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Description
Technical Field

[0001] The presentinvention generally relates to image forming methods, and more particularly to a method of forming
an ultrasound compound image while correcting a focusing error.

Background Art

[0002] An ultrasound imaging system transmits ultrasound signals into a target object and receives ultrasound echo
signals. The echo signals are converted into electrical signals in a probe. The ultrasound imaging system performs signal
processing for the electrical signals, thereby forming an ultrasound image. The ultrasound imaging system has been
extensively used in the medical procession due to its non-invasive and non-destructive nature. In order to acquire a
high-resolution ultrasound image, various techniques have been studied and researched in the ultrasound imaging
system. Recently, an array transducer comprising a plurality of transducer elements is used to acquire the high-resolution
ultrasound image. Also, the transmit focusing and receive focusing methods have been adopted for acquiring high-
resolution ultrasound images.

[0003] Fig. 1 is a schematic diagram illustrating the delays of ultrasound echo signals arriving at each transducer
elementin an array transducer. A predetermined delay profile of transmit pulse signals is established so that ultrasound
signals produced at the array transducer 10 are focused on a focal point, wherein each transducer element then produces
ultrasound signals according to such predetermined delay profile. Ultrasound echo signals reflected from the focal point
arrive at each transducer element in different times.

[0004] As shown in Fig. 1, an ultrasound echo signal reflected from the focal point travels a distance of "d" to arrive
at a transducer element Tc, while an ultrasound echo signal reflected from the focal point travels a distance of r (r=d+Ar
(x)) to reach a transducer element Tx. That is, the ultrasound echo signal received at the transducer element Tx is
delayed by Ar(x) compared to the ultrasound echo signal received at the transducer element Tc. The ultrasound echo
signals received at each transducer element are converted into electrical signals (hereinafter referred to as receive
signals). The receive signals should be focused in order to obtain image signals. In focusing the receive signals, the
delays of the ultrasound echo signals arriving at each transducer element should be compensated. A receive focusing
delay technique is usually adopted to compensate for the delays of the ultrasound echo signals.

[0005] Thedelay of the ultrasound echo signal arriving at each transducer element can be calculated using the following
equation:

[0006]

Ar(x) AxT+dS —d
Ar(x) = =

1 v

6y

[0007] wherein, At(x) represents a time delay of an ultrasound echo signal arriving at the transducer element Tx, v
represents a propagation speed of the ultrasound signal (speed of sound) in a target object, x represents a distance
between the elements Tc and Tx and d represents a distance between the focal point and the transducer element Tc.
d may be calculated using the following equation:

[0008]

d=vt

[0009] Wherein, trepresents a time for the ultrasound signal to arrive at the transducer element Tc from the focal point.
[0010] Asshownin the above equations, the speed of sound in the target object is important for determining the delays
of ultrasound echo signals. When the target object is a human body, the speed of sound is generally set to 1540 m/s,
which is an average speed in the soft tissues of the human body. However, the speed of sound is 1460 m/s in fat, 1555
m/s in liver, 1560 m/s in blood and 1600 m/s in muscle. That is, the speed of sound is changed according to the type of
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media. Therefore, if the fixed speed of sound is used, then a calculation error in the delays of ultrasound echo signals
arriving at each transducer element may occur.

[0011] Recently, a compound ultrasound image is used to enhance the quality of an ultrasound image. In order to
obtain the compound ultrasound image, the scan lines are steered in different angles and then ultrasound images are
obtained at each angle of the scan lines. Thereafter, the obtained ultrasound images are spatially compounded, thereby
forming the compound ultrasound image. In this case, if the speed of sound is not accurately set, then the delays of
ultrasound echo signals arriving at each transducer element for each steered scan line cannot be accurately calculated.
Thus, the pixels corresponding to an identical image of the target object may not be exactly overlapped. Therefore, the
overall compound image becomes dark and a signal to noise ratio (SNR) and a contrast may be decreased.

[0012] XP 012001761 "The impact of sound speed errors on medical ultrasound imaging" by M. E. Anderson et al.
describes results of a quantitative study of the impact of sound speed errors on the spatial resolution and amplitude
sensitivity of a commercial medical ultrasound scanner. In general, sound speed errors have a more significant impact
on point target detectability over a lesion detectability by these analyses, producing up to a 22 % reduction in correct
decisions for a typical error.

[0013] XP 002560798 "Sound Speed Estimation Using Automatic Ultrasound Image Registration" by Jochen F. Kriicker
et al. refers to mismatches between the sound speed assumed for beamforming and scan conversion and the true sound
speed in the tissue to be imaged, which can lead to significant defocusing and some geometric distortions in ultrasound
images. In this document, which forms the closest prior art document for the invention, a method for estimating the
average sound speed based on detection of these distortions using automatic registration of overlapping is presented.
[0014] XP 004872063 "Simulation Study of Effects of Speed of Sound and Attenuation on Ultrasound Lateral Reso-
lution" by Quan Chen et al. describes experiments which have shown that the lateral profile of a point target measured
with a clinical ultrasound scanner is wider when the target is embedded in a urethane phantom than when it is in a
traditional gel phantom.

Disclosure of Invention
Technical Problem

[0015] Asdescribed above, if the speed of sound is incorrectly set for the target object, then image pixels corresponding
to an identical position of the target object in the ultrasound images obtained by steering a scan angle cannot be
overlapped in compounding the ultrasound images. Therefore, the compound image becomes dark and SNR and contrast
are decreased.

Technical Solution

[0016] The present invention provides a method of acquiring a compound ultrasound image having a high resolution
by determining the real speed of sound in a target object.

[0017] In accordance with an aspect of the present invention, there is provided a method of acquiring an ultrasound
image in an ultrasound imaging system according to claim 1.

[0018] In accordance with another embodiment of the present invention, there is provided a method of acquiring an
ultrasound image in an ultrasound imaging system according to claim 4.

Brief Description of the Drawings

[0019] Fig. 1is a schematic diagram illustrating delays of ultrasound echo signals arriving at each transducer element
in an array transducer.

[0020] Fig. 2is a schematic diagram showing an example of acquiring a compound image from a plurality of ultrasound
image obtained by steered scan lines.

[0021] Fig. 3 is a schematic diagram showing an example of illustrating acquisition of ultrasound image data from a
focal point at which steered scan lines are overlapped.

[0022] Fig. 4 is a diagram showing an example of a delay of an ultrasound echo signal according to a steered scan line.
[0023] Fig. 5is a flowchart illustrating a method of determining a real speed of sound in a target object in accordance
with an embodiment of the present invention.

[0024] Fig. 6 is a graph illustrating a change in amplitude of image signals with respect to depth at differently set
speeds of sound.

[0025] Fig. 7 is a graph illustrating a change of amplitude of image signals corresponding to the image point according
to a change of the speed of sound.
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Best Mode for Carrying Out the Invention

[0026] Fig.2isaschematic diagramillustrating an example of acquiring a compound image from a plurality of ultrasound
images obtained by steered scan lines.

[0027] As shown in Fig. 2, a first ultrasound image 20, a second ultrasound image 22, a third ultrasound image 24,
which are acquired by scan lines steered in first, second and third angles, respectively, are overlapped, thereby forming
a compound ultrasound image 26. In Fig. 2, a dashed region 26 represents the compound ultrasound image formed by
combining the first, second and third ultrasound images 20, 22 and 24.

[0028] Fig. 3 is a schematic diagram showing an example of illustrating the acquisition of ultrasound image data from
a focal point at which steered scan lines are overlapped. As shown therein, the compound image is formed by using
image data obtained from a focal point, at which scan lines steered in predetermined angles of 6 and -6 and a scan line
perpendicular to a scan head, are overlapped.

[0029] Fig. 4 is a diagram illustrating an example of a delay of an ultrasound echo signal according to a steered scan
line. Since the scan line set from a transducer element Tc is steered in an angle of 6 as shown in Fig. 4, the steering
delay of an ultrasound echo signal reflected from a focal point placed on the scan line may occur. The steering d elay
Atg(x) at a transducer element Tx away from the transducer element Tc by x may be approximately calculated by the
following equation.

[0030]

xX-siné

AT, (x) =

3

[0031] wherein, 6 represents the steering angle and v represent the speed of sound. As can be seen through the
equation (3), in order to calculate the steering delay at each transducer, the speed of sound should be accurately set in
the target object. If the steering delay Aty(x) is not accurately calculated, then the image signals acquired from identical
focal points on the steered scan lines may not be overlapped.

[0032] Fig. 5is a flowchart illustrating a method of determining a real speed of sound in a target object in accordance
with an embodiment of the present invention. For the sake of convenience, the method of calculating the real speed of
sound in the target object will be described by using an ultrasound image acquired through scan lines 31 perpendicular
to the scan head of the array transducer 10. Also, an array transducer of a linear structure is used and the ultrasound
signals are transmitted by using a plurality of channels.

[0033] As shown in Fig. 5, a predetermined speed of sound (hereinafter referred to as a reference speed) is set at
step S510. The reference speed may be arbitrarily set according to the type of target objects. It is preferable to set a
mean speed at media constructing the target object as a reference speed. Also, various reference speeds may be
previously set to the target objects, which are frequently examined by using the ultrasound imaging system, such as a
human body. The previously set reference speeds may be stored and then an appropriate reference speed may be used
according to the type of the target object. For example, if the target object is a human body, then the reference speed
may be a mean speed in fat, blood, muscle and the like. Typically, the mean speed of the human body may be set to a
speed in a soft tissue of 1540 m/s.

[0034] Subsequently, itis checked whether a new speed of sound is set at step S520. Ifit is determined not to set the
new speed of sound, then an ultrasound image is acquired by using the reference speed of sound set at step S510. On
the other hand, if it is determined to set the new speed of sound, then an image point is selected in a predetermined
depth on an ultrasound image acquired by using the reference speed of sound at step S530. The image point may be
arbitrarily selected on the ultrasound image by using one of various markers provided in the ultrasound imaging system.
The setup of the new speed of sound may be carried out by using a setup button mounted on a predetermined position
of the ultrasound imaging system. Also, a detecting sensor may be mounted on the probe of the ultrasound imaging
system such that the new speed of sound is set when the probe is contacted to a surface of the target object.

[0035] In order to set the new speed of sound, a predetermined range of speed of sound is set with reference to the
reference speed of sound at step S540. The range of speed of sound may be set to include the overall speeds of sound
in media constructing the target object. Also, various ranges of speed of sound may be previously set to the target
objects, which are frequently examined by using the ultrasound imaging system, such as a human body. The previously
set ranges of the speed of sound may be stored. Then, an appropriate range of the speed of sound may be used
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according to the type of the target object such as the reference speed of sound.

[0036] After setting the range of the speed of sound, a plurality of speeds of sound are set in a predetermined interval
from a slowest speed of sound within the range of variable speeds of sound at step S550. A plurality of ultrasound
images are acquired at each of the set speeds of sound at step S560. Then, the brightness of the image point set in the
predetermined depth of the target object is calculated at each acquired ultrasound image at step S570. The speed of
sound applied to an ultrasound image having a maximum brightness is set as a real speed of sound of the target object
at step S580.

[0037] Fig. 6 is a graph illustrating a change in amplitude of image signals with respect to depth at differently set
speeds of sound. When a real speed of the sound in the target object is of 1550 m/s, curves 61, 62 and 63 are obtained
by simulating that speeds of sound are set at 1500 m/s, 1550 m/s and 1600 m/s, respectively. The simulation is carried
out by assuming that 92 transducers of 40 mm and a frequency of 7.5 MHz are used and the ultrasound signals are
focused on the image point positioned at a depth of 20 mm.

[0038] As shown in Fig. 6, if the speed of sound is set faster than the real speed of sound, then maximum amplitude
appears at a depth deeper than the depth of 20 mm by 0.8 mm. On the other hand, if the speed of sound is set slower
than the real speed of sound, then maximum amplitude appears at a depth shallower than the depth of 20 mm by 0.7
mm. That is, in case of setting the image point at a depth of 20 mm, the amplitudes are about 0.6, 1 and 0.6 at the image
point when the speed of sound is set to 1500 m/s, 1550 m/s and 1600 m/s, respectively. Therefore, the speed of sound
of 15650 m/s is selected as a real speed of sound in the target object.

[0039] Fig. 7 is a graph showing a change in amplitude of image signals corresponding to the image point according
to a change in the speed of sound. As shown in Fig. 7, the amplitude is calculated by changing the speed of sound from
1500 m/s to 1600 m/s in a predetermined interval, thereby obtaining a curve of the speed of sound to amplitude. The
curve shown in Fig. 7 may be formed by curve-fitting the maximum points of each 2-order function obtained at each
speed of sound. As shown therein, when the speed of sound is 1550 m/s, the amplitude becomes maximum. Therefore,
the speed of sound of 1550 m/s may be adopted as a real speed of sound of the target object.

[0040] If the real speed of sound is set according to the above method, then the real speed of sound is applied to the
equations (1) and (2), thereby accurately calculating the receive focusing delay and the steering delay. Since the delays
are accurately calculated in accordance with one embodiment of the present invention, the steered scan lines can be
accurately overlapped at the desirable image points. Therefore, a compound image having a high resolution can be
acquired.

[0041] When the speed of sound is determined by using the amplitude of brightness at an image point, it may be
difficult to determine the speed of sound due to noises. Therefore, a window of a predetermined size may be set on an
image of the target object. Further, the sum of amplitudes of pixels included in the window may be used to determine
the speed of sound of the target object in accordance with another embodiment of the present invention. This is so that
a calculation error owing to the noises may be reduced.

[0042] While the present invention has been described and illustrated with respect to a preferred embodiment of the
invention, it will be apparent to those skilled in the art that variations and modifications are possible without deviating
from the broad principles and teachings of the present invention, which should be limited solely by the scope of the
claims appended hereto.

Industrial Applicability

[0043] As mentioned above, since the speed of sound in the target object is accurately determined, an enhanced
compound image can be acquired.

Claims
1. A method of acquiring an ultrasound image in an ultrasound imaging system having an array transducer, comprising:

a) setting an image point at a predetermined depth on an ultrasound image acquired based on a reference
speed of sound for a target object;

b) setting a range of speed of sound with reference to the reference speed;

c) setting a plurality of speeds of sound in a constant interval within the range of speed of sound;

d) acquiring ultrasound images at the respective speeds of sound;

e) setting image points at the predetermined depth on the respective ultrasound images and calculating ampli-
tudes of the image points set on the respective ultrasound images;

f) determining the speed of sound applied to the ultrasound image having highest amplitude at the image point
among the calculated amplitudes as a real speed of sound in the target object; and
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g) acquiring an ultrasound image based on the determined real speed of sound in the target object.
2. The method of Claim 1, wherein the step a) includes:

a1) selecting the reference speed of sound previously set according to a type of the target object;

a2) checking whether to set a new speed of sound for the target object;

a3l) if it is determined to set the new speed of sound at step a2), acquiring the ultrasound image based on the
reference speed of sound; and

ad) setting the image point on the acquired ultrasound image at the predetermined depth.

3. The method of Claim 2, wherein the reference speed of sound is a mean speed of sound of media consisting of the
target object.

4. Amethod of acquiring an ultrasound image in an ultrasound imaging system having an array transducer, comprising:

a) setting an image point at a predetermined depth on an ultrasound image acquired based on a reference
speed of sound for a target object;

b) setting a range of speed of sound with reference to the reference speed;

c) setting a plurality of speeds of sound in a constant interval within the range of speed of sound;

d) acquiring ultrasound images at the respective speeds of sound;

e) setting image points at the predetermined depth on the respective ultrasound images and calculating ampli-
tudes of the image points set on the respective ultrasound images;

f) determining the speed of sound applied to the ultrasound image having highest amplitude at the image point
among the calculated amplitudes as a real speed of sound in the target object;

g) acquiring a plurality of ultrasound images by steering scan lines in predetermined angles based on the
determined real speed of sound; and

h) forming a compound ultrasound image by compounding the acquired ultrasound images.

5. The method of Claim 4, wherein the step a) includes:

a1) selecting the reference speed of sound previously set according to a type of the target obj ect;

a2) checking whether to set a new speed of sound for the target object;

a3l) if it is determined to set the new speed of sound at step a2), acquiring the ultrasound image based on the
reference speed of sound; and

ad) setting the image point on the acquired ultrasound image at the predetermined depth.

6. The method of Claim 5, wherein the reference speed of sound is a mean speed of sound of media consisting of the
target object.

Patentanspriiche

1. Verfahren zur Erfassung eines Ultraschallbilds in einem Ultraschallbildsystem mit einer Array-Sonde, welches Fol-
gendes aufweist:

a) Festlegen eines Bildpunkts in einer bestimmten Tiefe auf einem Ultraschallbild, welches basierend auf einer
Referenzschallgeschwindigkeit fir ein Zielobjekt erfasst wurde;

b) Festlegen eines Bereichs einer Schallgeschwindigkeit unter Bezugnahme auf die Referenzgeschwindigkeit;
c) Festlegen einer Vielzahl von Schallgeschwindigkeiten in einem konstanten Intervall innehalb des Bereichs
der Schallgeschwindigkeit;

d) Erfassen von Ultraschallsignalen mit den jeweiligen Schallgeschwindigkeiten;

e) Festlegen von Bilddaten in der vorbestimmten Tiefe auf den jeweiligen Ultraschallbildern und Berechnen von
Amplituden der Bildpunkte, die auf den jeweiligen Ultraschallbildern festgelegt wurden;

f) Ermitteln der auf das Ultraschallbild angewendeten Schallgeschwindigkeit, welche die héchste Amplitude an
dem Bildpunkt unter den berechneten Amplituden aufweist, als eine reale Schallgeschwindigkeit in dem Ziel-
objekt; und

g) Erfassen eines Ultraschallbilds basierend auf der ermittelten realen Schallgeschwindigkeit in dem Zielobjekt.
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2. Verfahren nach Anspruch 1, wobei der Schritt a) Folgendes aufweist:

a1) Auswahlen der vorher festgelegten Referenzschallgeschwindigkeit geman einer Art des Zielobjekt;

a2) Prifen, ob eine neue Schallgeschwindigkeit fiir das Zielobjekt eingestellt wird;

a3) Wenn in dem Schritt a2) festgelegt wird, dass die neue Schallgeschwindigkeit eingestellt wird, Erfassen
des Ultraschallbilds basierend auf der Referenzschallgeschwindigkeit; und

ad) Festlegen des Bildpunkts auf dem erfassten Ultraschallbild in der vorbestimmten Tiefe.

3. Verfahren nach Anspruch 2, wobei die Referenzschallgeschwindigkeit eine mittlere Schallgeschwindigkeit des Me-
diums ist, aus dem das Zielobjekt besteht.

4. Verfahren zur Erfassung eines Ultraschallbilds in einem Ultraschallbildsystem mit einer Array-Sonde, welches Fol-
gendes aufweist:

a) Festlegen eines Bildpunkts in einer bestimmten Tiefe auf einem Ultraschallbild, welches basierend auf einer
Referenzschallgeschwindigkeit fir ein Zielobjekt erfasst wurde;

b) Festlegen eines Bereichs einer Schallgeschwindigkeit unter Bezugnahme auf die Referenzgeschwindigkeit;
c) Festlegen einer Vielzahl von Schallgeschwindigkeiten in einem konstanten Intervall innerhalb des Bereichs
der Schallgeschwindigkeit;

d) Erfassen von Ultraschallsignalen mit den jeweiligen Schallgeschwindigkeiten;

e) Festlegen von Bilddaten in der vorbestimmten Tiefe auf den jeweiligen Ultraschallbildern und Berechnen von
Amplituden der Bildpunkte, die auf den jeweiligen Ultraschallbildern festgelegt wurden;

f) Ermitteln der auf das Ultraschallbild angewendeten Schallgeschwindigkeit, welche die héchste Amplitude an
dem Bildpunkt unter den berechneten Amplituden aufweist, als eine reale Schallgeschwindigkeit in dem Ziel-
objekt;

g) Erfassen einer Vielzahl von Ultraschallbildern durch Steuern von Scanlinien in vorbestimmten Winkeln ba-
sierend auf der ermittelten realen Schallgeschwindigkeit; und

h) Bilden eines Verbund-Ultraschallbilds durch Verbinden der erfassten Ultraschallbilder.

5. Verfahren nach Anspruch 4, wobei der Schritt a) Folgendes aufweist:

a1) Auswahlen der vorher festgelegten Referenzschallgeschwindigkeit geman einer Art des Zielobjekts;

a2) Prifen, ob eine neue Schallgeschwindigkeit fiir das Zielobjekt eingestellt wird;

a3) Wenn in dem Schritt a2) festgelegt wird, dass die neue Schallgeschwindigkeit eingestellt wird, Erfassen
des Ultraschallbilds basierend auf der Referenzschallgeschwindigkeit; und

ad) Festlegen des Bildpunkts auf dem erfassten Ultraschallbild in der vorbestimmten Tiefe.

6. Verfahren nach Anspruch 5, wobei die Referenzschallgeschwindigkeit eine mittlere Schallgeschwindigkeit des Me-
diums ist, aus dem das Zielobjekt besteht.

Revendications

1. Procédé d’acquisition d’'une image ultrasonique dans un systéme d’imagerie ultrasonique ayant un transducteur en
réseau comprenant :

a) la détermination d’un point image a une profondeur prédéterminée sur une image ultrasonique acquise basée
sur une vitesse de référence du son pour un objet cible ;

b) la détermination d’'une gamme de vitesses du son en référence a la vitesse de référence ;

c) la détermination d’une pluralité de vitesses du son dans un intervalle constant compris dans la gamme de
vitesses du son ;

d) 'acquisition d'images ultrasoniques aux vitesses du son respectives ;

e) la détermination de points images a la profondeur prédéterminée sur les différentes images ultrasoniques
et le calcul des amplitudes des points images fixés sur les images ultrasoniques respectives ;

f) la détermination de la vitesse du son appliquée a I'image ultrasonique ayant la plus grande amplitude au point
image parmi les amplitudes calculées comme étant une vitesse réelle du son de I'objet cible et

g) 'acquisition d’'une image ultrasonique basée sur la vitesse réelle du son dans I'objet cible.
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2. Procédé selon la revendication 1, dans lequel I'étape a) comporte :

a1) la sélection de la vitesse du son de référence précédemment déterminée pour un type d’objet crible ;

a2) le choix de I'utilisation éventuelle d’'une nouvelle vitesse du son pour I'objet cible ;

a3) s’il a été décidé de choisir une nouvelle vitesse du son lors de I'étape a2), 'acquisition de I'image ultrasonique
basée sur la vitesse du son de référencé ; et

a4) la détermination du point image sur I'image ultrasonique acquise a la profondeur prédéterminée.

3. Procédé selon la revendication 2, dans lequel la vitesse du son de référence est une vitesse moyenne du son du
milieu constitué par I'objet cible.

4. Procédé d’acquisition d’'une image ultrasonique dans un systéme d’imagerie ultrasonique ayant un transducteur en
réseau comportant :

a) la détermination d’un point image a une profondeur prédéterminée sur une image ultrasonique acquise basée
sur une vitesse de préférence du son pour un objet cible ;

b) la détermination d’'une gamme de vitesses du son en référence a la vitesse de référence ;

c) la détermination d’une pluralité de vitesses du son dans un intervalle constant compris dans la gamme de
vitesses du son ;

d) 'acquisition d'images ultrasoniques aux vitesses du son respectives ;

e) la détermination de points images a la profondeur prédéterminée sur les différentes images ultrasoniques
et le calcul des amplitudes des points images fixés sur les images ultrasoniques respectives ;

f) la détermination de la vitesse du son appliquée a I'image ultrasonique ayant la plus grande amplitude au point
image parmi les amplitudes calculées comme étant une vitesse réelle du son de I'objet cible ; a

g) 'acquisition d’'une image ultrasonique basée sur la vitesse réelle du son dans I'objet cible ; et

h) la formation d’une image ultrasonique obtenue en mélangeant toutes les images ultrasoniques acquises.

5. Procédé selon la revendication 4, dans lequel I'étape a) comporte :

a1) la sélection de la vitesse du son de référence précédemment déterminée pour un type d’objet cible ;

a2) le choix de I'utilisation éventuelle d’'une nouvelle vitesse du son pour I'objet cible ;

a3) s’il a été décidé de choisir une nouvelle vitesse du son lors de I'étape a2), 'acquisition de I'image ultrasonique
basée sur la vitesse du son de référence ; et

a4) la détermination du point image sur I'image ultrasonique acquise a la profondeur précédente.

6. Procédé selon la revendication 5, dans lequel la vitesse du son de référence est une vitesse moyenne du son du
milieu constitué par I'objet cible.
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[Fig. 4]
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[Fig. 5]
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[Fig. 6]
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