composite ultrasound image are obtained by the ultrasound
transmission and reception in the same directions.

Therefore, it is not necessary to change the directions of
ultrasound transmission and reception between two adjacent
frames, which can simplify the control of the ultrasound
transmission and reception in the transmission drive 30 and
the individual signal processors 20a, for example when
changing the control of the delay for changing the directions
of ultrasound transmission and reception. Accordingly, the
illustrated ultrasound diagnostic apparatus 10E can reduce
the burden of the probe 12E in spatial compounding,.

Spatial compounding performed in the ultrasound diag-
nostic apparatus 10E is not limited to the case where all the
set types of ultrasound transmission and reception are per-
formed in one frame. That is, in this aspect, one frame of
ultrasound images may be formed by any number of types
of ultrasound transmission and reception if the number is
equal to or smaller than the appropriately set predetermined
number.

In other words, this aspect is not limited to the case where
the set maximum number of ultrasound images are com-
bined by spatial compounding.

When spatial compounding is performed in the ultrasound
diagnostic apparatus 10E, the number of types of ultrasound
transmission and reception in one frame is not limited to
three but may be two if the directions of ultrasound trans-
mission and reception in the last ultrasound image in one of
two adjacent frames may coincide with those in the first
ultrasound image in its subsequent frame. That is, the
number of ultrasound images to be combined in one frame
by spatial compounding may be two.

For example, high image quality mode in which three
images are combined and normal image quality mode in
which two images are combined are set as spatial com-
pounding modes so that one of three-image composition and
two-image composition may be selected with an operating
unit 72E to be described later by any known method such as
the GUI (graphical user interface). Alternatively, the probe
12E may be provided with a selection means such as a
switch. These modes are also applied to the cases shown in
FIGS. 32A to 33B to be described later.

For example, as conceptually shown in FIG. 31A, the
transmission and reception for the image A (main image) are
not performed and the ultrasound transmission and reception
of the first frame, the second frame, the third frame, the
fourth frame and the like may be performed in the orders of
“Image B—simage C”, “image C—simage B”, “image
B—image C” (in the same order as the first frame), “image
C—image B” (in the same order as the second frame) and
the like, respectively. In other words, the ultrasound trans-
mission and reception in the order of “image B—image C”
and those in the order of “image C—image B” may be
alternately repeated.

When two ultrasound images are used to perform spatial
compounding in the ultrasound diagnostic apparatus 10E,
frames may coexist in which combinations of types of
ultrasound transmission and reception are different.

That is, when the number of types of ultrasound trans-
mission and reception used to perform special compounding
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is smaller than the set number, frames may coexist in which
combinations of types of ultrasound transmission and recep-
tion are different. In other words, when the number of
ultrasound images to be combined by spatial compounding
is smaller than the set maximum number, composite ultra-
sound images obtained by combining ultrasound images
which are different in the directions of ultrasound transmis-
sion and reception may coexist.

For example, as conceptually shown in FIG. 31B, the
ultrasound transmission and reception of the first frame, the
second frame, the third frame and the fourth frame may be
performed in the orders of “image A—simage B”, “image
B—image A”, “image A—image C” and “image C—image
A”, respectively, and those of the first to fourth frames may
be repeatedly performed.

In the practice of the invention, if the directions of the
ultrasound transmission and reception in temporally adja-
cent frames coincide with each other when spatial com-
pounding is performed, frames which are different in the
number of types of ultrasound transmission and reception
(the number of ultrasound images to be combined) may
coexist in the predetermined number of temporally consecu-
tive frames.

That is, in the practice of the invention, frames which are
different in the frame rate in spatial compounding may
coexist.

For example, as conceptually shown in FIG. 32A, the
ultrasound transmission and reception of the first and second
frames may be performed in the orders of “image B—image
A—image C” and “image C—image A—=image B”, respec-
tively, and those of the third and fourth frames be performed
so as to form two images such as “image B—image C” and
“image C—1image B”, respectively, and those of the first to
fourth frames be repeatedly performed.

Alternatively, as conceptually shown in FIG. 32B, the
ultrasound transmission and reception of the first and second
frames may be performed in the orders of “image A—image
B—image C” and “image C—image B—image A”, respec-
tively, and those of the third, fourth and fifth frames be
performed so as to form two images such as “image A—im-
age C”, “image C—image B” and “image B—image A”,
respectively, those of the sixth and seventh frames be
performed so as not to perform image composition or to
form only one image, that is, image A, and those of the first
to seventh frames be repeatedly performed.

The predetermined number of temporally consecutive
frames is not limited to four and seven as in the above cases
but may be five, six or eight or more. The transmission and
reception for the image A serving as the main image are
preferably performed for the frames in which one type of
ultrasound transmission and reception is only performed.

In addition, in the ultrasound diagnostic apparatus 10E
according to this aspect, the ultrasound transmission and
reception may be shared between the last ultrasound image
in the earlier one of two temporally adjacent frames and the
first ultrasound image in the subsequent frame so that the
directions of ultrasound transmission and reception in the
last ultrasound image may coincide with those in the first
ultrasound image.

In other words, in two temporally adjacent composite
ultrasound images, one ultrasound image may serve as both
of the last ultrasound image in the earlier composite ultra-
sound image and the first ultrasound image in the subsequent
composite ultrasound image.

For example when spatial compounding is performed
according to the example shown in FIG. 32A, as conceptu-
ally shown in FIG. 33A, the pattern of ultrasound transmis-
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sion and reception of “image B—image A—image C—im-
age A—image B—simage C—image B” is repeatedly
performed.

The first three images of “image B—image A—image C”
are used as the first frame. The image C is shared between
the last image in the first frame and the first image in the
second frame and the three images starting from the third
image C: “image C—image A—image B” are used as the
second frame. The image B is shared between the last image
in the second frame and the first image in the third frame and
the two images starting from the fifth image B: “image
B—image C” are used as the third frame. In addition, The
image C is shared between the last image in the third frame
and the first image in the fourth frame and the two images
starting from the sixth image C: “image C—image B” are
used as the fourth frame, and the ultrasound transmission
and reception of the first to fourth frames are repeatedly
performed.

In this case, the image B may be shared between the last
image in the fourth frame and the first image in the first
frame.

When spatial compounding is performed according to the
example shown in FIG. 32B, as conceptually shown in FIG.
33B, the pattern of ultrasound transmission and reception of
“image A—=image B—image C—image B—image A—im-
age C—image B—+image A—image A—image A” is repeat-
edly performed.

The first three images of “image A—image B—image C”
are used as the first frame. The image C is shared between
the last image in the first frame and the first image in the
second frame and the three images starting from the third
image C: “image C—image B—image A” are used as the
second frame. The image A is shared between the last image
in the second frame and the first image in the third frame and
the two images starting from the fifth image A: “image
A—image C” are used as the third frame. The image C is
shared between the last image in the third frame and the first
image in the fourth frame and the two images starting from
the sixth image C: “image C—image B” are used as the
fourth frame. The image B is shared between the last image
in the fourth frame and the first image in the fifth frame and
the two images starting from the seventh image B: “image
B—image A” are used as the fifth frame. In addition, the
image A as the ninth image and the image A as the tenth
image are used as the sixth frame and seventh frame,
respectively, and the ultrasound transmission and reception
of the first to seventh frames are repeatedly performed.

In this case, the image A may be shared between the image
in the seventh frame and the first image in the first frame.

By thus sharing the ultrasound transmission and reception
(ultrasound images to be used for composition) between
adjacent frames, the composite ultrasound images can be
produced by spatial compounding at higher speeds.

As described above, the reception signals outputted from
the probe 12E are supplied to the diagnostic apparatus body
14E by wireless communication.

Similarly to the first embodiment of the diagnostic appa-
ratus body 10A shown in FIG. 1, the diagnostic apparatus
body 14E includes an antenna 50, a wireless communication
unit 52, a serial/parallel converter 54, a data storage unit 56,
an image generating unit 58, a display controller 62, a
monitor 64, a communication controller 68, an apparatus
body controller 70 and the operating unit 72E.

As in the above embodiment, the diagnostic apparatus
body 14E includes a built-in power supply unit (not shown),
which supplies electric power for drive to each component.
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The antenna 50, the wireless communication unit 52, the
serial/parallel converter 54, the data storage unit 56, the
image generating unit 58, the display controller 62, the
monitor 64, the communication controller 68 and the appa-
ratus body controller 70 are basically the same as those in
the diagnostic apparatus body 10A shown in FIG. 1.

More specifically, the wireless communication unit 52
performs wireless communication with the probe 12E via
the antenna 50 to transmit control signals to the probe 12E
and receive signals sent from the probe 12E. The wireless
communication unit 52 demodulates the received signals
and outputs them to the serial/parallel converter 54 as serial
sample data.

The communication controller 68 controls the wireless
communication unit 52 so that various control signals are
transmitted according to the settings made by the apparatus
body controller 70.

The serial/parallel converter 54 converts the serial sample
data into parallel sample data. The data storage unit 56 stores
at least one frame of sample data converted by the serial/
parallel converter 54.

The image generating unit 58 (phase adjusting and sum-
ming unit 76, image processor 78 and image combining unit
80) performs reception focusing on sample data for each
image read out from the data storage unit 56 to generate
image signals representing an ultrasound image.

As described above, when spatial compounding is per-
formed in the ultrasound diagnostic apparatus 10E, the
probe 12E performs, for example, the ultrasound transmis-
sion and reception for three images, that is, the transmission
and reception for the images A, B and C.

When spatial compounding is performed, the image com-
bining unit 80 of the image generating unit 58 accordingly
combines the ultrasound image A derived from the trans-
mission and reception for the image A, the ultrasound image
B derived from the transmission and reception for the image
B, and the ultrasound image C derived from the transmission
and reception for the image C to generate image signals for
a composite ultrasound image.

Alternatively, when two types of ultrasound transmission
and reception are used in spatial compounding as shown in
FIGS. 31A and 31B, the image combining unit 80 combines
two ultrasound images.

The image combining unit 80 performs no image com-
position in a frame where only one type of ultrasound
transmission and reception is performed as seen in the
example shown in FIG. 32B and an ultrasound image sent
from the image processor 78 is used as the image signals of
a composite ultrasound image.

The display controller 62 causes the monitor 64 to display
the ultrasound image according to the image signals gener-
ated by the image generating unit 58.

Under the control of the display controller 62, the monitor
64 displays the ultrasound image.

The apparatus body controller 70 controls the components
in the diagnostic apparatus body 14E. The apparatus body
controller 70 is connected to the operating unit 72E to
perform various input operations for the selection of the
number of images to be combined or as to whether or not
spatial compounding is to be performed.

The operation of the ultrasound diagnostic apparatus 10E
shown in FIG. 29 is described below.

Similarly to the ultrasound diagnostic apparatus 10A,
during the diagnosis, various kinds of information inputted
to the operating unit 72E are first sent to the probe 12E by
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wireless communication and then supplied to the probe
controller 38 also in the ultrasound diagnostic apparatus
10E.

Then, ultrasonic waves are transmitted from the transduc-
ers 18 in accordance with the drive voltage supplied from the
transmission drive 30 of the probe 12E.

The reception signals outputted from the transducers 18
that have received the ultrasonic echoes generated by reflec-
tion of the ultrasonic waves on the subject are supplied to the
corresponding individual signal processors 20a to generate
sample data.

As described above, when spatial compounding is per-
formed in the ultrasound diagnostic apparatus 10F, the
probe 12E performs ultrasound transmission and reception
so that the last ultrasound image in the earlier one of two
temporally consecutive frames (i.e., composite ultrasound
images) is made to coincide with the first ultrasound image
in its subsequent frame in the directions of ultrasound
transmission and reception.

For example, the transmission controller 32E and the
reception controller 34E control the operations of the trans-
mission drive 30 and the signal processor 20 (individual
signal processors 20a) so that the transmission and reception
for the “image B—image A—=image C” and those for the
“image C—image A—image B” are alternately repeated as
shown in FIG. 30A.

Alternatively, two types of ultrasound transmission and
reception may be used in one frame as shown in FIGS. 31A
and 31B, or frames which are different in the number of
types of ultrasound transmission and reception may coexist
as shown in FIGS. 32A and 32B. In addition, the ultrasound
transmission and reception may be shared between the last
image in the earlier one of temporally adjacent frames and
the first image in the subsequent frame as shown in FIGS.
33A and 33B.

The sample data generated by the individual signal pro-
cessors 20a are sent to the parallel/serial converter 24, where
the sample data is converted into serial data. The serial data
is then wirelessly transmitted from the wireless communi-
cation unit 26 (antenna 28) to the diagnostic apparatus body
14E.

The sample data received by the wireless communication
unit 52 of the diagnostic apparatus body 14E is converted
into parallel data in the serial/parallel converter 54 and
stored in the data storage unit 56.

Further, the sample data for each image is read out from
the data storage unit 56 to generate image signals of an
ultrasound image in the image generating unit 58. The
display controller 62 causes the monitor 64 to display the
ultrasound image based on the image signals.

When spatial compounding is performed, the image com-
bining unit 80 of the image generating unit 58 combines the
ultrasound images.

More specifically, when spatial compounding is per-
formed in the ultrasound transmission and reception as
shown in FIGS. 30A to 30C, the image combining unit 80
combines the ultrasound image A derived from the trans-
mission and reception for the image A, the ultrasound image
B derived from the transmission and reception for the image
B, and the ultrasound image C derived from the transmission
and reception for the image C to generate image signals for
a composite ultrasound image, and outputs the image signals
to the display controller 62.

Alternatively, when two types of ultrasound transmission
and reception are used in spatial compounding as shown in
FIGS. 31A and 31B, two ultrasound images are combined to
generate image signals of a composite ultrasound image. In



US 9,826,962 B2

65

a frame where only one type of ultrasound transmission and
reception is performed as shown in FIG. 32B, an ultrasound
image sent from the image processor 78 is not combined
with other but is directly used as the image signals of a
composite ultrasound image.

In the above-described embodiments, the illustrated ultra-
sound diagnostic apparatus 10A to 10F are each configured
so that the probe has a means for controlling ultrasound
transmission and reception and a means for processing
reception signals obtained from ultrasonic echoes from a
subject and the probe is connected to the diagnostic appa-
ratus body by wireless communication. However, this is not
the sole case of the invention.

This invention is also applicable to an ultrasound diag-
nostic apparatus configured so that a wired connection is
established between the ultrasound probe and the diagnostic
apparatus body, the ultrasound probe only includes a piezo-
electric unit and the diagnostic apparatus body controls the
ultrasound transmission and reception.

However, as described above, this invention enables the
control of the ultrasound transmission and reception to be
simplified while suppressing the heat generation from the
probe when spatial compounding is performed.

Therefore, when spatial compounding is performed, heat
generation from or burden of the probe which is required to
perform larger amounts of operation control and signal
processing can be reduced by making use of the invention in
an apparatus having a signal processing function and a
mechanism for controlling ultrasound transmission and
reception incorporated in the small probe, as exemplified by
the illustrated ultrasound diagnostic apparatus in which the
probe is wirelessly connected to the diagnostic apparatus
body. Therefore, this invention can be advantageously used
in an ultrasound diagnostic apparatus configured so that a
probe includes a mechanism for controlling ultrasound
transmission and reception.

The illustrated ultrasound diagnostic apparatus 10A to
10E individually include the spatial compounding functions
in the first to fourth embodiments in the first aspect of the
invention and the spatial compounding function in the
second aspect of the invention. However, this is not the sole
case of the invention.

In other words, the ultrasound diagnostic apparatus of the
invention has two or more functions selected from the
functions according to the first to fourth embodiments in the
first aspect of the invention and the function in the second
aspect of the invention so that a suitable mode can be
selected to determine as to which spatial compounding
function is to be performed.

While the ultrasound diagnostic apparatus of the inven-
tion has been described above in detail, the invention is by
no means limited to the above embodiments, and various
improvements and modifications may be made without
departing from the scope and spirit of the invention.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

an ultrasound probe configured to transmit ultrasonic

waves into a subject and receive ultrasonic echoes
generated by reflection of the ultrasonic waves from the
subject; and
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a diagnostic apparatus body configured to generate ultra-
sound images in accordance with the reception signals
processed in a signal processor of said ultrasound
probe,

wherein said ultrasound probe is configured to perform a
plurality of types of ultrasound transmission and recep-
tion which in mutually different directions of ultra-
sound transmission and reception and said diagnostic
apparatus body is configured to generate ultrasound
images based on each of the plurality of types of
ultrasound transmission and reception and to generate
a composite ultrasound image by combining the ultra-
sound images,

wherein said ultrasound probe is configured to repeatedly
perform the plurality of types of ultrasound transmis-
sion and reception which make up a frame unit for
obtaining a composite ultrasound image, on a frame
basis and said diagnostic apparatus body is configured
to generate composite ultrasound images based on the
plurality of types of ultrasound transmission and recep-
tion in each frame, and

wherein in two temporally adjacent composite ultrasound
images, said ultrasound probe configured to perform
said plurality of types of ultrasound transmission and
reception so as to transmit and receive the ultrasonic
waves in identical directions in a last ultrasound image
of a temporally earlier composite ultrasound image and
in a first ultrasound image of a temporally subsequent
composite ultrasound image after performing an ultra-
sound transmission and reception in the last ultrasound
image of the temporally earlier composite ultrasound
image.

2. The ultrasound diagnostic apparatus according to claim

1, wherein said probe further comprises a transmission
controller for controlling transmission of the ultrasonic
waves from a piezoelectric unit and a signal processor for
processing the reception signals outputted from said piezo-
electric unit.

3. The ultrasound diagnostic apparatus according to claim

1, wherein at least one of said diagnostic apparatus body and
said ultrasound probe includes a selector for selecting a
number of ultrasound images to be combined to produce
said composite ultrasound image.

4. The ultrasound diagnostic apparatus according to claim

1, wherein at least one of a predetermined number of
temporally consecutive composite ultrasound images has a
different number of ultrasound images to be combined.

5. The ultrasound diagnostic apparatus according to claim

1, wherein at least one of a predetermined number of
temporally consecutive composite ultrasound images has a
different combination of types of ultrasound transmission
and reception in ultrasound images.

6. The ultrasound diagnostic apparatus according to claim

1, wherein an ultrasound image to be combined is shared
between said temporally adjacent composite ultrasound
images so that a last ultrasound image in one composite
ultrasound image and a first ultrasound image in its subse-
quent composite ultrasound image transmit and receive the
ultrasonic waves in the identical directions.

* #* * #* #®
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