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METHOD OF ULTRASOUND IMAGING AND
ULTRASOUND SCANNER

TECHNICAL FIELD

[0001] The disclosure relates to a method of ultrasound
imaging and an ultrasound scanner.

BACKGROUND

[0002] Ultrasound imaging is widely used in medical diag-
nosis for visualizing internal body structures including ten-
dons, muscles, joints, vessels and internal organs for possible
pathology or lesions. Ultrasound imaging is also widely used
for examining pregnant women and their babies.

[0003] The conventional two-dimensional (2-D) B-mode
ultrasound image uses a line scan mechanism with a focusing
wave at the transmitter and a time-domain delay-and-sum
(DAS) beamforming at the receiver. To an object at a depth of
5-10 cm, due to the line scan mechanism and possible trans-
mit/receive dynamic focusing, the frame rate, in general, can
reach to up to 30-60 frames per second.

[0004] However, a ‘one-shot’ imaging mechanism with a
plane wave transmission and a frequency-domain beamform-
ing at the receiver for computational reason is used in high
frame rate (HFR) ultrasound image. In this case, due to the
one-shot image mechanism, the frame rate is capable of
reaching 3000-6000 frames per second.

SUMMARY

[0005] The disclosure is directed to a method of ultrasound
imaging and an ultrasound scanner, which provide a new
method for HFR ultrasound image with plane wave transmis-
sion using the spectrum zooming technique based on the
spectral property of the ultrasound image.

[0006] Anembodimentofthe disclosure provides a method
of ultrasound imaging. The method includes the steps of
receiving an echo signal induced by an ultrasonic plane wave
transmission from a transducer of an ultrasound scanner,
resampling the echo signal in time domain and/or space
domain, performing a spectrum zooming on a band of interest
(BOI) of an input signal, performing a Fourier transform on a
result of the spectrum zooming, and generating an ultrasound
image based on a result of the Fourier transform. The input
signal is generated based on the resampling of the echo signal.
[0007] Another embodiment of the disclosure provides an
ultrasound scanner, which includes a transducer and a pro-
cessor coupled to the transducer. The processor receives an
echo signal induced by an ultrasonic plane wave transmission
from the transducer, resamples the echo signal in time domain
and/or space domain, performs a spectrum zooming on a BOI
of an input signal, performs a Fourier transform on a result of
the spectrum zooming, and generates an ultrasound image
based on a result of the Fourier transform. The input signal is
generated based on the resampling of the echo signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings are included to pro-
vide a further understanding of the disclosure, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the disclosure and,
together with the description, serve to explain the principles
of the disclosure.

[0009] FIG. 1 is a schematic diagram showing an ultra-
sound scanner according to an embodiment.
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[0010] FIG. 2A is a flow chart showing a method of ultra-
sound imaging according to an embodiment.

[0011] FIG. 2B is a flow chart showing a method of ultra-
sound imaging according to another embodiment.

[0012] FIG. 3 and FIG. 4 are schematic diagrams showing
spatial frequencies of 2-D ultrasound images according to an
embodiment.

[0013] FIG. 5A is a schematic diagram showing the center
frequency and the bandwidth of an ultrasound transducer
according to an embodiment.

[0014] FIG. 5B is a schematic diagram showing an image
spectrum in a space domain according to an embodiment.
[0015] FIG. 6A, FIG. 6B and FIG. 6C are schematic dia-
grams showing spectrum zooming according to an embodi-
ment.

[0016] FIG. 7 is a flow chart showing spectrum zooming
and Fourier transform according to an embodiment.

[0017] FIG. 8 is a schematic diagram showing spectrum
zooming and Fourier transform according to an embodiment.
[0018] FIG. 9 is a schematic diagram showing re-indexing
according to an embodiment.

[0019] FIG. 10 is a schematic diagrams showing spectrum
zooming and Fourier transform according to another embodi-
ment.

[0020] FIG. 11 and FIG. 12 are schematic diagrams show-
ing spectrum zooming and Fourier transform according to
another embodiment.

[0021] FIG. 13 is aschematic diagram showing re-indexing
according to an embodiment.

[0022] FIG. 14A is a schematic diagram showing spectra
identification according to an embodiment.

[0023] FIG. 14B is a schematic diagram showing spectra
identification according to another embodiment.

DESCRIPTION OF DISCLOSED
EMBODIMENTS

[0024] FIG. 1 is a schematic diagram showing an ultra-
sound scanner 100 according to an embodiment. The ultra-
sound scanner 100 includes a transducer 110, a processor
120, and a display 130. The processor 120 is coupled to the
transducer 110 and the display 130. The processor 120 may
control the transducer 110 to transmit an vltrasonic plane
wave and control the transducer 110 to receive the echo signal
induced by the ultrasonic plane wave transmission. The pro-
cessor 120 may execute the method of ultrasound imaging
shownin FIG. 2A or FIG. 2B to generate an ultrasound image,
and then the processor 120 may store the ultrasound image or
control the display 130 to display the ultrasound image.
[0025] FIG. 2A is a flow chart showing a method of ultra-
sound imaging according to an embodiment. This method of
ultrasound imaging may be executed by the processor 120.
Initially, the processor 120 receives the echo signal induced
by the ultrasonic plane wave transmission from the transducer
110. The echo signal is arranged in a two-dimensional (2-D)
format. The two dimensions are corresponding to an axial
direction (k, space domain) and a lateral direction (k, space
domain) with respect to the transducer 110. The axial direc-
tion and the lateral direction are orthogonal.

[0026] Instep 210, the processor 120 performs 2-D resam-
pling on the echo signal in time domain and/or space domain.
When the number of samples of the result of step 210 is not a
power of two, the processor 120 performs 2-D zero padding
on the result of step 210 in step 220 to make the number of
samples a power of two.
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[0027] 1In step 230, the processor 120 performs spectral
analysis on the result of step 220 in k_domain. This spectral
analysis is implemented by a one-dimensional (1-D) fast
Fourier transform (FFT) on the x-axis.

[0028] In step 240, the processor 120 performs spectral
analysis on the result of step 230 in k, domain. This spectral
analysis is implemented by a 1-D ZFFT on the z-axis in step
243 followed by spectra identification on the z-axis in step
246. ZFFT means spectrum zooming followed by a 1-D FFT
on the z-axis. The spectrum zooming is explained in details
below. The processor 120 performs the spectra identification
in step 246 to estimate a plurality of target spectral lines that
are non-uniformly distributed in k_ domain.

[0029] In step 250, the processor 120 performs a 2-D
inverse fast Fourier transform (IFFT) based on the target
spectral lines. In step 260, the processor 120 generates the
final ultrasound image by converting the signal amplitudes of
the result of the IFFT into gray level values of pixels of the
ultrasound image. In an embodiment, the gray level value of
each pixel of the ultrasound image may be directly propor-
tional to the corresponding signal amplitude. In another
embodiment, the gray level value of each pixel of the ultra-
sound image may be inversely proportional to the corre-
sponding signal amplitude.

[0030] FIG. 2B is a flow chart showing a method of ultra-
sound imaging according to another embodiment. This
method of ultrasound imaging may be executed by the pro-
cessor 120. In FIG. 2B, the execution orders of steps 230 and
240 are exchanged. In other words, step 240 is executed
before step 230.

[0031] FIG. 3 is a schematic diagram showing spatial fre-
quencies of a 2-D ultrasound image with plane wave trans-
mission according to an embodiment. The transmit spatial
frequency kand receive spatial frequency ky of a 2-D ultra-
sound image are depicted in FIG. 3. The spatial frequencies
are also known as wave numbers. Without loss generality, it is
assumed that a plane wave with a spatial frequency k is
transmitted in direction z (i.e. axial direction), which is nor-
mal to the 1-D linear array of the transducer 110, and the echo
is received at the linear array at an angle of £ with respect to
the axial direction. The echo induces two components in
directions z and x (i.e. lateral direction) as k. and k.. By
referring to FIG. 3, clearly the transmit and receive spatial
frequencies k, and k, can therefore be respectively repre-
sented as k,=k and k,=k =k, +k, =k sin E+k cos §. k, =k,
=ksin € k =k +kp k+k cos &. k*=k,  +ky =k 2 +(k k).
With some manipulations, we have the following equation

.

K2 442 W

b=

[0032] Equation (1) definitely shows that for a 2-D ultra-
sound image k is a nonlinear (quadratic) function ofk, andk_.
So we can further conclude that the spatial frequency k is
non-uniformly sampled in k, direction (domain). This non-
uniform sampling is considered in the spectra identification in
step 246.

[0033] The spectrum zooming technique in the ZFFT in
step 243 is based on the spectral property of ultrasound
image. Specifically, the spectral property depends on the
parameters of the transducer 110 regardless of the type of
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measurement objects. The spectral property includes local-
ized property and symmetric property as shownin FIG. 4. The
vertical axis in FIG. 4 represents amplitudes of the image
spectrum. The two planar axes in FIG. 4 represent spatial
frequencies in the axial space domain (k, domain) and the
lateral space domain (k. domain).

[0034] Localized property: The spectrum of ultrasound
image, in fact, is located and concentrated on some frequency
area in both k and k_ domains. For example, the spectrum in
FIG. 4 concentrates on two peak locations 401 and 402. The
peak locations depend on: (i) sampling rate (or sample time
duration) in time (i.e. axial (z) direction) and sampling rate in
space (i.e. lateral (x) direction) and (ii) center frequency of the
transducer 110. The bandwidth (BW) of the image spectrum
depends on the above mentioned (i) sampling rate in time and
space and (i1) fractional BW of the transducer 110. The higher
sampling rate the ultrasound scanner provides, the narrower
image BW we have.

[0035] Symmetric property: Due to the real-valued echo
signal, the image spectrum is diagonally conjugated symmet-
ric at the origin in axial (z) and lateral (x) directions. As shown
in FIG. 4, the spectrum in quadrant 421 and the spectrum in
quadrant 423 are symmetric. The spectrum in quadrant 422
and the spectrum in quadrant 424 are also symmetric.
[0036] FIG. 5A is a schematic diagram showing the center
frequency f,. and the bandwidth B of the transducer 110
according to an embodiment. FIG. 5B shows the resultant
conjugated symmetric spectrum of an ultrasound image in k_
domain according to this embodiment. Let f, be the center
frequency of the transducer 110 and assume that B=If,—f | is
the BW of the transducer 110, where f, and f, are respec-
tively the upper and lower 3-dB cutoff frequencies of the
transducer 110. The spectrum in FIG. 5B includes two sym-
metric parts 501 and 502. £ is the sampling rate of the trans-
ducer110. f, .and f, . are the center frequencies of the parts
501 and 502. B =If, ,-f, ;| and B,=If, ,-f , | are the band-
widths of the two spectrum parts 501 and 502. f, , and f, , are
respectively the upper and lower 3-dB cutoff frequencies of
the spectrum part S01. f, , and f, , are respectively the upper
and lower 3-dB cutoff frequencies of the spectrum part 502.
[0037] From above discussions, it can be shown that the
image spectrum indeed is located within some frequency area
in both the k_and k, domains. Based on the property, it is
intuitive to perform a spectral analysis (via the Fourier trans-
form) on a specific frequency band (band of interest, BOI)
corresponding to one of the two symmetric parts 501 and 502,
instead of performing the spectral analysis on the overall
frequency range, for computational and performance consid-
eration. It thus motivates the use of the spectrum zooming
technique in the ZFFT in step 243.

[0038] Spectrum refinement (i.e. better frequency resolu-
tion and better image performance) w.r.t. the BOI can be done
by using a larger sample size of Fourier transform to create
more useful information. This is shown in FIG. 6A, FIG. 6B
and FIG. 6C. FIG. 6A depicts a spectrum (via 512-point FFT)
of an exemplary time-domain signal with sample length of
512. It can be shown from FIG. 6 A that the spectral signal of
interest (SOI) between frequency indices 96-110 somehow is
roughly located in part of the overall frequency range. But if
the spectrum is zoomed-in (i.e. performed by ZFFT) into a
BOI 610 (the 30 spectral lines between frequency indices
96-110), the profile of corresponding spectra (i.e. SOI) can be
a little clearly defined as shown in FIG. 6B. However, no
additional information is created so the capability of spectra
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identification (i.e. frequency resolution) cannot be improved.
To enhance the frequency resolution, it needs to further refine
the SOT by using a larger size of ZFFT over the BOI. Length-
256 ZFFT in FIG. 6C illustrates that the SOI indeed has
clearer and more detailed spectral profile. As a result, it pro-
vides a better capability of spectra identification.

[0039] FIG.7is a flow chart showing details of the ZFFT in
step 243 according to an embodiment. The ZFFT includes the
spectrum zooming step 710 and the FFT step 720. The spec-
trum zooming step 710 includes steps 702, 704 and 706. In
this embodiment, complex modulation (CM) is used for spec-
trum zooming. The overall procedures are described as fol-
lows. Assume that x(n), n=1, 1, . . . , N, is a discrete-time
real-valued signal with a sample frequency f, and the SOl is
located around F, with a bandwidth B, where N is the number
of samples. In step 702, x(n) is first modulated into a com-
plex-valued one x (n) by a frequency shift of f_, e™><" o the
base band. In other words, the SOI is shifted from the BOI to
the base band. Then in step 704 x_(n) is filtered using an ideal
low-pass filter (LPF) H(z) with length of Q and cut-off fre-
quency f; /2 to obtain x(n), where f,,=B. In step 706,
down-sampling X,(n) by arate of D leads to a zoom-in signal
x An) so that the sample frequency now becomes f /D and the
length of x (n) becomes N/D. This shows that zooming in a
signal results in a reduced-length output and thus lower com-
putational time. However, D should be used with the condi-
tion BD<f /2 to avoid data miss. Then x ,(n) is zero padded to
form x,(n) with N,,=2¢ (zN/D) samples if needed for the
FFT process in step 720, where p is a positive integer. Next,
performing FET on x_(n) in step 720 gives the spectrum X, (k)
and re-indexing X_(k) in step 730 obtains a half-length final
output spectrum X'(k).

[0040] In ZFFT, the spectrum zooming process is com-
pleted in three steps: frequency shifting (step 702), low-pass
filtering (step 704) and resampling (step 706), and the action
of the zooming is done in step 706. To facilitate the under-
standing, the overall procedures of the CM for ZFFT in fre-
quency domain are depicted in FIG. 8.

[0041] It is known that the output sequence of N ., -point
FFT will be periodic with period N, and circularly shifted
by a number of units in frequency due to the frequency shift
by f_ and zero padding for accommodation of power-of-2
FFT size as mentioned above. To adequately obtain the half-
length in-order final output spectrum data for further ultra-
sound imaging, the re-indexing in step 730 is thus needed.
FIG. 9 is a schematic diagram showing the re-indexing in step
730 according to an embodiment. This re-indexing can be
done by partially selecting the last

(v
Z CcM New

samples 902 (i.e. the ending part) and then the first

! N
e,

samples 901 (i.e. the beginning part) of the output sequence of
the FFT in step 720, respectively, and combining them as
illustrated in the right part of FIG. 9, where {*), is mod N
operation.
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[0042] 1t is well known that in CM based ZFFT the LPF
step 704 and the down-sampling step 706 can be realized by
polyphase decomposition (PD) for computational efficiency.
Without loss of generality, assume that PD of LPF H(z) with
length of Q can be expressed as the following equation (2).

0-1 -1 2
H@) = hin™ = )" 9B
n= d=0

[0043] Inequation (2), B {z") is the dth polyphase compo-
nent of H(z) with length of L=Q/D. The dth polyphase com-
ponent E_(z”) can be expressed as the following equation (3),
and then equation (4) can be obtained.

L ®
E@) =) hip+d)Py"

=0

D-1 1 4)
H(z) = Z z’dz WD + 4\~
=0 =0

[0044] From equations (2) and (3) and using the input-
output equivalence of the LPF step 704 and the down-sam-
pling step 706, where performing down-sampling after LPF
equals to performing LPF after down-sampling, LPF with
down-sampling, can then be implemented by a structure of a
set of filter banks as depicted in FIG. 10. In particular, the
computational complexity of performing LPF after down-
sampling is lower than that of performing down-sampling
after LPF due to the less input samples (N/D instead of N) to
the polyphase component E (z”) of LPF H(z). This leads to a
computationally efficient structure on the PD shown in FIG.
10 for CM based ZFFT.

[0045] Each z~! block in FIG. 10, such as the block 1010,
represents a one-sample delay. The filter banks in FIG. 10
include D branches and each branch corresponds to a branch
signal. The first branch signal is the SOI through the fre-
quency shift 702. Each of the other branch signals is the
previous branch signal through a one-sample delay. The
down-sampling 706 is performed on each branch signal. A
polyphase component of the LPF H(z) is applying on each
branch signal. After the down-sampling and the polyphase
components, the branch signals of the branches are added
together to form the result of the spectrum zooming. The
sample size before the zero padding for FFT is N/D, while the
sample size after the zero padding is N, pr Neasrp 15 @
power of two.

[0046] Due to the filter banks structure, the CM method
realized by PD solution (called the CM-PD method) provides
(1) computational efficiency and (ii) parallel computing com-
pared to the original CM one.

[0047] Recall that in CM method, the discrete-time signal
x(n) is first modulated by a frequency shift €™ to the
complex base band and then passed into the LPF. This some-
how induces a computational burden due to a complex-valued
data input to the LPF. A method called discrete Fourier trans-
form (DFT) filter banks (DFBs), however, does not need the
complex modulation operation in the spectrum zooming. The
basic idea of this method is to use the DFBs to separate the
overall bandwidth into D sub-bands and then select the BOI
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for further spectral analysis, so additional DFT operation
compared to CM method is thus be needed. The operation of
separating the overall bandwidth into D sub-bands can be
done by using a set of parallel uniform filters (PUFs) H,(z),
H,(z)...Hy_,(z) shown in FIG. 11. Assume that, for sim-
plicity, the SOI is located in a specific sub-band (i.e. BOI),
and let the BOT be, for example, the dth sub-band. Then the
SOI can be picked up by the dth filter H (z) (i.e. band-pass
filter (BPF)) (called the filter of interest (FOT)), which can be
generated by a rotation (phase shift) version e of the 0”
filter H,(z) (i.e. LPF) with length of Q according to the fol-
lowing equation (5).

Ha(2) = Holz- &P = Hy(z- W), )

d=0,1,... ,D-1

[0048] Similarly, as mentioned above, the LPF H,(z) can be
realized by the PD solution for computational efficiency, that
s,

0-1 D1 (6)

[0049] where Ej(zD ) is the jth polyphase component of
H,(z) with length of L=Q/D. Substituting equation (6) into
equation (5), we have the following equation (7).

D-1 D-1
Ho@ = ) Wi EP) = Y B (W),

= =)

d=0,1,... ,D-1

[0050] From equation (7), it can be seen that the SOI (i.e. in
the dth sub-band) can be picked up by (i) polyphase compo-
nent of LPF, Ej(zD), and (ii) DFT operation based on rotation
factor W,¥4 i=1, 2, . . ., D-1. From equation (7) and
referring to the CM method, the overall ZFFT schematic
diagram based on the DFBs is shown in FIG. 12. In particular,
it also shows that the spectrum zooming eventually is com-
pleted by D-branch PD and D-point DFT.

[0051] FIG.12is aschematic diagram showing the ZFFT in
step 243 based on the aforementioned DFB method. Accord-
ing to FIG. 12, a plurality of branch signals is generated. The
first branch signal is the SOI and each of the other branch
signals is the previous branch signal through a one-sample
delay. The down-sampling is performed on each branch sig-
nal. A polyphase component of the BPF is applied on each
branch signal. After the down-sampling and the polyphase
components, a DFT 1210 is performed on the branch signals
to form the result of the spectrum zooming. The sample size
before the zero padding for FFT is N/D, while the sample size
after the zero padding is Nzz. Nz 18 a power of two.

[0052] Similarto the CM method, the result of the spectrum
zooming may be zero-padded foraccommodation of'a power-
of-2 FFT size Npzz. Due to the zero padding, re-indexing is
needed to adequately get the half-length in-order final output
spectrum data for further ultrasound imaging. FIG. 13 is a
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schematic diagram showing the re-indexing according to an
embodiment. The re-indexing is done by partially selecting
the last

(5w hond

samples 1302 (i.e. the ending part) and then the first

(

samples 1301 (i.e. the beginning part) of the FFT output
sequences, respectively, and combining them as illustrated in
the right part of FIG. 13, where

Nprp

il N,
577 er)

N —

NprB

P= £N

7

[0053] Similar to the CM-PD method, due to the filter
banks structure, the DFB method also provides (i) computa-
tional efficiency and (ii) parallel computing compared to the
original CM method.

[0054] FIG. 14A is a schematic diagram showing the spec-
tra identification in step 246 according to an embodiment.
Theresult of the FFT after the re-indexing includes a plurality
of source spectral lines. In FIG. 14 A, the thin dotted spectral
lines and the thick solid spectral lines are the source spectral
lines. The source spectral lines are uniformly distributed in
the axial space domain (k, domain). The purpose of the spec-
tra identification in step 246 is estimating a plurality of target
spectral lines required by the IFFT in step 250 according to
the source spectral lines. In FIG. 14A, the target spectral lines
are the thick dotted spectral lines.

[0055] The target spectral lines are non-uniformly distrib-
uted in the axial space domain (k_ domain). Positions of the
target spectral lines along the k_ axis can be determined by the
equation (1). Since the target spectral lines are non-uniformly
distributed, the target spectral lines cannot be obtained
directly from the source spectral lines. In this embodiment,
the target spectral lines are estimated by nearest neighbor
search (direct search) based on the source spectral lines. As
shown in FIG. 14A, for each target spectral line, there is a
corresponding source spectral line nearby. The corresponding
source spectral lines are shown as thick solid lines in FIG.
14A. For each target spectral line, its corresponding source
spectral line is the source spectral line nearest to that target
spectral line. In this embodiment, the corresponding source
spectral lines are input to the following step 250 (in FIG. 2A)
or step 230 (in FIG. 2B) to serve as the target spectral lines.
[0056] FIG. 14B is a schematic diagram showing the spec-
tra identification in step 246 according to another embodi-
ment. In this embodiment, the target spectral lines are esti-
mated by interpolation based on the source spectral lines. As
shown in FIG. 14B, for each target spectral line, there are two
corresponding source spectral line nearby. The corresponding
source spectral lines are shown as thick solid lines in FIG.
14B. For each target spectral line, its corresponding source
spectral lines are the two source spectral lines nearest to that



US 2016/0174941 Al

target spectral line. In this embodiment, each target spectral
line is calculated by interpolation based on the two corre-
sponding source spectral lines. The target spectral lines are
input to the following step 250 (in FIG. 2A) or step 230 (in
FIG. 2B).

[0057] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the disclosure without departing from the scope or
spirit of the disclosure. In view of the foregoing, it is intended
that the disclosure cover modifications and variations of this
disclosure provided they fall within the scope of the following
claims and their equivalents.

What is claimed is:

1. A method of ultrasound imaging, including:

receiving an echo signal induced by an ultrasonic plane

wave transmission from a transducer of an ultrasound
scanner;

resampling the echo signal in time domain and/or space

domain;

performing a spectrum zooming on a band of interest

(BOO of an input signal, wherein the input signal is
generated based on the resampling of the echo signal;
performing a first Fourier transform on a result of the

spectrum zooming; and

generating an ultrasound image based on a result of the first

Fourier transform.

2. The method of claim 1, wherein the BUT includes one of
two symmetric parts of a spectrum of the input signal in an
axial space domain.

3. The method of claim 1, wherein the spectrum zooming
includes:

performing a frequency shift to shift a signal of interest

(SOI) of the input signal from the BOI to a base band,;
applying a low-pass filter (LPF) on the shifted SOI; and
performing a down-sampling on the shifted SOI.

4. The method of claim 3, wherein the applying of the LPF
and the performing of the down-sampling include:

generating a plurality of branch signals, wherein the first

branch signal is the shifted SOI and each of the other
branch signals is the previous branch signal through a
one-sample delay;

performing the down-sampling on each said branch signal;

applying a polyphase component of the LPF on each said

branch signal; and

after the down-sampling and the polyphase components,

adding the branch signals to form the result of the spec-
trum zooming.

5. The method of claim 1, wherein the spectrum zooming
includes:

applying a band-pass filter (BPF) on an SOI of the input

signal in the BOI; and

performing a down-sampling on the SOI.

6. The method of claim 1, wherein the spectrum zooming
includes:

generating a plurality of branch signals, wherein the first

branch signal is an SOI of the input signal in the BOI and
each of the other branch signals is the previous branch
signal through a one-sample delay:

performing a down-sampling on each said branch signal;

applying a polyphase component of an LPF on each said

branch signal; and
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after the down-sampling and the polyphase components,
performing a discrete Fourier transform (DFT) on the
branch signals to form the result of the spectrum zoom-
ing.

7. The method of claim 1, further including:

re-indexing an output sequence of the first Fourier trans-

form by putting a beginning part of the output sequence
after an ending part of the output sequence to form the
result of the first Fourier transform.

8. The method of claim 1, further including:

performing a second Fourier transform based on the resa-

mpling of the echo signal, wherein the first Fourier trans-
form is corresponding to an axial direction with respect
to the transducer and the second Fourier transform is
corresponding to a lateral direction with respect to the
transducer, the axial direction and the lateral direction
are orthogonal, and the input signal is generated by the
second Fourier transform.

9. The method of claim 1, further including:

performing a second Fourier transform based on the result

of the first Fourier transform, wherein the first Fourier
transform is corresponding to an axial direction with
respect to the transducer and the second Fourier trans-
form is corresponding to a lateral direction with respect
to the transducer, the axial direction and the lateral direc-
tion are orthogonal, and the ultrasound image is gener-
ated based on a result of the second Fourier transform.

10. The method of claim 1, further including:

estimating a plurality of target spectral lines according to a

plurality of source spectral lines included in the result of
the first Fourier transform, wherein the target spectral
lines are non-uniformly distributed in an axial space
domain, the source spectral lines are uniformly distrib-
uted in the axial space domain, and the ultrasound image
is generated based on the target spectral lines.

11. The method of claim 10, further including:

estimating the target spectral lines by nearest neighbor

search based on the source spectral lines.

12. The method of claim 10, further including:

estimating the target spectral lines by interpolation based

on the source spectral lines.

13. The method of claim 10, further including:

performing an inverse Fourier transform based on the tar-

get spectral lines; and

generating the ultrasound image by converting signal

amplitudes of a result of the inverse Fourier transform
into gray level values of pixels of the ultrasound image.

14. An ultrasound scanner, including:

a transducer; and

a processor, coupled to the transducer, receives an echo

signal induced by an ultrasonic plane wave transmission
from the transducer, resamples the echo signal in time
domain and/or space domain, performs a spectrum
zooming on a band of interest (BOI) of an input signal,
performs a first Fourier transform on a result of the
spectrum zooming, and generates an ultrasound image
based on a result of the first Fourier transform, wherein
the input signal is generated based on the resampling of
the echo signal.

15. The ultrasound scanner of claim 14, wherein the BOI
includes one of two symmetric parts of a spectrum of the input
signal in an axial space domain.

16. The ultrasound scanner of claim 14, wherein for per-
forming the spectrum zooming, the processor performs a
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frequency shift to shift a signal of interest (SOI) of the input
signal from the BOI to a base band, applies a low-pass filter
(LPF) on the shifted SOI, and performs a down-sampling on
the shifted SOI.

17. The ultrasound scanner of claim 16, wherein for apply-
ing the LPF and performing the down-sampling, the proces-
sor generates a plurality of branch signals, wherein the first
branch signal is the shifted SOI and each of the other branch
signals is the previous branch signal through a one-sample
delay, wherein the processor performs the down-sampling on
each said branch signal, apples a polyphase component of the
LPF on each said branch signal, and after the down-sampling
and the polyphase components, the processor adds the branch
signals to form the result of the spectrum zooming.

18. The ultrasound scanner of claim 14, wherein for per-
forming the spectrum zooming, the processor applies a band-
pass filter (BPF) on an SOI of the input signal in the BOI, and
performs a down-sampling on the SOI.

19. The ultrasound scanner of claim 14, wherein for per-
forming the spectrum zooming, the processor generates a
plurality of branch signals, wherein the first branch signal is
an SOI of the input signal in the BOI and each of the other
branch signals is the previous branch signal through a one-
sample delay, wherein the processor performs a down-sam-
pling on each said branch signal, applies a polyphase com-
ponent of an L.PF on each said branch signal, and after the
down-sampling and the polyphase components, the processor
performs a discrete Fourier transform (DFT) on the branch
signals to form the result of the spectrum zooming.

20. The ultrasound scanner of claim 14, wherein the pro-
cessor re-index an output sequence of the first Fourier trans-
form by putting a beginning part of the output sequence after
an ending part of the output sequence to form the result of the
first Fourier transform.

21. The ultrasound scanner of claim 14, wherein the pro-
cessor performs a second Fourier transform based on the
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resampling of the echo signal, the first Fourier transform is
corresponding to an axial direction with respect to the trans-
ducer and the second Fourier transform is corresponding to a
lateral direction withrespect to the transducer, the axial direc-
tion and the lateral direction are orthogonal, and the input
signal is generated by the second Fourier transform.

22. The ultrasound scanner of claim 14, wherein the pro-
cessor performs a second Fourier transform based on the
result of the first Fourier transform, the first Fourier transform
is corresponding to an axial direction with respect to the
transducer and the second Fourier transform is corresponding
to a lateral direction with respect to the transducer, the axial
direction and the lateral direction are orthogonal, and the
processor generates the ultrasound image based on a result of
the second Fourier transform.

23. The ultrasound scanner of claim 14, wherein the pro-
cessor estimates a plurality of target spectral lines according
to a plurality of source spectral lines included in the result of
the first Fourier transform, the target spectral lines are non-
uniformly distributed in an axial space domain, the source
spectral lines are uniformly distributed in the axial space
domain, and the processor generates the ultrasound image
based on the target spectral lines.

24. The ultrasound scanner of claim 23, wherein the pro-
cessor estimates the target spectral lines by nearest neighbor
search based on the source spectral lines.

25. The ultrasound scanner of claim 23, wherein the pro-
cessor estimates the target spectral lines by interpolation
based on the source spectral lines.

26. The ultrasound scanner of claim 23, wherein the pro-
cessor performs an inverse Fourier transform based on the
target spectral lines, and the processor generates the ultra-
soundimage by converting signal amplitudes ofa result of the
inverse Fourier transform into gray level values of pixels of
the ultrasound image.
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