US 20060074317A1

12) Patent Application Publication (o) Pub. No.: US 2006/0074317 Al

a9y United States

Satou et al.

43) Pub. Date: Apr. 6, 2006

(54) ULTRASONIC PROBE OF RADIAL SCAN
TYPE, ULTRASONIC OBSERVATION
APPARATUS AND ULTRASONIC
DIAGNOSING SYSTEM

(75) Inventors: Yoshiaki Satou, Kanagawa (JP);
Tomoo Sato, Kanagawa (JP); Hiroyuki
Karasawa, Kanagawa (JP); Kazuhiro
Tsujita, Kanagawa (JP)

Correspondence Address:

SUGHRUE MION, PLLC

2100 PENNSYLVANIA AVENUE, N.W.
SUITE 800

WASHINGTON, DC 20037 (US)

(73) Assignee: FUJI PHOTO FILM CO LTD

(21) Appl. No.:  11/244,297

Publication Classification

(51) Int. CL

AGIB  8/14 (2006.01)
C2 N V) K 600/459
(57) ABSTRACT

An ultrasonic probe of a radial scan type mountable on an
ultrasonic observation apparatus, which inputs and outputs
M numbers of signals in parallel, comprises the following:
N (N>M) numbers of ultrasonic transducers disposed on an
outer periphery of a tip, and grouped into plural sensor
element groups activated in sequence, each of which has M
numbers of ultrasonic transducers; N numbers of first signal
lines respectively connected to the N numbers of ultrasonic
transducers for transmitting a drive signal for driving the
ultrasonic transducers and an echo signal from within a
living organism; M numbers of second signal lines con-
nected to the ultrasonic observation apparatus; and a mul-
tiplexer disposed between the first signal lines and the
second signal lines, which selectively switches M numbers
of the first signal lines for respectively connecting to the
second signal lines according to the sensor element group to
be activated.

1

{30 29

(22) Filed: Oct. 6, 2005
(30) Foreign Application Priority Data
Oct. 6, 2004 (JP) oo 2004-293619
2
N
10

13 14
/A 32

FIRST CONNECTOR /

INSERTION DETECTOR/ Vee
PROBE TYPE IDENTIFIER

167

(OPERATION UNIT| | MONITOR|
o  LD/A s
Jﬂu DSC |27

21
—19

J
[SCAN CONTROLLER| | MEMORY [~-26

l > V1 C— : N

360ch Jdch S SECOND

13 CONNECTOR

(") MPb
94ch

—_ b A

]
7 15

-1

22



US 2006/0074317 Al

Patent Application Publication Apr. 6,2006 Sheet 1 of 9

N_N m_H ﬁ
[ — /
) ")
N m.\_ yopg| CNODES , f ©re 4yo09¢
YALLIASNVIL QdN K - N BdN A )
I R I N R I )
U T q
G2 ad A ‘ o1
. YAIJLLNAAI AdAL 39038d T
, A /40LDALAA NOLLIASNI
9%~ AHOWAN | |4 TIOMLNOD NVIS
7 — /4OLOANNOD 1S3l
61 \
L HN y (\INm.. Hm \
L2 oS = ndo BT er
IR ]
, 07 Al
81— Vv,/d
| /
JOLINOIW LINN NOILLVYAdO 01
) )
62 0g \ N,
1T HIH




US 2006/0074317 Al

Patent Application Publication Apr. 6,2006 Sheet 2 of 9

R0)7

q0¥

PO¥



Patent Application Publication Apr. 6,2006 Sheet 3 of 9 US 2006/0074317 Al

F1G. 3

SENSOR ELEMENT GROUP SELECTION SIGNAL (FROM CPU)

7 —
1( \

19

DECODER —~—-50

(No. 314~{360, No. 1~47)

( SWa <i; )
N
} 51a (No. 44~137)

360ch
> SWh < 94ch

N
} 51b (No. 134~227) ¥>
SWc 18

A K
N
16 } 51c (/No. 224~317)
§ N Swd )
< N

i
51d



Patent Application Publication Apr. 6,2006 Sheet 4 of 9 US 2006/0074317 Al

F1G. 4

DETECT INSERTION/IDENTIFY PROBE TYPE

¢ YES
(RADIAL SCANNING TYPE 2)—(1)

1 NO
RELEASE FREEZE

r

START SCANNING

.%

SCANNING

N COMPLETE SCANNING ?)
2 ~ YES
~ [PROCESS IMAGE

¢

DISPLAY IMAGE

( FREEZE ?)- NO

YES
END




Patent Application Publication Apr. 6,2006 Sheet 5 of 9 US 2006/0074317 Al

FIG. b
7 v
RELEASE FREEZE| | | SELECT THIRD SENSOR
V ELEMENT GROUP
!
SELECT FIRST
SENSOR ELEMENT START SCANNING
GROUP r
IR SCANNING
START SCANNING ; NO
i (COMPLETE SCANNING 2—
SCANNING & YES
NO ! SELECT FOURTH SENSOR
{ COMPLETE SCANNING ? )| | ELEMENT GROUP
- {YES ;
SELECT SECOND START SCANNING
SENSOR ELEMENT =
GROUP
SCANNING
{ ' NO
START SCANNING|  |{(COMPLETE SCANNING ?)—
i YES
SCANNING
NO V
~COMPLETE SCANNING ?)
YES




US 2006/0074317 Al

Patent Application Publication Apr. 6,2006 Sheet 6 of 9

(44

G9
\

/
1 . f MOLDANNOD
4 mmzﬂumx — DINNOD : e
¢ - Uo09g \J
MALLINSNVAL qdIN N odIN A
, ﬂ |||||| A
L9 || -1
Gg1— dd 99 R NALIINAdL
: 4dAL A904d
| e JH0LDH1Ad
97—+ AMOWAW|  [MATIONLNOD NVIS NOLLJHSNI
1 A [ “ HOLDANNOD LSyl
y 12 61— OO\ / x
L3~ OSd |= Ndo —C¢ e 39 €I
7]
= 0¢ 71
821~ Vv,/d
i \
YOLINON LINN NOLLVIadO 19
) ) ;
62 0g . \
29 O 'DIH 09




US 2006/0074317 Al

Patent Application Publication Apr. 6,2006 Sheet 7 of 9

Gl

|
o
pg—~] YTAIEOI f=
o7 e [SOLOTNNOD gL
A <, Lom.\— 4209¢ aNODES 4o09e \R
4ALLINSNVII}= = PN AHV )
M - !Illlw_.m_mmzme
4+ ag
3¢ a % 4dAL 390d
T /40108LAd
NOLLYFSNI
~+ RJOWAN | T2-]4aTIONINOD NYOS
% L \ JOLOENNOD LSH1
_ o1 1g [
Lz osa |- Ndo 28 by €l
| 02 21
82— Vv,/d
| /
JOLINOW|  [LINN NOILVAEdO 0
) / 7
6% ot N
y 0L
2 L DId




Patent Application Publication Apr. 6,2006 Sheet 8 of 9 US 2006/0074317 Al

FIG. 8

SENSOR ELEMENT GROUP SELECTION SIGNAL (FROM CPU)
75 \\ {
19 -
‘ MPd
DECODER~50

[§

(MATTOYINOD NVOS INO¥d) TYNDIS NCLLOFTAS GAIHOTY/ LINSNVYL

a1 1 (No. 314~560, No. 1~47)
SWa )

b= | 1 (No. 44~137)
SWb 5eh

=} 1 (No.134~227) :\3
SWe £ 77

d— § 1 (No. 224~317)
swd ¢ ‘

360ch

(
(
J . [
(00] oo (0] o0
— —t —t —
ﬁ
\.




US 2006/0074317 Al

Patent Application Publication Apr. 6,2006 Sheet 9 of 9

801

% G01
B
011~ MENERI f JOLDEANNOD
[ 60! %& topg] ANODES Uo¥6
YALLIASNWYL dN ) C )
i HIII,I- IIIIIIII B
] \ JAIIINAC]
ITT—  dd w 4dAL H90Ud
x /0108140
. NOLLHSNI
211-+ AMOWEN | 0T8I TIOH.INOD NVOS
H ‘ / HOLOANNOD 1S4l §!
4 ——8T1 !
ell| 0sa |- ndo L vo\ﬁ o
m - AL
901
P v/a g0l
YOLINOW|  [LINN NOLLWEdO /
w ; 101
GIT LU LIV ¥OT¥d] N

¢01

6 DId




US 2006/0074317 A1l

ULTRASONIC PROBE OF RADIAL SCAN TYPE,
ULTRASONIC OBSERVATION APPARATUS AND
ULTRASONIC DIAGNOSING SYSTEM

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an ultrasonic probe
of a radial scan type which is compatible with an ultrasonic
probe of a convex scan type, an ultrasonic observation
apparatus which is capable of connecting the ultrasonic
probes of the radial scan type and the convex scan type, and
an ultrasonic diagnosing system.

[0003] 2. Background Arts

1. Field of the Invention

[0004] Recently, in a field of medical care, a medical
diagnosis using ultrasonic images is widely used. In an
ultrasonic diagnosis, an ultrasonic is emitted to a required
area of a living organism from an ultrasonic probe, and an
echo reflected from within the living organism is received
and converted into an electronic signal. The echo signal is
analyzed and converted into an image. Further, an ultrasonic
probe of an electronic scan type is also known, which is
provided with plural ultrasonic transducers for transmitting
and receiving the ultrasound. The ultrasonic probe of the
electronic scan type selectively drives the ultrasonic trans-
ducers by using an electronic switch or the like.

[0005] As the ultrasonic probe of the electronic scan type,
there are a convex scan type and a radial scan type (see
Japanese Patent Laid-Open Publication No. 2-134142). The
ultrasonic probe of the convex scan type has, plural (for
instance, 94 to 128) ultrasonic transducers disposed in a
sector shape on a tip of the probe. The ultrasonic probe of the
radial scan type has a plurality of (for instance, 360)
ultrasonic transducers all around an outer periphery of a tip
of the probe.

[0006] FIG.9 shows a conventional ultrasonic diagnosing
system 100 of a convex scan type. The ultrasonic diagnosing
system 100 is constructed of an ultrasonic probe 101 and an
ultrasonic observation apparatus 102 to which the ultrasonic
probe 101 is connected. It is possible to design an ultrasonic
observation apparatus of a radial scan type by using a
structure of the ultrasonic observation apparatus of the
convex scan type. However, since the ultrasonic transducers
of the radial scan type has more number of ultrasonic
transducers, it is necessary to increase the number of input/
output lines in each circuit. For instance, terminals of a
second connector 103, input lines of a multiplexer (MP) 108,
control lines of a scan controller 107 and the like should be
increased in number. Likewise, a beamformer (BF) 111
should be modified according to the increase in the number
of sound rays forming the ultrasonic image. In the modifi-
cation, it becomes necessary to newly design the multiplexer
108, the scan controller 107 and the BF 111 in accordance
with the number of the ultrasonic transducers, which result
in a long-term development and an increasing cost.

[0007] Further, an ultrasonic observation apparatus, which
is capable of applying both the ultrasonic probes of the
convex scan type and the radial scan type, is desired. In
particular, it is preferable that the ultrasonic observation
apparatus of the convex scan type can be easily modified so
as to connect the ultrasonic probe of the radial scan type.
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SUMMARY OF THE INVENTION

[0008] A main object of the present invention is to provide
a compatible ultrasonic observation apparatus which is
capable of connecting ultrasonic probes of a convex scan
type and a radial scan type.

[0009] Another object of the present invention is to pro-
vide a compatible ultrasonic observation apparatus and an
ultrasonic diagnosing system, which can be easily manufac-
tured at a low cost, by utilizing a structure of the ultrasonic
observation apparatus of the convex scan type.

[0010] Further another object of the present invention is to
provide a compatible ultrasonic observation apparatus
which 1s manufactured by modifying the ultrasonic obser-
vation apparatus of the convex scan type with ease at low
cost.

[0011] Further another object of the present invention is to
provide an ultrasonic probe of a radial scan type which is
compatible with the ultrasonic probe of the convex scan
type.

[0012] In order to achieve the above and other objects, the
ultrasonic probe of the radial scan type according to the
present invention includes a multiplexer disposed between N
numbers of first signal lines and M (N>M) numbers of
second signal lines. On an outer periphery of a tip of the
ultrasonic probe, N numbers of ultrasonic transducers are
disposed. The ultrasonic transducers are respectively con-
nected to the first signal lines. The first signal line transmit
a drive signal for driving the ultrasonic transducer, and an
echo signal from within a living organism. The second
signal lines are connected to the ultrasonic observation
apparatus which inputs and outputs M numbers of signals in
parallel through a connector section thereof. To the ultra-
sonic observation apparatus, the ultrasonic probe of the
convex scan type, which has M numbers of ultrasonic
transducers on an outer periphery of a tip of the probe, can
be connected in addition to the ultrasonic probe of the radial
scan type. The multiplexer selects M numbers of ultrasonic
transducers included in one of sensor element groups among
N numbers of ultrasonic transducers to connect to the
ultrasonic observation apparatus.

[0013] N numbers of ultrasonic transducers are disposed
throughout the outer periphery at a predetermined pitch. N
numbers of ultrasonic transducers are grouped into four
sensor element groups. The plural ultrasonic transducers
disposed at a boundary of two adjacent sensor element
groups are contained in the two adjacent sensor element
groups. It is preferable that the ultrasonic transducer is
provided in an endoscope.

[0014] The ultrasonic observation apparatus of the present
invention includes a connector section for inputting and
outputting M numbers of signals in parallel, a type identifier,
and a scan controller. The type identifier identifies a type of
the ultrasonic probe mounted through the connector section
thereof. The scan controller selects one of a first mode and
a second mode according to the type identification of the
type identifier. The first mode is applied to the ultrasonic
probe of the radial scan type, and the second mode is applied
to the ultrasonic probe of the convex scan type. In the first
mode, a control signal is output for a switching operation of
a multiplexer incorporated in the ultrasonic probe of the
radial scan type. In the second mode, the control signal is not
output.
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[0015] The ultrasonic diagnosing system of the present
invention includes the ultrasonic probe of the radial scan
type and the ultrasonic observation apparatus on which the
ultrasonic probe of the radial scan type is mounted through
the connecter. The ultrasonic probe of the radial scan type
includes the N numbers of ultrasonic transducers disposed
on the outer periphery of the tip of the probe, the N numbers
of first signal lines respectively connected to the N numbers
of ultrasonic transducers, M numbers of second signal lines
and a multiplexer disposed between the first signal lines and
the second signal lines. The multiplexer selectively switches
M numbers of first signal lines to connect to the second
signal lines. The ultrasonic observation apparatus includes
the connector section for inputting and outputting M num-
bers of signals in parallel and a scan controller. The scan
controller performs the switching operation of the multi-
plexer incorporated in the ultrasonic probe of the radial scan
type. The ultrasonic observation apparatus further includes
the type identifier which identifies a type of an ultrasonic
probe mounted on the connector. The scan controller selects
the first mode for the ultrasonic probe of the radial scan type,
and the second mode for the ultrasonic probe of the convex
scan type according to the type identification of the type
identifier. In the first mode, the multiplexer performs the
switching operation. In the second mode, the switching
operation is not performed.

[0016] In a preferable embodiment, the ultrasonic obser-
vation apparatus of the present invention includes the con-
nector section, a first multiplexer and a second multiplexer.
The first signal lines, which are connected to the ultrasonic
transducers, are connectable to the connector section. The
first multiplexer selectively switches M numbers of first
signal lines and connect to the M numbers of second signal
lines. The second multiplexer selectively switches L
(N>M>L) numbers of second signal lines to connect to a
transmitter, which transmits the drive signal, or a receiver
which receives the echo signal.

[0017] In a preferable embodiment of the present inven-
tion, the ultrasonic diagnosing system includes the ultra-
sonic probe of the radial scan type in which N numbers of
ultrasonic transducers are disposed on the outer periphery of
the tip of the probe, and the ultrasonic observation apparatus
on which the ultrasonic probe of the radial scan type is
mounted through the connector section. L numbers of ultra-
sonic transducers are simultaneously driven as one block. At
least one of ultrasonic transducers is shifted every time the
drive signal for driving the ultrasonic transducer is trans-
mitted or the echo signal is received from the living organ-
ism. An ultrasonic image is generated from the echo signal
sequentially received on the block basis. The ultrasonic
observation apparatus includes the first multiplexer, the
second multiplexer and the scan controller. The first multi-
plexer selectively switches M (N>M>L) numbers of first
signal lines to connect to the M numbers of second signal
lines. The second multiplexer selectively switches L num-
bers of second signal lines to connect to the transmitter for
transmitting the drive signal or the receiver for receiving the
echo signal. The scan controller controls the switching
operation of the first and second multiplexers.

[0018] In a further preferable embodiment of the present
invention, the ultrasonic observation apparatus includes the
connector section, on which the ultrasonic probe is mounted,
and the multiplexer. The N numbers of first signal lines,
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which are respectively connected to the ultrasonic transduc-
ers, are connectable to the connector section. A multiplexer
selectively switches [ (N>L.) numbers of first signal lines for
connecting to L numbers of second signal lines. The second
signal lines are connected to the transmitter for transmitting
the drive signal and the receiver for receiving the echo
signal. Tt is preferable to use a programmable logic circuit,
in which an arbitrary logic is reprogrammable, as the mul-
tiplexer.

[0019] In a further preferable embodiment of the ultra-
sonic diagnosing system of the present invention, the ultra-
sonic probe of the radial scan type includes the fist multi-
plexer which selectively switches M numbers of first signal
lines to connect to the second signal lines. The ultrasonic
observation apparatus includes the second multiplexer and
the scan controller. The second multiplexer selectively
switches L numbers of second signal lines to connect to the
transmitter for transmitting the drive signal or the receiver
for receiving the echo signal.

[0020] 1In a still further preferable embodiment of the
present invention, the ultrasonic diagnosing system includes
the multiplexer disposed in one of the ultrasonic probe of the
radial scan type or the ultrasonic observation apparatus. The
multiplexer selects M numbers of signal lines out of the N
numbers of signal lines.

[0021] Since the ultrasonic probe of the radial scan type
uses the same number of output lines as the ultrasonic probe
of the convex scan type by the function of the multiplexer,
the ultrasonic probe of the radial scan type has become
compatible with the ultrasonic probe of the convex scan
type. Further, the ultrasonic probe of the radial scan type can
be manufactured at low cost by only incorporating the
multiplexer.

[0022] Since the ultrasonic observation apparatus of the
present invention has a function to switch the multiplexer
when the ultrasonic probe of the radial scan type incorpo-
rated with the multiplexer is connected, so that both the
ultrasonic probes of the radial scan type and the convex scan
type can be applied. Further, since the ultrasonic observation
apparatus of the present invention utilizes the fundamental
structure of the ultrasonic observation apparatus of the
convex scan type, the manufacturing or the modification
thereof can be performed at low cost.

[0023] Since the ultrasonic observation apparatus of the
preferable embodiment has at least one multiplexer and
divides the signals from the ultrasonic probe of the radial
scan type, the configuration of the conventional ultrasonic
observation apparatus of the convex scan type can be
utilized. Accordingly, the ultrasonic observation apparatus
can be easily designed and manufactured at low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The above objects and advantages of the present
invention will become apparent from the following detailed
descriptions of the preferred embodiments when read in
association with the accompanying drawings, which are
given by way of illustration only and thus do not limit the
present invention. In the drawings, the same reference
numerals designate like or corresponding parts throughout
the several views, and wherein:

[0025] FIG.1 is a schematic view showing a first embodi-
ment of an ultrasonic diagnosing system;
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[0026] FIG. 2 is an explanatory view showing a method
for dividing ultrasonic transducers into plural sensor element
groups;

[0027]

[0028] FIG. 4 is a flow chart showing operational steps of
the ultrasonic diagnosing system when an ultrasonic probe
of a convex scan type is connected;

[0029] FIG. 5 is a flow chart showing the operational steps
of the ultrasonic diagnosing system when an ultrasonic
probe of a radial scan type is connected;

[0030] FIG. 6 is a schematic view showing a second
embodiment of the ultrasonic diagnosing system;

[0031] FIG. 7 is a schematic view showing a third
embodiment of the ultrasonic diagnosing system;

FIG. 3 is a schematic view showing a multiplexer;

[0032] FIG. 8 is a schematic view showing a multiplexer;
and
[0033] FIG.9 is a schematic view showing a conventional

ultrasonic diagnosing system.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0034] In FIG. 1, an ultrasonic diagnosing system 2 as a
first embodiment of the present invention is constructed of
an ultrasonic probe 10 and an ultrasonic observation appa-
ratus 11. The ultrasonic probe 10 is of a radial scan type
which is incorporated with a cylindrical substrate 13 with
360 ultrasonic transducers 12 disposed at regular intervals
on an outer periphery on a tip of a sheath (not shown) formed
of a flexible member. The ultrasonic probe 10 is connected
to the ultrasonic observation apparatus 11 by inserting a first
connector 14, which is provided at a trailing end of a code
(not shown) extended from the sheath, into a second con-
nector 15 provided in the ultrasonic observation apparatus
11.

[0035] The 360 ultrasonic transducers 12 are respectively
connected to ends of 360 first signal lines 16 which transmit
drive signals from a transmitter 23 (which will be described
later) of the ultrasonic observation apparatus 11 and echo
signals reflected from within a living organism. The other
ends of the first signal lines 16 are respectively connected to
a multiplexer (MPa) 17.

[0036] As shown in FIG. 2, the 360 ultrasonic transducers
12 are divided into four sensor element groups 40a (a first
sensor element group which includes the ultrasonic trans-
ducers Nos. 1-47 and 314-360), 4056 (a second sensor
element group which includes the ultrasonic transducers
Nos. 44-137), 40c (a third sensor element group which
includes the ultrasonic transducers Nos. 134-227) and 404 (a
fourth sensor element group which includes the ultrasonic
transducers Nos. 224-317). The four sensor element groups
400-40d divide the outer periphery of the cylindrical sub-
strate 13 into four approximately equal portions.

[0037] There are 94 ultrasonic transducers 12 in each
sensor element group. At the boundary of the first sensor
element group 40a and the second sensor element group
405, the ultrasonic transducers 12 Nos. 44-47 are contained
in both element groups. At the boundary of the second
sensor element group 405 and the third sensor element group
40c, the ultrasonic transducers Nos. 134-137 are contained
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in both sensor element groups. At the boundary of the third
sensor element group 40¢ and the fourth sensor element
group 40d, the ultrasonic transducers Nos. 224-227 are
contained in both element groups. At the boundary of the
fourth sensor element group 404 and the first sensor element
group 40q, the ultrasonic transducers Nos. 314-317 are
contained in both element groups. Note that Nos. 1-360 are
the numbers assigned to each of the ultrasonic transducers in
a clockwise direction for the sake of convenience.

[0038] InFIG.1,a control line 19 is connected to the MPa
17. The control line 19 receives an element group selection
signal from a CPU 20 (which will be described later) of the
ultrasonic observation apparatus 11. According to the sensor
element group selection signal, the MPa 17 switches the
signal of 360 channels, which is transmitted from the first to
fourth sensor element groups 40a-40d through the first
signal lines 16, to that of 94 channels in the selected sensor
element group. One end of each of 94 second signal lines 18
is connected to the MPa 17. The other end of each of the 94
second signal lines 18 is connected to the ultrasonic obser-
vation apparatus 11 through the second connector 15.

[0039] As shown in FIG. 3, the MPa 17 is constructed of
a decoder 50, and first to fourth switches (SWa-SWd)
51a-51d which are constituted of FET and the like. The
decoder 50 receives and decodes the sensor element group
selection signal of two-bit sent from the CPU 20 of the
ultrasonic observation apparatus 11 through the control line
19.

[0040] The signals from the ultrasonic transducers 12 of
the first to fourth sensor element groups 40a-404 are respec-
tively input to the corresponding switches (SWa-SWd) 51a-
51d through the first signal lines 16. The overlapping
transducers 12 at the boundaries between the first to the
fourth sensor element groups 40a-404 are connected to each
of the corresponding switches (SWa-SWd) S51a-51d.

[0041] The first to the fourth switches (SWa-SWd) 51a-
51d are switched between on and off according to the sensor
element group selection signals decoded in the decoder 50.
To be more specific, for instance, when the sensor element
group selection signal is “00”, the first sensor element group
40aq is selected. At that time, the SWa 514 is turned on while
the SWb-SWd 515-51d are turned off. When the sensor
element group selection signal is “01”, the second sensor
element group 4056 is selected. At that time, the SWb 515 is
turned on while the SWa 51a, SWc¢ 51c and SWd 514 are
turned off. Further, when the sensor element group selection
signal is “10”, the third sensor element group 40c is selected.
At that time, the SWc 5l¢ is turned on while the SWa 51a,
SWb 515 and SWd 51d are turned off. When the sensor
element group selection signal is “117, the fourth sensor
element group 404 is selected. At that time, the SWd 514 is
turned on while the SWa-SWc 51a-51¢ are turned off.

[0042] In FIG. 1, the ultrasonic observation apparatus 11
is thoroughly controlled by the CPU 20. A scan controller 21
is connected to the CPU 20. The scan controller 21 is
connected to a multiplexer (MPb) 22, the transmitter 23 and
a receiver 24, and transmits a reference pulse to each of the
above sections to control the operation. An ultrasonic probe
of a convex scan type with 94 channels has 94 ultrasonic
transducers disposed in a sector shape on its tip (not shown).
In a connector section of the ultrasonic probe of the convex
scan type, an insertion detector/probe type identifier, which
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has the same function as an insertion detector/probe type
identifier 31, is provided, which will be described later.

[0043] The MPb 22 selectively switches the signals of five
channels out of 94 channels which are input and output
through the second connector section 15. The drive signal of
five channels is input from the transmitter 23 to the MPb 22,
and the MPb 22 outputs the echo signal of five channels to
the receiver 24.

[0044] The MPb 22 simultaneously drives the five selected
ultrasonic transducers 12 as one block, out of one of the
sensor element group selected by the MPa 17, under the
control of the scan controller 21. Further, as shown in FIG.
2, the MPb 22 selectively switches the ultrasonic transducer
12, which receives and transmits the drive signal and the
echo signal, by shifting at least one ultrasonic transducer 12
to be driven in the clockwise direction every time the drive
signal and the echo signal are transmitted and received.

[0045] Under the control of the scan controller 21, the
transmitter 23 transmits the drive signal (a voltage pulse
with five channels for driving the ultrasonic transducer 12)
to the ultrasonic transducer 12 selected by the MPb 22.

[0046] Under the control of the scan controller 21, the
receiver 24 receives the echo signal (five channels) reflected
from within the living organism, which is obtained by the
ultrasonic transducers 12 selected by the MPb 22, and
performs Sensitivity Time Control (STC) process to the
received echo signal. In the STC, the sensitivity is adjusted
according to the time which corresponds to a propagation
distance (depth) of the ultrasound. The respective timings of
the transmission and the reception of the transmitter 23 and
the receiver 24 are switched by the scan controller 21.

[0047] The echo signal received by the receiver 24 is input
to a beamformer (BF) 25. The echo signal of five channels
is delayed by the BF 25 for a predetermined time to be
co-phased, and added.

[0048] The echo signal, which is added in the BF 25, is
digitalized and then stored in a memory 26. A digital scan
converter (DSC) 27 reads the digital signal from the memory
26 under the control of the CPU 20, and converts the read
digital signal into a television signal of a NTSC format. A
D/A converter 28 converts the signal, which has been
converted into the NTSC format by the DSC 27, into the
analog signal again. A monitor 29 displays the analog signal
converted by the D/A converter 28 as an ultrasonic image.

[0049] 1In addition to the above mentioned scan controller
21 and the DSC 27, an operation unit 30 and a serial signal
line 32, through which a notification signal from the inser-
tion detector/probe type identifier 31 provided in the first
connector 14 of the ultrasonic probe 12 is transmitted, are
connected to the CPU 20. The operation unit 30 is con-
structed of an operation panel in which various operation
buttons are disposed, for instance. The CPU 20 controls the
operation of each section according to the signals input from
the operation unit 30.

[0050] An identification code, which indicates that the
ultrasonic probe 12 is of the radial scan type, is stored in the
insertion detector/probe type identifier 31. The insertion
detector/probe type identifier 31 transmits the identification
code to the CPU 20 by a serial communication through the
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serial signal line 32. Further, the CPU 20 detects the
insertion of the ultrasonic probe by receiving the identifi-
cation code.

[0051] When the CPU 20 receives the insertion detection
signal and the identification signal from the insertion detec-
tor/probe type identifier 31, and identifies that the ultrasonic
probe of the convex scan type with the 94 channels is
connected, the CPU 20 controls the operation of the MPb 22
through the scan controller 21 without transmitting the
sensor element group selection signal to the MPa 17 (a first
mode). When the CPU 20 identifies that the ultrasonic probe
10 of the radial scan type with the 360 channels is connected,
the CPU transmits the sensor element group selection signal
to MPa 17 through the control line 19 and controls the
operation of the MPb 22 through the scan controller 21 (a
second mode).

[0052] Next, the operation of the ultrasonic diagnosing
system 2 of the above configuration is described with
reference to flowcharts in FIGS. 4 and 5. In FIG. 4, when
the CPU 20 identifies that the ultrasonic probe of the convex
scan type with the 94 channels is connected to the ultrasonic
observation apparatus 11, the freeze is released by operating
the operation unit 30. Thereafter, the drive signal of five
channels is transmitted from the transmitter 23 under the
control of the scan controller 21.

[0053] The drive signal is transmitted from the transmitter
23 to the desired block of the ultrasonic transducers selected
by the MPb 22, through the first and second connectors 14
and 15. The ultrasonic transducers are driven by the drive
signal so that the ultrasound is emitted to the living organ-
ism.

[0054] After the drive signal has been transmitted, the
scan controller 21 switches from the transmission of the
transmitter 23 to the reception of the receiver 24. Thereby,
the echo signal reflected from within the living organism,
which is obtained by the ultrasonic transducers, is input to
the receiver 24 through the first and second connectors 14,
15 and the MPb 22.

[0055] The receiver 24 performs the STC (Sensitivity
Time Control) process to the input echo signal. Then, the
echo signal is added by the BF 25, and digitalized. The
digital signal is stored in the memory 26. Thereafter, the
above process is repeated through the last block while the
MPb 22 shifts the ultrasonic transducer, which is to be
driven, one by one under the control of the scan controller
21.

[0056] When the scanning by the 94 ultrasonic transducers
is completed, the DSC 27 reads the digital echo signal stored
in the memory 26 and converts into the NTSC format. The
signal converted into the NTSC format is re-converted into
the analog signal by the D/A converter 28 and displayed as
the ultrasonic image on the monitor 29. The above sequen-
tial process is continued until the operation unit 30 is
operated to issue a command to freeze.

[0057] When the CPU 20 identifies that the ultrasonic
probe 12 of the radial scan type with the 360 channels is
connected to the ultrasonic observation apparatus 11, as
shown in FIG. 5, after the freeze is released by operating the
operation unit 30, the transmitter 23 transmits the drive
signal of five channels under the control of the scan con-
troller 21.
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[0058] The drive signal from the transmitter 23 is trans-
mitted to the desired block of the ultrasonic transducers 12
selected by the MPb 22 from one of the sensor element
groups 40a-40d selected by the MPa 17 according to the
sensor element group selection signal sent from the CPU 20
through the control line 19. The ultrasonic transducer 12 is
driven by the drive signal and thereby the ultrasound is
emitted to the living organism.

[0059] After the drive signal has been transmitted, the
scan controller 21 switches from the transmission of the
transmitter 23 to the reception of the receiver 24. The echo
signal reflected from within the living organism, which is
obtained by the ultrasonic transducers, is input to the
receiver 24 through the first and second connectors 14 and
15, and the MPb 22.

[0060] Inthe receiver 24, the STC process is performed to
the input echo signal. Then, the signal is added by the BF 25,
digitalized, and stored in the memory 26. Thereafter, under
the control of the scan controller 21, the above process is
repeated through the last block, while the MPb 22 shifts the
ultrasonic transducer to be driven one by one.

[0061] Inthe MPa 17, the sensor element group selection
signal transmitted from the CPU 20 is decoded by the
decoder 50. The sensor element group selection signal “00”
is sent to turn on the SWa 51a and turn off the SWb-SWd
515-51d in the MPa 17. Thereby, the first sensor element
group 40a is selected. In that state, the above process is
performed through the last block of the first sensor element
group 40a. Thereafter, the sensor element group selection
signal “01” is transmitted to turn on the SWb 515 and turn
off the SWa 51a, SWc 51¢ and SWd 514 in the MPa 17.
Thereby, the second sensor element group 405 is selected
and the above process is performed in the second sensor
element group 405. Thereafter, the sensor element group
selection signal “10” and “11” are transmitted in this order
so that the third and the fourth sensor element groups 40c¢
and 404 are selected sequentially and the above process is
respectively performed in the third and fourth sensor ele-
ment groups 40c and 404.

[0062] When the scanning by the 360 ultrasonic transduc-
ers 12 is completed, the digital echo signal stored in the
memory 26 is read by the DSC 27 and converted into the
NTSC format in the same manner as to when the ultrasonic
transducer of the convex scan type is connected. Thereafter,
the signal is reconverted into the analog signal in the D/A
converter 28, and displayed on the monitor 29 as the
ultrasonic image. The above process is repeated until the
operation unit 30 is operated to issue the command to freeze.

[0063] As described above, since the 360 ultrasonic trans-
ducers are divided into four sensor element groups 40a-40d,
and the MPa 17, which selectively connects the 94 first
signal lines 16 out of the 360 first signal lines 16 to the
second signal lines 18 according to the selected sensor
element group, is disposed, the ultrasonic probe 10 of the
radial scan type which can be connected to the ultrasonic
observation apparatus 11 for the conventional ultrasonic
probe of the convex scan type, and the ultrasonic diagnosing
system 2 using the ultrasonic probe 10 are provided at a low
cost.

[0064] Further, since the MPa 17 is provided in the first
connector 14, it is relatively easy to manufacture the ultra-
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sonic probe, which is connectable to the ultrasonic obser-
vation apparatus 11 of the convex scan type, by utilizing the
structure of the conventional ultrasonic probe of the radial

scan type.

[0065] In FIG. 6, an ultrasonic diagnosing system 60 is
constructed of an ultrasonic probe 61 of the radial scan type
and an ultrasonic observation apparatus 62. The ultrasonic
probe 61 has the same configuration as the ultrasonic probe
10 in FIG. 1 except that the ultrasonic probe 61 does not
have the MPa 17 so that 360 first signal lines 63 from the 360
ultrasonic transducers 12 are directly connected to a first
connector 64.

[0066] A second connector 65 of the ultrasonic observa-
tion apparatus 62 is provided with a multiplexer (MPc) 66
which has the same configuration as the MPa 17 in FIG. 3.
As with the MPa 17, the MPc 66 selectively switches the 94
first signal lines 63 of the first signal lines 63 connected
through the first connector 64, and respectively connects to
94 second signal lines 67 according to the selected sensor
element group among the sensor element groups 40a-404.

[0067] The first connector 64 is formed with 360 pins
which respectively correspond to 360 channels, for instance.
To be compatible with both the 360 channels and 94
channels, the second connector 65 is formed with 360 pins
holes, for instance. When the ultrasonic probe of the convex
scan type with the 94 channels is inserted into the second
connector 65, 94 pins are inserted into the pin holes which
correspond to the first sensor element group 40a.

[0068] Upon receiving the insertion detection signal and
the identification code from the insertion detector/probe type
identifier 31, and identifying that the ultrasonic probe of the
convex scan type with the 94 channels is connected, the
CPU 20 controls the MPc 66 to fix the sensor element group
selection signal to “00” to constantly select the first sensor
element group 40a, and also controls the action of MPh 22
through the scan controller 21 (a first mode). When the CPU
20 identifies that the ultrasonic probe 10 of the radial scan
type with the 360 channels is connected, the CPU 20
transmits the sensor element group selection signal to the
MPc 66 through the control line 19 and also controls the
action of the MPb 22 through the scan controller 21 (a
second mode). Further, other configuration and the operation
of the ultrasonic diagnosing system 60 are similar to the
ultrasonic diagnosing system 2 shown in FIG. 1, so that the
same numeral is assigned to the similar component, and the
descriptions and illustrations are omitted.

[0069] As shown above in the second embodiment, since
the MPc 66, which divides the 360 ultrasonic transducers 12
into four sensor element groups 40a-40d and selectively
switches and connects 94 first signal lines 63 out of 360 first
signal lines 63 to the second signal lines 67 according to the
first to fourth sensor element groups 40a-404d, is disposed in
the ultrasonic observation apparatus 62, the ultrasonic obser-
vation apparatus 62 of the convex scan type, to which the
ultrasonic probe 61 of the radial scan type can also be
applicable, and the ultrasonic diagnosing system 60 using
the ultrasonic observation apparatus 62 are provided at low
cost.

[0070] Further, since the MPc 66 is provided in the second
connector 65, the ultrasonic observation apparatus, which is
capable of connecting the ultrasonic probe of the radial scan
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type, can be manufactured with relative ease by modifying
the conventional ultrasonic observation apparatus of the
convex scan type.

[0071] In FIG. 7, an ultrasonic diagnosing system 70 is
constructed of an ultrasonic probe 71 of the radial scan type
and an ultrasonic observation apparatus 72. The ultrasonic
probe 71 has the similar configuration as the ultrasonic
probe 61 in FIG. 6, and 360 first signal lines 73 from the 360
ultrasonic transducers 12 are directly connected to a first
connector 74.

[0072] A multiplexer (MPd) 75 is disposed in the ultra-
sonic observation apparatus 72. The MPd 75 selectively
switches five first signal lines 73 connected through the first
and second connectors 74 and 76 according to the first to
fourth sensor element groups 40a-404 and connects the five
first signal lines 73 to the transmitter 23 and the receiver 24
through five second signal lines 77.

[0073] As shown in FIG. 8, the MPd 75 is constructed of
adecoder 80, which receives and decodes the sensor element
group selection signal of two-bit sent from the CPU 20
through the control line 19, and first to fourth switches
(SWa-SWd) 81a-814.

[0074] The SWa-SWd 81a-81d selectively switch the first
to fourth sensor element groups 40a-40d according to the
sensor element group selection signal decoded in the
decoder 80, and simultaneously drive the five ultrasonic
transducers 12 as one block in the selected sensor element
group under the control of the scan controller 21. Further, the
MPd 75 selectively switches the ultrasonic transducer 12,
which transmits and receives the drive signal and the echo
signal, by shifting at least one ultrasonic transducer 12 (see
FIG. 2) to be driven in the clockwise direction every time
the drive signal and the echo signal are transmitted and
received. That is, the MPd 75 integrates the functions of the
MPa 17 and MPb 22.

[0075] TheMPd 75 is constituted of a programmable logic
circuit, which is capable of reprogramming an arbitrary
program, such as FPGA (Field Programmable Gate Array)
and the like. The CPU 20 detects the number of channels
being used in the ultrasonic probe according to the identi-
fication code from the insertion detector/probe type identi-
fier 31, and reprograms the logic circuit of the MPd 75 based
on the detected results.

[0076] Similar to the second embodiment, for instance,
360 pins corresponding to 360 channels are formed in the
first connector 74. The second connector 74 has 360 pin
holes, for instance, to be compatible with 360 channels and
94 channels. When the ultrasonic probe of the convex scan
type with 94 channels is inserted, 94 pins are inserted in the
pin holes which correspond to the first sensor element group
40a.

[0077] Upon receiving the insertion detection signal and
the identification code from the insertion detector/probe type
identifier 31, and identifying that the ultrasonic probe of the
convex scan type with the 94 channels is connected, the
CPU 20, in the same manner as the second embodiment,
controls the MPd 75 to fix the sensor element group selec-
tion signal to “00” to constantly select the first sensor
element group 40a, and also controls the action of MPd 75
through the scan controller 21 (a first mode). When the CPU
20 identifies that the ultrasonic probe 10 of the radial scan
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type with the 360 channels is connected, the CPU 20
transmits the sensor element group selection signal to the
MPd 75 through the control line 19 and also controls the
action of the MPd 75 through the scan controller 21 (a
second mode). Further, other configuration and the operation
of the ultrasonic diagnosing system 70 are similar to the
ultrasonic diagnosing system 2 shown in FIG. 1, so that the
same numeral is assigned to the similar component, and the
descriptions and illustrations are omitted.

[0078] As shown above in the third embodiment, since the
MPd 75, which divides the 360 ultrasonic transducers 12
into four sensor element groups 40a-40d and selectively
switches and connects five of 360 first signal lines 73 to the
transmitter 23 and the receiver 24 through the five second
signal lines 77 according to the first to fourth sensor element
groups 40a-40d, is disposed in the ultrasonic observation
apparatus 72, the ultrasonic observation apparatus 72, to
which the ultrasonic probes of the convex scan type and the
radial scan type are applicable, and the ultrasonic diagnosing
system 70 using the ultrasonic observation apparatus 72 are
provided at low cost.

[0079] Since the MPd 75 is constituted of a programmable
logic circuit, which is capable of reprogramming an arbitrary
program, such as FPGA (Field Programmable Gate Array)
and the like, the ultrasonic probe of the convex scan type
with the number of channels other than 94 can also be
connected.

[0080] Further, the number of ultrasonic transducers 12,
the number of ultrasonic transducers 12 included in each of
the first to fourth sensor element groups 40a-40d, the
number of the drive signals transmitted from the transmitter
23 and the number of the echo signals received by the
receiver 24 are not limited in those described in the above
embodiments. Each number can be properly changed
according to a specification of the ultrasonic diagnosing
system.

[0081] In the above first embodiment, the MPb 22 is
disposed between the second connector 15, and the trans-
mitter 23 and the receiver 24. In the above second embodi-
ment, the MPb 22 is disposed between the second connector
65, and the transmitter 23 and the receiver 24. However, it
is also possible to dispose the MPb 22 between the receiver
24 and the BF 25.

[0082] In the second and third embodiments described
above, the second connectors 65 and 76, which are compat-
ible with both 360 channels and 94 channels, are respec-
tively disposed in the ultrasonic observation apparatuses 62
and 72. However, it is also possible to provide separate
connectors for 360 channels and 94 channels.

[0083] In the above embodiment, the ultrasonic probe,
which has the ultrasonic transducers on the outer periphery
in one line, is described as an example. However, the present
invention can be applied to the ultrasonic probe which has
360 ultrasonic transducers disposed on the outer periphery in
plural lines. In that case, the ultrasonic transducers are
divided into four sensor element groups along an axial
direction of the sheath as in the same manner as the above
embodiments.

[0084] In the above embodiment, only ultrasonic trans-
ducers are provided in the ultrasonic probe. However, it is
also possible to integrally provide an endoscope in the
ultrasonic probe.



US 2006/0074317 A1l

[0085] Although the present invention has been described
with respect to the preferred embodiment, the present inven-
tion is not to be limited to the above embodiment but, on the
contrary, various modifications will be possible to those
skilled in the art without departing from the scope of claims
appended hereto.

What is claimed is:

1. An ultrasonic probe of a radial scan type mountable on
an ultrasonic observation apparatus which inputs and out-
puts M numbers of signals in parallel, comprising:

N(N>M) numbers of ultrasonic transducers disposed on
an outer periphery of a tip of said probe, said N
numbers of ultrasonic transducers being grouped into
plural sensor element groups which are activated in
sequence, each of said sensor element groups having M
numbers of said ultrasonic transducers;

N numbers of first signal lines respectively connected to
said N numbers of ultrasonic transducers, said first
signal line transmitting a drive signal for driving said
ultrasonic transducers and an echo signals from within
a living organism;

M numbers of second signal lines connected to said
ultrasonic observation apparatus; and

a multiplexer disposed between said first signal lines and
said second signal lines, said multiplexer selectively
switching M numbers of said first signal lines for
respectively connecting to said second signal lines
according to said sensor element group to be activated.

2. An ultrasonic probe of a radial scan type according to
claim 1, wherein said N numbers of ultrasonic transducers
are disposed throughout said outer periphery at a predeter-
mined pitch.

3. An ultrasonic probe of a radial scan type according to
claims 1 or 2, wherein there are four of said sensor element
groups, and plural ultrasonic transducers disposed at a
boundary between two adjacent sensor element groups are
contained both in said two sensor element groups.

4. An ultrasonic probe of a radial scan type according to
claim 1, wherein said ultrasonic transducer is disposed in an
endoscope.

5. An ultrasonic observation apparatus with a connector
section for inputting and outputting M numbers of signals in
parallel, comprising;

a type identifier for identifying a type of an ultrasonic
probe mounted on said connector section;

a scan controller for selecting a first mode for an ultra-
sonic probe of a radial scan type and a second mode for
an ultrasonic probe of a convex scan type according to
said type identification by said type identifier, said scan
controller outputting a control signal to a multiplexer
incorporated in said ultrasonic probe of said radial scan
type for a switching operation in said first mode, and
said scan controller not outputting said control signal in
said second mode.

6. An ultrasonic diagnosing system comprising an ultra-
sonic probe of a radial scan type and an ultrasonic obser-
vation apparatus on which said ultrasonic probe of said
radial scan type is mounted through a connector section
thereof, said ultrasonic observation apparatus inputting and
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outputting M numbers of signals in parallel through said
connector section, said ultrasonic diagnosing system includ-
ing:

A. said ultrasonic probe of said radial scan type including:

N (N>M) numbers of ultrasonic transducers disposed
on an outer periphery of a tip of said probe, said N
numbers of ultrasonic transducers being grouped
into plural sensor element groups, which are acti-
vated in sequence, each of said sensor element
groups having M numbers of said ultrasonic trans-
ducers;

N numbers of first signal lines respectively connected
to said N numbers of said ultrasonic transducers, said
first signal line transmitting a drive signal for driving
said ultrasonic transducer and an echo signal from
within a living organism;

M numbers of second signal lines connected to said
ultrasonic observation apparatus through said con-
nector section; and

a multiplexer disposed between said first signal lines
and said second signal lines, said multiplexer selec-
tively switching M numbers of said first signal lines
for connecting to said second signal lines according
to said sensor element group to be activated;

B. said ultrasonic observation apparatus including:

a scan controller which outputs a control signal to said
multiplexer incorporated in said ultrasonic probe of
said radial scan type for a switching operation.

7. An ultrasonic diagnosing system according to claim 6,
wherein said N numbers of ultrasonic transducers are dis-
posed throughout said outer periphery at a predetermined
pitch.

8. An ultrasonic diagnosing system according to claims 6
or 7, wherein there are four of said sensor element group,
and plural transducers disposed at a boundary between two
adjacent sensor element groups are contained both in said
two sensor element groups.

9. An ultrasonic diagnosing system according to claim 6,
further including a type identifier for identifying a type of
said ultrasonic probe mounted on said connector section;

wherein according to said type identification of said type
identifier, said scan controller selecting a first mode for
said ultrasonic probe of said radial scan type and a
second mode for an ultrasonic probe of a convex scan
type which has M numbers of ultrasonic transducers
disposed on an outer periphery of a tip of said probe,
said scan controller outputs said control signal in said
first mode, and said scan controller does not output said
control signal in said second mode.

10. An ultrasonic diagnostic system according to claim 6,
wherein said ultrasonic transducer is disposed in an endo-
scope.

11. An ultrasonic observation apparatus, on which an
ultrasonic probe having ultrasonic transducers is mountable,
comprising:

a connector section which is capable of connecting N
numbers of first signal lines, said first signal lines
respectively connected to said ultrasonic transducers;
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a first multiplexer for selectively switching M numbers of
said first signal lines to connect to M numbers of
second signal lines;

a second multiplexer for selectively switching L(N>M>L)
numbers of said second signal lines to connect to a
transmitter for transmitting a drive signal, or a receiver
for receiving an echo signal; and

a scan controller for controlling switching operations of
said first and second multiplexers.

12. An ultrasonic observation apparatus according to
claim 11, further including a type identifier for identifying a
type of an ultrasonic probe mounted on said connector
section;

wherein according to said type identification of said type
identifier, said scan controller selects a first mode for an
ultrasonic probe of a radial scan type, which has N
numbers of ultrasonic transducers on an outer periphery
of a tip of said probe, and a second mode for an
ultrasonic probe of a convex scan type which has M
numbers of ultrasonic transducers on an outer periphery
of a tip of said probe, said first multiplexer performing
said switching operation in said first mode, and said
first multiplexer not performing said switching opera-
tion in said second mode.

13. An ultrasonic diagnosing system including an ultra-
sonic probe of a radial scan type which has N numbers of
ultrasonic transducers on an outer periphery of a tip of said
probe, and an ultrasonic observation apparatus on which
said ultrasonic probe of said radial scan type is mountable,
L numbers of said ultrasonic transducers being simulta-
neously driven as one block, at least one of said ultrasonic
transducers to be driven being shifted every time a drive
signal for driving said ultrasonic transducer being transmit-
ted or an echo signal from within a living organism being
received, said ultrasonic observation apparatus generating
an ultrasonic image from said echo signal sequentially
received on said block basis, said ultrasonic observation
apparatus including:

a connector section which is capable of connecting N
numbers of first signal lines which are respectively
connected to said ultrasonic transducets;

a first multiplexer for selectively switching M (N>M>L)
numbers of said first signal lines to connect to M
second signal lines;

a second multiplexer for selectively switching [ numbers
of said second signal lines to connect to a transmitter
for transmitting said drive signal, or a receiver for
receiving said echo signal; and

a scan controller for controlling switching operations of

said first and second multiplexers.

14. An ultrasonic diagnosing system according to claim
13, wherein said N numbers of ultrasonic transducers are
disposed throughout said outer periphery at a predetermined
pitch.

15. An ultrasonic diagnosing system according to claims
13 1o 14, wherein there are four of sensor element groups,
and plural transducers disposed at a boundary between two
adjacent sensor element groups are contained both in said
two sensor element groups.
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16. An ultrasonic diagnosing system according to claim
13, further including a type identifier for identifying a type
of an ultrasonic probe mounted thereon through said con-
nector section;

wherein according to said type identification of said type
identifier, said scan controller selects a first mode for
said ultrasonic probe of said radial scan type, and a
second mode for an ultrasonic probe of a convex scan
type, which has M numbers of ultrasonic transducers
on an outer periphery of a tip of said probe, said first
multiplexer performing said switching operation in said
first mode, said first multiplexer not performing said
switching operation in said second mode.

17. An ultrasonic diagnosing system according to claim
13, wherein said ultrasonic transducer is disposed in an
endoscope.

18. An ultrasonic observation apparatus which is capable
of mounting an ultrasonic probe of a radial scan type which
has N numbers of ultrasonic transducers and an ultrasonic
probe of a convex scan type which has M numbers of
ultrasonic transducers on an outer periphery of a tip of said
probe, L (N>M>L) numbers of said ultrasonic transducers
being simultaneously driven as one block, at least one of
said ultrasonic transducers to be driven being shifted every
time a drive signal for driving said ultrasonic transducer
being transmitted or an echo signal from within a living
organism being received, an ultrasonic image being genet-
ated from said echo signal sequentially received on said
block basis, said ultrasonic observation apparatus including:

a connector section on which said ultrasonic probe of said
radial scan type or said ultrasonic probe of said convex
scan type is mounted, N numbers of first signal lines,
which are respectively connected to said ultrasonic
transducers, being connectable to said connector sec-
tion;

a first multiplexer for selectively switching M numbers of
said first signal lines to connect to M numbers of
second signal lines;

a second multiplexer for selectively switching L numbers
of said second signal lines to connect to a transmitter
for transmitting said drive signal, or a receiver for
receiving said echo signal; and

a scan controller for controlling switching operations of
said first and second multiplexers, said scan controller
selecting a first mode for said ultrasonic probe of said
radial scan type, and a second mode for said ultrasonic
probe of said convex scan type, said first multiplexer
performing said switching operation in said first mode,
said switching operation not being performed in said
second mode.

19. An ultrasonic observation apparatus according to
claim 18, further including;

a type identifier for identifying a type of an ultrasonic
probe mounted on said connector section;

wherein according to said type identification of said type
identifier, said scan controller selects one of said first
mode and said second mode.
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20. An ultrasonic observation apparatus which is capable
of mounting an ultrasonic probe, including:

a connector section on which said ultrasonic probe is
mounted, N numbers of first signal lines, which are
respectively connected to ultrasonic transducers, being
connectable 1o said connector section; and

a multiplexer for selectively switching [ (N>L) numbers
of said first signal lines for connecting to L numbers of
second signal lines, said second signal lines being
connected to a transmitter for transmitting a drive
signal and a receiver for receiving an echo signal.

21. An ultrasonic observation apparatus according to
claim 20, wherein said multiplexer is a programmable logic
circuit in which an arbitrary logic is reprogrammable.

22. An ultrasonic observation apparatus according to
claims 20 or 21, further including:

a type identifier for identifying a type of an ultrasonic
probe mounted on said connector section; and

a controller for switching between different scan modes
between an ultrasonic probe of a radial scan type which
has N numbers of ultrasonic transducers on an outer
periphery of a tip of said probe and an ultrasonic probe
of a convex scan type which has M (N>M>L) numbers
of ultrasonic transducers on an outer periphery of a tip
of said probe according to said type identification of
said type identifier.

23. An ultrasonic diagnosing system comprising an ultra-
sonic probe of a radial scan type which has N numbers of
ultrasonic transducers on an outer periphery of a tip of said
probe, and an ultrasonic observation apparatus, L (N>L)
numbers of ultrasonic transducers being simultaneously
driven as one block, at least one of said ultrasonic transducer
to be driven being shifted every time a drive signal for
driving said ultrasonic transducer being transmitted or an
echo signal from within a living organism being received,
said ultrasonic observation apparatus generating an ultra-
sonic image from said echo signal sequentially received on
said block basis, said ultrasonic observation apparatus
including:

a connector section on which said ultrasonic probes is
mounted, N numbers of first signal lines, which are
respectively connected to said ultrasonic transducers,
being connectable to said connector section;

a multiplexer for selectively switching [ numbers of said
first signal lines to connect to L numbers of second
signal lines, said second signal lines being connected to
a transmitter for transmitting said drive signal or a
receiver for receiving said echo signal.

24. An ultrasonic diagnosing system according to claim
23, wherein said N numbers of ultrasonic transducers are
disposed throughout said outer periphery at a predetermined
pitch.

25. An ultrasonic diagnosing system according to claims
23 or 24, said ultrasonic observation apparatus generating
four ultrasonic images which respectively correspond to four
divided portions on said outer periphery of said tip of said
probe.

26. An ultrasonic diagnosing system according to claim
23, wherein said ultrasonic transducer is disposed in an
endoscope.
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27. An ultrasonic diagnosing system according to claim
23, wherein said multiplexer is a programmable logic circuit
in which an arbitrary logic is reprogrammable.

28. An ultrasonic diagnosing system according to claims
23 or 27, further including;

a type identifier for identifying a type of an ultrasonic
probe mounted on said connector section; and

a controller for switching between different scan modes
between said ultrasonic probe of said radial scan type
and an ultrasonic probe of a convex scan type which
has M (N>M>L) numbers of ultrasonic transducers on
an outer periphery of a tip of said probe according to
said type identification of said type identifier.

29. An ultrasonic diagnosing system comprising an ultra-
sonic probe of a radial scan type and an ultrasonic obser-
vation apparatus on which said ultrasonic probe of said
radial scan type is mounted through a connector section
thereof, said ultrasonic observation apparatus inputting and
outputting M numbers of signals in parallel through said
connector section, said ultrasonic diagnosing system includ-
ing:

A. said ultrasonic probe of said radial scan type including:

N (N>M) numbers of ultrasonic transducers disposed
on an outer periphery of a tip of said probe, said N
numbers of ultrasonic transducers being grouped
into plural sensor element groups, which are acti-
vated in sequence, each of said sensor element
groups having M numbers of said ultrasonic trans-
ducers;

N numbers of first signal lines respectively connected
to said N numbers of ultrasonic transducers for
transmitting drive signals for driving said ultrasonic
transducers and echo signals from within a living
organism;

M numbers of second signal lines connected to said
ultrasonic observation apparatus through said con-
nector section; and

a first multiplexer disposed between said first signal
lines and said second signal lines, said first multi-
plexer selectively switching M numbers of said first
signal lines for connecting to said second signal lines
according to said sensor element group to be acti-
vated;

B. said ultrasonic observation apparatus including:

a second multiplexer which selectively switches L
numbers of said second signal lines to connect to a
transmitter for transmitting said drive signal or a
receiver for receiving said echo signal;

a scan controller for performing said switching opera-
tions of said first and second multiplexers.

30. An ultrasonic diagnosing system according to claim
29, wherein said connector section includes a first connector
and a second connector which are mutually connected, said
first connector is disposed in said ultrasonic probe of said
radial scan type, and said second connector is disposed in
said ultrasonic observation apparatus.

31. An ultrasonic diagnosing system according to claim
30, wherein said first multiplexer is disposed in said first
connector, and said second multiplexer is disposed in said
second connector.



US 2006/0074317 A1l

32. An ultrasonic diagnosing system according to claim
30, wherein said first multiplexer is disposed in said first
connector, and said second multiplexer is disposed between
said transmitter and said receiver, and said second connector.

33. An ultrasonic diagnosing system according to claim
29, wherein said multiplexer is a programmable logic circuit
in which an arbitrary logic is reprogrammable.

34. An ultrasonic diagnosing system according to claim
29, wherein said N numbers of ultrasonic transducers are
disposed throughout said outer periphery at a predetermined
pitch.

35. An ultrasonic diagnosing system according to claims
29 or 34, wherein there are four of said sensor element
groups, and plural transducers disposed at a boundary
between two adjacent sensor element groups are contained
both in said two sensor element groups.

36. An ultrasonic diagnosing system according to claims
29 to 33, further including a type identifier for identifying a
type of an ultrasonic probe mounted through said connector
section;

wherein according to said type identification of said type
identifier, said scan controller selects a first mode for
said ultrasonic probe of said radial scan type, and a
second mode for an ultrasonic probe of a convex scan
type which has M numbers of ultrasonic transducers on
an outer periphery of a tip of said probe, said first
multiplexer performs said switching operation in said
first mode, and said switching operation not being
performed in said second mode.

37. An ultrasonic diagnosing system according to claim
29, wherein said ultrasonic transducer is disposed in an
endoscope.

38. An ultrasonic diagnosing system comprising an ultra-
sonic probe of a radial scan type and an ultrasonic obser-
vation apparatus to which said ultrasonic probe of said radial
scan type is connected through a connector section thereof,
said ultrasonic diagnosing system including:

A. said ultrasonic probe of said radial scan type including:

N (N>M) numbers of ultrasonic transducers disposed
on an outer periphery of a tip of said probe, said N
numbers of ultrasonic transducers being grouped
into plural sensor element groups, each of said
sensor element group having M numbers of ultra-
sonic transducers;

B. said ultrasonic observation apparatus including:

a transmitter for transmitting driving signal for driving
a predetermined number of said ultrasonic transduc-
ers;
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a receiver for receiving an echo signal reflected from
within a living organism;

a display for displaying an ultrasonic image generated
from said echo signal;

C. amultiplexer disposed in whether said ultrasonic probe
of said radial scan type or said ultrasonic observation
apparatus, said multiplexer sequentially selecting one
of said sensor element groups to be activated by a
switching operation.

39. An ultrasonic diagnosing system according to claim
38, wherein said connector section includes a first connector
and a second connector which are mutually connected, said
first connector is disposed in said ultrasonic probe of said
radial scan type, and said second connector is disposed in
said ultrasonic observation apparatus.

40. An ultrasonic diagnosing system according to claim
39, wherein said multiplexer is disposed in said first con-
nector or in said second connector.

41. An ultrasonic diagnosing system according to claim
38, wherein said multiplexer is a programmable logic circuit
in which an arbitrary logic is reprogrammable.

42. An ultrasonic diagnosing system according to claim
38, wherein said N numbers of ultrasonic transducers are
disposed throughout said outer periphery at a predetermined
pitch.

43. An ultrasonic diagnosing system according to claims
38 or 42, wherein there are four of said sensor element
groups, and plural transducers disposed at a boundary
between two adjacent sensor element groups are contained
both in said two sensor element groups.

44. An ultrasonic diagnosing system according to claims
38 to 41, said ultrasonic observation apparatus further
including a type identifier for identifying a type of an
ultrasonic probe mounted through said connector section;

wherein according to said type identification of said type
identifier, said scan controller selects a first mode for
said ultrasonic probe of said radial scan type, and a
second mode for an ultrasonic probe of a convex scan
type which has M numbers of ultrasonic transducers on
an outer periphery of a tip of said probe, said multi-
plexer performs a switching operation in said first
mode, and does not perform said switching operation in
said second mode.
45. An ultrasonic diagnosing system according to claim
39, wherein said ultrasonic transducer is disposed in an
endoscope.
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