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7 ABSTRACT

There is provided an ultrasound system, which includes: a
probe for providing electrical analog signals in response to
ultrasound signals reflected from a target object; an analog-

(73) Assignee: Medison Co., Ltd., Hongchun-gun 10 : >
(KR) to-digital converter for converting the electrical analog
signals to digital signals; and a beam former for extracting
(21) Appl. No.: 11/752,075 a part of digital signals at a rate of n times of a center
frequency of the electrical analog signals to form a receive
(22) Filed: May 22, 2007 beam, wherein n is a positive integer.
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ULTRASOUND DIAGNOSTIC SYSTEM AND
METHOD FOR ADJUSTING OUTPUT OF
DIGITAL SIGNALS

[0001] The present application claims priority from
Korean Patent Application Nos. 10-2006-0046253 (filed on
May 23, 2006) and 10-2006-0069989 (filed on Jul. 25,
2006), the entire subject matters of which are incorporated
herein by reference.

BACKGROUND

[0002] 1. Field

[0003] The present invention generally relates to an ultra-
sound diagnostic system, and more particularly to an ultra-
sound diagnostic system and a method for adjusting the
amount of digital signals outputted from a beam former.
[0004] 2. Background

[0005] An ultrasound diagnostic system transmits ultra-
sound signals into a target object and receives ultrasound
echo signals. The echo ultrasound signals are converted into
electrical image signals, thereby providing an internal image
of the target object. The ultrasound signals are transmitted
and received by a probe. The probe includes transducer
elements for reciprocally converting electric signals to ultra-
sound signals. Since a probe having an array transducer of
various types is used, a high-resolution ultrasound image
can be acquired.

[0006] FIG. 1 is a schematic diagram for explaining a
transmission/reception focusing method of ultrasound sig-
nals in a probe using an array transducer. Referring to FIG.
1, ultrasound signals produced at each transducer element of
the array transducer 10 should be focused on a focal point
positioned at a depth of d so as to obtain a high-resolution
ultrasound image. A distance between a center transducer
element Tc and the focal point is shortest, whereas a distance
between an edge transducer element T, and the focal point
is longest among the distances between each transducer
element and the focal point. The ultrasound diagnostic
system includes a beam former for forming electrical trans-
mission signals by reflecting distance differences between
each transducer element and the focal point. The beam
former forms a plurality of electric transmission signals, i.e.,
a transmission beam based on a delay profile, which is
determined by considering the distance differences between
each transducer element and the focal point. The transmis-
sion beam is delivered to the array transducer 10 and then
converted into ultrasound signals. The ultrasound signals are
transmitted to the target object to be focused on the focal
point.

[0007] Also, the times in which the ultrasound signal
reflected from the focal point arrives at each transducer
element are different. An ultrasound signal reflected from the
focal point travels a distance of “r” to arrive at a center
transducer element Tc, while an ultrasound signal reflected
from the focal point travels a distance of r+Ar to reach a
transducer element Tx. That is, the ultrasound signal
received at the transducer element Tx is delayed by Ar
compared to the ultrasound signal received at the transducer
element Tc. Therefore, the beam former compensates for the
delays of the ultrasound signals received at each transducer
element with reference to a position of the center transducer
element Tc.
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[0008] Generally, the electrical signals and the ultrasound
signals, which are reciprocally converted in the probe,
consist of wide bandwidth signals. The ultrasound signals
propagated into a medium are attenuated due to absorption,
scattering and reflection. As a center frequency of the
ultrasound signals is higher, the attenuation of the ultrasound
signals increases. An analog-to-digital converter (ADC) of
the conventional ultrasound diagnostic system samples input
signals at a constant interval and then converts the sampled
signals into digital signals, regardless of a center frequency
of the input signals as illustrated in FIG. 2. Therefore, in case
of sampling the input signals at a sampling rate determined
according to Nyquist theorem to prevent generation of
aliasing, if the center frequency is relatively low, then the
amount of the digital signals becomes relatively large. On
the contrary, if the center frequency is relatively high, then
the amount of the digital signals becomes relatively small
(see FIG. 3). Thus, data processing capability of a processor
for processing the digital signals, which are outputted from
the ADC, has to be controlled according to the center
frequency of the analog signals. As such, it becomes difficult
to design the ultrasound diagnostic system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Arrangements and embodiments may be described
in detail with reference to the following drawings in which
like reference numerals refer to like elements and wherein:

[0010] FIG. 1 is a schematic diagram illustrating an
example of explaining a transmission/reception focusing
method of ultrasound signals in a probe using an array
transducer;

[0011] FIG. 2 is a schematic diagram illustrating an
example of sampling a high frequency signal and a low
frequency signal according to the prior art;

[0012] FIG. 3 is a graph showing a relation between an
amount of calculation of digital signals and a center fre-
quency according to the prior art;

[0013] FIG. 4 is a block diagram showing a ultrasound
diagnostic system in accordance with one embodiment of
the present invention;

[0014] FIG. 5 is a block diagram showing a beam former
in accordance with one embodiment of the present inven-
tion;

[0015] FIG. 6 is a schematic diagram showing an example
of delaying digital signals by using a dual port random
access memory in accordance with one embodiment of the
present invention;

[0016] FIG. 7 is a block diagram illustrating an extraction
unit and an interpolation unit for adjusting an amount of
digital signals in accordance with one embodiment of the
present invention,

[0017] FIG. 8 is a diagram showing an example of extract-
ing a part of digital signals in accordance with one embodi-
ment of the present invention;

[0018] FIG. 9 is a graph showing a relation between an
amount of calculation of digital signals and a center fre-
quency in accordance with one embodiment of the present
invention; and
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[0019] FIG. 10 is a block diagram showing an ultrasound
diagnostic system in accordance with another embodiment
of the present invention.

DETAILED DESCRIPTION

[0020] The present invention provides an ultrasound diag-
nostic system and a method for uniformly controlling an
amount of calculation of digital signals outputted from a
beam former. Hereinafter, one embodiment of the present
invention will be described with reference to the accompa-
nying drawings.

[0021] As shown in FIG. 4, the ultrasound diagnostic
system 100 includes a probe 110, an analog-to-digital con-
verter (ADC, 120), a beam former 130, a storage unit 140,
a digital signal processor (DSP, 150), a digital scan converter
(DSC, 160) and a display unit 170.

[0022] The probe 110 includes at least one transducer
element for converting transmission signals into ultrasound
signals to be transmitted to a target object and receiving
ultrasound signals reflected from the target object. The
transducer element converts the received ultrasound signals
into electrical signals of an analog form (hereinafter referred
1o as analog receive signals). The analog receive signals
outputted from the probe 110 are broad bandwidth signals,
wherein a center frequency of the analog receive signals
reflects characteristics of the transducer element and tissues
of the target object.

[0023] The ADC 120 samples the analog receive signals
outputted from the probe 110 at a constant sampling rate
(e.g., 60 MHz) and then converts the sampled signals into
digital signals. Since the sampling is carried out at the
constant sampling rate by the ADC 120 regardless of the
center frequency of the analog receive signals, if the center
frequency of the analog receive signals is relatively low,
then a relatively large amount of digital signals is obtained.
On the contrary, if the center frequency of the analog receive
signals is relatively high, then a relatively small amount of
digital signals is obtained. When the probe 110 has a
plurality of transducer elements, the ADC 120 is installed as
many as the number of the transducer elements. That is, the
ADC 120 is matched with the transducer element one by
one.

[0024] The beam former 130 extracts a part of the digital
signals at a rate of integer multiples of the center frequency
and then forms a receive beam based on the extracted digital
signals. That is, the beam former 130 converts the digital
signals outputted from the ADC 120 into the constant
number of digital signals. The storage unit 140 stores the
digital signals outputted from the beam former 130. The
DSP 150 processes the digital signals outputted from the
beam former 130 or stored in the storage unit 140, thereby
forming image data for expressing B, C or D mode images.
DSC 160 scan converts the image data inputted from the
DSP 150 for display. The display unit 160 receives the
scan-converted image data and then displays an ultrasound
image based on the scan-converted image data.

[0025] The beam former 130 delays the digital signals
sampled at the constant sampling rate by the ADC 120 and
then extracts the sampled digital signals at a rate correspond-
ing to integer multiples of the center frequency of the analog
receive signals. This adjusts the amount of the digital
signals. Further, the beam former 130 interpolates the
extracted digital signals.
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[0026] As shown in FIG. 5, the beam former 130 includes
a coarse delay unit 131, an extraction unit 132, an interpo-
lation unit 133 and a control unit 134. The extraction unit
132 controls such that the digital signals outputted from the
ADC 120 are maintained in a uniform amount. The beam
former 130 controls the operations of the coarse delay unit
131, the extraction unit 132 and the interpolation unit 133.
Furthet, the beam former 130 includes a transmission beam
forming unit (not shown) and a receive beam forming unit
(not shown) for performing the basic functions of the beam
former 130. Also, the beam former 130 may include a gain
adjusting unit for compensating the attenuation of the ultra-
sound signals reflected from the target object.

[0027] The coarse delay unit 131 may be preferably con-
figured with a dual port random access memory (RAM). As
illustrated in FIG. 6, the dual port RAM includes a plurality
of memory regions. Each memory region of the dual port
RAM is pointed by a write pointer and a read pointer. The
dual port RAM includes a writing pin and a reading pin (not
denoted). Data inputted through the writing pin are stored in
the memory region pointed by the write pointer. The data
stored in the memory region pointed by the read pointer are
read out through the reading pin. The digital signals output-
ted from the ADC 120 corresponding to each transducer
element are stored in the memory regions R1-R4, which are
classified according to each transducer element. Each
memory region is partitioned into a plurality of sub memory
regions R11-R4N. The digital signals corresponding to an
identical transducer element are stored as the type of a
digital signal stream. Before the digital signal stream of each
transducer element is written in the dual port RAM, two
pointers are initialized to point the same position, e.g., a sub
memory region RI1. The digital signal stream of each
transducer element is stored in the memory regions pointed
by the write pointer. Each memory region, which stores the
digital signal stream to be read out, is pointed by the read
pointer after a predetermined time elapses from a time which
the digital signal stream is stored in the corresponding
memory region or from a time which the corresponding
memory region is pointed by the write pointer. The prede-
termined time is determined according to a delay profile
formed by reflecting a distances between each transducer
element and the focal point. As mentioned above, the digital
signal stream, which is sampled at the constant sampling
rate, is coarsely delayed in the coarse delay unit 131.

[0028] As shown in FIG. 7, the extraction unit 132
includes a shift register 132a and a processing register 1325.
The shift register 132a and the processing register 1325 are
installed as many as the number of the transducer elements.
The extraction unit 132 adjusts the amount of the digital
signals with reference to a preset center frequency of the
analog receive signals. In accordance with another embodi-
ment of the present invention, the ultrasound diagnostic
system 100 further includes a center frequency information
providing unit for analyzing the analog receive signals
outputted from the probe 110 so as to provide center
frequency information to the extraction unit 132 or the
control unit 134.

[0029] The digital signal stream of the memory region,
which is pointed by the read pointer under the control of the
control unit 134, is transferred to the shift register 132a. The
digital signal stream corresponding to each transducer ele-
ment is preferably transferred to the shift register corre-
sponding to the transducer element. Thereafter, a part of the
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digital signal stream, which is stored in each shifter register
132q at arate of n times of the center frequency of the analog
receive signal received from the probe 110, is extracted
under the control of the control unit 134, wherein n is a
positive integer. The extracted digital signals are transferred
to the processing register 1325. The digital signal stream is
preferably extracted at a rate (DR) defined by the following
equation (1).

DR=fexn 1)

[0030] Wherein fc represents the center frequency of the
analog receive signal outputted from the probe 110 and n
denotes a positive integer in equation (1). It is preferable that
nis 4 to extract the digital signals at a rate of at least 2 times
of a maximum frequency according to Nyquist theorem for
reducing aliasing. However, this positive integer n is not
limited.

[0031] The digital signal stream, which is stored in the
shift register 1324, is extracted at a rate of n times of the
center frequency of the analog receive signal in accordance
with one embodiment of the present invention. Therefore,
when a relatively small amount of digital signals is outputted
from the ADC 120, the digital signal stream is extracted at
a relatively high rate. On the contrary, when a relatively
large amount of digital signals is outputted from the ADC
120, the digital signal stream is extracted at a relatively low
rate. That is, when assuming that a density of scan lines and
a frame rate are identical per each frame, and if the center
frequency of the analog receive signal is relatively high
(high frequency). then the digital signal stream is extracted
at a relatively high rate as illustrated in FIG. 8. On the
contrary, when the center frequency of the analog receive
signal is relatively low (low frequency), the digital signal
stream is extracted at a relatively low rate. Thus, the beam
former 130 can output the uniform amount of digital signals
regardless of the center frequency of the analog receive
signals outputted from the probe 110, as shown in FIG. 9.
For the sake of convenience, the waveforms of the high
frequency and the low frequency are illustrated in an analog
form. However, the digital signals can be extracted from the
high frequency and the low frequency signals of a digital
form.

[0032] The interpolation unit 133 interpolates the digital
signals outputted from the processing register 1325. The
interpolation unit 133 includes a coefficient RAM 1334, a
multiplier 1335, an adder 133¢ and a register 1334. The
coeflicient RAM 1334 provides a look-up table of interpo-
lation filter coeflicients. The multiplier 1335 multiplies the
digital signals, which are inputted from the processing
register 1324, by the interpolation filter coefficients stored in
the coefficient RAM 113a. The adder 1335 adds the output
signals of the multiplier 1335. The output signals of the
adder 133¢, i.e., a receive beam. is stored in the register
1334.

[0033] As shown in FIG. 10, the ultrasound diagnostic
system 200 may include a personal computer (PC) 210
instead of the DSP 150 and the DSC 160 shown in FIG. 4
in accordance with another embodiment of the present
invention. That is, the functions of the DSP and the DSC
may be implemented by software in the PC 210. In accor-
dance with the present invention, since the beam former 130
outputs a uniform amount of digital signals regardless of the
center frequency of the analog receive signals outputted
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from the probe 110, the functions of DSP and DSC can be
implemented in the PC 210 having a predetermined signal
processing capability.

[0034] As mentioned above, since the beam former out-
puts an uniform amount of the digital signals by extracting
the digital signals at the rate of integer multiples of the
center frequency, there is a merit in that the processing
capability of the image processing unit such as DSP or PC
does not have any influence on designing the ultrasound
diagnostic system in accordance with the present invention.
[0035] Inaccordance with one aspect of the present inven-
tion, an ultrasound diagnostic system, includes: a probe for
providing electrical analog signals of a predetermined band-
width in response to ultrasound signals reflected from a
target object; an analog-to-digital converter for converting
the electrical analog signals to digital signals; and a beam
former for extracting a part of digital signals at a rate of n
times of a center frequency of the electrical analog signals
to form a receive beam, wherein n is a positive integer.
[0036] In accordance with another embodiment of the
present invention, a method of adjusting an output of digital
signals in an ultrasound diagnostic system, includes: a)
providing electrical analog signals of a predetermined band-
width in response to ultrasound signals reflected from a
target object; b) converting the analog signals to digital
signals; and c) extracting a part of digital signals at a rate of
n times of a center frequency of the analog signals, wherein
n is a positive integer.

[0037] Any reference in this specification to “one embodi-
ment,” “an embodiment,” “example embodiment,” etc.,
means that a particular feature, structure or characteristic
described in connection with the embodiment is included in
at least one embodiment of the present invention. The
appearances of such phrases in various places in the speci-
fication are not necessarily all referring to the same embodi-
ment. Further, when a particular feature, structure or char-
acteristic is described in connection with any embodiment,
it is submitted that it is within the purview of one skilled in
the art to effect such feature, structure or characteristic in
connection with other ones of the embodiments.

[0038] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, numerous variations and
modifications are possible in the component parts and/or
arrangements of the subject combination arrangement
within the scope of the disclosure, the drawings and the
appended claims. In addition to variations and modifications
in the component parts and/or arrangements, alternative uses
will also be apparent to those skilled in the art.

What is claimed is:

1. An ultrasound diagnostic system, comprising:

a probe for providing electrical analog signals of a pre-
determined bandwidth in response to ultrasound signals
reflected from a target object;

an analog-to-digital converter for converting the electrical
analog signals to digital signals; and

a beam former for extracting a part of digital signals at a
rate of n times of a center frequency of the electrical
analog signals to form a receive beam, wherein n is a
positive integer.
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2. The ultrasound diagnostic system of claim 1, wherein
the beam former includes an extracting unit for extracting a
part of digital signals at the rate to adjust an amount of the
digital signals.

3. The ultrasound diagnostic system of claim 2, wherein
the extracting unit includes:

a shift register for storing the digital signals inputted from

the analog-to-digital converter; and

a processing register for extracting a part of digital signals
at the rate from the shift register.

4. The ultrasound diagnostic system of claim 3, wherein
the beam former further includes an interpolation unit for
interpolating the extracted digital signals.

5. The ultrasound diagnostic system of claim 4, wherein
the interpolation unit includes:

a coeflicient random access memory (RAM) for storing a

look-up table of interpolation filter coefficients;

a multiplier for multiplying the digital signals outputted
from the processing register by the interpolation filter
coefficient to interpolate the digital signals; and

an adder for adding the interpolated digital signals.

6. The ultrasound diagnostic system of claim 2, wherein
the probe includes a plurality of transducer elements and the
beam former includes a delay unit for delaying the electrical
analog signals corresponding to respective transducer ele-
ments to reflecting positions of the transducer elements.
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7. The ultrasound diagnostic system of claim 6, wherein

the delay unit includes a dual port RAM.

8. A method of adjusting an output of digital signals in an

ultrasound diagnostic system, comprising:

a) providing electrical analog signals of a predetermined
bandwidth in response to ultrasound signals reflected
from a target object;

b) converting the analog signals to digital signals; and

¢) extracting a part of digital signals at a rate of n times
of a center frequency of the electrical analog signals,
wherein n is a positive integer.

9. The method of claim 8, wherein the step ¢) includes:

c1) storing the digital signals; and

¢2) extracting a part of digital signals at the rate.

10. The method of claim 9, wherein the step c) further

includes ¢3) interpolating the extracted digital signals.

11. The method of claim 10, wherein the step ¢3) includes:

¢31) providing a look-up table of interpolation coefli-
cients;

¢32) multiplying the extracted digital signals by the
interpolation filter coeflicient to interpolate the digital
signals; and

¢33) adding the interpolated digital signals.

¥ 0k ok k0%



TRAFROE) BEZHMASMARKEZESHMENGZE
[F(RE)E US20080009740A1 K (aH)A 2008-01-10
HiES US11/752075 HiEA 2007-05-22
B (TR A(R) MEDISON CO. , LTD.
% 3 B % (L FI#) A (3%) MEDISON CO. , LTD.
AL PN BAE MOO HO
AHN CHI YOUNG
DAIGLE RONALD E
YOON RA YOUNG
KEAA BAE, MOO HO
AHN, CHI YOUNG
DAIGLE, RONALD E.
YOON, RA YOUNG
IPCH%E AG1B8/14
CPCH#%%E A61B8/00 G10K11/346 GO1S7/52034 G01S7/52028
1k 54 1020060069989 2006-07-25 KR
1020060046253 2006-05-23 KR
SNERaE Espacenet USPTO
E) 3 CONTROL
RBE-BEEFERS  HE88F  #% , ATUNTMNERYERSFHERE N
EEREBEMESERERSE BT HEENES RN BEZES A 1%
F LR EEVE S H FOSTR A Z 1 IR RRZEE 2 BFE = LU B WOR |
REVERERES , EPn2IEEH,
2 COEFFICIENT |
i 13 a 11 RAI
| |
| T
(RSE || ST | ROCESONG | v | | e | e |
o ONT TR ™ e [[] AT - AUER - REGSTER
| l (
] ] l
1 1% 114

patsnap

0 'fp
T DIGTAL S8



https://share-analytics.zhihuiya.com/view/8cc538b1-6d21-4f29-9545-28a63b24965b
https://worldwide.espacenet.com/patent/search/family/038336897/publication/US2008009740A1?q=US2008009740A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220080009740%22.PGNR.&OS=DN/20080009740&RS=DN/20080009740

