US 20050215897A1

a2 Patent Application Publication (i) Pub. No.: US 2005/0215897 Al

a9 United States

Sakaguchi et al.

(43) Pub. Date: Sep. 29, 2005

(54) IMAGE DATA PROCESSING METHOD AND
APPARATUS FOR ULTRASONIC
DIAGNOSTIC APPARATUS, AND IMAGE
PROCESSING APPARATUS

(75) Inventors: Fumiyasu Sakaguchi, Otawara-shi

(JP); Kenichi Ichioka, Nasu-Gun (JP)

Correspondence Address:

OBLON, SPIVAK, MCCLELLAND, MAIER &
NEUSTADT, P.C.

1940 DUKE STREET

ALEXANDRIA, VA 22314 (US)

(73) Assignees: KABUSHIKI KAISHA TOSHIBA,
Tokyo (JP); TOSHIBA MEDICAL SYS-
TEMS CORPORATION, Otawara-Shi

(P)
(21) Appl. No.: 11/032,036

(22) Filed: Jan. 11, 2005

Publication Classification

(1) It CL7 oo A61B 8/00; AGIB 8/12;

AGLB §/14
(52) US.CL oo, 600/437; 600/459; 600/465
(57) ABSTRACT

The ultrasonic diagnostic system according to the present
invention includes a kernel-data generating section for
extracting first image data in a specified range set with
reference to a specified pixel of a generated image data to
generate kernel data, a pixel-value arranging section for
modulating the values and arranging the values or the
modulated values in descending order, a pixel-value select-
ing section for either selecting a pixel value in a specified
rank or selecting a modulated pixel value in a specified rank
and demodulating the modulated value, a characteristic
determination section for determining the characteristic of
the image from the pixel value of the first image data, and
a second image-data generating section for selecting one of
the value of a specified pixel in the first image data and the
value in the specified rank or the demodulated value selected
by the pixel selecting section to generate second image data.

(30) Foreign Application Priority Data This allows reduction of black hole and highlighting of
turbulent mosaic patterns without degradation in spatial
Jan. 20,2004 (JP) oo 2004-011808 resolution in an ultrasonic color Doppler method.
.............................................. 2 m
| TRANSMITTING AND S
| RECEIVING SECTION |
1 o TRANSMITTING | 7 6
- | SECTION | o, A
ULTRASONIC |, - » i SYSTEM || INPUT
PROBE [ | d 5 | CONTROLLER SECTION
i RECEIVING SECTION !
I —— B [ MAGE-DATA |s*
6162 ~ M “| PROCESSING

B-MODE IMAGE-DATA

SECTION

IMAGE-DATA
GENERATING SECTION

| 11 GENERATING SECTION | E
| p | Lo 1
: 31 32 : : 8 |
: = : i 8 A
|| DoPPLER-MAGEDATA] | T oon 1
| " GENERATING SECTION [ | oem )



US 2005/0215897 A1

Patent Application Publication Sep. 29, 2005 Sheet 1 of 12

w Tttt T T T ST T T T e ) m | ]
i NOILO3S AV1dSIq | \ NOILO3S ONILYHINID m
m m | VLv3-39VAI ;
.| HOTON | m NOLLO3S ONILVHANID | |
L m | V1V¥Q-39VWI-H31ddoad [T ] |
: m i 7 m
i c8 ﬂ B | | 4 JE :
: 0sa | m m
" m “ NOILO3S ONILYHINID “
S ﬂ w V1vd-39vWI 3QON-8 [T |
NOILOIS e
ONISSIQ0Hd I Ng - 26 16
p S YLYAIOVWI o |
q .| NoILo3S ONIAIZO3Y
NOILO3S HITIOHLNOD m g~ 12 380Hd
LNdNI W3LSAS | ¢ ~ OINOSVHLTN
~ ~ Lt NOILD3S ~
9 i m ONILLINSNYHL g
M NOILD3S DNIAIZOIH
LS ANV ONILLINSNYH1
oot
L |



l
]
|
1
|
1
|
|
1
1
1
1
1
1
|
'
1
]
'
1
)
1
'
'
1
)
)
¢
]
]
]
1
1]
]
t
1
t
|
'
1
1
1
1
1
1
'
]
'
¥
1
]
1
]
1
]
]
]
1
'
1
'
'
)
|
'
]
1
)
'
1
)
]
1
1
1
|
I
1
1
)
1
'
1
)
1
I
!
l
1
I
)
'
|
|
|
|
Ll
i
i
'
'
1
'
M

=

7 1

2 P b

= ¥ FCE~J " HOLYHINID P

Q ' H 1

< AV _ [HEINCO OV =] a1 J=—{em | LINOIS 3NE3SH ] 4

= H Rl e = i FETETS -

= b - . - - b

m | 570" ¢-92¢ A 74% CECE oo ISVHd 2/ 1
o y - o
¥ HILHIANGO O =] 341 J=—{eaxn ] A
1 TR o eanli al

o Plee” | |52 b2 LEee |

= L [THOLVIEEE0D |« s M

z gzt ol | 2 m

5 e m— m

2 SJINDONUNGNOD] | N "

’ 8 NOILJ3S bct T S o £1e ZIE e P

0 AV1dSIQ SJ ! , m b b2 b e

2 | [Noro3s FoveorS |, B CCTGETE THELEINOD | i

S wnowss AI_ | vivaovk [T |SHEINOON =] 3407z QIRHLEYS01 [~ 1

& ONISSIIOHd e PP eereell] I

F WVGIVMIOL P ;

= m w 622 77 A T

E | ; I 1noen ) i

: o 0 e viRonaaon ] SN e o

= ! e oo 2 1

~ LYITIOLINGD __ ! R E T T T L =

S W3lsASWoEd T 1 | e CIe LEE [y dnosveial

2 m L[ oD | InwoavEa | meng bewd |

2 o "_3sTnd 3w NOISSINSNYHL |~ i N

AW m.--------WH..HHH..H..HH........H..H........Hu........u..uuu......n..HHHHHHn....u..m..u...._ ....... m

m -

2 ¢ Ol



US 2005/0215897 A1

Patent Application Publication Sep. 29, 2005 Sheet 3 of 12

8 NOILJ3S
AV1dSid Ol

|

il

1INDHID
1INJHID - NOI Ezws_mm 130 | 1INJHID AHOW3IN
NOILYNINH3L3a 'NDIS-3L1S0dd0 VLva-13NH3N
OlLLSIHALOVEVHD | L— NOILYNIWH313a
~ 8y ™ -NDIS-311S0dd0
67 1INDHID B =
HOLVHVAWOD [ Ly
op Y |
LNOHID |-
NOILD313S | LNJYIDAVIZA |
1NdLN0 e v
Y *
o 1INJYID NOILO3T3S 1INOHID ONIONYHYY |
05 INWATIXd [ INTVATEXI [ ] LN ABOWIW
L - to| vivaanyay
(N4 ~
44 44
Linouio TouiNoo | HFER IOHLNOD
5™ s~

E

-1

£

£ HITIOHLINOD WILSAS WOHA

/L

€6 NOILO3S
3JOVHOLS
V1vQ-3OVAI
WOH4



Patent Application Publication Sep. 29, 2005 Sheet 4 of 12

FIG. 4A

US 2005/0215897 A1

Al
P~

att

ale

atl

al4

atd

—A2

az21

al?

a23

a4 //82—5_

adi

a32

a3l

ald

adb

adi

a4?

a43

ad4

ad5

ab1

as3

ab4 { abb

A3

ab1

a63

ab4

a6d

arl

a’3

a’d

ar’d

adi

a3

ag4

ags

ag

ad3

a4

ags

aal

aa3

aad

aad

abt

ab3

ab4

ab5

act

ac3

acd

ach

ad1

ad3

ad4

adb

aet

ae3

ae4

aed

af1

af3

afd

afs

FIG. 4B

A2

ad2

a33

a4

a42

ad3

ad4

ad2

as3

ab4

a62

a63

a64

ar2

ar’3

a’d

a82

ad3

ag4

ag%2

a93

ag%4

aa2

aal

aad

ab?

ab3

ab4

FIG. 4C

A3

a62 | a63 | ab4

are | a73 | a74

a82 | a83 | a84




Patent Application Publication Sep. 29, 2005 Sheet 5 of 12 US 2005/0215897 Al

FIG. 5B

~ RANKIN

ARRAY "10"

DTN | [~ [~ |Co

IO b s e [ | e
c'acn.b.ooro—socooo\lmm.hmm—solwm\lmm-hWMA

)
~J
=]

------------
............
e W Seed

mmmmmmmmlmm\lwww\lmm

R

.....

.....
~

B
By

(e ] Lam ]

.....

......
+%4"s

|




US 2005/0215897 A1

Patent Application Publication Sep. 29, 2005 Sheet 6 of 12

IMVA
31N70S8Y HIDHYT ONIAVH INTYA MOTANOVE
SIS wonomn alTE
340 INTVA ILNIOSEY HLIM LINJHID | “3SION OL ALigILd30Sns mo | J1OHSIBHLHIAO | NOIS 3LISOddO a
NOILOZTIS INVA-TIXIANIINVE | “MOTEMOVE HO MOVE-ONINENL
QANINK3L3034d NI3NTYA 13XId | HLIM 31YH MO13-00078 HOIH
30 3MVA 31N70S8Y IHYANOD
'ATHLOOWS NOILNEIELSIa
NOLLOZTES INTYATIXION] AVICSI0 oD N %_u__w%ﬁ
Q310373S Y¥NVH Q3NINY3L3A38d | "3SION OL ALIIEILdIOSNS HoMH | TOHSIHHLMOT38 | NOIS 31ISOddO >
NI 3NT¥A 13XId LNdLNO “13553A 000d 40 NIDHYW
JHL NI 3LVH MO4-000718 MO
'V1va TINHIN 40 13XId TVHLNID .mm_ozo%mmﬂ_mmumw@xg%
3JHL 40 3NTVA 13XId LNdLNO 'NOILO3HIa 3nys | GTOHSFEHLH3A0 NOIS JNVS g
3JHL NI 3L¥H MO14-00078 HOIH
‘ATHLOOWS NOILNEIHLSIa
NOLLOTTES INTVA-TIXIGNI AVIdSI O mﬂ_,_._mmﬂ_m %__u__wm,mﬁ
@3L0373S YNVH Q3NINH3L3038d | - '3SION OL ALIIEILd30SNS HoH | TTOHSIUHLMOT38 | NOIS JNYS v
NI 3NTVA 13XId L1NdINO| “T3SSIA GOOTE 40 NIDHYW IHL
NI 31¥H MO13-00078 MO
3000 V1Va-13N43N
3INTVA 13XId SOILSIHILOVHYHO QI0HSIHHL
ONILOT13S HOS GOHLIW Q0018 4O NOILYNINEILIQ | HUM NOSIEVeiNO0 | NOLYNINEILID ) dnOuD




Patent Application Publication Sep. 29, 2005 Sheet 7 of 12 US 2005/0215897 Al

FIG. 7
( START )
Y oy S1
SET THRESHOLD VALUE AND ARRANGING ORDER OF PIXEL VALUES
S2
Y yasd

GENERATE AND STORE B- MODE IMSGEADATA AND COLOR DOPPLER IMAGE

' oS3

EXTRACT KERNEL DATA AND OPPOSITE-SIGN-DETERMINATION KERNEL
DATA FROM COLOR DOPPLER IMAGE DATA

v 56 r 57 ALl

COMPARE PIKEL VALUE OF | [ DETERMINE CODE OF PIXEL
KERNEL-DATA CENTRAL PIXEL | | VALUE INOPPOSTESIGN. | | ARRANGE KERNEL-DATA

WITH THRESHOLD VALUE | | DETERMINATION KERNEL DATA PIXEL VALUES
L | |
Y yad S9 ] A~ S13
SET PIXEL-VALUE SELECTION [ SELECT PIXEL VALUEIN
METHOD PREDETERMINED RANK IN ARRAY
| |
¥ Y S14

GENERATE COLOR DOPPLER IMAGE DATA AFTER FILTERING BY QUTPUT OF
PIXEL VALUE OF KERNEL-DATA CENTRAL PIXEL OR PIXEL VALUE IN
PREDETERMINED RANK IN ARRAY

v 518
MERGE WITH B-MODE IMAGE DATA AND DISPLAY IT

Y
END



Patent Application Publication Sep. 29, 2005 Sheet 8 of 12 US 2005/0215897 Al

0, 6

FIG. 8C

9981716 ] A0
o[8[ 717 65
6

8
8
8
7
7
7
6
6

.....

INTEHMED]ATE)
VALUE

R»(‘\NK IN ARRAY "14"

8
8
7
7
7
7
7
7
6
6
6
6

L6
6 |
6

v

1
2
3
4
5
6
7
8
g
10
11
12
(13
4
5

FIG. 8A




Patent Application Publication Sep. 29, 2005 Sheet 9 of 12 US 2005/0215897 Al

.....................................

6
6

FIG. 9C

9978716 | A0
9 | 8 7 17 65
6

8
8
8
7
7
7
B
6
6
6

X0 O

INTERMEDIATE)
VALUE

R(\NK IN ARRAY "14"

8
8
7
7
7
7
7
7
6
6
6
6

6
6

1
1

v~

FIG. 9B

1
[ 2
3
4
5
6
7
8
9
10
11
2

_3
4

FIG. 9A




Patent Application Publication Sep. 29,2005 Sheet 10 of 12 US 2005/0215897 Al

FIG. 10 Cw )

S1
Y yad
SET THRESHOLD AND ARRANGING ORDER OF PIXEL VALUES

S2
Y N
GENERATE AND STORE B-MODE IMAGE DATA AND COLOR DOPPLER IMAGE DATA

EXTRACT KERNEL DATA AND OPPOSITE-SIGN-DETERMINATION KERNEL
DATA FROM COLOR DOPPLER IMAGE DATA

! 58 ' ST
COMPARE PIXEL VALUE OF DETERMINE CODE OF PIXEL
KERNEL-DATA CENTRAL PIXEL VALUE IN OPPOSITE-SIGN-
WITH THRESHOLD VALUE DETERMINATION KERNEL DATA
- ]
Yy S8
@UWYES
_ ' /810
NO MODULATE PIXEL VALUE
ACCORDING TO FLOW RATE OF
KERNEL-DATA CENTRAL PIXEL
[ St

ARRANGE KERNEL-DATA PIXEL
VALUES

SELECT PIXEL VALUE IN
PREDETERMINED RANK IN ARRAY

! 513
S9
L Jad DEMODULATE PIXEL VALUE
SET PIXEL-VALUE SELECTION ACCORDING TO KERNEL-DATA
METHOD CENTRAL PIXEL
l j

GENERATE COLOR DOPPLER IMAGE DATA AFTER FILTERING BY QUTPUT OF
PIXEL VALUE OF KERNEL-DATA CENTRAL PIXEL OR PIXEL VALUE IN
PREDETERMINED RANK IN ARRAY

I /515
MERGE WITH B-MODE IMAGE DATA AND DISPLAY IT

Y
C END )




Patent Application Publication Sep. 29,2005 Sheet 11 of 12 US 2005/0215897 Al

MINUS-SMALL
F I G 11A MINUS-INTER-
MEDIATE
VALUE OF CENTRAL PIXEL
IN KERNEL DATA
MINUS-LARGE
PLUS-LARGE
REFERENCE
PLUS-INTER-
MEDIATE
PLUS-INTER:
MEDIATE PLUS-SMALL
PLUS-LARGE \\ // PLUS-SMALL
MINUS-SMALL
PLUS-LARGE
PLUS-INTER-
MEDIATE
PLUS-INTER:
MEDIATE
PLUS-SMALL

PLUS-SMALL

1 REFERENCE

MINUS-SMALL

MEDIAT

MINUS-INTER-
MEDIATE

MINUS-LARGE




Patent Application Publication Sep. 29,2005 Sheet 12 of 12 US 2005/0215897 Al

FIG. 12B

i 15 R4

FIG. 13B




US 2005/0215897 Al

IMAGE DATA PROCESSING METHOD AND
APPARATUS FOR ULTRASONIC DIAGNOSTIC
APPARATUS, AND IMAGE PROCESSING
APPARATUS

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an ultrasonic diag-
nostic system for imaging according to an ultrasonic Dop-
pler signal obtained from a subject and a method of pro-
cessing ultrasonic image data.

[0003] 2. Description of the Related Art

[0004] Ultrasonic diagnostic systems radiate ultrasonic
pulses generated from piezoelectric vibrators incorporated
in an ultrasonic probe into a subject, receive reflected
ultrasonic waves generated by the difference in acoustic
impedance of the tissue of the subject with the piezoelectric
vibrators, and display it on a monitor. The diagnostic tech-
nique is widely used for diagnosing the functions and shapes
of the various organs of living bodies, because it allows easy
observation of a real-time two-dimensional image by a
simple operation of bringing the ultrasonic probe into con-
tact with the surface of the body.

1. Field of the Invention

[0005] The ultrasonic diagnostic technique of acquiring
living-body information from the tissues of living bodies or
reflected waves from blood cells has made a remarkable
progress owing to two great technological developments, an
ultrasonic pulse reflection method and an ultrasonic Doppler
method; a B-mode image and a color Doppler image
obtained by using the above techniques are absolutely
essential in the present ultrasonic diagnostic imaging.

[0006] The color Doppler method is a method whereby a
specified cross section of a living body is scanned with
ultrasonic pulses, wherein when a moving reflector such as
blood (blood cells) is irradiated with the ultrasonic waves, a
Doppler frequency shift generated in correspondence with
the velocity of the reflector (blood flow rate) is imaged. The
color Doppler method was at first used to image the high
blood flow in a cardinal cavity, but today it has been
applicable to imaging of extremely low blood flow such as
the blood flow of the tissues of abdominal organs.

[0007] In order to enhance the diagnostic ability of the
color Doppler method, it is necessary to have, firstly, high
measuring accuracy (particularly, low-flow-rate detectabil-
ity), secondly, time resolution (real-time characteristic), and
thirdly, spatial resolution.

[0008] When ultrasonic pulses are radiated to a moving
reflector to measure the velocity of the reflector from the
Doppler frequency shift of reflected waves, it is necessary to
repeat transmission and reception of ultrasonic waves
to/from the reflector multiple times (L times) at a rate
interval Tr, thereby measuring the moving speed of the
reflector from a series of acquired reflected waves. In this
case, the detectability (measuring range lower limit of a flow
rate) Vmin of a low-speed reflector depends on the fre-
quency resolution Afd of frequency analysis for a series of
reflected waves acquired by the n times of ultrasonic trans-
mission and reception. The frequency resolution Afd is
expressed as equation (1)

Afd=friL @
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[0009] where fr (fr=1/Tt) is an ultrasonic transmission
reception repetition frequency (rate frequency).

[0010] In other words, in order to increase the low-flow-
rate detectability, the first requirement in the color Doppler
method, it is necessary to delay the rate frequency fr or
increase the ultrasonic transmission and reception repetition
times L in a predetermined direction.

[0011] The real-time characteristic, the second require-
ment, is determined depending on the number of display
images (frame frequency) Fn per unit time. The frame
frequency Fn is expressed as equation (2)

Fr=friLIM=NfdIM @

[0012] where M is the total number of scanning lines
(raster) necessary to construct one piece of color Doppler
image data. In order to improve the real-time characteristic,
the transmission and reception number L or the total number
M of scanning lines must be set small.

[0013] In order to enhance the spatial resolution, the third
requirement, it is necessary to increase the total number M
of scanning lines. Since the frame frequency Fn, the detect-
ability Vmin, and the spatial resolution are mutually con-
tradictory and so it is difficult to satisfy them at the same
time. Accordingly, for measuring blood flow in a circulatory
region, the frame frequency has been regarded as important
and, for measuring blood flow in an abdominal region and
peripheral regions, low-flow-rate detectability has been
regarded as important, in both of which the spatial resolution
has been disregarded.

[0014] For the decline in spatial resolution, temporal or
spatial filtering is performed by using a low-pass filter or a
median filter (median extraction filter) to smooth the bound-
ary of blood vessels or blood-flow distribution or to reduce
image defect (so-called a black hole pattern) due to the
interference of ultrasonic waves etc. However, the applica-
tion of the conventional filtering method makes it difficult to
display the boundary of a blood flow pattern with the
smoothing of the boundary and the decrease of the black
hole pattern, resulting in a decrease in diagnostic ability.

[0015] To overcome the above problems, for example,
JP-A-2000-262520 proposes a median filter that has the
function of determining whether the value of a specified
pixel (target pixel) on color Doppler image data is a singular
value such as black hole. In this method, the difference
between the value of a specified pixel (target pixel) of
Doppler image data and the value of its peripheral pixel
(reference pixel) is calculated, wherein when the difference
is smaller than a predetermined threshold value, the value of
the reference pixel is replaced with the value of the target
pixel, then the median value is extracted from the values of
the reference pixel and the target pixel, and the median value
is substituted by the value of the target pixel.

[0016] Although the above method allows a black hole
pattern to be decreased without reducing spatial resolution,
it is difficult to display a mosaic pattern caused by a
turbulent flow or a backward flow generated in a narrow part
of a blood vessel (hereinafter, referred to as a turbulent
mosaic pattern).

[0017] Blood flows at a high rate in a narrow part of a
blood vessel to generate a turbulent flow, so that a blood flow
moving close to the ultrasonic probe and a blood flow
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moving away from the probe are mixed. Moreover, at the
high blood flow rate, the Doppler frequency exceeds a
Nyquist frequency determined by a sampling frequency to
generate a turning back phenomenon.

[0018] Although the turbulent mosaic pattern generated by
those phenomena is very important information for an
ultrasonic diagnosis of a narrow part, the foregoing method
determines the pixels in the turbulent mosaic pattern to be
singular points, so that the clearness or brightness of the
image is decreased, thus making it difficult to observe.

[0019] Furthermore, when the reference pixel and the
target pixel are composed of plus pixel values and minus
pixel values of approximately the same number as the plus
pixel values, the median value approaches zero, and so the
turbulent mosaic pattern cannot be displayed.

SUMMARY OF THE INVENTION

[0020] The present invention has been made in consider-
ation of the problems of the conventional systems. Accord-
ingly, it is an object of the invention to provide an ultrasonic
diagnostic system capable of reducing black hole patterns
and highlighting turbulent mosaic patterns without degra-
dation in spatial resolution in an ultrasonic color Doppler
method, and a method of processing ultrasonic image data.

[0021] In order to achieve the above object, according to
a first aspect of the invention, in filtering color Doppler
image data (first image data) obtained by transmitting and
receiving ultrasonic waves to/from a subject, the color
Doppler image data in a specified range set with reference to
a specified pixel (for example, in the center) of the color
Doppler image data is extracted to generate kernel data, and
then a pixel value in a predetermined rank is selected from
the pixel values in the kernel data which are arranged in
descending order.

[0022] According to a second aspect of the invention, the
image data characteristic for the color Doppler image data is
determined, and one of the value of the specified pixel in the
color Doppler image data and the pixel value in the specified
array rank is selected from the determination to generate
filtered color Doppler image data (second image data).

[0023] According to a third aspect, the invention has the
function of modulating and demodulating the value of a
specified pixel in the color Doppler image data to highlight
a turbulent mosaic pattern and a turning-back pattern which
are clinically useful, when the flow-rate image data is
composed of pixel values of plus flow rate and pixel values
of minus flow rate in mosaic pattern.

[0024] Specifically, the ultrasonic diagnostic system
according to the invention comprises an ultrasonic probe
including piezoelectric vibrators for transmitting and receiv-
ing ultrasonic waves to/from a subject, a transmitting and
receiving section for transmission and reception to/from the
piezoelectric vibrators, a first image-data generating section
for generating first image data from a received signal
obtained by the transmitting and receiving section, a kernel-
data generating section for extracting the first image data in
a specified range set with reference to a specified pixel of the
first image data to generate kernel data, a pixel-value arrang-
ing section for modulating the values of the pixels in the
kernel data if necessary and arranging the pixel values or the
obtained modulated pixel values in descending order, a
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pixel-value selecting section for either selecting a pixel
value in a specified array rank from the arranged multiple
pixel values or selecting a modulated pixel value in a
specified array rank from the modulated pixel values and
demodulating the selected modulated pixel value, a charac-
teristic determination section for determining the character-
istic of the image from the pixel value of the first image data,
and a second image-data generating section for selecting one
of the value of a specified pixel in the first image data and
the pixel value in the specified array rank selected by the
pixel-value selecting section or the demodulated pixel value
on the basis of determination of the characteristic determi-
nation section to generate second image data.

[0025] The modulation means offset process for offsetting
the pixel values in the kernel data by an amount to bring the
Q component of the value of the central pixel to zero. The
demodulation means subtraction of the offset.

[0026] A method of processing ultrasonic image data
according to the invention comprises the step of transmitting
or receiving ultrasonic waves to/from a subject to generate
first image data from obtained received signal, the step of
extracting the first image data in a specified range set with
reference to a specified pixel in the first image data to
generate kernel data, the step of modulating the values of the
pixels in the kernel data according to the value of the
specified pixel in the first image data if necessary, the step
of arranging the pixel values or the modulated pixel values
in descending order, the step of selecting a pixel value in a
specified array rank from the arranged multiple pixel values
or modulated pixel values, the step of demodulating the
selected pixel value according to the value of the specified
pixel in the first image data if necessary, the step of deter-
mining the image characteristic from the pixel value in the
first image data, and the step of selecting one of the value of
the specified pixelin the first image data and the pixel value
in the specified array rank or the demodulated pixel value
selected by the pixel selecting section to generate the second
image data.

[0027] According to the invention, there is provided an
image processing system for performing image filtering
process of obtaining the value of a specified pixel in image
data including flow-rate information from the values of
multiple pixels in a specified range. The system comprises a
pixel-value selecting section for determining the pixel value
according to the order of the values of the pixels in the
specified range, a first determination section for determining
whether or not the flow directions of the values of the
multiple pixels in the specified range are the same, a second
determination section for determining whether or not the
value obtained from the values of the multiple pixels in the
specified range exceeds a predetermined threshold value,
and an output section for obtaining a pixel value from the
outputs of the pixel-value selecting section, the first deter-
mination section, and the second determination section.

[0028] The invention allows reduction of black hole pat-
terns and highlighting of turbulent mosaic patterns without
degradation in spatial resolution in an ultrasonic color
Doppler method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a block diagram showing the overall
structure of an ultrasonic diagnostic system according to an
embodiment of the present invention;
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[0030] FIG. 2 is a block diagram showing the structure of
a receiving and transmitting section and an image-data
generating section according to the embodiment;

[0031] FIG. 3 is a block diagram of an image-data pro-
cessing section according to the embodiment;

[0032] FIG. 4A is a diagram of an example of flow-rate
image data, FIG. 4B is a diagram of an example of kernel
data, and FIG. 4C is a diagram of an example of opposite-
sign determination kernel data;

[0033] FIGS. 5A and 5B are diagrams showing the func-
tions of a pixel-value array circuit and a pixel-value select-
ing circuit, wherein FIG. 5A shows an example of kernel
data and FIG. 5B shows an array of the kernel data arranged
in descending order, from which a pixel value in a specified
place is selected;

[0034] FIG. 6 is a diagram of a concrete example of a
method of determining blood-flow characteristics by a char-
acteristic determination circuit and a pixel-value selection
method;

[0035] FIG. 7 is a flowchart for an image-data processing
procedure according to the embodiment;

[0036] FIGS. 8A to 8C are diagrams for describing the
effects of the image-data processing according to the
embodiment, wherein FIG. 8A shows extraction of kernel
data, FIG. 8B shows the array of the kernel data, and FIG.
8C shows flow-rate image data after filtering;

[0037] FIGS. 9A to 9C are diagrams for describing other
effects of image-data processing according to the embodi-
ment, wherein FIG, 9A shows extraction of kernel data,
FIG. 9B shows the array of the kernel data, and FIG. 9C
shows flow-rate image data after filtering;

[0038] FIG. 10 is a flowchart for an image-data process-
ing procedure according to a modification of the embodi-
ment;

[0039] FIG. 11A is a diagram showing a method of
arranging pixel values in the modification, and FIG. 11B is
a diagram showing a method of arranging pixel values of the
embodiment;

[0040] FIGS. 12A and 12B are diagrams for describing
the effects of image-data processing according to the modi-
fication of the embodiment, wherein FIG. 12A shows an
example of flow-rate image data and FIG. 12B shows
flow-rate data of the modification after filtering; and

[0041] FIGS. 13A and 13B are diagrams showing other
effects of image-data processing of the modification,
wherein FIG. 13A shows an example of flow-rate image
data and FIG. 13B shows flow-rate data of the modification
after filtering.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0042] Referring to FIGS. 1 to 9, an embodiment of the
present invention will be described below.

[0043]

[0044] The structure of an ultrasonic diagnostic system
according to an embodiment of the present invention will be
described hereinbelow with reference to FIGS. 1 to 6. FIG.

(Structure of the System)
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1 is a block diagram showing the overall structure of the
ultrasonic diagnostic system according to the embodiment.
FIG. 2 is a block diagram of a receiving and transmitting
section and an image-data generating section that make up
the ultrasonic diagnostic system.

[0045] An ultrasonic diagnostic system 100 shown in
FIG. 1 includes an ultrasonic probe 1 for transmitting and
receiving ultrasonic waves to/from a subject, a transmitting
and receiving section 2 for transmitting and receiving elec-
tric signals to/from the ultrasonic probe 1 to transmit and
receive ultrasonic waves in a predetermined scanning direc-
tion, an image-data generating section 3 for generating
ultrasonic image data according to a received ultrasonic
signal obtained from a predetermined scanning direction,
and an image-data processing section 4 for filtering the
ultrasonic image data generated by the image-data generat-
ing section 3.

[0046] The ultrasonic diagnostic system 100 further
includes a display section 8 for displaying the ultrasonic
image data filtered in the image-data processing section 4, an
input section 6 for inputting ultrasonic-image-data collect-
ing conditions, image-data processing conditions, and vari-
ous command signals, and a system controller 7 for con-
trolling over the above units.

[0047] The ultrasonic probe 1 transmits and receives ultra-
sonic waves by bringing its front face into contact with the
surface of a subject and has, for example, multiple (N)
piezoelectric vibrators arranged in one dimension at the end.
The piezoelectric vibrator is an electroacoustic transducer,
which has the function of converting electric pulses (driving
signals) to ultrasonic pulses (transmission ultrasonic waves)
at the time of transmission, and converts reflected ultrasonic
waves (received ultrasonic waves) to electric signals
(received signals) at the time of reception. The ultrasonic
probe 1 is compact and lightweight and is connected to the
transmitting and receiving section 2 via an N-channel cable.
The ultrasonic probe 1 is divided into sector scanning, linear
scanning, convex scanning probes, etc., and any one of
which is selected depending on the diagnostic region. Here
an ultrasonic probe 1 for sector scan will be described, but
an ultrasonic probe for another scan, such as convex scan,
can be used.

[0048] The transmitting and receiving section 2 shown in
FIG. 2 includes a transmitting section 21 that generates a
driving signal for generating transmission ultrasonic waves
from the ultrasonic probe 1 and a receiving section 22 that
performs phasing addition to multiple-channel received sig-
nals obtained from the piezoelectric vibrators of the ultra-
sonic probe 1. The image-data generating section 3 include
a B-mode image-data generating section 31 that processes
the phasing-added received signals to generate B-mode
image data and a Doppler-image-data generating section 32
that detects an IQ signal from the phasing-added received
signal and generates color Doppler image data on the basis
of the IQ signal.

[0049] The transmitting section 21 of the transmitting and
receiving section 2 includes a rate pulse generator 211, a
transmission delay circuit 212, and a pulser 213. The rate
pulse generator 211 sends rate pulses to determine the
repetition period (Tr) of ultrasonic pulses applied to a
subject to the transmission delay circuit 212.

[0050] The transmission delay circuit 212 is composed of
separate delay circuits of the same number (N channels) as
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that of the piezoelectric vibrators used for transmission in
the ultrasonic probe 1. The transmission delay circuit 212
provides concentrating delay time for concentrating ultra-
sonic waves into a specified depth to obtain a narrow beam
width in transmission and deflecting delay time for trans-
mitting ultrasonic waves in a specified direction to the rate
pulses and sends the rate pulses to the pulser 213.

[0051] The pulser 213 has separate driving circuits of the
same number (N channels) as that of the piezoelectric
vibrators used for transmission. The pulser 213 drives N
piezoelectric vibrators incorporated in the ultrasonic probe 1
to generate driving pulses for radiating transmission ultra-
sonic waves to a subject.

[0052] The receiving section 22 includes an N-channel
preamplifier 221, a reception delay circuit 222, and an adder
223. The preamplifier 221 amplifies the minute reception
signals converted to electric signals by the piezoelectric
vibrators to ensure sufficient S/N. The reception delay circuit
222 provides concentrating delay time for concentrating
received ultrasonic waves from a specified depth to obtain a
narrow beam width and deflecting delay time for setting the
receiving direction of ultrasonic beams in a specified direc-
tion to the output of the preamplifier 221 and sends them to
the adder 223. The N-channel received signals from the
reception delay circuit 222 are added by the adder 223.

[0053] The image-data generating section 3 includes a
B-mode image-data generating section 31, a Doppler-image-
data generating section 32, and an image-data storage sec-
tion 33. The B-mode image-data generating section 31
includes a logarithmic converter 311, an envelope detector
312, and an A/D converter 313. The amplitude of the input
signal of the B-mode image-data generating section 31 is
logarithmically converted by the logarithmic converter 311
so that a weak signal is enhanced relatively. The envelope
detector 312 detects an envelope of the logarithmically
converted received signals to remove ultrasonic frequency
components. The A/D converter 313 converts the output
signals of the envelope detector 312 from analog to digital
to generate B-mode image data.

[0054] The Doppler-image-data generating section 32
includes a reference signal generator 321, a /2 phase shifter
322, mixers 323-1 and 323-2, low-pass filters (LPF) 324-1
and 324-2, A/D converters 325-1 and 325-2, and a Doppler-
signal memory circuit 326 and detects the quadrature-phase
of the ultrasonic received signals to detect an IQ signal.

[0055] More specifically, the signals inputted to the Dop-
pler-image-data generating section 32 from the receiving
section 22 are inputted to first input terminals of the mixers
323-1 and 323-2. The continuous wave outputted from the
reference signal generator 321 having a frequency almost
equal to the center frequency of the input signal and syn-
chronized with the rate pulses of the rate pulse generator 211
is sent directly to a second input terminal of the mixer 323-1
and is shifted in phase by 90 degrees by the m/2 phase shifter
322 and sent to a second input terminal of the mixer 323-2.
The outputs of the mixers 323-1 and 323-2 are sent to the
LPFs 324-1 and 324-2, where only the component of the
difference between the frequency of the output signal of the
receiving section 22 and that of the reference signal gen-
erator 321 is detected.

[0056] The A/D converters 325-1 and 325-2 sample the
output signals of the LPFs 324-1 and 324-2, or the analog
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signals subjected to quadrature detection in a specified
sampling period, then convert them to digital signals, and
store them in the Doppler-signal memory circuit 326.

[0057] In this case, the Doppler-image-data generating
section 32 detects the quadrature-phase of the received
signals obtained by continuous multiple times (L times) of
ultrasonic transmission and reception in a specified scanning
direction. I components (the real parts of the Doppler signal)
and Q components (the imaginary parts of the Doppler
signal) obtained by the quadrature detection are stored in the
Doppler-signal memory circuit 326 in sequence.

[0058] The Doppler-image-data generating section 32
includes an MTI filter 327 for generating color Doppler
image data from the obtained IQ signals, an autocorrelator
328, and a computing unit 329. The Doppler-image-data
generating section 32 analyses the frequency by using L 1Q
signals stored in the Doppler-signal memory circuit 326 and
continuing in the temporal direction at the same position
(depth) in the same scanning direction and generates color
Doppler image data on the basis of the analysis.

[0059] The MTI filter 327 is a high-pass digital filter and
removes a Doppler signal component (clutter signal com-
ponent) caused by the respiratory movement or pulsating
movement of organs from the 1Q signals temporarily stored
in the Doppler-signal memory circuit 326.

[0060] The autocorrelator 328 performs autocorrelation of
the Doppler signals of which only blood-flow information is
extracted by the MTI filter 327. The computing unit 329
calculates the mean flow rate, the variance, and the power in
two dimensions from the autocorrelation to generate color
Doppler image data.

[0061] The image-data storage section 33 stores the
B-mode image data outputted from the A/D converter 313 of
the B-mode image-data generating section 31 and the two-
dimensional color Doppler image data on the mean flow-
rate, the variance, and the power of blood-flow, which is
generated by the computing unit 329 of the Doppler-image-
data generating section 32. The color Doppler image data
will be hereinafter referred to as velocity image data, vari-
ance image data, and power image data, and particularly,
will be described with reference to the filtering of the
velocity image data, but may be described for the variance
image data or the power image data.

[0062] The structure of the image-data processing section
4 that is the principal unit of the embodiment will be
described with reference to the block diagram of FIG. 3. The
image-data processing section 4 shown in FIG. 3 includes a
kernel-data memory circuit 42 and an opposite-sign-deter-
mination kernel-data memory circuit 47 for storing flow-rate
image data extracted from a specified region around a
specified pixel (hereinatter, referred to as a central pixel) of
the flow-rate image data stored in the image-data storage
section 33 of FIG. 2, a pixel-value arranging circuit 43 for
arranging the flow-rate image data (hereinafter, referred to
as kernel data) stored in the kernel-data memory circuit 42
in descending order of a pixel value, and a pixel-value
selection circuit 44 for selecting a pixel value in a specified
rank from the arranged pixel vales.

[0063] The image-data processing section 4 further
includes a comparator circuit 46 for comparing the value of
the central pixel in the kernel data with a predetermined
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threshold value, an opposite-sign determination circuit 48
for determining whether the pixel value of the flow-rate
image data (hereinafter, referred to as opposite-sign deter-
mination kernel data) stored in the opposite-sign-determi-
nation kernel-data memory circuit 47 is the same sign or the
opposite sign, a characteristic determination circuit 49 for
determining the characteristics of the image data from the
comparison result of the comparator circuit 46 and the
determination of the opposite-sign determination circuit 48,
an output selection circuit 50 for selecting one of the pixel
value in a specified rank which is outputted from the
pixel-value selection circuit 44 on the basis of the informa-
tion outputted from the characteristic determination circuit
49 and the value of the central pixel of the kernel data in the
kernel-data memory circuit 42 and outputting it, a control
circuit 51 for controlling the above units, and a kernel-data
control circuit 52.

[0064] Referring to FIGS. 4A to 4C, the kernel data stored
in the kernel-data memory circuit 42 and the opposite-sign
determination kernel data stored in the opposite-sign-deter-
mination kernel-data memory circuit 47 will be described
below. FIG. 4A shows the pixel address of flow-rate image
data stored in the image-data storage section 33. The mean
flow rate calculated by the computing unit 329 of the
Doppler-image-data generating section 32 is stored, e.g. by
5 bits (=16 to +15) in the image-data storage section 33.
Here, the following description will be given with reference
to flow-rate image data Al composed of 15 pixels in the
direction of ultrasonic transmission and reception and 5
pixels in the scanning direction perpendicular to the direc-
tion of transmission and reception, for the convenience of
description.

[0065] FIG. 4B shows kernel data A2 stored in the kernel-
data memory circuit 42; and FIG. 4C shows opposite-sign
determination kernel data A3 stored in the opposite-sign-
determination kernel-data memory circuit 47. The kernel
data A2 and the opposite-sign determination kernel data A3
are extracted from the flow-rate image data in the image-
data storage section 33. For example, when a pixel a73 in the
flow-rate image data Al is filtered, the kernel data A2 (see
FIG. 4B) of 3x9 pixels (27 pixels) surrounded by pixels a32,
a34, ab2, and ab4 with the pixel a73 as the center is extracted
from the flow-rate image data Al in the image-data storage
section 33 and stored in the kernel-data memory circuit 42.
Similarly, opposite-sign determination kernel data A3 (sce
FIG. 4C) of 3x3 pixels (9 pixels) surrounded by pixels 262,
a64, a82, and a84 is stored in the opposite-sign-determina-
tion kernel-data memory circuit 47. It is desirable to set the
number of pixels in the opposite-sign determination kernel
data A3 smaller than that of kernel data A2 to prevent noise
or the influence of the Doppler signals (clutter signals)
caused by the movement of living tissues.

[0066] Referring to FIGS. 5A and 5B, the pixel-value
arranging circuit 43 and the pixel-value selection circuit 44
will be described. FIG. SA shows the values (flow rates) of
the pixels in the kernel data A2, schematically showing the
flow rate of blood flowing close to the ultrasonic probe 1 as
+6 to +8, and the flow rate of a living tissue having no blood
flow as 0.

[0067] The pixel-value arranging circuit 43 reads the
kernel data A2 stored in the kernel-data memory circuit 42
and rearranges the pixel values in descending order, as
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shown in FIG. 5B. More specifically, the order from pixel
value “8” to pixel value “0” is set in the pixel-value
arranging circuit 43. The pixel-value selection circuit 44
selects a pixel value in a predetermined rank (here, the tenth
pixel value “6”) from the multiple pixel values arranged in
descending order by the pixel-value arranging circuit 43.
The pixel value “6” is temporarily set as the value of the
pixel a73 after filtering.

[0068] The comparator circuit 46 compares the value of
the central pixel a73 in the kernel data A2 with a predeter-
mined threshold value and outputs a signal corresponding to
“below the threshold value” or “over the threshold value.”

[0069] The opposite-sign determination circuit 48 reads
the opposite-sign determination kernel data A3 of 3x3 pixels
which is stored in the opposite-sign-determination kernel-
data memory circuit 47 and compares the signs of the pixels.
When all the pixel values are plus or minus values, it outputs
a signal corresponding to “the same sign”; when plus values
and minus values are mixed, it outputs a signal correspond-
ing to “the opposite sign.”

[0070] The characteristic determination circuit 49 deter-
mines the blood characteristics of the flow-rate image data
Al from the comparison on “below the threshold value” or
“over the threshold value” sent form the comparator circuit
46 and the determination on “the same sign” or “the opposite
sign” sent from the opposite-sign determination circuit 48
and sets a pixel-value selection method suitable for the
blood-flow characteristics.

[0071] For example, the characteristic determination cir-
cuit 49 has a lookup table in which the contents of FIG. 6
are stored, and sets a pixel-value selection method depend-
ing on the blood characteristics of the flow-rate image data
Al which are determined from sign-determination informa-
tion sent from the opposite-sign determination circuit 48 and
threshold-value comparison information sent from the com-
parator circuit 46.

[0072] Referring to FIG. 6, a concrete example of a
method of determining blood-flow characteristics in the
flow-rate image data and a pixel-value selection method will
be described. As shown in groups “A” and “C” of FIG. 6,
when the value of the central pixel in the kernel data A2 is
smaller than the predetermined threshold value (or equal to
or smaller than the threshold value), the blood-flow infor-
mation of the central pixel indicates a low blood-flow rate in
the margin of a blood vessel and so on, irrespective of the
sign of the opposite-sign determination kernel data A3, in
which case it is susceptible to system noise or a clutter signal
(clutter noise), so that it is difficult to display the boundary
with the margin of a blood vessel or blood-flow distribution
smoothly. In this case, the characteristic determination cir-
cuit 49 generates a pixel-value selection control signal for
outputting the pixel value that is temporarily set in the
pixel-value selection circuit 44 from the output selection
circuit 50.

[0073] As shown in group “B” of FIG. 6, when the value
of the central pixel in the kernel data A2 is larger than the
threshold value (or equal to or larger than the threshold
value) and the signs of the opposite-sign determination
kernel data A3 are the same sign, the blood-flow information
of the central pixel indicates a high-rate blood flow in the
same direction, in which case it is insusceptible to noise, so



US 2005/0215897 Al

that it requires no filtering. In this case, the characteristic
determination circuit 49 generates a pixel-value selection
control signal for outputting the value of the central pixel in
the kernel data A2 from the output selection circuit 50.

[0074] As shown in group “D” of FIG. 6, when the value
of the central pixel in the kernel data A2 is larger than the
threshold value (or equal to or larger than the threshold
value) and the signs of the opposite-sign determination
kernel data A3 are opposite signs, the blood-flow informa-
tion of the central pixel indicates a high-rate blood flow with
a turn-back phenomenon or a backward flow mixed, in
which case it is insusceptible to noise. In this case, the
characteristic determination circuit 49 performs a process
for highlighting the turning-back and backflow phenomena
still further. More specifically, the pixel-value selection
circuit 44 compares the absolute value of the pixel value
temporarily set in the pixel-value selection circuit 44 with
the absolute value of the value of the central pixel in the
kernel data A2, selects a pixel value having a larger absolute
value, and generates a pixel-value selection control signal to
be outputted from the output selection circuit 50.

[0075] The output selection circuit 50 selects one of the
pixel value in a specified rank which is temporarily set by
the pixel-value selection circuit 44 and the value of the
central pixel in the kernel data A2 on the basis of the
pixel-value selection control signal generated by the char-
acteristic determination circuit 49, and outputs it. In this
case, when the pixel-value arranging circuit 43 and the
pixel-value selection circuit 44 do not operate at a suffi-
ciently high speed, it is desirable to provide a timing
adjusting delay circuit 45 between the kernel-data memory
circuit 42 and the output selection circuit 50.

[0076] The control circuit 51 shown in FIG. 3 includes a
CPU and a memory circuit, and controls the units in the
image-data processing section 4. Particularly, the control
circuit 51 provides information on the threshold value of the
pixel values which is stored in the memory circuit to the
comparator circuit 46 and information on the order of the
pixel values to the pixel-value selection circuit 44.

[0077] The kernel-data control circuit 52 provides infor-
mation on the number of pixels (for example, 3x9 pixels) in
the kernel data A2 to the kernel-data memory circuit 42 and
information on the number of pixels (for example, 3x3
pixels) in the opposite-sign determination kernel data to the
opposite-sign-determination kernel-data memory circuit 47.

[0078] Referring back to FIG. 1, the display section 8
includes a digital scan converter (DSC) 81 and a color
monitor 82, which displays a combination of filtered flow-
rate image data sent from the output selection circuit 50 of
the image-data processing section 4 and B-mode image data
sent from the image-data storage section 33.

[0079] Specifically, the DSC 81 includes a CPU and a
memory circuit (not shown). The B-mode image data
directly outputted from the image-data storage section 33 is
temporarily stored in the B-mode image data memory region
of the DSC 81, while the filtered flow-rate image data
collected at almost the same time as the B-mode image data
and outputted from the output selection circuit 50 is tem-
porarily stored in the color-Doppler-image-data memory
region of the DSC 81. Furthermore, the DSC 81 combines
the flow-rate image data and the B-mode image data to
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generate display image data. The color monitor 82 displays
the display image data generated by the DSC 81.

[0080] In that case, the DSC 81 generates one piece of
display image data in which the flow-rate image data is
superimposed on the B-mode image data serving as a
background image; the color monitor 82 displays the flow-
rate image data in color with the monochrome B-mode
image data as a background.

[0081] The input section 6 includes input devices, such as
a keyboard, a trackball, and a mouse, and a display panel on
an input panel, through which patient information, a diag-
nostic region, an image-data collection mode, an image-data
processing method, an image-data display method, and
various command signals are inputted. The input section 6 is
also used to set the number of pixels in the kernel-data
memory circuit 42 and the opposite-sign-determination ker-
nel-data memory circuit 47, the threshold in the comparator
circuit 46, and the order of arrangement in the pixel-value
selection circuit 44.

[0082] The system controller 7 includes a CPU and a
memory circuit (not shown) and generally controls the units
in the ultrasonic diagnostic system 100 and the overall
system. Particularly, the system controller 7 temporarily
stores information on the numbers of pixels in the kernel
data A2 and the opposite-sign determination kernel data A3,
which are set by the input section 6, the threshold value in
the comparator circuit 46, and the arrangement order in the
pixel-value selection circuit 44 in the memory circuit and
then provides the information to the corresponding units.

[0083]

[0084] Referring to FIGS. 1 to 9, the processing procedure
for the image data according to the embodiment of the
invention will be described. FIG. 7 is a flowchart for the
image-data processing procedure of the embodiment.

[0085] In advance of collection of image data, an operator
makes an initial setting for patient information, a diagnostic
region, an image-data collection mode, an image-data pro-
cessing method, and an image-data display method and
stores the set information in the memory circuit of the
system controller 7. In this embodiment, the collection mode
for B-mode image data and color Doppler image data by
sector scan is set as the image-data collection mode. As the
image-data processing method, the setting of filtering pro-
cess for the color Doppler image data on the mean blood
flow rate (or flow-rate image data) is carried out, wherein the
number of pixels in the kernel data A2 and the opposite-sign
determination kernel data A3, the threshold in the compara-
tor circuit 46, and the arranging order in the pixel-value
selection circuit 44, which are necessary for the filtering
process, are set. (step S1 in FIG. 7).

[0086] When the initial setup is completed, the operator
fixes the end (ultrasonic transmitting and receiving face) of
the ultrasonic probe 1 to a specified position on the body
surface of the subject and starts the collection of ultrasonic
image data. In transmission of ultrasonic waves, the rate
pulse generator 211 of FIG. 2 sends a rate pulse that
determines the repetition period of ultrasonic pulses to be
radiated into the body of the subject to the transmission
delay circuit 212 in synchronization with the control signal
from the system controller 7.

(Processing Procedure of Image Data)
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[0087] The transmission delay circuit 212 gives a delay
time for condensing the ultrasonic waves to a specified depth
to obtain a narrow beam width in transmission and a delay
time for transmitting the ultrasonic waves in a first scanning
direction (61) to the rate pulse and sends the rate pulse to the
pulser 213. The pulser 213 drives the piezoelectric vibrators
incorporated in the ultrasonic probe 1 to radiate ultrasonic
pulses (transmission ultrasonic waves) into the subject by
using piezoelectric vibrator driving pulses generated by the
rate pulse.

[0088] Part of the ultrasonic pulses radiated into the sub-
ject is reflected by the boundary surface or tissue between
organs with different acoustic impedances. When the ultra-
sonic waves are reflected by a moving reflector such as a
heart wall or blood cells, the ultrasonic frequency is sub-
jected to Doppler shift.

[0089] The ultrasonic waves (received ultrasonic waves)
reflected by the tissue or blood cell of the subject are
received by the piezoelectric vibrators of the ultrasonic
probe 1 and converted to an electric signal (received signal).
The received signal is amplified by the independent N-chan-
nel preamplifier 221 in the receiving section 22 of the
transmitting and receiving section 2 and is sent to the
N-channel reception delay circuit 222.

[0090] The reception delay circuit 222 gives a condensing
delay time for condensing ultrasonic waves from a specified
depth and a deflecting delay time for receiving signals with
strong directivity in the first scanning direction (1) to the
received signal and then sends it to the adder 223. The adder
223 adds the N-channel received signals outputted from the
reception delay circuit 222 into one received signal and then
applies it to the B-mode image-data generating section 31
and the Doppler-image-data generating section 32 in the
image-data generating section 3.

[0091] The output signal of the adder 223 applied to the
B-mode image-data generating section 31 is subjected to
logarithmic conversion, envelope detection, and A/D con-
version and then stored in the B-mode-image-data memory
region of the image-data storage section 33.

[0092] To generate flow-rate image data, continuous mul-
tiple times (L times) of ultrasonic transmission and reception
in the first scanning direction is performed in the same
procedure as the above to obtain the Doppler shift of the
received signal and the frequency of the resultant received
signal is analyzed.

[0093] Specifically, the output signal of the adder 223
applied to the Doppler-image-data generating section 32 of
FIG. 2 is subjected to quadrature detection by the mixers
323-1 and 323-2 and the LPFs 324-1 and 324-2 into a
two-channel IQ signal. An I component and a Q component
of the 1Q signal are converted to digital signals by the A/D
converters 325-1 and 325-2 and stored in the Doppler-signal
memory circuit 326. Also for the received signal obtained by
the L times of ultrasonic transmission and reception in the
first scanning direction (01), an IQ signal is detected fol-
lowing the similar procedure and stored in the Doppler-
signal memory circuit 326.

[0094] When the storage of the 1Q signal obtained by L
times of ultrasonic transmission and reception in the first
scanning direction (01) in the Doppler-signal memory cir-
cuit 326 has been completed, the system controller 7 sequen-
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tially reads an I component and a Q component correspond-
ing to a specified position (depth) from the L IQ signals
stored in the Doppler-signal memory circuit 326 and applies
them to the MTI filter 327. The MTI filter 327 applies
temporal filtering to the L T components and Q components
to exclude a tissue Doppler component (a clutter compo-
nent) caused by, e.g., the motion of organs such as heart
muscle, thereby extracting only a blood-flow Doppler com-
ponent generated by blood flow.

[0095] The autocorrelator 328 to which the IQ signals of
the blood-flow component are supplied calculates autocor-
relation by using the 1Q signals. The computing unit 329
calculates the mean velocity, variance, and power of the
blood flow from the autocorrelation results. The same opera-
tions are performed also for IQ signals obtained from
reflectors other than that at the specified position (depth).
The generated flow-rate image data, variance image data,
and power image data in the first scanning direction are
stored in the respective memory regions of the image-data
storage section 33.

[0096] The system controller 7 then transmits and receives
ultrasonic waves also in a second scanning direction (62
direction) to an M scanning direction (0M direction). The
obtained B-mode image data and color Doppler image data,
such as flow-rate image data, variance image data, and
power image data are stored in the memory regions of the
image-data storage section 33 (step S2 of FIG. 7).

[0097] When the collection and the storage of the four
kinds of image data have been completed, the system
controller 7 provides default data for the number of pixels in
the kernel data A2 and the opposite-sign determination
kernel data A3 to the kernel-data control circuit 52 of the
image-data processing section 4, provides default data for
the threshold value for the comparator circuit 46 and the
arrangement order for the pixel-value selection circuit 44 to
the control circuit 51, and applies a command signal for
starting filtering of the flow-rate image data to the units in
the image-data processing section 4.

[0098] The kernel-data control circuit 52 which has
received the filtering start command provides information on
the number of pixels in the kernel data A2 and the opposite-
sign determination kernel data A3 and positional informa-
tion on a first central pixel, which are inputted by the input
section 6, to the kernel-data memory circuit 42 and the
opposite-sign-determination kernel-data memory circuit 47.

[0099] The kernel-data memory circuit 42 extracts kernel
data in a specified range (for example, 3x9 pixels) around
the first central pixel from the flow-rate image data Al stored
in the image-data storage section 33 of the image-data
generating section 3 and stores it.

[0100] Similarly, the opposite-sign-determination Kernel-
data memory circuit 47 extracts opposite-sign determination
kernel data in a specified range (e.g., 3x3 pixels) around the
first central pixel from the flow-rate image data Al in the
image-data storage section 33 and stores it (step S3 of FIG.
7.

[0101] Then the pixel-value arranging circuit 43 arranges
27 pixel values (flow rates) of the kernel data stored in the
kernel-data memory circuit 42 in descending order (step S11
of FIG. 7). The pixel-value selection circuit 44 selects a
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pixel value in a predetermined rank from the array of pixel
values and temporarily sets it as a filtered pixel value (step
$13 of FIG. 7).

[0102] The comparator circuit 46 compares the threshold
value predetermined by the input section 6 and provided via
the control circuit 51 with the value of the central pixel in the
kernel data A2 of the kernel-data memory circuit 42,
wherein when the pixel value is larger the threshold value,
a comparison result of “over the threshold value,” and when
the pixel value is smaller than the threshold value, “below
the threshold value” is outputted to the characteristic deter-
mination circuit 49 (step S6 of FIG. 7).

[0103] The opposite-sign determination circuit 48 reads
the pixel values of the opposite-sign determination kernel
data A3 stored in the opposite-sign-determination kernel-
data memory circuit 47 and compares the signs. When all the
pixel values are plus or minus, it outputs a determination of
“the same sign”; when plus pixel values and minus pixel
values are mixed, it outputs a determination of “opposite
sign” to the characteristic determination circuit 49 (step S7
of FIG. 7).

[0104] Then the characteristic determination circuit 49
inputs the comparison result of “below the threshold value”
or “over the threshold value,” which is provided from the
comparator circuit 46, and the determination of “the same
sign” or “opposite sign,” which is provided from the oppo-
site-sign determination circuit 48, to the table shown in FIG.
6, wherein it determines the blood-flow characteristics of the
kernel data A2 and sets a pixel-value selection method
suitable for the blood-flow characteristics and provides a
pixel-value selection control signal according to the set
pixel-value selection method to the output selection circuit
50 (step S9 of FIG. 7).

[0105] The output selection circuit 50, which has received
the pixel-level selection control signal from the character-
istic determination circuit 49, selects one of the pixel values
temporarily set in the pixel-value selection circuit 44 and the
value of the central pixel in the kernel data A2 of the
kernel-data memory circuit 42 and outputs it. The outputted
pixel value is stored in the color-Doppler-image-data
memory region of the DSC 81 of the display section 8.

[0106] Also the other pixels in the flow-rate image data Al
are sequentially filtered following the same procedure and
the processed pixel values are stored in the color-Doppler-
image-data memory region. Briefly, filtered two-dimen-
sional flow-rate image data is generated in the color-Dop-
pler-image-data memory region of the DSC 81 (step S14 of
FIG. 7).

[0107] The B-mode image data stored in the image-data
storage section 33 of the image-data generating section 3 is
provided directly to the display section 8, where it is stored
in the B-mode-image-data memory region of the DSC 81.
The DSC 81 adds color information to the flow-rate image
data stored in the color-Doppler-image-data memory region
and thereafter merges it with the B-mode image data to
generate display image data and further converts it to a
standard TV format signal and displays it on the color
monitor 82 (step S15 of FIG. 7).

[0108] The kernel-data memory circuit 42 of the embodi-
ment serves as a kernel-data generating section according to
the invention, while the output selection circuit 50 of the
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embodiment serves as a second image-data generating sec-
tion according to the invention.

[0109] Referring to FIGS. 8A to 8C and FIGS. 9A to 9C,
the effects of the filtering process of the embodiment will be
described. FIGS. 8A to 8C and FIGS. 9A to 9C correspond
to the group A and group C of FIG. 6, respectively, both of
which assume that the boundary is not displayed smoothly.
Specifically, the flow-rate image data Al of FIG. 8A sche-
matically shows the flow rate of blood that moves close to
the ultrasonic probe 1 as +6 to +9 and a living tissue without
blood flow as zero.

[0110] The kernel-data memory circuit 42 extracts kernel
data A2 within a predetermined range (e.g., 3x9 pixels) with
a given pixel (e.g., a pixel B1 surrounded by a bold frame)
as the central pixel and stores it in flow-rate image data Al
stored in the image-data storage section 33 of the image-data
generating section 3. Then the pixel-value arranging circuit
43 arranges the pixel values of the kernel data A2 in
descending order, as shown in FIG. 8B. The pixel-value
selection circuit 44 selects a pixel value “6” in a predeter-
mined rank (e.g., the 14™ position (intermediate value))
from the array of pixel values and replaces the pixel value
“0” of the central pixel of the kernel data A2 with the pixel
value “6.”

[0111] The same process (filtering process) is repeated
also for the other pixels of the kernel data A2 to generate
filtered flow-rate image data A10, shown in FIG. 8C. The
filtering process allows the boundary between a blood vessel
having blood flow and a living tissue having no blood flow
to be displayed smoothly, thus providing accurate blood-
flow distribution.

[0112] FIG. 9A shows flow-rate image data Al composed
of the flow rates (+6 to +9) of blood that moves close to the
ultrasonic probe 1 and flow rates (-6 to -8) of blood that
moves away from the ultrasonic probe 1. FIG. 9C shows the
filtered flow-rate image data A10 generated by performing
the same process (see FIG. 9B) to the flow-rate image data
Al. Also in this case, the boundary of blood flowing in
different directions can be displayed smoothly, as in FIG. 8.

[0113] Although the comparator circuit 46 of the embodi-
ment compares the value of the central pixel of the kernel
data A2 extracted from the flow-rate image data Al with the
predetermined threshold value, it is also possible that the
comparator circuit 46 compare the value of the pixel of the
variance image data or the power-value image data, which is
in the same position as the central pixel, with a predeter-
mined threshold value of the variance or power, and the
characteristic determination circuit 49 set a pixel-value
selection method in consideration of the comparisons.

[0114] For example, when the comparator circuit 46 deter-
mines that both of the flow rate of the central pixel of the
kernel data A2 and the value (power value) of the pixel of
the power-value image data, which corresponds to the
central pixel, are smaller than the respective thresholds, a
pixel value lower than the median is selected from the
multiple pixel values (flow rates) arranged by the pixel-
value arranging circuit 43 for the process of the boundary of
ablood vessel. On the other hand, when both of the flow rate
of the central pixel of the kernel data A2 and the value
(variance) of the pixel of the variance image data, which
corresponds to the central pixel, are larger than the respec-
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tive thresholds, a flow rate higher than the median is selected
from the multiple pixel values (flow rates) arranged by the
pixel-value arranging circuit 43 for the process for turbulent
flow, and the flow rate is outputted to the output selection
circuit 50.

[0115] (Modification)

[0116] Referring to FIGS. 10 to 13B, a modification of the
embodiment will be described. FIG. 10 is a flowchart for an
image-data processing procedure according to a modifica-
tion. Substantially the same processes as those of the flow-
chart of the embodiment of FIG. 7 will be given the same
numerals and their description will be omitted.

[0117] When the filtering method of the embodiment is
applied to group D of FIG. 6, the output selection circuit 50
compares the absolute value of the pixel value in a specified
rank, which is selected by the pixel-value selection circuit
44, with the absolute value of the value of the central pixel
of the kernel data A2, and outputs a pixel value having a
larger absolute value to the display section 8. However,
when a plus flow rate and a minus flow rate are generated in
the kernel data A2 with almost equal frequency, small pixel
values are arranged around the intermediate value of the
pixel values arranged by the pixel-value arranging circuit 43.
Accordingly, the output selection circuit 50 results in out-
putting the value of the central pixel of the kernel data A2
at all times and as such, the effects of filtering cannot be
provided.

[0118] For the above problems, when it is determined that
the pixel value belongs to group D (Yes in step S8 of FIG.
10), the pixel-value arranging circuit 43 modulates the pixel
values of the kernel data A2 according to the flow rate of the
central pixel of the kernel data A2, which is stored in the
kernel-data memory circuit 42, (step S10 of FIG. 10) and
arranges the modulated pixel values in descending order
(step S11 of FIG. 10). The pixel-value selection circuit 44
selects a pixel value in a specified rank from the arranged
modulated pixel values (step S12 of FIG. 10), demodulates
the pixel value according to the value of the central pixel of
the kernel data A2, and temporarily sets it as a filtered pixel
value (flow rate) (step S13 of FIG. 10). Then the output
selection circuit 50 generates one of the filtered pixel value
temporarily set by the pixel-value selection circuit 44 and
the value of the central pixel of the kernel data A2 (step S14
of FIG. 10) and outputs it to the display section 8 (step S15
of FIG. 10).

[0119] Specifically, the value of the central pixel is sub-
tracted from the respective values of the pixels of the kernel
data A2 (modulated in phase space) and the subtracted pixel
values are arranged in descending order. From the arranged
multiple pixel values, the value of a pixel in a specified rank
is selected, to which the value of the central pixel is added
(demodulated) to obtain a filtered pixel value. However, the
modulation-demodulation process of the modification is not
limited to the foregoing method.

[0120] FIGS. 11A and 11B compare the method of
arranging pixel values in the modification with the arranging
method of the above embodiment, wherein the arrangement
order of the embodiment of FIG. 11B and that of the
modification of FIG. 11A are defined on a circle graph in
which the phase is expressed such that the continuity of the
aliasing is clearly shown. Particularly, for the modification,
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the other pixel values are arranged with reference to the
value of the central pixel of the kernel data A2. The
modulation-demodulation process according to the modifi-
cation is controlled by the output signal of the characteristic
determination circuit 49, which is set depending on the
comparison with the threshold value by the comparator
circuit 46 and the determination of the opposite-sign deter-
mination circuit 48.

[0121] Inother words, the values of the pixels in the kernel
data A2 are subjected to offset processing whereby the Q
component of the value of the central pixel becomes zero. At
that time, when the deviation in phase strides over the
boundary between 180 degrees and -180 degrees, the sign
of the pixel value is reversed. Thus, the pixels fall within the
range of +180 to -180 degrees from the central pixel on the
circle graph shown in FIG. 11A and as such, the color bar
similar to that shown in FIG. 11B is given. When the offset
is subtracted (demodulated) from the offset pixel values, the
brightness of the image is increased to allow highlighting, as
shown in the color bar of FIG. 11A.

[0122] FIGS. 12A and 12B and FIGS. 13A and 13B
show the effects of the modification. FIGS. 12A and 12B
show flow-rate image data Al obtained when turning-back
or backflow occurs, in which plus pixel values and minus
pixel values are distributed in mosaic form. FIG. 12B shows
filtered flow-rate image data A10 obtained from the output
selection circuit 50, in which the kernel data A2 of 3x9
pixels surrounded by a bold frame is set in the flow-rate
image data Al and to which the filtering process of the
modification is applied. Thus, the black hole pixels indicated
by dashed lines disappear by the filtering method of the
modification, while the mosaic pattern due to the turning-
back or backflow is highlighted. In this case, the pixel-value
selection circuit 44 selects the intermediate value (the 14™
value) from the modulated multiple pixel values arranged by
the pixel-value arranging circuit 43.

[0123] FIG. 13A shows an example of flow-rate image
data Al of blood flowing in the same direction, in which
singular points such as a dark deflect pattern appear in the
portion of the minus flow rate surrounded by a bold frame.
FIG. 13B shows filtered flow-rate image data A10 to which
the filtering process of this modification is applied to the
flow-rate image data, in which the singular points can be
extinguished. The number of the pixels in the kernel data and
the arrangement order of the modulated pixel values are the
same as those of FIGS. 12A and 12B.

[0124] According to the embodiment, a pixel value in a
specified rank is selected from the pixel values in kernel data
which are arranged in descending order, so that singular
points such as a black hole pattern can be reduced without
deteriorating spatial resolution and also a mosaic pattern
generated by turbulent flow and a turning-back phenomenon
can be highlighted. According to the modification, modula-
tion-demodulation process is performed when a pixel value
in a specified rank is selected from the pixel values of kernel
data, so that the continuity in turning back can be maintained
and as such, also a mosaic pattern generated with a high
frequency can be highlighted.

[0125] While a preferred embodiment has been described,
the invention is not limited to the foregoing embodiment but
various modifications can be made. For example, although
the color Doppler image data has been described for the case
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of flow-rate image data, it may be variance image data or
power image data. Furthermore, when multiple kinds of
color Doppler image data are merged and displayed as in the
method of displaying and merging flow rates and variance
values by brightness and hue, the filtering method according
to the embodiment or the modification may be applied to at
least one of the image data.

[0126] The threshold in the comparator circuit 46 and the
arrangement order of the pixel values in the pixel-value
selection circuit 44 may be set based on the information of
the diagnostic region, the image-data collection mode, and
the image-data display method.

[0127] The selection between the filtering method accord-
ing to the embodiment and the filtering method according to
the modification may be made by the operator whenever
necessary, or alternatively, it may be made automatically
according to the information on the default diagnostic region
and the image-data collection mode.

[0128] While the embodiment of the invention has been
described with reference to an ultrasonic diagnostic system
provided with an ultrasonic probe including one-dimen-
sional array piezoelectric vibrators and an analog receiver,
the invention is not limited to the embodiment but may be
an ultrasonic diagnostic system provided for an ultrasonic
probe including two-dimensional array piezoelectric vibra-
tors.

[0129] The processes of the image-data processing section
4 according to the embodiment and the modification, such as
the generation of kernel data, the arrangement and selection
of the pixel values, etc. may be performed independently of
the ultrasonic diagnostic system by using a PC equipped
with such processing functions or a computer (image pro-
cessing unit) such as a workstation.

What is claimed is:
1. An ultrasonic diagnostic system comprising:

an ultrasonic probe including piezoelectric vibrators for
transmitting and receiving ultrasonic waves to/from a
subject;

a transmitting and receiving section for transmission and
reception to/from the piezoelectric vibrators;

a first image-data generating section for generating first
image data from a received signal obtained by the
transmitting and receiving section;

a kernel-data generating section for extracting the first
image data in a specified range set with reference to a
specified pixel of the first image data to generate kernel
data;

a pixel-value arranging section for modulating the values
of the pixels in the kernel data if necessary and arrang-
ing the pixel values or the obtained modulated pixel
values in descending order;

a pixel-value selecting section for either selecting a pixel
value in a specified array rank from the arranged
multiple pixel values or selecting a modulated pixel
value in a specified array rank from the modulated pixel
values and demodulating the selected modulated pixel
value;
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a characteristic determination section for determining the
characteristic of the image from the pixel value of the
first image data; and

a second image-data generating section for selecting one
of the value of a specified pixel in the first image data
and the pixel value in the specified array rank selected
by the pixel-value selecting section or the demodulated
pixel value to generate second image data.

2. An ultrasonic diagnostic system comprising:

an ultrasonic probe including piezoelectric vibrators for
transmitting and receiving ultrasonic waves to/from a
subject;

a transmitting and receiving section for transmission and
reception to/from the piezoelectric vibrators;

a first image-data generating section for generating first
image data from a received signal obtained by the
transmitting and receiving section;

a kernel-data generating section for extracting the first
image data in a specified range set with reference to a
specified pixel of the first image data to generate kernel
data;

a pixel-value arranging section for offsetting the values of
the pixels in the kernel data by an amount to bring the
Q component of the value of the central pixel in kernel
data A2 in a specified range to zero if necessary and
arranging the pixel values or the obtained offset pixel
values in descending order;

a pixel-value selecting section for either selecting a pixel
value in a specified array rank from the arranged
multiple pixel values or selecting a modulated pixel
value in a specified array rank from the offset pixel
values and demodulating the selected offset pixel value;

a characteristic determination section for determining the
characteristic of the image from the pixel value of the
first image data; and

a second image-data generating section for selecting one
of the value of a specified pixel in the first image data
and the pixel value in the specified array rank selected
by the pixel-value selecting section or the demodulated
pixel value on the basis of determination of the char-
acteristic determination section to generate second
image data.

3. The ultrasonic diagnostic system according to claim 1,
wherein the modulation is made such that the values of the
pixels in the kernel data are shifted so that the central pixel
of the kernel data becomes zero and the signs of pixel values
greater than a specified value are reversed.

4. The ultrasonic diagnostic system according to claim 1,
wherein the first image-data generating section generates the
first image data on the basis of at least one of ultrasonic
physical quantities of a mean blood flow rate, variance, and
power calculated from the Doppler component of the
received signal obtained by the transmitting and receiving
section.

5. The ultrasonic diagnostic system according to claim 1,
wherein the characteristic determination section determines
the blood-flow characteristic of the subject from the value
and sign of a specified pixel in the first image data.

6. The ultrasonic diagnostic system according to claim 1,
further comprising:
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a comparator section for comparing the value of the
specified pixel in the first image data with a predeter-
mined threshold value; and

an opposite-sign determination section for determining
the signs of the pixel values in opposite-sign determi-
nation kernel data generated by extracting the first
image data in a specified range set with reference to the
specified pixel, wherein

the characteristic determination section determines the
blood-flow characteristic of the subject from the com-
parison by the comparator section and the determina-
tion by the opposite-sign determination section.

7. The ultrasonic diagnostic system according to claim 1,
further comprising input means for receiving the input
setting of at least one of the extraction range of the kernel
data and the opposite-sign determination kernel data, the
array rank in the pixel-value selecting section, and the
threshold value in the comparator section.

8. The ultrasonic diagnostic system according to claim 7,
wherein the input means receives the input of at least one of
a predetermined diagnostic region, image-data collecting
conditions, image-data display conditions, wherein at least
one of the extraction range of the kernel data and the
opposite-sign determination kernel data, the array rank in
the pixel-value selecting section, and the threshold value in
the comparator section is set by the input.

9. The ultrasonic diagnostic system according to claim 6,
wherein:

the first image-data generating section generates the first
image data on the basis of at least two kinds of
ultrasonic physical quantities of a mean blood flow
rate, variance, and power calculated from the Doppler
component of the received signal obtained by the
transmitting and receiving section; and

the comparator section compares the value of the speci-
fied pixel in the multiple kinds of first image data with
threshold values set for the multiple kinds of ultrasonic
physical quantities.

10. The ultrasonic diagnostic system according to claim 1,
further comprising a display section for displaying B-mode
image data generated by the first image-data generating
section according to the received signal obtained by trans-
mitting and receiving ultrasonic waves to/from the subject
and the second image data on at least one of the mean blood
flow rate, variance, and power, which is generated by the
second image-data generating section, in merged form.

11. The ultrasonic diagnostic system according to claim 1,
wherein

the pixel-value arranging section arranges the modulated
pixel values obtained by subtracting the value of a
specified pixel in the first image data from the values of
the pixels in the kernel data in descending order; and

the pixel-value selecting section adds the value of the
specified pixel in the first image data to the modulated
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pixel value in the predetermined array rank selected
from the arranged multiple modulated pixel values to
demodulate the pixel value.
12. A method of processing ultrasonic image data, com-
prising the steps of:

transmitting or receiving ultrasonic waves to/from a sub-
ject to generate first image data from obtained received
signal;

extracting the first image data in a specified range set with
reference to a specified pixel in the first image data to
generate kernel data;

modulating the values of the pixels in the kernel data
according to the value of the specified pixel in the first
image data if necessary;

arranging the pixel values or the modulated pixel values
in descending order;

selecting a pixel value in a specified array rank from the
arranged multiple pixel values or modulated pixel
values;

demodulating the selected pixel value according to the
value of the specified pixel in the first image data if
necessary,

determining the image characteristic from the pixel value
in the first image data; and

selecting one of the value of the specified pixel in the first
image data and the pixel value in the specified array
rank or the demodulated pixel value selected by the
pixel selecting section to generate the second image
data.

13. An image processing system for performing image
filtering process of obtaining the value of a specified pixel in
image data including flow-rate information from the values
of multiple pixels in a specified range, the system compris-
ing:

a pixel-value selecting section for determining the pixel
value according to the order of the values of the pixels
in the specified range;

a first determination section for determining whether or
not the flow directions of the values of the multiple
pixels in the specified range are the same;

a second determination section for determining whether
or not the value obtained from the values of the
multiple pixels in the specified range exceeds a prede-
termined threshold value; and

an output section for obtaining a pixel value from the
outputs of the pixel-value selecting section, the first
determination section, and the second determination
section.
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