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Description

[0001] The invention relates to an ultrasonic diagnostic imaging system that uses nonlinear distortion for imaging
tissue inside a body.

[0002] Ultrasonic diagnostic imaging systems for imaging tissue inside a body by utilizing nonlinear propagation
distortion caused by harmonics occurring during ultrasonic wave propagation are well known in the art. In such a
system, a transducer is driven alternately by a first and a second drive pulse of A and 2A, respectively, in amplitude.
The transducer responsively transmits a first and a second ultrasonic wave, which are reflected by tissue in the body
and received by the transducer as a first and a second ultrasonic echo of B and 2B, respectively, in amplitude. The
first and second echoes are amplified by a variable gain amplifier with gains of C and C/2 to yield a first and a second
signal of B-C and 2B-(C/2), respectively. Since the sidelobes of the first and second echoes are much smaller than the
main lobes and accordingly small in distortion, the amplitudes of the sidelobes of the second echo are substantially
twice those of the sidelobes of the first echo. Thus calculating the differences between the first and second signals, i.
e., B-C-2B-(C/2) enables the detection of the depth of reflection point. Since a pair of pulses is used for each analysis,
such systems as described above are called "two-pulse" systems. A first and a second pulse in such a two-pulse
system are hereinafter referred to as a "former pulse" and a "latter pulse".

[0003] However, in order for the above imaging technique to work satisfactorily, the reflection points or ultrasonic
wave transmission directions from which the former and later echoes are obtained must be substantially the same.
This restriction prevents high-speed scanning in conventional nonlinear distortion-based ultrasonic diagnostic imaging
system.

[0004] In light of the above, it is an aim of the present invention to provide a nonlinear distortion-based ultrasonic
diagnostic imaging system which displays a raised-resolution video of tissue inside a body at an increased frame rate.
[0005] The invention is defined in claims 1, 2 and 12.

[0006] According to an aspect of the invention, a transducer transmits a ultrasonic wave pulse in response to a driving
pulse while scanning the transmission direction in response to a scan control signal and receives an echo of the ultra-
sonic wave pulse to provide an echo signal. A transducer driver supplies the driving pulses and the scan control signal
to the transducer such that the transducer transmits weaker and stronger ultrasonic wave pulses alternately while
putting the same intervals between adjacent ultrasonic wave pulses to obtain a weaker echo of the weaker ultrasonic
wave pulse and a stronger echo of the stronger ultrasonic wave pulse from the transducer. An equalizer equalizes
each weaker echo to the stronger echo into an equalized weaker echo. An interpolator calculates an interpolation value
between the equalized weaker echo and an equalized previous weaker echo obtained from a previous weaker echo.
For each weaker ultrasonic wave pulse, a detector finds a value indicative of a difference between the interpolation
value and a stronger echo obtained between the weaker echo and the previous weaker echo. An image processor
generates a raised-resolution video signal of the tissue at an increased frame rate on the basis of the values and the
scan control signal.

[0007] In one embodiment, the equalizer calculates a convolution by using each weaker echo as one of two com-
ponents.

[0008] In the embodiment, the transducer driver may supply a narrower driving pulse and a wider driving pulse for
the weaker and stronger ultrasonic wave pulses, respectively. Alternatively, the transducer driver may supply fewer
driving pulse(s) for the weaker ultrasonic wave pulse and supply more driving pulses for the stronger ultrasonic wave
pulse. These driving pulses have an identical width.

[0009] In the embodiment, the interpolator calculates an arithmetic means of said equalized weaker echo and said
equalized previous weaker echo. Alternatively, an arithmetic means of the absolute values of the equalized weaker
echo and the equalized previous weaker echo may be calculated.

[0010] The features and advantages of the present invention will be apparent from the following description of an
exemplary embodiment of the invention and the accompanying drawings, in which:

FIG. 1is a schematic block diagram showing an arrangement of an ultrasonic diagnostic imaging system according
to an illustrative embodiment of the invention;

FIG. 2 is a diagram showing waveforms of driving pulses with respective different pulse widths T1 and T2;

FIG. 3is a graph showing the relationship between the fundamental wave and the second harmonic of an ultrasonic
echo;

FIG. 4 is a diagram showing the relationship between the azimuth (i.e., the angle with a normal on the transmission
surface of transducer 22) and the amplitude of the transmitted ultrasonic wave; and

FIG. 5is a diagram showing various signals for illustrating the operation of the ultrasonic diagnostic imaging system
of FIG. 1

[0011] Throughout the drawing, the same elements when shown in more than one figure are designated by the same
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reference numerals.

[0012] FIG. 1 is a schematic block diagram showing an arrangement of an ultrasonic diagnostic imaging system
according to an illustrative embodiment of the invention. In FIG. 1 the ultrasonic diagnostic imaging system 1 comprises
a transducer driver 10 for alternately providing a former and a latter driving pulse different from each other in spectral
intensity and a probe 20, which includes a transducer 22 for transmitting a ultrasonic wave pulse in response to a
driving pulse and receiving an echo of the transmitted ultrasonic wave pulse. The probe 20 has its scan data input 20a
connected to the controller scan control output 100c and its transducer terminal 20b connected to the transducer driver
10 output. The system 1 further comprises an analog-to-digital (A/D) converter 30 having its analog input connected
to the transducer terminal 20b and its control input connected to the controller output 100b; an equalizer 40 having its
input connected to the output of the A/D converter 30; an interpolator 50 having its input connected to the equalizer
40 output; a memory 60 for temporary storing one pulse's worth of digital echo samples from the A/D converter 30; a
detector 70 which uses the interpolator 50 output and the A/D converter 30 output being temporarily stored in the
memory 60 to detect a signal indicative of the depth of reflection point; an image processor 80 having its data input
connected to the detector 70 output and its control input connected to the controller output 100c; a display device 90
having its input connected to the image processor 80; and a controller 100 which controls the operation of the whole
system 1 especially by providing control signals 100a through 100c.

[0013] Since the driving pulses from the transducer driver 10 typically have a high voltage, the A/D converter 30 is
preferably provided with a limiter (not shown). The interpolator 50 is preferably provided with a not-shown memory (or
interpolator memory) with a capacity enough to store one pulse's worth of equalized digital echo samples from the
equalizer 40. The memory 60, which is shown as an independent memory in FIG. 1, may be a part of random access
memory (not shown) included in the controller 100. The controller 100 may be any suitable microprocessor-based
controller.

[0014] In operation, the transducer driver 10 alternately outputs a former and a latter driving pulse different from
each other in duty cycle in response to a transmission control signal from the controller 100 output terminal 100a as
shown in FIG. 5A. FIG. 2 shows the former driving pulse pa(t) and the latter driving pulse pb(t), which means that the
former and latter driving pulses are expressed by respective functions of time t, i.e., pa(t) and pb(t). The pulses pref-
erably have three values, i.e., 0 and positive and negative levels of a predetermined amplitude. The pulses have
respective pulse widths T1 and T2. FIG. 5 shows various signals for illustrating the operation of the ultrasonic diagnostic
imaging system 1 of FIG. 1. In FIG. 5, a letter "j" is used to indicate the sequence of pulses (i.e., "j" is a serial number
assigned to each pair of a former and a latter pulse in order of generation). For example, in FIG. 5A, the current former
driving pulse is denoted by pa(t, j) and the previous former driving pulse is denoted by pa(t, j-1). In the same way,
ultrasonic echoes of the ultrasonic wave pulses transmitted in response to the driving pulses pa(t, j) and pa(t, j-1) are
denoted by ra(r, j) and ra(t, j-1), respectively. However, if there is no need of differentiating the sequence of the pulses,
we will use simplified expressions like pa(t), ra(t), etc., omitting the sequence ID terms in the following.

[0015] The transducer 22 alternately transmits former ultrasonic waves ga(t) and latter ultrasonic waves gb(t)that
are in a fundamental frequency band and correspond to the former pa(t) and latter pb(t) driving pulses. Preferably, the
probe 20 is so arranged as to automatically scan the direction of ultrasonic wave transmission in response to the scan
control data from the controller output 100c. Since the transducer 22 has a narrower frequency band width as compared
with the driving pulses, changing the spectral intensity of the driving pulse (i.e., changing the pulse width of the driving
pulse with its amplitude kept constant) enables the control of the amplitude of the transmitted ultrasonic waves. For
this reason, the former pa(t) and latter pb(t) driving pulses with respective pulse widths of T1 and T2 cause the trans-
ducer 22 to transmit the former ga(t) and latter gb(t) ultrasonic waves of respective amplitudes responsive to T1 and T2.
[0016] FIG. 3 shows the relationship between the fundamental wave and the latter harmonic in an echo of a trans-
mitted ultrasonic wave pulse. As seen from FIG. 3, the ultrasonic wave pulses ga(t) and gb(t) transmitted from the
transducer 22 increase in nonlinear distortion as they travel a longer path within the body. The larger the amplitude of
the ultrasonic waves is, the harder the nonlinear distortion is. Since the nonlinear distortion is due to harmonics, es-
pecially, due to the latter harmonic, the fundamental wave component decreases in amplitude as the latter harmonic
increases. For this reason, the peak portion of the main lobe, in which the amplitude of the beam of ultrasonic wave
pulse is relatively large, is subjected to larger nonlinear distortion, while the sidelobes, in which the amplitude is relative
small, are subjected to smaller nonlinear distortion.

[0017] The former ga(t, j) and latter gb(t, j) ultrasonic wave pulses transmitted from transducer 22 in response to the
driving pulses pa(t, j) and pb(t) is reflected by tissue within the body, and returned to and received by transducer 22
as a former and a latter ultrasonic echo ra(t, j) and rb(t, j), respectively, as shown in FIG. 5B. Each of former ra(t, j)
and latter rb(t, j) echo pulses is sampled and converted by A/D converter 30 into a series of digital echo samples (or
signals), ra(k, j) and rb(k, j), as shown in FIG. 5C, where k = 1, 2,..., N, where N is the number of digital echo samples
for one driving or echo pulse.

[0018] In order to facilitate the understanding of the invention, it is now assumed that the transducer driver 10 has
just supplied a j-th former driving pulse pa(t, j) and, accordingly, now is just the time to analyze echo pulses ra(t, j-1),
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rb(t, j-1) and ra(t,j) to get the (j-1)th result. At the time of transmission of a j-th former ultrasonic wave pulse ga(t, j)
from the transducer 22, the digital samples of the (j-1)th former echo pulse, i.e., ra(1, j-1), ra(2, j-1), ..., ra(N, j-1)
(hereinafter, denoted as {ra(k, j-1)l k=1~N}) have been stored in memory of either interpolator 50 or controller 100 (not
shown), and the digital samples of the (j-1)th latter echo pulse, i.e., rb(1,j-1), rb(2, j-1), ..., rb(N, j-1) (hereinafter, denoted
as {rb(k, j-1)] k=1~N}) have been stored in memory 60 as shown in FIG. 1. Then, each of the digital samples of the j-
th former echo pulse ra(t, j) which are supplied from A/D converter 30 is processed on a sample by sample basis. In
the following, we will discuss how the k-th sample ra(k, j) of the j-th former echo pulse ra(t, j) is processed along the
circuit path following A/D converter 30.

[0019] Specifically, the k-th former echo digital sample ra(k, j) is equalized by equalizer 40 into an equalized digital
sample rb'(k, j) as detailed later. Interpolator 50 uses the just equalized signal rb'(k, j) for interpolation together with
the corresponding one rb'(k, j-1) of the equalized digital samples of the preceding former echo rb'(1, j-1), rb'(2, j-1), ...,
rb'(N, j-1). For this purpose, interpolator 50 preferably retains the recent N equalized samples:

rb'(k, j-1), rb'(k+1, j-1), ..., b'(N, j-1), rb'(1, j), rb'(2, j), ..., rb'(k-1, j).

Then, interpolator 50 has only to use the just equalized signal rb'(k, j) and the oldest one of the stored signals, rb'(k,
j-1) to calculate and output an interpolation value si(k, j-1).
[0020] Itis noted that as shown in FIG. 1 the recent N equalized samples are actually stored in the following order:

rb'(1,j), (2, j), ..., rb'(k-1, j), rb'(k, j-1), rb'(k+1, j-1), ..., rb'(N, j-1). (data 1)

This is because, on completing the calculation of interpolation value si(k, j-1), interpolator 50 writes the newest (or just
used) equalized sample rb'(k, j) over the oldest (or just used) one rb'(k, j-1) of the equalized digital samples (data 1)
stored in the interpolation 50 memory.

[0021] The detector 70 calculates the difference between the interpolator 50 output ri(k, j-1) and the corresponding
one rb(k, j-1) of the digital samples of the preceding (i.e., (j-1)th) latter which are stored in memory 60 as follows:

Ar(k, j-1) = ri(k, j-1)-rb(k, j-1).

[0022] Theimage processor 80 processes thus obtained differences Ar(k, j-1) for k=1~N for each of j=1, 2,... together
with the scan data from the controller output terminal 100c to provide video images of tissue inside the body. The video
images are displayed on the display device 90.

[0023] The principles of the invention, especially, the operation of equalizer 40 and interpolator 50 will be detailed
in the following. The Fourier transforms for a former pa(t) and a latter pb(t) driving pulse are denoted by Pa(w) and Pb
(w), where o is the angular frequency of the former and latter driving pulses. Similarly, the Fourier transforms for a
former ga(t) and a latter gb(t) ultrasonic wave pulse are denoted by Ga(w) and Gb(w). Also, assuming the impulse
response of the transducer 22 to be h(t), then the Fourier transform for the impulse response h(t) is denoted by H(w).
[0024] Then, since a transmitted ultrasonic wave pulse ga(t) is expressed by the convolution of the impulse response
h(t) and the driving pulse pa(t), it follows:

ga(t) = h(t)"pa(t) (1

where X * Y indicates the convolution of X and Y. This means

Ga(0) = H(0) X Pa(o). @)

Multiplying the both sides of equation (2) by Pb(w)/Pa(w), we obtain

Ga(w) X (Pb(w)/Pa(®)) = H(w) X Pa(w) X (Pb(w)/Pa(w))

= H(w) XPb(w)
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Expressing the equation (3) in the time domain yields
gb(t) = ga(t)*invf(Pb(w)/Pa(w)), (4)

where the function invf(F(w)) indicates the inverse Fourier transform for the function F(w). The equation means that
calculating the convolution between the former ultrasonic wave function ga(t) of the time when transducer 22 is driven
by a driving pulse pa(t) and the function invf(Pb(w)/Pa(w)) yields the latter ultrasonic wave function gb(t) of the time
when transducer 22 is driven by a driving pulse pb(t).

[0025] Assuming that a returned echo of a transmitted ultrasonic wave is expressed by a linear combination of the
transmitted ultrasonic wave, then the equation (4) can be written, for j-th former and latter echoes, as:

rb(t, j) = ra(t, j)*invf(Pb(w, j)/Pa(w, j)). (5)

[0026] From this equation, it is seen that if equalizer 40 calculates the convolution of a j-th former echo ra(t, j) and
the function invf(Pb(w, j)/Pa(w, j)), then equalizer 40 must provide a j-th latter echo rb(t, j). However, since the ultrasonic
echoes ga(t) and gb(t) differ in amplitude, the nonlinear distortions in the ultrasonic echoes ga(t) and gb(t) also differ
in degree. Taking this difference into account, the equation (5) should be written as:

rb(t, j) = ra(t, j) * invf(Pb(w, j)/Pa(m, j)) + Ar(t, j). (6)
Since the first term of the right side of equation (6) can be calculated by equalizer 40 as:
rb'(t, j) = ra(t, j) * invf(Pb(w, j)/Pa(w, j)). (7)

The calculation of equation (7) by equalizer 40 can be realized by, for example, a digital filter etc.
[0027] Using rb'(t, j) in equation (6) yields

rb(t, j) = rb'(t, j) + Ar(t, j). (8)
Since the signals in a circuit path which follows A/D converter 30 are digital samples, equation (8) can be expressed as:
rb(k, j) = rb'(k, j) + Ar(k, j). )

[0028] However, since the scanning directions or positions (i. e., reflection points of transmitted latter gb(t) and former
ga(t) ultrasonic wave pulses) that caused the ultrasonic echoes rb(t) and ra(t) (i.e., rb'(k, j)), respectively, are actually
different from each other as seen from FIG. 5C, equation (9) is not valid as it is. In order to make the signals rb'(k, j)
or ra(k, j) uniform in the scanning direction, the value rb'(k, j) is replaced, in interpolator 50, with:

ri(k, j) = w (10)
By doing this, the difference Ar(k, j) in equation (9) is given, in detector 70, by:

Ar(k, j)=rb(k, j)-ri(k, j). (11)

[0029] Considering that the pulse numbers j and j-1 indicate the current pulse and the preceding pulse, respectively,
in actual operation, FIGS. 1 and 5C are drawn such that interpolator 50 calculates:
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rb'(k, j-1) + rb'(K, j)

ri(k, j-1) = 5 :

(10

and
detector 70 calculates

Ar(k, j-1) = rb(k, j-1)-ri(k, j-1). (11)

[0030] The difference ri(k, j) is regarded as a value caused by the peak portion of the main lobe in the latter or larger-
amplitude ultrasonic echo rb(t, j) and indicates the dept of reflection point.

[0031] According to the present invention, as seen from FIG. 5C, the depth of reflection point (or tissue inside the
body) in the scanning direction of a weaker and stronger ultrasonic wave pulse pair is detected by using three succes-
sive scanning points including one used for the preceding pair. Since such three successive scanning points are per-
mitted to be specially apart from one other, this enables a high-speed scanning, i.e., displaying an increased number
of frames per unit time, permitting the motion of tissue to be displayed smoothly.

[0032] However, it is noted that it is preferable to place the same intervals between adjacent driving signals.
[0033] Also, since the difference Ar(k, j-1) includes substantially no sidelobe components, high-resolution images
are obtained.

Modification
[0034] Interpolator 50 may calculate

ri(k, j_1) = |I'b (k~J'1)|+|rb (k:J)|
2

instead of equation (10").

[0035] Detector 70 may calculate

Ar(k, }-1) = [rb(k, j-1)] - Iri(k, j-1) (13)

instead of (11").

[0036] If equation (12) or (13) is used, then the use of absolute value eliminates phase components, causing only
amplitude information to be used. This frees the difference Ar(k, j-1) from becoming too large due to variation in phases
of received echoes.

[0037] Inthe above illustrative embodiment, driving pulses of different pulse widths are used for driving pulse pairs.
Pulse pairs may be realized by changing the number of pulses of a narrow pulse width.

[0038] A filter for compensating the spectral difference between the former and the latter driving pulses may be used
for equalizer 40.

[0039] In the above illustrative embodiment, the weaker ultrasonic echoes have been equalized to the stronger ul-
trasonic echoes. Alternatively, the stronger ultrasonic echoes may be equalized to the weaker ultrasonic echoes.
[0040] Many widely different embodiments of the present invention may be constructed without departing from the
scope of the present invention. It should be understood that the present invention is not limited to the specific embod-
iments described in the specification, except as defined in the appended claims.

Claims

1. A method of displaying a raised-resolution video of tissue inside a body at a frame rate in an ultrasonic diagnostic
imaging system provided with a transducer for transmitting a ultrasonic wave pulse in response to a driving pulse
while scanning the transmission direction in response to a scan control signal and for receiving an echo of the
ultrasonic wave pulse to provide an echo signal, the method comprising the steps of:

supplying said driving pulses and said scan control signal to said transducer such that said transducer transmits
weaker and stronger ultrasonic wave pulses alternately at the same intervals between adjacent ultrasonic
wave pulses;



10

15

20

25

30

35

40

45

50

55

2.

10.

EP 1 095 621 B1

obtaining a weaker echo of said weaker ultrasonic wave pulse and a stronger echo of said stronger ultrasonic
wave pulse from said transducer;

equalizing said weaker echo and a previous weaker echo obtained just before said weaker echo to said strong-
er echo thereby obtaining an equalized weaker echo and an equalized previous weaker echo, respectively;
calculating an interpolation value between said equalized weaker echo and said equalized previous weaker
echo;

finding, for each weaker ultrasonic wave pulse, a value indicative of a difference between said interpolation
value and a stronger echo obtained between said weaker echo and said previous weaker echo; and
displaying a video of said tissue at said frame rate on the basis of said values and said scan control signal.

An ultrasonic diagnostic imaging system for displaying a raised-resolution video of tissue inside a body at a frame
rate, the system comprising:

a transducer for transmitting a ultrasonic wave pulse in response to a driving pulse while scanning the trans-
mission direction in response to a scan control signal and for receiving an echo of the ultrasonic wave pulse
to provide an echo signal;

means for supplying said driving pulses and said scan control signal to said transducer such that said trans-
ducer transmits weaker and stronger ultrasonic wave pulses alternately at the same intervals between adjacent
ultrasonic wave pulses to obtain a weaker echo of said weaker ultrasonic wave pulse and a stronger echo of
said stronger ultrasonic wave pulse from said transducer;

means for equalizing each weaker echo to said stronger echo and obtaining an equalized weaker echo;
means for calculating an interpolation value between said equalized weaker echo and an equalized previous
weaker echo obtained from a previous weaker echo;

means for finding, for each weaker ultrasonic wave pulse, a value indicative of a difference between said
interpolation value and a stronger echo obtained between said weaker echo and said previous weaker echo;
and

means for displaying a video of said tissue at said frame rate on the basis of said values and said scan control
signal.

A system as defined in claim 2, wherein said equalizing means comprises means for calculating a convolution by
using each weaker echo as one of two components.

A system as defined in claim 2 or 3, wherein said means for supplying said driving pulses comprises means for
supplying a narrower driving pulse and a wider driving pulse for said weaker and stronger ultrasonic wave pulses,
respectively.

A system as defined in claim 4, wherein said equalizing means comprises means for calculating ra(t) * invf(Pb(w)
/Pa(w)) for each weaker echo, where ra(t) is a function of time t which represents the weaker echo, X * Y indicates
a convolution of X and Y, and invf(Pb(w)/Pa(w)) is an inverse Fourier transform of the function Pb(w)/Pa(w), where
Pa(w) and Pb(w) are Fourier transform of said narrower driving pulse pa(t) and said wider driving pulse pb(t).

A system as defined in claim 4 or 5, wherein said equalizing means comprises a digital filter for compensating a
spectral difference between said narrower driving pulse and said wider driving pulse.

A system as defined in claim 2 or 3, wherein said means for supplying said driving pulses comprises means for
supplying fewer driving pulse(s) for said weaker ultrasonic wave pulse and for supplying more driving pulses for
said stronger ultrasonic wave pulse, all of said driving pulses having an identical width.

A system as defined in any one of claims 2 to 7, wherein said calculating means comprises means for calculating
an arithmetic mean of said equalized weaker echo and said equalized previous weaker echo.

A system as defined in any one of claims 2 to 7, wherein said calculating means comprises means for calculating
an arithmetic means of the absolute values of said equalized weaker echo and said equalized previous weaker
echo.

A system as defined in any one of claims 2 to 9, wherein said means for finding a value comprises means for
calculating said difference as said value.
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A system as defined in any one of claims 2 to 9, wherein said means for finding a value comprises means for
calculating, as said value, a difference between the absolute values of said interpolation value and said stronger
echo.

An ultrasonic diagnostic imaging system for displaying a raised-resolution video of tissue inside a body at a frame
rate, the system comprising:

a transducer for transmitting a ultrasonic wave pulse in response to a driving pulse while scanning the trans-
mission direction in response to a scan control signal and for receiving an echo of the ultrasonic wave pulse
to provide an echo signal;

means for supplying said driving pulses and said scan control signal to said transducer such that said trans-
ducer transmits weaker and stronger ultrasonic wave pulses alternately at the same intervals between adjacent
ultrasonic wave pulses to obtain a weaker echo of said weaker ultrasonic wave pulse and a stronger echo of
said stronger ultrasonic wave pulse from said transducer;

means for equalizing each stronger echo to said weaker echo and obtaining an equalized stronger echo;
means for calculating an interpolation value between said equalized stronger echo and an equalized previous
stronger echo obtained from a previous stronger echo;

means for finding, for each stronger ultrasonic wave pulse, a value indicative of a difference between said
interpolation value and a weaker echo obtained between said stronger echo and said previous stronger echo;
and

means for displaying a video of said tissue at said frame rate on the basis of said values and said scan control
signal.

Patentanspriiche

1.

Verfahren zum Anzeigen einer Videoaufnahme von Gewebe innerhalb eines Kérpers mit einer erhéhten Auflésung
und einer Bildwechselfrequenz in einem diagnostischen Ultraschall-Bildgebungssystem, das mit einem Wandler
zum Ubertragen eines Ultraschallwellenimpulses in Ansprechen auf einen Ansteuerimpuls versehen ist, wahrend
die Ubertragungsrichtung in Ansprechen auf ein Abtaststeuersignal abgetastet wird, und zum Empfangen eines
Echos des Ultraschallwellenimpulses, um ein Echosignal bereitzustellen, wobei das Verfahren die Schritte umfasst:

Zufuhren der Ansteuerimpulse und des Abtaststeuersignals zu dem Wandler, so dass der Wandler schwéchere
und starkere Ultraschallwellenimpulse abwechselnd mit den gleichen Intervallen zwischen benachbarten Ul-
traschallwellenimpulsen Ubertragt;

Erhalten eines schwacheren Echos des schwéacheren Ultraschallwellenimpulses und eines starkeren Echos
des starkeren Ultraschallwellenimpulses von dem Wandler;

Angleichen des schwacheren Echos und eines vorhergehenden schwacheren Echos, das gerade vor dem
schwacheren Echo erhalten wurde, an das starkere Echo, wodurch ein angeglichenes schwéacheres Echo
bzw. ein angeglichenes vorhergehendes schwéacheres Echo erhalten werden;

Berechnen eines Interpolationswertes zwischen dem angeglichenen schwacheren Echo und dem angegliche-
nen vorhergehenden schwécheren Echo;

Finden eines Wertes, der eine Differenz zwischen dem Interpolationswert und einem stérkeren Echo, das
zwischen dem schwécheren Echo und dem vorhergehenden schwacheren Echo erhalten wird, angibt, fir
jeden schwacheren Ultraschallwellenimpuls; und

Anzeigen einer Videoaufnahme von dem Gewebe mit der Bildwechselfrequenz auf der Basis der Werte und
des Abtaststeuersignals.

2. Diagnostisches Ultraschall-Bildgebungssystem zum Anzeigen einer Videoaufnahme von Gewebe innerhalb eines

Koérpers mit einer erhéhten Aufldsung und einer Bildwechselfrequenz, wobei das System umfasst:

einen Wandler zum Ubertragen eines Ultraschallwellenimpulses in Ansprechen auf einen Ansteuerimpuls,
wahrend die Ubertragungsrichtung in Ansprechen auf ein Abtaststeuersignal abgetastet wird, und zum Emp-
fangen eines Echos des Ultraschallwellenimpulses, um ein Echosignal bereitzustellen;

ein Mittel zum Zufiihren der Ansteuerimpulse und des Abtaststeuersignals zu dem Wandler, so dass der Wand-
ler schwéchere und starkere Ultraschallwellenimpulse abwechselnd mit den gleichen Intervallen zwischen
benachbarten Ultraschallwellenimpulsen tbertrégt, um ein schwécheres Echo des schwécheren Ultraschall-
wellenimpulses und ein starkeres Echo des starkeren Ultraschallwellenimpulses von dem Wandler zu erhalten;
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ein Mittel zum Angleichen jedes schwécheren Echos an das starkere Echo und zum Erhalten eines angegli-
chenen schwécheren Echos;

ein Mittel zum Berechnen eines Interpolationswertes zwischen dem angeglichenen schwacheren Echo und
einem angeglichenen vorhergehenden schwacheren Echo, das von einem vorhergehenden schwéacheren
Echo erhalten wird;

ein Mittel zum Finden eines Wertes, der eine Differenz zwischen dem Interpolationswert und einem starkeren
Echo, das zwischen dem schwéacheren Echo und dem vorhergehenden schwéacheren Echo erhalten wird,
angibt, fur jeden schwécheren Ultraschallwellenimpuls; und

ein Mittel zum Anzeigen einer Videoaufnahme von dem Gewebe mit der Bildwechselfrequenz auf der Grund-
lage der Werte und des Abtaststeuersignals.

System nach Anspruch 2, wobei das Angleichungsmittel ein Mittel zum Berechnen einer Faltung unter Verwendung
jedes schwacheren Echos als eine der beiden Komponenten umfasst.

System nach Anspruch 2 oder 3, wobei das Mittel zum Zuflihren der Ansteuerimpulse ein Mittel zum Zufiihren
eines schmaleren Ansteuerimpulses und eines breiteren Ansteuerimpulses fiir jeweils die schwacheren bzw. star-
keren Ultraschallwellenimpulse umfasst.

System nach Anspruch 4, wobei das Angleichungsmittel ein Mittel zum Berechnen von ra(t) * invf(Pb(w)/Pa(w))
fur jedes schwachere Echo umfasst, wobei ra(t) eine Funktion der Zeit t ist, die das schwéchere Echo darstellt, X
*'Y eine Faltung von X und Y darstellt, und invf(Pb(w)/Pa(w)) eine inverse Fourier-Transformation der Funktion
Pb(w)/Pa(w) ist, wobei Pa(w) und Pb(w) eine Fourier-Transformation des schmaleren Ansteuerimpulses pa(t) und
des breiteren Ansteuerimpulses pb(t) sind.

System nach Anspruch 4 oder 5, wobei das Angleichungsmittel ein digitales Filter zum Kompensieren einer spek-
tralen Differenz zwischen dem schmaleren Ansteuerimpuls und dem breiteren Ansteuerimpuls umfasst.

System nach Anspruch 2 oder 3, wobei das Mittel zum Zufiihren des Ansteuerimpulses ein Mittel zum Zufiihren
von weniger Ansteuerimpuls(en) fir den schwacheren Ultraschallwellenimpuls und zum Zufiihren von mehr An-
steuerimpulsen fiir den starkeren Ultraschallwellenimpuls umfasst, wobei alle Ansteuerimpulse eine identische
Breite aufweisen.

System nach einem der Anspriiche 2 bis 7, wobei das Berechnungsmittel ein Mittel zum Berechnen eines arith-
metischen Mittels des angeglichenen schwacheren Echos und des angeglichenen vorhergehenden schwacheren
Echos umfasst.

System nach einem der Anspriiche 2 bis 7, wobei das Berechnungsmittel ein Mittel zum Berechnen eines arith-
metischen Mittels der Absolutwerte des angeglichenen schwécheren Echos und des angeglichenen vorhergehen-
den schwécheren Echos umfasst.

System nach einem der Anspriiche 2 bis 9, wobei das Mittel zum Finden eines Wertes ein Mittel zum Berechnen
der Differenz als den Wert umfasst.

System nach einem der Anspriiche 2 bis 9, wobei das Mittel zum Finden eines Wertes ein Mittel zum Berechnen
einer Differenz zwischen den Absolutwerten des Interpolationswertes und des starkeren Echos als den Wert um-
fasst.

Diagnostisches Ultraschall-Bildgebungssystem zum Anzeigen einer Videoaufnahme von Gewebe innerhalb eines
Korpers mit einer erhdhten Auflésung und einer Bildwechselfrequenz, wobei das System umfasst:

einen Wandler zum Ubertragen eines Ultraschallwellenimpulses in Ansprechen auf einen Ansteuerimpuls,
wahrend die Ubertragungsrichtung in Ansprechen auf ein Abtaststeuersignal abgetastet wird, und zum Emp-
fangen eines Echos des Ultraschallwellenimpulses, um ein Echosignal bereitzustellen;

ein Mittel zum Zufiihren der Ansteuerimpulse und des Abtaststeuersignals zu dem Wandler, so dass der Wand-
ler schwéchere und starkere Ultraschallwellenimpulse abwechselnd mit den gleichen Intervallen zwischen
benachbarten Ultraschallwellenimpulsen lbertrégt, um ein schwéacheres Echo des schwacheren Ultraschall-
wellenimpulses und ein starkeres Echo des starkeren Ultraschallwellenimpulses von dem Wandler zu erhalten;
ein Mittel zum Angleichen jedes starkeren Echos an das schwéchere Echo und zum Erhalten eines angegli-
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chenen starkeren Echos;

ein Mittel zum Berechnen eines Interpolationswertes zwischen dem angeglichenen starkeren Echo und einem
angeglichenen vorhergehenden starkeren Echo, das von einem vorhergehenden stérkeren Echo erhalten
wird;

ein Mittel zum Finden eines Wertes, der eine Differenz zwischen dem Interpolationswert und einem schwa-
cheren Echo, das zwischen dem stérkeren Echo und dem vorhergehenden starkeren Echo erhalten wird,
angibt, fur jeden starkeren Ultraschallwellenimpuls; und

ein Mittel zum Anzeigen einer Videoaufnahme von dem Gewebe mit der Bildwechselfrequenz auf der Grund-
lage der Werte und des Abtaststeuersignals.

Revendications

1. Procédé d'affichage d'une vidéo a résolution accrue de tissus a l'intérieur d'un corps a une fréquence d'image
dans un systéme de formation d'image pour diagnostic par ultrason muni d'un transducteur pour transmettre une
impulsion d'onde ultrason en réponse a une impulsion d'attaque tout en balayant dans la direction de la transmis-
sion en réponse a un signal de commande de balayage et pour recevoir un écho de l'impulsion d'onde ultrason
pour délivrer un signal d'écho, le procédé comprenant les étapes consistant a :

délivrer lesdites impulsions d'attaque et ledit signal de commande de balayage audit transducteur de sorte
que ledit transducteur transmet des impulsions d'onde ultrason plus faibles et plus fortes alternativement a
des intervalles de temps entre les impulsions d'onde ultrason adjacentes ;

obtenir un écho plus faible de ladite impulsion d'onde ultrason plus faible et un écho plus fort de ladite impulsion
d'onde ultrason plus forte a partir dudit transducteur ;

égaliser ledit écho plus faible et un écho plus faible précédent obtenu juste avant ledit écho plus faible avec
ledit écho plus fort obtenant de ce fait un écho plus faible égalisé et un écho plus faible précédent égalisé,
respectivement ;

calculer une valeur d'interpolation entre ledit écho plus faible égalisé et ledit écho plus faible précédent égalisé ;
trouver, pour chaque impulsion d'onde ultrason plus faible, une valeur indicative d'une différence entre ladite
valeur d'interpolation et un écho plus fort obtenu entre ledit écho plus faible et ledit écho plus faible précédent ;
et

afficher une vidéo desdits tissus a ladite fréquence d'image sur la base desdites valeurs et dudit signal de
commande de balayage.

2. Systéme de formation d'image pour diagnostic par ultrason pour afficher une vidéo a résolution accrue des tissus
a l'intérieur d'un corps a une fréquence d'image, le systéme comprenant :

un transducteur pour transmettre une impulsion d'onde ultrason en réponse a une impulsion d'attaque tout en
balayant dans la direction de la transmission en réponse a un signal de commande de balayage et pour
recevoir un écho de I'impulsion d'onde ultrason pour délivrer un signal d'écho ;

un moyen pour délivrer lesdites impulsions d'attaque et ledit signal de commande de balayage audit trans-
ducteur de sorte que ledit transducteur transmet des impulsions d'onde ultrason plus faibles et plus fortes
alternativement aux mémes intervalles entre les impulsions d'onde ultrason adjacentes pour obtenir un écho
plus faible de ladite impulsion d'onde ultrason plus faible et un écho plus fort de ladite impulsion d'onde ultrason
plus forte depuis le transducteur ;

un moyen pour égaliser chaque écho plus faible avec ledit écho plus fort et pour obtenir un écho plus faible
égalisé ;

un moyen pour calculer une valeur d'interpolation entre ledit écho plus faible égalisé et un écho plus faible
précédent égalisé obtenu a partir d'un écho plus faible précédent ;

un moyen pour trouver, pour chaque impulsion d'onde ultrason plus faible, une valeur indicative d'une diffé-
rence entre ladite valeur d'interpolation et un écho plus fort obtenu entre ledit écho plus faible et ledit écho
plus faible précédent ; et

un moyen pour afficher une vidéo desdits tissus a ladite fréquence d'image sur la base desdites valeurs et
dudit signal de commande de balayage.

3. Systéme selon la revendication 2, dans lequel ledit moyen d'égalisation comprend un moyen pour calculer une
convolution en utilisant chaque écho plus faible comme une des deux composantes.
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Systéme selon la revendication 2 ou 3, dans lequel ledit moyen pour délivrer lesdites impulsions d'attaque com-
prend un moyen pour délivrer une impulsion d'attaque plus étroite et une impulsion d'attaque plus large pour
lesdites impulsions d'onde ultrason plus faibles et plus fortes, respectivement.

Systeme selon la revendication 4, dans lequel ledit moyen d'égalisation comprend un moyen pour calculer ra(t)
*inv(Pb(w)/Pa(w)) pour chaque écho plus faible, ou ra(t) est une fonction du temps t qui représente I'écho plus
faible, X*Y indique une convolution de X et Y et invf(Pb(m)/Pa(w)) est une transformée de Fourier inverse de la
fonction (Pb(w)/Pa(w)), ou Pa(w) et (Pb(w) sont la transformée de Fourier de ladite impulsion d'attaque plus étroite
pa(t) et de ladite impulsion d'attaque plus large pb(t).

Systéme selon la revendication 4 ou 5, dans lequel ledit moyen d'égalisation comprend un filtre numérique pour
compenser une différence spectrale entre ladite impulsion d'attaque plus étroite et ladite impulsion d'attaque plus
large.

Systéme selon la revendication 2 ou 3, dans lequel ledit moyen pour délivrer lesdites impulsions d'attaque com-
prend un moyen pour délivrer un nombre d'impulsions d'attaque plus petit pour ladite impulsion d'onde ultrason
plus faible et pour délivrer un nombre plus important d'impulsions d'attaque pour ladite impulsion d'onde ultrason
plus forte, la totalité desdites impulsions d'attaque ayant une largeur identique.

Systéme selon I'une quelconque des revendications 2 a 7, dans lequel ledit moyen de calcul comprend un moyen
pour calculer une moyenne arithmétique dudit écho plus faible égalisé et dudit écho plus faible précédent égalisé.

Systéme selon l'une quelconque des revendications 2 a 7, dans lequel ledit moyen de calcul comprend un moyen
pour calculer une moyenne arithmétique des valeurs absolues dudit écho plus faible égalisé et dudit écho plus
faible précédent égalisé.

Systéme selon I'une quelconque des revendications 2 a 9, dans lequel ledit moyen pour trouver une valeur com-
prend un moyen pour calculer ladite différence comme ladite valeur.

Systeme selon I'une quelconque des revendications 2 a 9, dans lequel ledit moyen pour trouver une valeur com-
prend un moyen pour calculer, comme ladite valeur, une différence entre les valeurs absolues de ladite valeur
d'interpolation et dudit écho plus fort.

Systéme de formation d'image pour diagnostic par ultrason pour afficher une vidéo a résolution accrue des tissus
a l'intérieur d'un corps a une fréquence d'image, le systeme comprenant :

un transducteur pour transmettre une impulsion d'onde ultrason en réponse a une impulsion d'attaque tout en
balayant dans la direction de la transmission en réponse a un signal de commande de balayage et pour
recevoir un écho de I'impulsion d'onde ultrason pour délivrer un signal d'écho ;

un moyen pour délivrer lesdites impulsions d'attaque et ledit signal de commande de balayage audit trans-
ducteur de sorte que ledit transducteur transmet des impulsions d'onde ultrason plus faibles et plus fortes
alternativement aux mémes intervalles entre les impulsions d'onde ultrason adjacentes pour obtenir un écho
plus faible de ladite impulsion d'onde ultrason plus faible et un écho plus fort de ladite impulsion d'onde ultrason
plus forte a partir du transducteur ;

un moyen pour égaliser chaque écho plus fort avec ledit écho plus faible et pour obtenir un écho plus fort
égalisé ;

un moyen pour calculer une valeur d'interpolation entre ledit écho plus fort égalisé et un écho plus fort préce-
dent égalisé obtenu a partir d'un écho plus fort précédent ;

un moyen pour trouver pour chaque impulsion d'onde ultrason plus forte, une valeur indicative d'une différence
entre ladite valeur d'interpolation et un écho plus fort obtenu entre ledit écho plus fort et ledit écho plus fort
précédent ; et

un moyen pour afficher une vidéo desdits tissus a ladite fréquence d'image sur la base desdites valeurs et
dudit signal de commande de balayage.
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