(19)

US 20150032005A1

12) Patent Application Publication (o) Pub. No.: US 2015/0032005 A1

United States

Zhu et al.

(43) Pub. Date: Jan. 29, 2015

(54)

COLOR ULTRASOUND SYSTEM AND
METHOD AND DEVICE THEREOF FOR

Publication Classification

(51) Imt.Cl
OBTAINING BEAM-FORMING DATA AGIB 8/08 (2006.01)
AG6IB 8/00 (2006.01)
GO6T 7/00 (2006.01)
(75) Inventors: Xun Zhu, Beijing (CN); Zongmin A61B 8/14 (2006.01)
Zhao, Beijing (CN); Fubing Li, Beijing (52) US.CL
(CN); Shiyu Wei, Beijing (CN); Peter CPC ..o A61B 8/5223 (2013.01); A61B 8/145
Pihsien Chang, Beijing (CN) (2013.01); A61B 8/5207 (2013.01); A61B
8/4494 (2013.01); GO6T 7/0012 (2013.01);
A61B 8/54 (2013.01); A61B 8/4444 (2013.01)
(73) Assignee: BELJING EAST WHALE IMAGE USPC e 600/447; 600/443
TECHNOLOGY CO., LTD., Beijing (57) ABSTRACT
(CN) The disclosure provides a color ultrasound system and a
method and a device thereof for obtaining beam-forming line
(21) Appl. No.: 14/354,679 data. The method comprises: a processor sending a control
command according to a currently triggered color ultrasono-
(22) PCT Filed: Now. 4, 2011 graph mode; the processor receiving the digital ultrasonic
echo signal data obtained according to the control command,
(86) PCT No.: PCT/CN2011/081803 Wherein thf: digital ultrasogic echo signal .dz.lta is a dig@tal
signal obtained by performing analog-to-digital conversion
§ 371 (c)(1), on an analog ultrasonic echo signal; and the processor pet-
(2), (4) Date:  Aug. 11,2014 forming beam-forming processing on the digital ultrasonic
echo signal data to obtain corresponding beam-forming line
. - - data. With the disclosure, the color ultrasound system hard-
(30) Foreign Application Priority Data ware is simple in design and flexible, and resource conserva-
Oct. 28,2011 (CN) oo 201110335569 X  tion and cost reduction are achieved during technical update.
audic display interface
PC
A
Y
transfer
circuit
high-voftage [ trar?:r!nsi;ing f—| transmit_ting_ 4—-—- master controller Pf;n;:SQS?NQ
driving circuit cireuit control circuit } circuit
ultrasonic probe A
transmitting/ LNA VGA )__.{ ADC processing

receiving converter

beam former
color mode
/ \ processing

continuous

power Doppler

Dappler processing

processing




US 2015/0032005 A1

Jan. 29, 2015 Sheet 1 of 8

Patent Application Publication

buissasoud
Buissaooud
; Jeddoq
Isjddog jemod
SNONURUOD

Buissaooid
apow 10j09

N/

A

Buissaooud
spow g

‘\\\\\\‘

Jauwliol weaq -

A

A

NI
Buissenoid
afewt

A
4

oav

A

VDA

VNI

A

Jo|l04u09 181seW

UADID {0000

Bunpwsues

1INoJID
Bumiwsuen
ssind

19U8AU0D Bulaeoal
/Bunuwisuelsy

A
- aqgoud oiuosein

Y

uNono Bulaup
abejjon-ybiy

A

-

:%

oD
Jesueq

A

2d

@oepaul

Aejdsip

olpne




US 2015/0032005 A1

T ‘84

Jan. 29, 2015 Sheet 2 of 8

Patent Application Publication

oipne Aeidsip aoeLRI ol Buinieoss

181IBALO0D

- oav = VN1 Bt mc::mnum._
- [Bunywsuen

Od Buisssooud o bmzwohw Tl a9)j05u02 7y

obeuwn pue |eubts L mmww- m_ - leiseul
Buiiol-ugaq - P by
unosio Bunjiuisuesy - - aqoid
1dO oljuosenn
_wwﬂww . mc_mﬂﬂmwmb p| 1020 BuIALD |
Bunuwsuel ‘ssind sbejjon-ubly
NSO pua-juol




US 2015/0032005 A1

Jan. 29, 2015 Sheet 3 of 8

Patent Application Publication

€ 314
od
Buisssoold Buisseoaud Buissaooud
Jojddoq Jomod apouwl 10|02 apow g
mc_wmmoMa/V \
sg|ddoq JsuLo} weaq
SNONUHUOD
Nndo
Vﬁﬂ
Y 4 4
aoepajul olpne Aejdsip Aowsw

INoAIO
Jajsuen




US 2015/0032005 A1

Jan. 29, 2015 Sheet 4 of 8

Patent Application Publication

¥ "84

BJep aul] buiw.io}
-weaq buipuodsallod ulejqo o} ejep |eubis
oyoa oluosedyn jeubip ayj uo bBuissaoold
Buiwioj-weaq suwiopad Jossaooud ay)

N

9015

H

pUBWWOD
|0J1U0D 8y} 0} Bulpiodoe pauie}qo elep [eubis
oyoo oluosedj|n [elbip saAlaoal 10Ssa204d ay)

BN

vOLS

|

opow ydeibouosesn
10]09 palabbly Apuanno e 0} Bbulpioodoe
PUBLILWOD |0JIJU0D B SpUSSs 10Ssad04d e

C01S




G 34

# Aeidsip “

| H

rabueyo Bujuuess ‘Buissasoud
| ofew 'Buissanold jeufis

f

US 2015/0032005 A1

ajge} Buiddew o3 Buipioooe
NdD ui uogenofes Sujuiol-weaq Buiuopad

!

- a|q8)
Buiddew Buipuodsaiios
Bunoenxa

A

_

[

_

[

pebueyo
SUOIHPUOD I134I0

apouw Jg|ddoQq
SRONRUIUOD

|

!

A

|

Jsjddoq Jemod

A opouwt

apouw 10j00

apow g _

X

Jan. 29, 2015 Sheet 5 of 8

Patent Application Publication

ON

Mowswi
o} ejep Buiaes

uonezieqiuy |




Patent Application Publication  Jan. 29,2015 Sheet 6 of 8 US 2015/0032005 A1

digital ultrasonic echo signal/ PC
array element received data matrix [xuxn]
Array Array
element | element N
Sampled =, ; Y
data 1 :
C valid data
; ' corgesponding to X
ocus .. BHRERHHEE T e
scanning probe | | HFEHEAATHHE000 e
< line -
i Sampled
scanning i
depth &, dataM O rmemary
CPU
beam former

mapping matrix

[MAP|] extraction

mapping ,

calcutation ;

summation
Beam-forming Tine data
_XM
)
;0 linedata
point X

TIIT T T IV T T T T I I T TTITIT

Fig. 6



Patent Application Publication  Jan. 29,2015 Sheet 7 of 8 US 2015/0032005 A1

Depth d|

Fig. 7

element 1 ¢ |

focus P,

beam .
direction”



US 2015/0032005 A1

8 "SI

Jan. 29, 2015 Sheet 8 of 8

0S ajnpow Buissaoold

oEanpow bulaieoal

|

01 a|npow bBuipussg

Patent Application Publication




US 2015/0032005 A1

COLOR ULTRASOUND SYSTEM AND
METHOD AND DEVICE THEREOF FOR
OBTAINING BEAM-FORMING DATA

FIELD

[0001] The disclosure relates to the field of medical facili-
ties, and in particular to a color ultrasound system and a

method and a device thereof for obtaining beam-forming line
data.

BACKGROUND

[0002] Color ultrasound system technology is to extract the
biological internal information transmitted via ultrasonic
echo which is taken as the carrier of detected information and
to image biological tissues and organs, using electronic infor-
matics, computer image processing and other technical
means. The color ultrasound system technology can obtain
any section images of organs and can observe the activity of
locomotive organs, without incurring pain or danger, thus
enabling non-invasive examination. Compared with the
X-ray imaging technology, the color ultrasound system tech-
nology is featured by no radiation, low cost and convenient
use; therefore, ultrasonic imaging becomes a prospective
modern technology in the field of medical imaging.

[0003] Present color ultrasonic instrument has following
functions: B (brightness) mode display, C (color) mode dis-
play, M (motion) mode display, Doppler mode display and so
on. These functions can be implemented by utilizing beam-
forming technology, fast Fourier transform technology. Dop-
pler technology, harmonic imaging technology, image pro-
cessing algorithm and the like.

[0004] FIG. 1 shows a structure diagram of a color ultra-
sound system according to relevant technology. As shown in
FIG. 1, a conventional color ultrasound system mainly
includes an ultrasonic probe, a front-end circuit, an image
processing circuit, and a display circuit or an upper computer
display. The ultrasonic probe is a piezoelectric transducer,
which converts an electric signal transmitted from the front-
end transmitting circuit into an ultrasonic wave and transmits
the ultrasonic wave out, and meanwhile receives an ultrasonic
echo signal and converts the ultrasonic echo signal into a
week electric signal to transmit to the front-end receiving
circuit. The front-end circuitincludes a front-end transmitting
circuit, a front-end receiving circuit, a transmitting/receiving
switch circuit and a beam-forming computing circuit,
wherein the transmitting circuit transmits a pulse signal to the
probe as needed; the receiving circuit receives an ultrasonic
echo electric signal from the probe and converts the ultrasonic
echo electric signal into a digital signal through an analog-
to-digital conversion chip; the transmitting/receiving switch
circuit switches the connection between the probe and the
transmitting circuit/receiving circuit as needed; the beam-
forming design circuit is connected with the output of the
front-end receiving circuit and mainly caches the digital sig-
nal transmitted from the front-end receiving circuit and per-
forms delay summation on these signals to realize beam-
forming; in addition, the beam-forming design circuit needs
to perform relevant algorithm processing on these data to
extract valid data in B mode, C mode, M mode and Doppler
mode; the beam-forming design circuit is connected with the
image processing circuit, and the image processing circuit
performs certain image processing on the beam-formed data
to display delicate images; the display circuit or upper com-
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puter displays the processed data on a monitor in the form of
image, waveform and the like, so that users can obverse
conveniently.

[0005] Theconventional color ultrasonic instrument shown
in FIG. 1 needs large DSP resources or other circuit resources
in order to perform beam-forming, Doppler processing, har-
monic imaging processing, image processing and the like,
thus leading to increase in design difficulty and cost of cir-
cuits in the conventional color ultrasound system and causing
certain limit to future algorithm upgrade; if the algorithm
needs more resources, it is probably needed to redesign the
circuit to meet new algorithms. In addition, the PC is used as
a display only and the strong computation function of CPU is
not utilized, thus resource waste is caused.

[0006] At present, no solution has been proposed for the
problem of resource waste and high cost caused during tech-
nical update in the color ultrasound system based on relevant
technology due to complex hardware design and poor flex-
ibility.

SUMMARY

[0007] The disclosure is provided against the problem of
resource waste and high cost caused during technical update
in the color ultrasound system based on relevant technology
due to complex hardware design and poor flexibility; there-
fore, the disclosure mainly provides a color ultrasound sys-
tem and a method and a device thereof for obtaining beam-
forming line data, so as to solve the above problem.

[0008] In order to achieve the above aim, according to one
aspect of the disclosure, a method for obtaining beam-form-
ing line data (or RF data) in a color ultrasound system is
provided, including: a processor sending a control command
according to a currently triggered color ultrasonograph mode;
the processor receiving the digital ultrasonic echo signal data
obtained according to the control command, wherein the
digital ultrasonic echo signal data is a digital signal obtained
by performing analog-to-digital conversion on an analog
ultrasonic echo signal; and the processor performing beam-
forming processing on the digital ultrasonic echo signal data
to obtain corresponding beam-forming line data.

[0009] Further, the processor performing beam-forming
processing on the digital ultrasonic echo signal data to obtain
corresponding beam-forming line data (or RF data) includes:
extracting the digital ultrasonic echo signal data, to obtain all
array element data [X,,.,] corresponding to the ith point
beam-forming line data (or RF data) X, in the current beam-
forming line data (or RE data) [X, /]; extracting from memory
a mapping matrix [MAP,] corresponding to the ith point
beam-forming line data (or RF data) X, in the current beam-
forming line data (or RF data) [X, ] according to the currently
triggered color ultrasonograph mode, wherein the color ultra-
sonograph mode includes: B mode, color mode, power Dop-
pler mode or continuous wave Doppler mode; obtaining the
ith point beam-forming line data (or RF data) X in the current
beam-forming line data (or RF data) [X,,] according to the
following formula:

X; = ) diag([MAP]- [xyr]), and

[MAP] - [xmxw] =
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-continued
X1 e Xlpmo ... XN
¢l - Clm -+ CLM : :
Xm,1 X,
Cp,l Cnm
et ENM Ly
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[0010] where in element ¢, , the line subscript n indicates
an array element sequence number and the column subscript
m indicates a sampled value sequence number, the value of
¢, 18 1 or 0 only; c, =1 indicates Selected and ¢, ,,=0
indicates Unselected; [MAP,] indicates an array of locations
m=round(t,f,) of non-zero elements in the nth line; t, indi-
cates time delay of current beam returned array elements.
[0011] Further, before extracting from memory the map-
ping matrix [MAP,] corresponding to the ith point beam-
forming line data (or RF data) X, in the current beam-forming
line data (or RF data) [X,,] according to the triggered color
ultrasonograph mode, the method further includes: perform-
ing time delay computation for each array element data
according to an echo signal depth d, and a deflection angle 6
corresponding to the color ultrasonograph mode, to obtain the
time delay t,, of the current beam returned array elements;
generating according to the time delay t, the mapping matrix
[MAP;] corresponding to the ith point beam-forming line data
(or RF data) X, in the current beam-forming line data (or RF
data) [X,,], saving the mapping matrix [MAP,] in memory in
the form of mapping table.

[0012] Further, after the processor sending the control com-
mand according to the currently triggered color ultrasono-
graph mode, the method further includes: a master controller
receiving the control command and adjusting a parameter of
an ultrasonic probe according to the control command, to
enable a transmitting circuit to send a pulse signal to the
ultrasonic probe according to the parameter; the ultrasonic
probe obtaining the analog ultrasonic echo signal according
to the pulse signal and returning the analog ultrasonic echo
signal to a front-end circuit; the front-end circuit performing
analog-to-digital conversion on the received analog ultra-
sonic echo signal to obtain the digital ultrasonic echo signal
data; and the master controller forwarding the digital ultra-
sonic echo signal data to the memory of the processor through
a transfer circuit.

[0013] Further, after the master controller forwarding the
digital ultrasonic echo signal data to the memory of the pro-
cessor through the transfer circuit, the method further
includes: judging whether the currently triggered ultrasono-
graph mode is the same as the ultrasonograph mode triggered
last time, wherein, if the ultrasonograph mode changes,
extracting the mapping matrix [MAP,] from the memory
according to the currently triggered ultrasonograph mode; if
the ultrasonograph mode does not change, performing beam-
forming processing on the digital ultrasonic echo signal data
according to an existing mapping matrix [MAP,].

[0014] In order to achieve the above aim, according to
another aspect of the disclosure, a device for obtaining beam-
forming line data (or RF data) in a color ultrasound system is
provided, including: a sending module, which is configured
to send a control command according to a currently triggered
color ultrasonograph mode; a receiving module, which is
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configured to receive the digital ultrasonic echo signal data
obtained according to the control command, wherein the
digital ultrasonic echo signal data is a digital signal obtained
by performing analog-to-digital conversion on an analog
ultrasonic echo signal; and a processing module, which is
configured to perform beam-forming processing on the digi-
tal ultrasonic echo signal data to obtain corresponding beam-
forming line data.

[0015] Further, the processing module includes: a first
extracting module, which is configured to extract the digital
ultrasonic echo signal data, to obtain all array element data
[X,4v] corresponding to the ith point beam-forming line data
(or RF data) X, in the current beam-forming line data (or RF
data) [X,,]; a second extracting module, which is configured
to extract from memory a mapping matrix [MAP,] corre-
sponding to the ith point beam-forming line data (or RF data)
X, in the current beam-forming line data (or RF data) [X,,]
according to the currently triggered color ultrasonograph
mode, wherein the color ultrasonograph mode includes: B
mode, color mode, power Doppler mode or continuous wave
Doppler mode; a calculation module, which is configured to
obtain the ith point beam-forming line data (or RF data) X, in
the current beam-forming line data (or RF data) [X,] accord-
ing to the following formula:

X; = ) diogl[MAP]- [zar]), and

[MAP]- [xmxn] =
X1 e Xy ... XLN
Cll e CLpm - CLM : :
: : Xm,1 Xmn
Cpl cn,m
cw,1 vt Ly
xM,l xM,N
[0016] where in element ¢, , the line subscript n indicates

an array element sequence number and the column subscript
m indicates a sampled value sequence number, the value of
is 1 or 0 only; c, =1 indicates Selected and c, ,,=0
indicates Unselected; [MAP,] indicates the array of the loca-
tion m=round(t,f,) of non-zero elements in the nth line; t,
indicates time delay of current beam returned array elements.

[0017] Further, the device further includes: a saving mod-
ule, which is configured to save in memory the time delay t,
of the current beam returned array elements obtained by
performing time delay computation for each array element
data according to an echo signal depth d, and a deflection
angle 8 corresponding to the color ultrasonograph mode, and
the mapping matrix [MAP,] generated according to the time
delay t,.

[0018] Further, the processing module further includes: a
judgment module, which is configured to judge whether the
currently triggered ultrasonograph mode is the same as the
ultrasonograph mode triggered last time; a first acquisition
module, which is configured to extract the mapping matrix
[MAP;] from the memory according to the currently triggered
ultrasonograph mode if the ultrasonograph mode changes; a
second acquisition module, which is configured to perform
beam-forming processing on the digital ultrasonic echo sig-

Cn,m
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nal data according to an existing mapping matrix [MAP,] if
the ultrasonograph mode does not change.

[0019] In order to achieve the above aim, according to
another aspect of the disclosure, a color ultrasound system is
provided, including: an ultrasonic probe, which is configured
to receive a pulse signal and to obtain an analog ultrasonic
echo signal according to the pulse signal; a front-end circuit,
which is connected with the ultrasonic probe and is config-
ured to send the pulse signal to the ultrasonic probe and to
perform analog-to-digital conversion on the received analog
ultrasonic echo signal to obtain digital ultrasonic echo signal
data; and a PC, which communicates with the front-end cir-
cuit through a transfer circuit and is configured to receive the
digital ultrasonic echo signal data and to perform beam-form-
ing processing on the digital ultrasonic echo signal data to
obtain beam-forming line data (or RF data) corresponding to
the pulse signal.

[0020] Further, the PC includes: a processar, which is con-
figured to extract the ultrasonic echo signal data so as to
obtain all array element data [X, ] corresponding to the ith
point beam-forming line data (or RF data) X, in the current
beam-forming line data (or RF data) [X,,], and meanwhile to
extract from memory the mapping matrix [MAP,] corre-
sponding to the current beam according to a currently trig-
gered color ultrasonograph mode, wherein the color ultra-
sonograph mode includes: B mode, color mode, power
Doppler mode or continuous wave Doppler mode; wherein
the ith point beam-forming line data (or RF data) X, in the
current beam-forming line data (or RF data) [X,,] is obtained
according to the following formula:

X; = ) diag((MAP]- [xyxx]), and

[MAP]- [xmxn] =
X[ oo X e XLy
Cil .o Clm +er CLM
Xm,1 X
Cn,1 Crm
CN.1 CNM st
XML AM.N

[0021] where in element ¢, ,, the line subscript n indicates
an array element sequence number and the column subscript
m indicates a sampled value sequence number, the value of
C,n is 1 or 0 only; ¢, =1 indicates Selected and c,, ,,=0
indicates Unselected; [MAP,] indicates an array of locations
m=round(t,f,) of non-zero elements in the nth line; t, indi-
cates time delay of current beam returned array elements.

[0022] With the disclosure, a processor sends a control
command according to a currently triggered color ultrasono-
graph mode; the processor receives the digital ultrasonic echo
signal data obtained according to the control command,
wherein the digital ultrasonic echo signal data is a digital
signal obtained by performing analog-to-digital conversion
on an analog ultrasonic echo signal; and the processor per-
forms beam-forming processing on the digital ultrasonic echo
signal data to obtain corresponding beam-forming line data.
Thus, the problem of resource waste and high cost caused
during technical update in the color ultrasound system based
on relevant technology due to complex hardware design and
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poor flexibility is solved; moreover, the color ultrasound sys-
tem hardware is simple in design and flexible, and resource
conservation and cost reduction are achieved during technical
update.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Fora better understanding of the disclosure, accom-
panying drawings described hereinafter are provided to con-
stitute one part of the application; the schematic embodi-
ments ofthe disclosure and the description thereof are used to
illustrate the disclosure but to limit the disclosure improperly,
In the accompanying drawings:

[0024] FIG. 1 shows a structure diagram of a color ultra-
sound system according to relevant technology

[0025] FIG. 2 shows a structure diagram of a color ultra-
sound system according to the embodiment of the disclosure;
[0026] FIG. 3 shows a function structure diagram of CPU in
a PC according to the embodiment shown in FIG. 2;

[0027] FIG. 4 shows a flowchart of a method for obtaining
beam-forming line data (or RF data) in a color ultrasound
system according to the embodiment of the disclosure;
[0028] FIG. 5 shows a workflow diagram of a processor
according to the embodiment shown in FIG. 4;

[0029] FIG. 6 shows a diagram of the algorithm principle of
beam-forming according to the embodiment of the disclo-
sure;

[0030] FIG. 7 shows a principle diagram of time delay
computation in the beam-forming process according to the
embodiment of the disclosure;

[0031] FIG. 8 shows a structure diagram of a device for
obtaining beam-forming line data (or RF data) in a color
ultrasound system according to the embodiment of the dis-
closure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0032] Itshould be noted that the embodiments in the appli-
cation and the characteristics of the embodiments can be
combined if no conflict is caused. The disclosure is described
below in detail by reference to the accompanying drawings in
conjunction with embodiments.

[0033] FIG. 2 shows a structure diagram of a color ultra-
sound system according to the embodiment of the disclosure;
FIG. 3 shows a function structure diagram of CPU in a PC
according to the embodiment shown in FIG. 2.

[0034] As shown in FIG. 2, the color ultrasound system
includes: an ultrasonic probe, which is configured to receive
a pulse signal and to obtain an analog ultrasonic echo signal
according to the pulse signal; a front-end circuit, which is
connected with the ultrasonic probe and is configured to send
the pulse signal to the ultrasonic probe and to perform analog-
to-digital conversion on the received analog ultrasonic echo
signal to obtain digital ultrasonic echo signal data; and a PC,
which communicates with the front-end circuit through the
transfer circuit and is configured to receive the digital ultra-
sonic echo signal data and to perform beam-forming process-
ing on the digital ultrasonic echo signal data obtained after
analog-to-digital conversion to obtain beam-forming line
data (or RF data) corresponding to the pulse signal.

[0035] Inthe above embodiment of the application, by real-
izing in a PC the beam-forming algorithm used for imple-
menting beam-forming processing, the color ultrasound sys-
tem not only realizes beam-forming algorithm and image
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processing algorithm, but also reduces circuit complexity and
cost to the greatest extent; in addition, if algorithm upgrade is
needed when resource changes, it is not necessary to redesign
circuit, only needing to modify in the PC the beam-forming
algorithm used for implementing beam-forming processing,
thereby facilitating future algorithm upgrade, enabling
simple design and good flexibility of color ultrasound system
hardware, and achieving resource conservation and cost
reduction during technical update.

[0036] During implementation, in the above embodiment
the ultrasonic probe combines with the front-end circuit to
realize transmitting and receiving of ultrasonic wave, to con-
vert the received ultrasonic signal into an electric signal, and
to digitalize the electric signal to transmit to the PC. As shown
in FIG. 2, the color ultrasound system which realizes the
beam-forming algorithm and other main algorithms using
CPU includes: an ultrasonic probe, a transmitting circuit, a
receiving circuit, a master controller, a high-speed transfer
circuit and a PC, wherein the transmitting circuit includes a
transmitting control circuit, a pulse transmitting circuit and a
high-voltage driving circuit; the receiving circuit includes a
transmitting/receiving converter, a Low-Noise Amplifier
(LNA) and an Analog to Digital Converter (ADC); the master
control circuit is connected with the PC through the high-
speed transfer circuit; specifically, the master control circuit
is connected with the transmitting control circuit; the trans-
mitting control circuit is connected with the pulse transmit-
ting circuit; the pulse transmitting circuit is connected with
the high-voltage driving circuit; the high-voltage driving cir-
cuit is connected with the ultrasonic probe and the transmit-
ting/receiving converter; and the transmitting/receiving con-
verter is connected with the LNA; the LNA is connected with
the ADC and the ADC finally is connected with the master
controller.

[0037] As shown in FIG. 3, the processor CPU in the PC
terminal performs necessary beam-forming processing, sub-
sequent signal processing and image processing on the
received signal. All processing is conducted in the CPU.

[0038] Specifically, the processor CPU in this application
first extracts the ultrasonic echo signal data, to obtain all array
element data [x,,, ] corresponding to the ith point beam-
forming line data (or RF data) X, in the current beam-forming
line data (or RF data) [X,,], and meanwhile extracts from
memory the mapping matrix [MAP,] corresponding to the ith
point beam-forming line data (or RF data) X, in the current
beam-forming line data (or RF data) [X,,] according to the
currently triggered color ultrasonograph mode, wherein the
color ultrasonograph mode includes: B mode, color mode,
power Doppler mode or continuous wave Doppler mode;
wherein the ith point beam-forming line data (or RF data) X,
in the current beam-forming line data (or RF data) [X,,] is
obtained according to the following formula:

X; = ) diag([MAP]- [xxx ), and

[MAP]- [xmxn] =
X, - Xipo oo XN
Ci,1 - Clm +er CLM
Xm,1 Xmn
Cn,l Cn,m
en.1 CNM Iy
X1 Xp N
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[0039] where in element ¢, ,, the line subscript n indicates
an array element sequence number and the column subscript
m indicates a sampled value sequence number, the value of
C,n is 1 or 0 only; ¢, =1 indicates Selected and ¢, =0
indicates Unselected; [MAP,] indicates the array of the loca-
tion m=round(t,f) of non-zero elements in the nth line; t,
indicates the time delay of the current beam returned array
elements.

[0040] Ineach embodiment of the disclosure, n and m are
any number in N and M respectively.

[0041] FIG. 4 shows a flowchart of a method for obtaining
beam-forming line data (or RF data) in a color ultrasound
system according to the embodiment of the disclosure; FIG. 5
shows a workflow diagram of a processor according to the
embodiment shown in FIG. 4.

[0042] The method as shown in FIG. 4 includes the follow-
ing steps:
[0043] Step 102: a processor sends a control command

according to a currently triggered color ultrasonograph mode.
[0044] Step 104: the processor receives digital ultrasonic
echo signal data obtained according to the control command,
wherein the digital ultrasonic echo signal data is a digital
signal obtained by performing analog-to-digital conversion
on an analog ultrasonic echo signal.

[0045] Step 106: the processor performs beam-forming
processing on the digital ultrasonic echo signal data to obtain
corresponding beam-forming line data.

[0046] Inthe above method embodiment of the application,
the control flow of beam-forming, subsequent signal and
image processing is realized through the processor CPU in
the PC. Since the above scheme replaces the original scheme
of realizing beam-forming through pure hardware, circuit
complexity and cost can be reduced to the greatest extent; in
addition, if algorithm upgrade is needed when resource
changes, it is not necessary to redesign circuit, only needing
to modify in the PC the beam-forming algorithm used for
implementing beam-forming processing, thereby facilitating
future algorithm upgrade, enabling simple design and good
flexibility of color ultrasound system hardware, and achiev-
ing resource conservation and cost reduction during technical
update.

[0047] In the above embodiment of the application, Step
106 that the processor performs beam-forming processing on
the digital ultrasonic echo signal data to obtain corresponding
beam-forming line data (or RF data) includes: extracting the
digital ultrasonic echo signal data, to obtain all array element
data [X,. 5] corresponding to the ith point beam-forming line
data (or RF data) X, in the current beam-forming line data (or
RF data) [X,,]; extracting from memory the mapping matrix
[MAP,] corresponding to the ith point beam-forming line data
(or RF data) X, in the current beam-forming line data (or RF
data) [X,,] according to the currently triggered color ultra-
sonograph mode, wherein the color ultrasonograph mode
includes: B mode, color mode, power Doppler mode or con-
tinuous wave Doppler mode; obtaining the ith point beam-
forming line data (or RF data) X, in the current beam-forming
line data (or RF data) [X,,] according to the following for-
mula:

X; = ) diag([MAP]- [xyr]), and

[MAP] - [xmxw] =
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-continued
X1 e Xlpmo ... XN
¢l - Clm -+ CLM : :
Xm,1 X,
Cp,l Cnm
et ENM Ly
XMJ xM,N

[0048] where in element ¢, ,, the line subscript n indicates
an array element sequence number and the column subscript
m indicates a sampled value sequence number, the value of
¢, is 1 or 0 only; ¢, =1 indicates Selected and c, =0
indicates Unselected; [MAP,] indicates the array of the loca-
tion m=round(tf,) of non-zero elements in the nth line; t,
indicates the time delay of the current beam returned array
elements.

[0049] In the above embodiment of the application, before
extracting from memory the mapping matrix [MAP,] corre-
sponding to the ith point beam-forming line data (or RF data)
X, in the current beam-forming line data (or RF data) [X,,]
according to the triggered color ultrasonograph mode, the
method further includes: performing time delay computation
for each array element data according to the deflection angle
8 corresponding to the color ultrasonograph mode and the
echo signal depth d,, so as to obtain the time delay t,, of the
current beam returned array elements; generating according
to the time delay t, the mapping matrix [MAP;] correspond-
ing to the ith point beam-forming line data (or RF data) X, in
the current beam-forming line data (or RF data) [X,,], saving
the mapping matrix [MAP,] in memory in the form of map-
ping table.

[0050] In the above embodiment of the application, after
sending a control command according to the currently trig-
gered color ultrasonograph mode, the method further
includes the following steps that: a master controller receives
the control command and adjusts the parameter of the ultra-
sonic probe according to the control command, so that the
transmitting circuit can send a pulse signal to the ultrasonic
probe according to the parameter; the ultrasonic probe
obtains an analog ultrasonic echo signal according to the
pulse signal and returns the analog ultrasonic echo signal to
the receiving circuit in the front-end circuit; the receiving
circuit in the front-end circuit performs analog-to-digital con-
version on the received analog ultrasonic echo signal to
obtain the digital ultrasonic echo signal data; and the master
controller forwards the digital ultrasonic echo signal data to
the memory of the processor through the transfer circuit.
[0051] Preferably, after the master controller forwards the
digital ultrasonic echo signal data to the memory of the pro-
cessor through the transfer circuit, the method further
includes: judging whether the currently triggered ultrasono-
graph mode is the same as the ultrasonograph mode triggered
last time, wherein, if the ultrasonograph mode changes,
extracting from the memory the mapping matrix [MAP,]
corresponding to the ith point beam-forming line data (or RF
data) X, in the current beam-forming line data (or RF data)
[X,,] according to the currently triggered ultrasonograph
mode; if the ultrasonograph mode does not change, perform-
ing beam-forming processing on the digital ultrasonic echo
signal data according to an existing mapping matrix [MAP,].
[0052] The above embodiment of the disclosure provides
an algorithm used for realizing beam-forming using CPU,
that is, the implementation of a colour ultrasound system
which realizes beam-forming and other main algorithms
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using CPU; this algorithm is not limited to the medical ultra-
sonic imaging system, but applicable to each field involving
ultrasonic imaging; the detailed process might include: map-
ping matrix [MAP,] extraction calculation, mapping calcula-
tion and mapping data summation, wherein the mapped
object is an array element received data matrix [MAP,], that
is, the digital ultrasonic echo signal data input to the memory
of the processor by the front-end circuit.

[0053] The specific implementation is as shown in FIG. 5,
this application realizes the control flow of beam-forming,
subsequent signal and image processing through the proces-
sor CPU in the PC. The control flow includes: storage step,
mode condition change judgement step, mapping table (De-
lay Table) extraction step, beam-forming step according to
mapping Table, signal and image processing step (this step
includes signal processing, image processing sub-step and
digital scaning change sub-step), and display step. Through
the above steps the following tasks are finished in the CPU in
the PC: processing of beam-forming algorithm, realizing of
beam former, B mode processing, colour mode processing,
power Doppler processing, and continuous Doppler process-
ing.

[0054] As shownin FIG. 5, in the above embodiment of the
application, the detailed workflow of the processor CPU
includes the following steps:

[0055] a: after initialization, saving the data transmitted
from the high-speed transfer circuit into the memory; entet-
ing b,

[0056] b: judging whether the user set condition changes; if
so, entering c; otherwise, entering e;

[0057] c: judgment mode: judging the currently triggered
colour ultrasonograph mode; if the mode changes to B mode,
entering d1; if the mode changes to color mode, entering d2;
if the mode changes to power Doppler mode, entering d3; if
the mode changes to continuous Doppler mode, entering d4;
if other conditions are changed, entering d5;

[0058] specifically, different modes correspond to the fol-
lowing operations:

[0059] d1: selecting the B mode condition, extracting the
mapping table in the B mode to CPU, and entering e;

[0060] d2: selecting the color mode condition, extracting
the mapping table in the colour mode to CPU, and entering e;
[0061] d3: selecting the power Doppler mode condition,
extracting the mapping table in the power Doppler mode to
CPU, and entering e,

[0062] d4: selecting the continuous Doppler mode condi-
tion, extracting the mapping table in the continuous Doppler
mode to CPU, and entering ¢;

[0063] d5: selecting other mode conditions, extracting the
mapping table in other corresponding modes to CPU, and
entering e;

[0064] e: performing the calculation of beam-forming algo-
rithm in CPU according to the extracted mapping table, and
entering f;

[0065] f: performing corresponding signal, image process-
ing and scanning change in CPU, and entering g;

[0066] g: displaying image and entering b.

[0067] During the implementation of the color ultrasound
system of the application, when a user changes the current
mode or condition, the PC sends a corresponding control
command to the master controller through the transfer circuit,
then the master controller adjusts relevant parameters (spe-
cifically, hardware parameters of the ultrasonic probe) of the
hardware circuit according to this control command, so that
the transmitting circuit transmits a high-voltage pulse accord-
ing to the corresponding parameters to obtain needed ultra-
sonic excitation and meanwhile to convert the ultrasonic echo
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signal into a digital signal (ultrasonic echo signal data)
through the transmitting/receiving converter, LNA, VGA and
ADC to transmit to the master controller (if in the continuous
Doppler mode, the signal would be converted into a digital
signal via the transmitting/receiving converter, LNA and
high-order-position ADC to transmit to the master control-
ler); then, the master controller transmits the data to the PC
directly through the transfer circuit according to the high-
speed transport protocol; the PC saves the data into the
memory after receiving the data, and sends the corresponding
mapping table to the CPU according to current mode or
condition; the CPU reads the needed data from the memory
according to the mapping table and performs beam-forming
calculation; the mapping table saves the mapping matrixes
corresponding to different modes. During calculation, if the
processor determines the system is in B mode, the processor
performs the beam-forming calculation in B mode; if in color
mode, the processor performs the beam-forming calculation
in color mode; if in power Doppler mode, the processor
performs the beam-forming calculation in power Doppler
mode; if in continuous Doppler mode, the processor performs
the beam-forming calculation in continuous Doppler mode; if
other conditions are changed, the processor performs corre-
sponding beam-forming calculation; the calculated data
becomes an image after further image processing and scan-
ning change and can be displayed on a display.

[0068] FIG. 6 shows a diagram of the algorithm principle of
beam-forming according to the embodiment of the disclo-
sure; FIG. 7 shows a principle diagram of time delay compu-
tation in the beam-forming process according to the embodi-
ment of the disclosure. For the beam-forming algorithm
mentioned in the above embodiment, the scheme thereof
realized using the processor CPU is described below in detail
in conjunction with FIG. 6 and FIG. 7.

[0069] Specifically, the process of performing beam-form-
ing on the digital ultrasonic echo data (that is, each array
element received data matrix [X,, »]) from the front-end cir-
cuit by the processor CPU in this application might include
three steps: mapping matrix [MAP,] extraction, mapping cal-
culation and summation. In this embodiment, the array ele-
ment received data refers to the ultrasonic echo signal data
obtained by performing conversion on the returned ultrasonic
echo signal.

[0070] Inorder to obtain the data of abeam-forming line, as
shown in FIG. 6, supposing matrix [X, .,/ is an array element
received data matrix (that is, the digital ultrasonic echo signal
data transmitted to the memory by the front-end circuit).
When the CPU reads the matrix [X, ] to perform beam-
forming, the CPU first performs mapping calculation accord-
ing to the echo depth d, to select and obtain corresponding
mapping matrix [MAP,], then the CPU multiplies the map-
ping matrix [MAP,] with the array element received data
matrix [X,,. ] to obtain the valid data corresponding to the
depth d, (at most one data is selected in each received array
element data), and finally the CPU performs summation on
the valid data to obtain the ith point data X, of the beam-
forming line data (or RF data) [X,,].

[0071] Specifically, since each colour mode is already
known, the system can obtain the time delay t,, of array ele-
ment received data in each colour ultrasonic mode through
time delay computation.

[0072] Asshownin FIG. 7, the calculation of the time delay
of array element received data is as follows: according to the
deflection angle 8 of'a beam k, the depth di of echo signal and
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the cosine law, the total time t, of the beam signal arriving the
focus P from the array element k and then retuning to the array
element n can be calculated.

[0073] wherein 1, indicates the distance between the array
element k and the received array element n, t,=2d,/(c-cos 0)
indicates the total time of a signal arriving the focus P from
the array element k and then returning along the original path,
¢ indicates the propagation speed of ultrasonic wave in soft
tissue. It should be noted that the difference betweent, and t,,
indicates the time delay T, corresponding to the array element
n

[0074] After calculating the time delay of returning each
array element in the current colour ultrasonograph mode, the
time delay of all array elements is normalized to obtain the
mapping matrix [MAP,]; the key of solving the mapping
matrix [MAP,] depends on the determination of the location
m of non-zero elements in a line n, and this needs the receiv-
ing time t,, (or receiving time delay t,,) of the echo data of the
array element n against the depth d,. As shown in FIG. 7,
specifically, t, can be represented by the multiple of period
T,=1/f,, then the sampling sequence number corresponding
tot,1st /T =t f and then the integer closest to t f_ is calcu-
lated to determine the location m=round(t,f;) of non-zero
elements in the nth line of the mapping matrix [MAP,].
[0075] Preferably, for convenient use, the calculated map-
ping matrix [MAP,] can be made into a mapping table to
accelerate the system processing speed.

[0076] After the processor finishes time delay computation
and obtains the mapping matrix [MAP,], the processor per-
forms the mapping processing of array element received data.
[0077] Since the scanning line data [X, ] is calculated point
by point, all the X, constituting [ X, /] can be obtained first. For
the ith point scanning line data element X, there must be a
data set corresponding to X, in all array element received data
[X,4]s @s shown in FIG. 6. We can view the corresponding
relationship between all array element received data [X, |
and X, as mapping; and the mapping condition is the time
delay determined according to the echo depth d,.

[0078] The mapping relationship between X, and [X, ]
can be represented by the mapping matrix [MAP, ], where the
subscript 1 indicates the ith depth sampling unit. This matrix
selects the original data [X,. /] using the time delay of the
echo signal of the array element, and the selection process can
be expressed as follows:

[MAP]- [xpxn] =
X, - X .o XLN
c,1 - Clm -+ CLM
mel men
Cnl Cnm
CN,L CN.M Insp
Xp1 N Lysar
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[0079] where in element ¢, ,, the line subscript n indicates
an array element sequence number and the column subscript
m indicates a sampled value sequence number, the value of
C,n is 1 or 0 only; ¢, =1 indicates Selected and c,, ,,=0
indicates Unselected. Obviously, since there is at most one
data meeting the time delay condition in each column of data
in [X,z.], thus there is at most one element being 1 in each
line of elements in [MAP,], and other elements are 0. The
result of matrix multiplication is an NxN square matrix, and
the diagonal element of this square matrix is the correspond-
ing data of X, in [X, .51

[0080] After obtaining the corresponding data of the line
dataelement X, inthe original data [, »], the element X, can
be expressed as: X,=2diag((MAP,][,,..»]) that is to say, the
step of mapping data summation is finished. Repeated opera-
tion of b) and ¢) on different depth units i can obtain a
complete beam-forming line data.

[0081] Tt should be noted that the steps included in the
flowchart in the accompanying drawings can be executed in a
computer system consisting of computers that can execute
instructions; moreover, although a logic order is given in the
flowchart, the steps listed or described can be executed in a
different order in some conditions.

[0082] The disclosure relates to the method of beam-form-
ing in color ultrasonic imaging and implementation of other
main algorithms in computer CPU, and in particular to a
method of beam-forming in a medical color ultrasound sys-
tem and implementation of other main algorithms in com-
puter CPU. The disclosure also relates to the device of this
method.

[0083] FIG. 8 shows a structure diagram of a device for
obtaining beam-forming line data (or RF data) in a color
ultrasound system according to the embodiment of the dis-
closure. As shown in FIG. 8, the device might include: a
sending module 10, which is configured to send a control
command according to a currently triggered color ultrasono-
graph mode; a receiving module 30, which is configured to
receive the digital ultrasonic echo signal data obtained
according to the control command, wherein the digital ultra-
sonic echo signal data is a digital signal obtained by perform-
ing analog-to-digital conversion on an analog ultrasonic echo
signal; and a processing module 50, which is configured to
perform beam-forming processing on the digital ultrasonic
echo signal data to obtain corresponding beam-forming line
data.

[0084] Specifically, the processing module in the above
embodiment might include: a first extracting module, which
is configured to extract the digital ultrasonic echo signal data,
to obtain all array element data [X,, ] corresponding to the
ith point data X, in the current beam-forming line data (or RF
data) [X,,]; a second extracting module, which is configured
to extract from memory the mapping matrix [MAP,] corre-
sponding to the ith point data X, in the current beam-forming
line data (or RF data) [X,,] according to the currently trig-
gered color ultrasonograph mode, wherein the color ultra-
sonograph mode includes: B mode, color mode, power Dop-
pler mode or continuous wave Doppler mode; a calculation
module, which is configured to obtain the ith point beam-
forming line data (or RF data) X, in the current beam-forming
line data (or RF data) [X,,] according to the following for-
mula:
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X; = ) diag([MAP]- [sar-]), and

[MAP] - [xmxw] =
X1 - Xy oo XLN
¢l -+ Clm --- CLM : :
: : Xm,1 Xin,n
Cp,l Cnm
w1 CN, M NxM
XM,1 XM,N
[0085] where in element ¢, ,, the line subscript n indicates

an array element sequence number and the column subscript
m indicates a sampled value sequence number, the value of
C,.m 18 1 or 0 only; ¢, =1 indicates Selected and c, =0
indicates Unselected; [MAP,] indicates the array of the loca-
tion m=round(t,f,) of non-zero elements in the nth line; t,
indicates the time delay of the current beam returned array
elements.

[0086] The device in the above embodiment of this appli-
cation might further include: a saving module, which is con-
figured to save in memory the time delay t, of the current
beam returned array elements obtained by performing time
delay computation for each array element data according to
the deflection angle 0 corresponding to the color ultrasono-
graph mode and the echo signal depth d, and the mapping
matrix [MAP,] generated according to the time delay t,,.
[0087] Preferably, the processing module in the above
embodiment might further include: a judgment module,
which is configured to judge whether the currently triggered
ultrasonograph mode is the same as the ultrasonograph mode
triggered last time; a first acquisition module, which is con-
figured to extract the mapping matrix [MAP,] corresponding
to the ith point beam-forming line data (or RF data) X, in the
current beam-forming line data (or RF data) [X,,] from the
memory according to the currently triggered ultrasonograph
mode if the ultrasonograph mode changes; a second acquisi-
tion module, which is configured to perform beam-forming
processing on the digital ultrasonic echo signal data accord-
ing to an existing mapping matrix [MAP,] if the ultrasono-
graph mode does not change.

[0088] This application also provides a computer program
running in a processor to obtain beam-forming line data,
including a computer program used for executing the method
of obtaining beam-forming line data (or RF data) in a color
ultrasound system.

[0089] This application also provides a memory, which
saves the computer program running in a processor to obtain
beam-forming line data.

[0090] From the above description, it can be seen that the
disclosure realizes the following technical effects: enabling
simple design and good flexibility of color ultrasound system
hardware, and achieving resource conservation and cost
reduction during technical update.

[0091] Obviously, those skilled in the art should understand
that the modules and steps described above can be imple-
mented by a common computer device; the modules or steps
can be integrated on a single computing device or distributed
on a network composed of a plurality of computing devices;
optionally, the modules or steps can be implemented by a
programming code executable by a computing device, thus
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they can be stored in a storage device to execute by a com-
puting device, or manufactured into individual integrated cit-
cuit module respectively, or several of them can be manufac-
tured into a single integrated circuit module to realize; in this
way, the disclosure is not limited to any combination of spe-
cific hardware and software

[0092] The above are only the preferred embodiments of
the disclosure and not intended to limit the disclosure. For
those skilled in the art, various modifications and changes can
be made to the disclosure. Any modification, equivalent sub-
stitute and improvement made within the principle of the
disclosure are deemed to be included within the scope of
protection as defined in the appended claims of the disclosure.

1. A method for obtaining beam-forming line data in a
color ultrasound system, comprising:

a processor sending a control command according to a

currently triggered color ultrasonograph mode;

the processor receiving the digital ultrasonic echo signal

data obtained according to the control command,
wherein the digital ultrasonic echo signal data is a digital
signal obtained by performing analog-to-digital convet-
sion on an analog ultrasonic echo signal; and

the processor performing beam-forming processing on the

digital ultrasonic echo signal data to obtain correspond-
ing beam-forming line data.
2. The method according to claim 1, wherein the processor
performing beam-forming processing on the digital ultra-
sonic echo signal data to obtain corresponding beam-forming
line data comprises:
extracting the digital ultrasonic echo signal data, to obtain
all array element data [X,,.] corresponding to the ith
point beam-forming line data X, in the current beam-
forming line data [X,];

extracting from memory a mapping matrix [MAP,] corre-
sponding to the ith point beam-forming line data X, in
the current beam-forming line data [X,,] according to
the currently triggered color ultrasonograph mode,
wherein the color ultrasonograph mode comprises: B
mode, color mode, power Doppler mode or continuous
wave Doppler mode;

obtaining the ith point beam-forming line data X, in the

current beam-forming line data [X,,] according to the
following formula:

Xi = )" diog([MAP] - [xus ). and

[MAP:]- [xaxn] =
XL e XLy e XN
Ct - Clm -ee CLM
Xim,1 Xmn
Cpl . Cpm
CN 1 CN.M it
A1 AMN

where inelement ¢, , the line subscript n indicates an array
element sequence number and the column subscript m
indicates a sampled value sequence number, the value of
C,. 18 1orOonly;c, =1 indicates Selected and c,, ,,=0

indicates Unselected;’ [MAP,] indicates an array of loca-
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tions m=round(t,f,) of non-zero elements in the nth line;
t, indicates time delay of current beam returned array
elements.

3. The method according to claim 2, wherein before
extracting from memory the mapping matrix [MAP,] corre-
sponding to the ith point beam-forming line data X, in the
current beam-forming line data [X,,] according to the trig-
gered color ultrasonograph mode, the method further com-
prises:

performing time delay computation for each array element
data according to an echo signal depth d; and a deflection
angle 0 corresponding to the color ultrasonograph mode,
to obtain the time delay t, of the current beam returned
array elements;

generating according to the time delay t, the mapping
matrix [MAP,] corresponding to the ith point beam-
forming line data X, in the current beam-forming line
data [X,,], saving the mapping matrix [MAP,] in
memory in the form of mapping table.

4. The method according to claim 2, wherein after the
processor sending the control command according to the
currently triggered color ultrasonograph mode, the method
further comprises:

a master controller receiving the control command and
adjusting a parameter of an ultrasonic probe according
to the control command, to enable a transmitting circuit
to send a pulse signal to the ultrasonic probe according to
the parameter;

the ultrasonic probe obtaining the analog ultrasonic echo
signal according to the pulse signal and returning the
analog ultrasonic echo signal to a front-end circuit;

the front-end circuit performing analog-to-digital conver-
sion on the received analog ultrasonic echo signal to
obtain the digital ultrasonic echo signal data; and

the master controller forwarding the digital ultrasonic echo
signal data to the memory of the processor through a
transfer circuit.

5. The method according to claim 4, wherein after the
master controller forwarding the digital ultrasonic echo sig-
nal data to the memory of the processor through the transfer
circuit, the method further comprises:

judging whether the currently triggered ultrasonograph
mode is the same as the ultrasonograph mode triggered
last time, wherein,

if the ultrasonograph mode changes, extracting the map-
ping matrix [MAP,] from the memory according to the
currently triggered ultrasonograph mode;

if the ultrasonograph mode does not change, performing
beam-forming processing on the digital ultrasonic echo
signal data according to an existing mapping matrix
[MAP,].
6. A device for obtaining beam-forming line data in a color
ultrasound system, comprising:

a sending module, which is configured to send a control
command according to a currently triggered color ultra-
sonograph mode;

a receiving module, which is configured to receive the
digital ultrasonic echo signal data obtained according to
the control command, wherein the digital ultrasonic
echo signal data is a digital signal obtained by perform-
ing analog-to-digital conversion on an analog ultrasonic
echo signal; and
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a processing module, which is configured to perform
beam-forming processing on the digital ultrasonic echo
signal data to obtain corresponding beam-forming line
data.

7. The device according to claim 6, wherein the processing

module comprises:

a first extracting module, configured to extract the digital
ultrasonic echo signal data, to obtain all array element
data [X,»] corresponding to the ith point beam-form-
ing line data X, in the current beam-forming line data
(Xad:

a second extracting module, configured to extract from
memory a mapping matrix [MAP,] corresponding to the
ith point beam-forming line data X in the current beam-
forming line data [X,,] according to the currently trig-
gered color ultrasonograph mode, wherein the color
ultrasonograph mode includes: B mode, color mode,
power Doppler mode or continuous wave Doppler
mode;

a calculation module, configured to obtain the ith point
beam-forming line data X, in the current beam-forming
line data [X,,] according to the following formula:

X; = ) diog([MAP,]- [xuy]), and

[MAP]- [xpxn] =
X1 - X1pooe XN
1o Cm o-ee CLM
Xm,1 Xmn
Cpl v Cum
N1 CNM Iy
X1 XuN

where inelement c,, , the line subscript n indicates an array
element sequence number and the column subscript m
indicates a sampled value sequence number, the value of
¢, 18 LorOQonly;c, =1 indicates Selected and c,, ,,=0
indicates Unselected; [MAP,] indicates the array of the
location m=round(t f ) of non-zero elements in the nth
line; t, indicates the time delay of the current beam
returned array elements.

8. The device according to claim 7, further comprising:

a saving module, which is configured to save in memory
the time delay t, of the current beam returned array
elements obtained by performing time delay computa-
tion for each array element data according to an echo
signal depth d, and a deflection angle 6 corresponding to
the color ultrasonograph mode, and the mapping matrix
[MAP,] generated according to the time delay t,,.

9. The device according to claim 8, wherein the processing

module further comprises:

a judgment module, configured to judge whether the cur-
rently triggered ultrasonograph mode is the same as the
ultrasonograph mode triggered last time;

a first acquisition module, configured to extract the map-
ping matrix [MAP,] from the memory according to the
currently triggered ultrasonograph mode if the ultra-
sonograph mode changes;

asecond acquisition module, configured to perform beam-
forming processing on the digital ultrasonic echo signal
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data according to an existing mapping matrix [MAP,] if
the ultrasonograph mode does not change.

10. A color ultrasound system, comprising:

an ultrasonic probe, configured to receive a pulse signal
and to obtain an analog ultrasonic echo signal according
to the pulse signal;

a front-end circuit, connected with the ultrasonic probe and
configured to send the pulse signal to the ultrasonic
probe and to perform analog-to-digital conversion on the
received analog ultrasonic echo signal to obtain digital
ultrasonic echo signal data; and

a PC, communicated with the front-end circuit through a
transfer circuit and configured to receive the digital
ultrasonic echo signal data and to perform beam-form-
ing processing on the digital ultrasonic echo signal data
to obtain beam-forming line data corresponding to the
pulse signal.

11. The system according to claim 10, wherein the PC
comprises:

aprocessor, configured to extract the ultrasonic echo signal
data so as to obtain all array element data [X,,, /| corre-
sponding to the ith point beam-forming line data X, in
the current beam-forming line data [X,,], and mean-
while to extract from memory the mapping matrix
[MAP;] corresponding to the current beam according to
a currently triggered color ultrasonograph mode,
wherein the color ultrasonograph mode comprises: B
mode, color mode, power Doppler mode or continuous
wave Doppler mode; wherein the ith point beam-form-
ing line data X, in the current beam-forming line data
[X,,] is obtained according to the following formula:

X; = ) diogl[MAP]- [xy]), and

[MAP;]- [xmxn] =
X1 e Xlpo ... XLN
CLL « Clm - CLM
Xm,1 Xmn
Cn,1 Cnm
c,1 N Ly
xMyl xM,N

where in element ¢, , the line subscript n indicates an array
element sequence number and the column subscript m
indicates a sampled value sequence number, the value of
C,.n 18 LorOonly;c, =1 indicates Selected and c,, ,,=0
indicates Unselected; [MAP,] indicates the array of the
location m=round(t f ) of non-zero elements in the nth
line; t,, indicates the time delay of the current beam
returned array elements.

12. A computer program running in a processor to obtain
beam-forming line data, comprising: the method for obtain-
ing beam-forming line data in a color ultrasound system as
claimed in claim 1.

13. A memory, comprising: the computer program running
in a processor to obtain beam-forming line data as claimed in
claim 12.
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14. The method according to claim 3, wherein after the
processor sending the control command according to the
currently triggered color ultrasonograph mode, the method
further comprises:

a master controller receiving the control command and
adjusting a parameter of an ultrasonic probe according
to the control command, to enable a transmitting circuit
to send apulse signal to the ultrasonic probe according to
the parameter;

the ultrasonic probe obtaining the analog ultrasonic echo
signal according to the pulse signal and returning the
analog ultrasonic echo signal to a front-end circuit;

the front-end circuit performing analog-to-digital conver-
sion on the received analog ultrasonic echo signal to
obtain the digital ultrasonic echo signal data; and

the master controller forwarding the digital ultrasonic echo
signal data to the memory of the processor through a
transfer circuit.

15. The method according to claim 14, wherein after the
master controller forwarding the digital ultrasonic echo sig-
nal data to the memory of the processor through the transfer
circuit, the method further comprises:

judging whether the currently triggered ultrasonograph
mode is the same as the ultrasonograph mode triggered
last time, wherein,

if the ultrasonograph mode changes, extracting the map-
ping matrix [MAP,] from the memory according to the
currently triggered ultrasonograph mode;
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if the ultrasonograph mode does not change, performing
beam-forming processing on the digital ultrasonic echo
signal data according to an existing mapping matrix
[MAP,].

16. A computer program running in a processor to obtain
beam-forming line data, comprising: the method for obtain-
ing beam-forming line data (or RF data) in a color ultrasound
system described in claim 2.

17. A computer program running in a processor to obtain
beam-forming line data, comprising: the method for obtain-
ing beam-forming line data (or RF data) in a color ultrasound
system as claimed in claim 3.

18. A computer program running in a processor to obtain
beam-forming line data, comprising: the method for obtain-
ing beam-forming line data (or RF data) in a color ultrasound
system as claimed in claim 4.

19. A computer program running in a processor to obtain
beam-forming line data, comprising: the method for obtain-
ing beam-forming line data (or RF data) in a color ultrasound
system as claimed in claim 5.

20. A computer program running in a processor to obtain
beam-forming line data, comprising: the method for obtain-
ing beam-forming line data (or RF data) in a color ultrasound
system as claimed in claim 14.
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The disclosure provides a color ultrasound system and a
method and a device thereof for obtaining beam-forming line
data. The method comprises: a processor sending a control
command according to a currently triggered color ultrasono-
graph mode; the processor receiving the digital ultrasonic
echo signal data obtained according to the control command,
wherein the digital ultrasonic echo signal data is a digital
signal obtained by performing analog-to-digital conversion
on an analog ultrasonic echo signal; and the processor per-
forming beam-forming processing on the digital ultrasonic
echo signal data to obtain corresponding beam-forming line
data. With the disclosure, the color ultrasound system hard-
ware is simple in design and flexible, and resource conserva-
tion and cost reduction are achieved during technical update.
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