EP 1 164 385 B1

Européisches Patentamt

(19) 0’ European Patent Office
Office européen des brevets (11) EP 1164 385 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: G01S 15/89 (2006.01) G01S 7/52(2006.01)
19.04.2006 Bulletin 2006/16 GO6F 17/50 206:2%)
(21) Application number: 01114401.1
(22) Date of filing: 15.06.2001
(54) Ultrasound imaging method and apparatus based on pulse compression technique using a
spread spectrum signal
Auf Impulskomprimierung basierte Ultraschall- Bilderzeugungsverfahren und Gerat mit Verwendung
eines Spreizspektrumsignals
Méthode et appareil d’'imagerie a ultrasons sur la base de compression d’'impulsions employant un
signal a étalement de spectre
(84) Designated Contracting States: (56) References cited:
DEFRIT US-A- 4 848 354 US-A- 5964 706
US-A- 6 010 456
(30) Priority: 17.06.2000 KR 2000033417
YANG-MO YOO, WOO-YOUL LEE, TAI-KYONG
(43) Date of publication of application: SONG: "Correlator design using genetic
19.12.2001 Bulletin 2001/51 algorithms for medical imaging™ PROC. IC-Al
2000 SYMPOSIUM, LAS VEGAS, 26 - 29 June
(73) Proprietor: MEDISON CO., LTD. 2000, pages 1149-1152, XP009029306
Kangwon-do 250-870 (KR) SCHAFFER J D ET AL: "DESIGNING
MULTIPLIERLESS DIGITAL FILTERS USING
(72) Inventors: GENETIC ALGORITHMS" PROCEEDINGS OF
* Song, Tai Kyong THE INTERNATIONAL CONFERENCE ON
Seocho-gu, Seoul 137-948 (KR) GENETIC ALGORITHMS. UNIVERSITY OF
* Yoo, Yang Mo ILLINOIS, URBANA-CHAMPAIGN, JULY 17 - 21,
Youngdungpo-gu, Seoul 150-771 (KR) 1993, SAN MATEO, MORGAN KAUFMANN, US,
vol. CONF. 5, 17 July 1993 (1993-07-17), pages
(74) Representative: Lorenz, Werner 439-444, XP000449249

Lorenz & Kollegen

Patent- und Rechtsanwaltskanzlei
Alte Ulmer Strasse 2-4

89522 Heidenheim (DE)

GENTILI P ET AL: "Efficient genetic algorithm
design for power-of-two FIR filters” ACOUSTICS,
SPEECH, AND SIGNAL PROCESSING, 1995.
ICASSP-95., 1995 INTERNATIONAL
CONFERENCE ON DETROIT, MI, USA 9-12 MAY
1995, NEW YORK, NY, USA,IEEE, US, 9 May 1995
(1995-05-09), pages 1268-1271, XP010151542
ISBN: 0-7803-2431-5

LEE A ET AL: "Digital filter design using genetic
algorithm” ADVANCES IN DIGITAL FILTERING
AND SIGNAL PROCESSING, 1998 IEEE
SYMPOSIUM ON VICTORIA, BC, CANADA 5-6
JUNE 1998, NEW YORK, NY, USA,IEEE, US, 5
June 1998 (1998-06-05), pages 34-38,
XP010289015 ISBN: 0-7803-4957-1

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 1 164 385 B1
Description

[0001] The present invention relates to an ultrasound imaging method according to the preamble of claim 1 and to an
ultrasound imaging apparatus according to the preamble of claim 8.

[0002] Conventionally, a medical ultrasound imaging system obtains information about a human body by transmitting
short ultrasound pulses into the body and receiving a signal reflected from inside the body. Fig.1 shows a block diagram
of a conventional short-pulse ultrasound imaging system 100, which comprises a transducer array 1 having a plurality
of transducers, a pulser 11, a TX(transmission) focus delay memory 14, a TX/RX(receiving) switch 21, a receiver 31, a
beamformer 37, an RX focus delay adjuster 36, a signal processor 41 and a scan converter 42.

[0003] Specifically, a delay pattern of ultrasound pulses to be transmitted into an object, e.g., a human body, from the
transducer array 1 is first stored in the TX focus delay memory 14. Thereafter, a binary sequence corresponding to the
delay pattern stored in the TX focus delay memory 14 is generated and provided to the pulser 11.

[0004] Asamethod of determining the delay pattern for each of the transducers, a fixed-focusing technique is commonly
used, which focuses the energies of the ultrasound pulses on a predetermined point inside the human body. Recently,
as one of efforts to resolve the problem of limited resolution due to the fixed-focusing transmission compared to dynamic
focusing receiving, a synthetic aperture technique has been studied. With the synthetic aperture technique, one or more
transducers can be used for transmitting ultrasound pulses and bi-directional dynamic focusing is possible for both the
transmitting and receiving pulses. By using the synthetic aperture technique, the resolution can be improved while SNR
(signal-to-noise ratio) is decreased.

[0005] The pulser 11 is a bipolar pulser, which supplies an amplified signal (e.g., +80 or -80 volt) to the transducer
array 1 in response to the binary sequence from the TX focus delay memory 14. The voltage output of the pulser 11,
having a predetermined amplitude, is applied to each transducer of the transducer array 1 at a time determined by the
delay pattern.

[0006] The transducer array 1 transmits the ultrasound pulses, in response to the output voltage of the pulser 11, into
the object. A portion of the transducers in the transducer array 1 may selectively be used for one time transmission even
if the transducer array 1 includes N, e.g., 128, transducers. For example, only 64 transducers within an aperture may
be utilized for transmitting the ultrasound pulse at one time.

[0007] After transmitting the ultrasound pulses into the body, the transducer array 1 receives a pulse signal that is
reflected from the body.

The TX/RX switch 21 acts as a duplexer for isolating the receiver 31 from the pulser 11 to protect the high voltage output
from being applied to the receiver 31. The switch 21 connects the transducer array 1 to the pulser 11 during the trans-
mission mode and to the receiver 31 during the reception mode.

[0008] The receiver 31 includes a pre-amplifier for amplifying the received signal, a TGC (time gain compensator) for
compensating the attenuation during propagation of the ultrasound pulses and an analog-to-digital converter for con-
verting the amplified received signal to a corresponding digital signal.

[0009] The beamformer 37 performs RX focusing for the corresponding digital signal that is provided from the receiver
31 in accordance with the delay pattern from the RX focus delay adjuster 36.

[0010] The signal processor 41 performs the signal processing such as envelope detection, log compensation to
produce a B-mode image signal.

[0011] The scan converter 42 converts the B-mode image signal to a signal, which can be represented on a display
device (not shown).

[0012] Due to the decrease in power of the ultrasound pulse during the propagation into highly attenuating medium
such as rubber, soft tissue and the like, the short-pulse imaging system may not obtain correct information for a target
object deep inside the body.

[0013] Since the medical ultrasound imaging system 100 may cause damage to the body if it increases the peak
voltage of the transmitted short pulses, the power of the received signal cannot be increased by increasing the power
of transmission pulse.

[0014] On the other hand, a pulse compression technique that is used in a radar apparatus is capable of improving
the SNR of the ultrasound imaging system by increasing the average power of the transmitted pulse instead of increasing
the peak voltage thereof. In an imaging system using such a pulse compression technique, generally, a long-duration
waveform signal ("long pulse") instead of the short pulse is transmitted to the body to increase the SNR.

[0015] In the medical imaging system 100 using the conventional short pulse, the image resolution in the ultrasound
propagation direction depends on the impulse response of the ultrasound transducer which is selected and used due
to the use of short pulses with a high voltage. However, in the imaging system using the pulse compression technique,
the image resolution is determined by the convolution of the ultrasound transducer and the long pulse.

[0016] In animaging system using the pulse compression technique, by using a pulse compressor having a FIR(Finite
Impulse Response) filter at the ultrasound receiver, it is capable of effectively increasing the SNR by transmitting the
long pulse signal having a lower voltage than the peak voltage in the short pulse technique.
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[0017] In the ultrasound imaging system using the long pulse signal, the system performance is known to depend on
characteristics of the long pulse signal used therein. In particular, the image quality is based on the relationship between
the frequency characteristics of the long pulse signal and the ultrasound transducer. The system performance also
depends on how the pulse compressor or the FIR filter is implemented.

[0018] Further, since the pulse compressor should be used per each channel for dynamic RX focusing, hardware
complexity of the receiving part of the system depends on a structure of the pulse compressor.

[0019] In the ultrasound imaging system using the long pulse signal, a spread spectrum signal, e.g., a chirp signal (a
linear frequency modulation signal), can be used as the long pulse signal. Particularly, The chirp signal has frequency
characteristic that matches with the spectrum of the transducer of the ultrasound imaging system having a limited
bandwidth. The chirp signal after passing the conventional FIR filter also has its peak side lobes that are -13 dB below
its main lobe. However, the conventional spread spectrum signal is not suitable for use in the medical ultrasound imaging
system because side lobes of the spectrum of the output signal from the pulse compressor should be -50 dB or more
below the main lobe, to be used in the medical imaging system.

[0020] US-A-5964 706 describes a system for estimating and displaying Doppler frequency shifts produced by moving
ultrasound scatterers. In the system, a specially designed code sequence based on a transmit burst of a certain length
is modulated.

[0021] From US-A-6 010 456 there is known a system for imaging ultrasound scatterers comprising an ultrasound
transducer array, to which there is coupled a transmitter and a receiver.

[0022] In the document "Designing Multiplierless Digital Filters Using Genetic Algorithms" (XP 000449249) there are
described possibilities to improve FIR filters.

[0023] Similarly, the document XP 010151542 "Efficient Genetic Algorithm Design for Power-Of-Two FIR Filters"
teaches certain improvements on such filters.

[0024] Itis, a primary objective of the present invention to provide an ultrasound imaging method and system based
on a pulse compression technique that uses a spread spectrum signal having tolerable side lobes.

[0025] Another objective of the present invention is to provide a FIR filter having an efficient structure and a method
of determining the coefficients of the FIR filter for use in the ultrasound imaging system using the spread spectrum signal.
[0026] In accordance with one aspect of the present invention, there is provided an ultrasound imaging method in
accordance with claim 1.

[0027] In accordance with another aspect of the present invention, there is provided an ultrasound imaging apparatus
in accordance with claim 8.

[0028] The above and other objects and features of the present invention will become apparent from the following
description of preferred embodiments given in conjunction with the accompanying drawings, in which:

Fig. 1 is a block diagram of a conventional ultrasound imaging system using short pulses;

Fig. 2 shows a block diagram of an ultrasound imaging system based on pulse compression technique using a
spread spectrum signal in accordance with the present invention;

Fig. 3A  offers a graph of a conventional chirp signal as an example of the spread spectrum signal;
Fig. 3B presents graphs of exemplar windows for use in the present invention;

Fig. 3C illustrates a chirp signal weighted by Hanning window;

Fig. 4A  represents a conventional FIR filter;

Fig. 4B offers a FIR filter in accordance with the present invention;

Fig. 5 is a flow chart of genetic algorithm used in determination of the filter coefficients in an embodiment of the
present invention;

Fig. 6A  shows the filter output for fundamental frequency component of the chirp signal weighted by the Hanning
window;

Fig. 6B  presents the filter output for second harmonic component of the chirp signal weighted by the Hanning window;

Fig. 7A illustrates a received signal including the fundamental frequency and the second harmonic components;
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Fig. 7B presents the filter output for the fundamental frequency component of the received signal shown in Fig. 7A; and
Fig. 7C  offers the filter output for the second harmonic component of the received signal shown in Fig. 7A.

[0029] Referring to Fig. 2, there is provided a block diagram of an ultrasound imaging system 200 in accordance with
the present invention. Though a weighted chirp signal is used during ultrasound transmission in one embodiment of the
present invention, any other spread spectrum signal having similar characteristics can be used instead of the weighted
chirp signal. The ultrasound imaging system 200 of the present invention is also characterized in that a pulse compression
using RF (radio frequency) data is performed prior to beamforming. The present invention eliminates side lobes in the
ultrasound propagation direction in near field, which would be generated if the pulse compression was performed after
RX(receiving)-focusing. And also, the present invention prevents the width of the main lobe from increasing.

[0030] In Fig. 2, the ultrasound imaging system 200 comprises a pulser 12, a TX(transmission) pattern memory 13,
a TX focus memory 14, a filter coefficient controller 15, a filter coefficient memory 16, a TX/RX switch 21, a receiver 31,
a pulse compressor 32, a RX focus delay adjuster 36, a beamformer 37, a signal processor 41 and a scan converter
42. The pulse compressor 32 includes a RF memory and a FIR(Finite Impulse Response) filter 34.

[0031] The TX pattern memory 13 stores a TX signal pattern and the TX focus delay memory 14 stores a delay pattern
for the TX signal. The TX signal pattern that is stored at the TX pattern memory 13 is applied to the pulser 12, whose
pulses are delayed according to the delay pattern.

[0032] In one embodiment of the present invention, the TX pattern memory 13 and the TX focus delay memory 14
store a predetermined TX signal pattern and a predetermined delay pattern, respectively. A circuit or software may be
used to produce delayed TX signal pattern.

[0033] Depending on a window used, the pulser 12 amplifies the TX signal pattern received from the TX pattern
memory 13. When a rectangular window is used, a bipolar pulser can be used as the pulser 12 to apply bi-polar pulses
to the array transducer 1 via the TX/RX switch 21. When windows other than the rectangular window are used, the pulser
12 may include a bi-polar pulser and a linear amplifier to output amplified bi-polar pulses to the array transducer 1. As
described above in conjunction with Fig. 1, a fixed focusing technique or a synthetic aperture technique is used for
transmission of the chirp signal.

[0034] Like the switch shown in Fig. 1, the TX/RX switch 21 acts as a duplexer to isolate the receiver 31 from the
effect of the high voltage from the pulser 12.

[0035] A signal received by the receiver 31 cannot be directly used to form an image because it has high side lobes.
Accordingly, the pulse compressor 35 is used to process the received signal in such a way that the resolution of the
resultant image is compatible to that of the conventional imaging system transmitting short pulses.

[0036] First, in the pulse compressor 35, the RF signal received by the receiver 31 is stored at the RF memory 33.
Since the RF signal for each channel is stored at the memory 33, the FIR filter 34 can be selectively constructed by
using hardware or software. And also, when the conventional short pulses are used instead of the spread spectrum
signal, the system shownin Fig. 2 can function as a conventional ultrasound imaging system by bypassing the FIR filter 34.
[0037] The FIR filter 34 filters the received signal from the receiver 31, stored at the RF memory 33, by using filter
coefficients from the filter coefficient controller 15 to obtain a pulse compressed version of the received signal. That is,
when a long pulse is transmitted, the FIR filter 34 generates an output signal that effects the same as when a short pulse
is transmitted.

[0038] Thefilter coefficient memory 16 stores a number of sets of the filter coefficients. Each of the sets is predetermined
depending on the characteristics of the original chirp signal and the window function and the frequency component used
to form an ultrasound image, e.g., fundamental component or second harmonic component. The frequency component
can be selected by an external input from a user (not shown).

[0039] The filter coefficient controller 15 selects a selected set of filter coefficients from those stored at the filter
coefficient memory 16 and provides it to the FIR filter 34.

[0040] The beamformer 37 performs the RX-focusing by using the RX focus delay provided from the RX focus delay
adjuster 36. After the RX-focusing, envelope detection and log compensation are performed by the signal processor 41
to produce a B-mode image signal. The scan converter 42 converts the B-mode image signal in such a way that it can
be displayed in a display device (not shown).

[0041] As described above, an embodiment of the present invention uses a weighted chirp signal for ultrasound TX.
The chirp signal has a substantially constant amplitude and a frequency which varies linearly with time over a limited
frequency range. The spectrum of the chirp signal matches well with the characteristic of the narrow-band transducer
used in the medical ultrasound imaging system. The Doppler shift changes the frequency of the chirp signal and this
change in frequency, measured instantaneously by a FIR filter, indicates the target object’s velocity. With angular fre-
quency w=my+pt, that varies with time, the chirp signal can be expressed as follows:
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—i(aw’;’c’)

S(t)=Aw,(t)e Eq. (1)

where constant A is a positive integer, o is the center angular frequency, constant . is Aw/T, the change in the angular
frequency during time interval T and wy(?) is the envelope of the transmitted chirp signal.

[0042] Forthe conventional chirp signal, w;(t) is a rectangular waveform signal, i.e., wy(t) = rect(t/ T). The conventional
chirp signal is not adequate for medical ultrasound imaging systems because it produces peak side lobes of about -13
dB around the main lobe. That is, the resolution desired for a medically useful image cannot be obtained by using such
conventional chirp signal.

[0043] Accordingly, the present invention discloses a system in which the envelope of a chirp signal is weighted by
using a window function and filter coefficients are modified. The chirp signal may be weighted by a window function
other than the rectangular window function in Eq. (1) as long as itis adjusted to have low side lobes and a narrow main lobe.
[0044] Fig. 3A offers a graph of a conventional chirp signal.

[0045] Fig. 3B presents a Hamming window, a Hanning window, a Blackman window and a rectangular window for
use in the present invention.

[0046] Fig. 3C illustrates a chirp signal weighted by a Hanning window. In Fig. 3B and 3C, L denotes the number of
the filter coefficients. In order to apply the weighted chirp signal to the transducer, a pulser which can non-discretely
amplify the signal as described above is needed rather than a pulser 11 which provides only two discrete values.
[0047] The filter output signal of the weighted chirp signal depends on the window function w(t) for modifying the
chirp signal and the window function w,(t) for modifying the filter coefficients as shown in Eq. (2):

90 = 42”5 Tu @, e+ e d Eq. (2)

[0048] And the filter coefficients are computed depending on the characteristics of the window function used for the
FIR filter and the original chirp signal and also depending on whether the fundamental or harmonic frequency component
of a received signal is used.

[0049] Though the transmit power efficiency decreases because the weighted chirp signal is obtained by modifying
the envelope of a conventional chirp signal, it is not materialized by an increase of SNR to be obtained by pulse com-
pression technique. Accordingly, the window functions should be selected in consideration of TPE (Transmit Power
Efficiency) defined by the ratio of transducer output power to transducer input power. Further, because the resolution
of an ultrasound image depends on the levels of side lobes and the width of the main lobe of the pulse-compressed
signal, it is desirable to select a window function that would yield the lowest side lobes and narrowest main lobe. In other
words, TX/RX window functions employed in the medical ultrasound imaging system of the present invention should be
selected in consideration of the main lobe width and peak side lobes of the filter output, and TX power efficiency.
[0050] On the other hand, the FIR filter 34 as described above should be included for each channel. The coefficients
of the FIR filter 34 have continuous values in case that a weighted chirp signal is used or the modified filter coefficients
are used. Thus, the structure of the FIR filter 34 having multipliers and adders becomes complicated, which renders the
overall imaging system complex.

[0051] Fig. 4A represents a conventional FIR filterimplemented in the form of a conventional matched filter. The longer
the duration of the transmitted signal is, the longer the FIR filter becomes, which increases hardware complexity of the
FIR filter.

[0052] Fig. 4B shows a structure of the FIR filter 34 in accordance with the present invention. Hardware complexity
of the FIR filter 34 due to continuous value of the filter coefficient is mainly caused by multipliers. Accordingly, the present
invention reduces the hardware complexity of the receiving part because the FIR filter 34 designed using a genetic
algorithm does not have multipliers. The filter coefficients used to compute correlation are quantized to ones of 2"s or
a sum of them. Such quantization allows the FIR filter 34 to be constructed by using only adders and shifters as shown
in Fig. 4B.

[0053] Fig. 5is a flow chart of a genetic algorithm used in determining the filter coefficients in an embodiment of the
present invention.

[0054] The genetic algorithm is an algorithm for modeling biological evolution, which is a procedure of selecting
chromosomes among population depending on an objective function and applying genetic operation to produce next
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population (D. E. Goldberg, "Genetic algorithm in search, optimization, and machine learning”, Addison-Wesley Company
Inc., 1989). In the genetic algorithm, the population is a set of chromosomes and, generally, the chromosome is a string
having fixed length. Each of the sets of chromosomes that are generated initially randomly is evaluated using the objective
function and then some of the chromosomes are selected as parents of next population by selection operation to produce
better chromosomes in the next population. The selected chromosomes produce new chromosomes of the next popu-
lation by crossover and mutation operations.

[0055] For example, when the number of the filter coefficients is 512 and the length of the coefficient is 8-bit, a string
of 4096 bits for representing the whole 512 coefficients corresponds to a chromosome. The chromosome is evaluated
by an objective function such as MSE (mean square error) and Minimax (minimum local maximum) as described above.
In one embodiment of the present invention, the MSE in Eq. (3) will be used:

l 2N-2

—— ) — 2
MSE = —~— §[RM(1) R, () Eq. (3)

[0056] Where R,,,(i)is the filter output when the conventional FIR filter is used and the R,,,,(i) is the filter output when
the FIR filter designed in accordance with the present invention is used. And N is the number of filter coefficients.
[0057] Referring to Fig. 5, steps for determining the filter coefficients of the FIR filter 34 using the genetic algorithm
are described.

[0058] At step S101, the initial values of a set of bit strings, each bit quantized to replace multipliers with adders and
shifters, are randomly generated.

[0059] At step S102, the MSE for each of the generated bit strings is computed by using Eq. (3).

[0060] At step S103, it is determined, for each bit string, whether the computed MSE is adequate for the medical
application. If the MSE is found adequate then the corresponding bit string is selected as correlation coefficient.
[0061] Otherwise, at step S105, part of the generated string set is selected and, at step S106 and S107, the selected
strings are crossover-operated and/or mutation-operated and the MSE for the new string is computed again at step S102.
[0062] As described above, when each of the filter coefficients is quantized to have a value which can be represented
by one of 2"s or a sum of them, the system can be simplified because the FIR filter 34 can be constructed by adders
and shifters only.

[0063] On the other hand, whenever the center frequency of the TX signal is changed, the filter coefficient should use
the coefficients computed for the new center frequency. In the present invention, in order to use the same coefficients
for the same TX signal, a sampling frequency with which the TX pattern is applied from the TX pattern memory to the
pulser 12 is changed when the center frequency is changed. That is, the ratio of the center frequency to the sampling
frequency remains constant while the speed of feeding the RX signal from the RF memory 33 to the FIR filter 34 is
changed based on the sampling frequency.

[0064] In another embodiment of the present invention, instead of transmitting a continuous weighted chirp signal, a
signal quantized by using the genetic algorithm as described above may be transmitted. In this case, the pulser 12 can
be implemented by using a digital-to-analog converter instead of a more costly linear amplifier.

[0065] In Figs. 6A to 7C, the center frequency, the sampling frequency and the bandwidth of the original chirp signal,
are 5 MHz, 40 MHz and 3 MHz, respectively. And the original chirp signal is quantized to a 8-bit signal and the filter
coefficients are modified by using the Hanning window. In Figs. 6A to 7C, notation L represents the number of the filter
coefficients.

[0066] Fig. 6A shows the filter output for the fundamental frequency component of the chirp signal weighted by the
Hanning window. As shown in Fig. 6A, the width of the main lobe has not been changed and also the level of the side
lobes is adequate for the medical ultrasound imaging system. Therefore, it can be well appreciated that the FIR filter 34
where the multipliers are eliminated gives a desired system performance and significantly reduced hardware complexity
[0067] Fig. 6B presents the filter output for the second harmonic component of the chirp signal weighted by the Hanning
window. The filter output shown in Fig. 6B has narrower main lobe and lower side lobes than those shown in Fig. 6A.
Therefore, the ultrasound image of better quality can be formed if the filter coefficients are selected in consideration of
the harmonic components in some cases.

[0068] Fig. 7A illustrates an exemplary received signal including the fundamental frequency and the second harmonic
components, which is applied to the FIR filter 34. The harmonic components are generated due to, for example, non-
linear propagation. By using the harmonic components, the ultrasound image of better quality can be obtained depending
on the target object.

[0069] Fig. 7B presents the filter output for the fundamental frequency component of the received signal shown in Fig.
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7A. In Fig. 7B, it can be well appreciated that the width of the main lobe and the level of the side lobes, obtained from
the fundamental frequency component of the received signal, are adequate for a medical imaging system. Though the
side lobes shown in the right end of the graph in Fig. 7B are generated because of the second harmonic component,
they are lower than -60 dB and do not degrade system performance significantly.

[0070] Fig. 7C presents the filter output for the second harmonic component of the received signal shown in Fig. 7A.
In Fig. 7C, it can be well appreciated that the width of the main lobe and the level of the side-lobe, obtained from the
second harmonic of the received signal, are adequate for a medical imaging system. Though the side lobes shown in
the left end of the graph in Fig. 7C are generated due to the fundamental frequency component, they are lower than -60
dB and do not degrade system performance significantly.

[0071] As described above, the pulse compression system using the weighted spread spectrum signal in accordance
with the present invention is adequate for a medical ultrasound imaging system in terms of the width of the main lobe
and the peak side lobes. Especially, by weighting a spread spectrum signal with a window function and performing the
pulse compression prior to RX focusing, side lobes of the received signal can be reduced and the quality of the ultrasound
image can be improved.

[0072] Furthermore, this invention simplifies hardware construction of the FIR filter 34 because multipliers are not
needed with the use of a genetic algorithm.

Claims
1. An ultrasound imaging method for forming an image of an object, the method comprising the steps of:

(a) converting a predetermined first spread spectrum signal to an ultrasound signal and transmitting the ultra-
sound signal to the object;

(b) receiving a reflected signal of the ultrasound signal reflected from the object and pulse compressing the
reflected signal to provide a pulse compressed signal; and

(c) processing the pulse compressed signal to produce a receive-focused signal and generating an image of
the object from the receive-focused signal;

characterized in that

the step (b) includes the step of filtering the reflected signal with preset filter coefficients, and that the predetermined
first spread spectrum signal is a weighted spread spectrum signal produced by applying a window over a predeter-
mined second spread spectrum signal, and the preset filter coefficients are determined by modifying FIR filter
coefficients of the second spread spectrum signal and quantizing the modified FIR filter coefficients to have one of
2ns and a sum of the 2"s, where nis aninteger, by applying a genetic algorithm over the modified FIR filter coefficients.

2. The method of claim 1, wherein the predetermined first spread spectrum signal is converted to the ultrasound signal
at one or more transducers.

3. The method of claim 1, wherein the predetermined first spread spectrum signal is produced by applying a first
window function over a chirp signal.

4. The method of claim 3, wherein the first window function is one of a Hamming window, a Hanning window and
Blackman window.

5. The method of claim 1, wherein the FIR (finite impulse response) filter coefficients are modified by applying a window
over the FIR filter coefficients.

6. The method of claim 1, wherein the first spread spectrum signal is a quantized signal that is obtained by using a
genetic algorithm.

7. The method of claim 1, wherein the pulse compressed signal is provided for one of a fundamental frequency
component signal and harmonic component signals of the reflected signal.

8. An ultrasound imaging apparatus for forming an image of an object, the apparatus comprising:

one or more transducers for transmitting an ultrasound signal to the object in response to a predetermined
spread spectrum signal;
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pulse compression means (35) for receiving a reflected signal of the transmitted ultrasound signal from the
object and pulse compressing the reflected signal to provide a pulse-compressed signal; and

image forming means for processing the pulse-compressed signal to produce a receive-focused signal and
generating the image of the object from the receive-focused signal;

characterized in that

the pulse compression means (35) includes means (34) for filtering the reflected signal by usingfilter coefficients,
the filter coefficients being determined by computing FIR filter coefficients of the spread spectrum signal and
quantizing the FIR filter coefficients to have one of 2"s and a sum of the 2"s, where n is an integer, by applying
a genetic algorithm over the FIR filter coefficients, wherein the filtering means (34) is constructed by using
addition devices and shift devices.

The apparatus of claim 8, wherein the spread spectrum signal is a weighted chirp signal produced by applying a
window over a chirp signal.

The apparatus of claim 8, wherein pulse compression means (35) includes means (34) for filtering the reflected
signal with preset filter coefficients.

The apparatus of claim 8, wherein the spread spectrum signal is a quantized signal that is obtained by using a
genetic algorithm.

The apparatus of claim 8, wherein the pulse-compressed signal is provided for one of a fundamental frequency
component signal and harmonic component signals of the reflected signal.

Patentanspriiche

1.

Ultraschall-Bilderzeugungsverfahren zum Bilden einer Abbildung eines Objekts, wobei das Verfahren die folgenden
Schritte aufweist:

(a) Konvertieren eines vorbestimmten ersten Spreizspektrumsignals in ein Ultraschallsignal und Ubertragen
des Ultraschallsignals zu dem Objekt;

(b) Empfangen eines reflektierten Signals des von dem Objekt reflektierten Ultraschallsignals und Pulsverdichten
des reflektierten Signals, um ein pulsverdichtetes Signal zu schaffen; und

(c) Verarbeiten des pulsverdichteten Signals, um ein Empfangs-fokussiertes Signal zu produzieren, und Erzeu-
gen eines Bilds des Objekts aus dem Empfangs-fokussierten Signal;

dadurch gekennzeichnet, dass

der Schritt (b) den Schritt des Filterns des reflektierten Signals mit voreingestellten Filterkoeffizienten aufweist, und
dass das vorbestimmte erste Spreizspektrumsignals ein gewichtetes Spreizspektrumsignal ist, welches durch Auf-
bringen eines Fensters ber ein vorbestimmtes zweites Spreizspektrumsignal produziert wird, und die voreinge-
stellten Filterkoeffizienten durch Modifizieren von FIR-Filterkoeffizienten des zweiten Spreizspektrumsignals und
Quanteln der modifizierten FIR-Filterkoffizienten ermittelt werden, um entweder 2"s oder eine Summe der 2"s zu
haben, wobei n eine ganze Zahl ist, und zwar durch Aufbringen eines genetischen Algorithmus tber die modifizierten
FIR-Filterkoeffizienten.

Verfahren nach Anspruch 1, wobei das vorbestimmte erste Spreizspektrumsignal an einem oder mehreren Um-
wandlern in das Ultraschallsignal konvertiert wird.

Verfahren nach Anspruch 1, wobei das vorbestimmte erste Spreizspektrumsignal durch Aufbringen einer ersten
Fensterfunktion ber ein Zirpsignal produziert wird.

Verfahren nach Anspruch 3, wobei die erste Fensterfunktion eine eines Hamming-Fensters, eines Hanning-Fensters
und eines Blackman-Fensters ist.

Verfahren nach Anspruch 1, wobei die FIR (Finite Impulsantwort) Filterkoeffizienten durch Aufbringen eines Fensters
Uber die FIR-Filterkoeffizienten modifiziert werden.

Verfahren nach Anspruch 1, wobei das erste Spreizspektrumsignal ein gequanteltes Signal ist, welches durch
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Verwendung eines genetischen Algorithmus erhalten wird.

Verfahren nach Anspruch 1, wobei das pulsverdichtete Signal entweder flr ein elementares Frequenzkomponen-
tensignal oder ein harmonisches Komponentensignal des reflektierten Signals zur Verfligung gestellt wird.

Ultraschall-Bilderzeugungsvorrichtung zum Bilden einer Abbildung eines Objekts, wobei die Vorrichtung folgendes
aufweist:

einen oder mehrere Umwandler zum Ubertragen eines Ultraschallsignals zu dem Objekt als Antwort auf ein
vorbestimmtes Spreizspektrumsignal;

eine Pulsverdichtungseinrichtung (35) zum Empfangen eines reflektierten Signals des libertragenen Ultraschall-
signals von dem Objekt und zum Pulsverdichter des reflektierten Signals, um ein pulsverdichtetes Signal zur
Verfligung zu stellen; und

eine Abbildungsformeinrichtung zum Verarbeiten des pulsverdichteten Signals, um ein Empfangs-fokussiertes
Signal zu produzieren und die Abbildung des Objekts von dem Empfangs-fokussierten Signal zu erzeugen;

dadurch gekennzeichnet, dass

die Pulsverdichtungseinrichtung (35) eine Einrichtung (34) zum Filtern des reflektierten Signals durch Verwendung
von Filterkoeffizienten aufweist, wobei die Filterkoeffizienten durch Berechnen von FIR-Filterkoeffizienten des
Spreizspektrumsignals und Quanteln der FIR-Filterkoeffizienten ermittelt werden, um entweder 2"s oder eine Summe
der 2Ms zu haben, wobei n eine ganze Zahl ist, und zwar durch Aufbringen eines genetischen Algorithmus Gber die
FIR-Filterkoeffizienten, wobei die Filtereinrichtung (34) durch Verwendung von Additionsbausteinen und Umschalt-
bausteinen konstruiert ist.

Vorrichtung nach Anspruch 8, wobei das Spreizspektrumsignal ein gewichtetes Zirpsignal ist, welches durch Auf-
bringen eines Fensters Uber ein Zirpsignal produziert wird.

Vorrichtung nach Anspruch 8, wobei die Pulsverdichtungseinrichtung (35) eine Einrichtung (34) zum Filtern des
reflektierten Signals mit vorbestimmten Filterkoeffizienten aufweist.

Vorrichtung nach Anspruch 8, wobei das Spreizspektrumsignal ein gequanteltes Signal ist, welches unter Verwen-
dung eines genetischen Algorithmus erhalten wird.

Vorrichtung nach Anspruch 8, wobei das pulsverdichtete Signal entweder flr ein elementares Frequenzkomponen-
tensignal oder ein harmonisches Komponentensignal des reflektierten Signals zur Verfligung gestellt wird.

Revendications

1.

Procédé d’imagerie par ultrasons pour former une image d’un objet, le procédé comprenant les étapes de :

(a) conversion d’'un premier signal a spectre étendu prédéterminé en un signal ultrasonique et

transmission du signal ultrasonique a l'objet; (b) réception d’un signal réfléchi du signal ultrasonique réfléchi
par I'objet et compression d’impulsions du signal réfléchi pour fournir un signal a impulsions compressées; et
(c) traitement du signal a impulsions compressées pour produire un signal de réception focalisé et génération
d’une image de 'objet a partir du signal de réception focalisé,

caractérisé en ce que

I'étape (b) comprend I'étape de filtrage du signal du signal réfléchi avec des coefficients de filtrage préréglés, et en
ce que le premier signal a spectre étendu prédéterminé est un signal de modulation a spectre étalé pondéré produit
en appliquant une fenétre sur un second signal a spectre étendu prédéterminé, et les coefficients de filtrage préréglés
sont déterminés en modifiant les coefficients de filtrage RIF du second signal a spectre étendu et en quantifiant les
coefficients de filtrage RIF modifiés pour en avoir un de 2"s et d’'une somme de 2"s, ou n est un entier, en appliquant
un algorithme génétique aux coefficients de filtrage RIF modifiés.

Procédé de la revendication 1, dans lequel le premier signal a spectre étendu prédéterminé est converti en signal
ultrasonique a un ou plusieurs transducteurs.
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Procédé de la revendication 1, dans lequel le premier signal a spectre étendu prédéterminé est produit en appliquant
une premiére fonction fenétre sur un signal de compression d’'impulsions.

Procédé de la revendication 3, dans lequel la premiéere fonction fenétre est une fonction de fenétre de Hamming,
de fenétre de Hanning et de fenétre de Blackman.

Procédé de larevendication 1, dans lequel les coefficients de filtrage RIF (réponse impulsionnelle finie) sont modifiés
en appliquant une fenétre sur les coefficients de filtrage RIF.

Procédé de la revendication 1, dans lequel le premier signal a spectre étendu est un signal quantifié qui est obtenu
en utilisant un algorithme génétique.

Procédé de la revendication 1, dans lequel le signal a impulsions compressées est fourni pour un signal d’un signal
de fréquence fondamentale et de signaux d’harmoniques du signal réfléchi.

Appareil d’'imagerie par ultrasons pour former une image d’'un objet, 'appareil comprenant :

un ou plusieurs transducteur pour transmettre un signal ultrasonique a un objet en réponse a un signal a spectre
étendu prédéterminé ;

des moyens de compression d'impulsions (35) pour recevoir de I'objet un signal réfléchi du signal ultrasonique
transmis et compresser des impulsions du signal réfléchi pour fournir un signal a impulsions compressées; et
des moyens de formation d’'une image pour traiter le signal a impulsions compressées pour produire un signal
de réception focalisé et pour générer une image de I'objet a partir du signal de réception focalisé,

caractérisé en ce que

les moyens de compression d’impulsions (35) comprennent des moyens (34) pour filtrer le signal réfléchi en utilisant
des coefficients de filtrage, les coefficients de filtrage étant déterminés en calculant les coefficients de filtrage RIF
du signal a spectre étendu et en quantifiant les coefficients de filtrage RIF pour en avoir un de 2"s et d’'une somme
de 2"s, ou n est un entier, en appliquant un algorithme génétique aux coefficients de filtrage RIF modifiés, dans
lequel les moyens de filtrage (34) sont construits en utilisant des dispositifs d’addition et des dispositifs de décalage.

Appareil de la revendication 8, dans lequel le signal a spectre étendu est un signal de compression d’impulsions
pondéré produit en appliquant une fenétre sur un signal de compression d’impulsions.

Appareil de la revendication 8, dans lequel les moyens de compression d’'impulsions (35) comprennent des moyens
(34) pour filtrer le signal réfléchi avec des coefficients de filtrage préréglés.

Appareil de la revendication 8, dans lequel le signal a spectre étendu est un signal quantifié qui est obtenu en
utilisant un algorithme génétique.

Appareil de la revendication 8, dans lequel le signal a impulsions compressées est fourni pour un signal d’un signal
de fréquence fondamentale et de signaux d’harmoniques du signal réfléchi.
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Fig. 7B
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