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Description

[0001] The present invention relates to an ultrasound
diagnostic system, and more particularly, to an apparatus
for observing a biopsy needle and guiding the same to-
wards a target object within the human body in a three-
dimensional ultrasound diagnostic system that uses in-
terventional ultrasound system.
[0002] In the field of interventional ultrasound imaging,
a medical procedure is performed which, for diagnostic
or treatment putposes, takes a sample of a target object,
for example, the tissue of a specific internal organ of the
patient’s body by inserting a medical device such as a
biopsy needle into the patient’s body and, at the same
time, monitoring the movement of such medical device
within the patient’s body in real time with the use of the
ultrasound diagnostic system. Thus, in order to ensure
reliable diagnosis, it is necessary to display an ultrasound
image in such manner that a positional relationship be-
tween the target object and the biopsy needle can pre-
cisely be identified.
[0003] However, since a conventional two-dimension-
al ultrasound diagnostic system displays the biopsy nee-
dle in a plane defined by the axial and lateral directions
of the transducer, it is difficult to precisely identify the
location of the biopsy needle in the displayed ultrasound
image when a movement in elevation of the biopsy nee-
dle occurs. A similar problem arises for the two-dimen-
sional ultrasound diagnostic system which can generate
a two-dimensional B-mode image of human organs and
can show the guide line of the biopsy needle on the image
being displayed by using a geometrically adequate biop-
sy guide. More specifically, since the transducer used in
the two-dimensional ultrasound diagnostic system has
to perform beam-focusing in the direction of elevation as
well, it is not viable to display the movement in elevation
of the biopsy needle in a two-dimensional image when
the biopsy needle is not located in a plane defined by the
axial and lateral directions, i.e., when the movement of
the biopsy needle is to the direction of elevation. The
difficulty in observing a target object in the displayed ul-
trasound image is attributed mainly to the fact that most
of the target objects take a form of a three-dimensional
sphere, while the two-dimensional ultrasound diagnostic
system displays only a sectional view of the portion where
the transducer is currently located. Therefore, visualiza-
tion capabilities of a target object to be subject to a tissue
inspection are inevitably restricted by the inherent char-
acteristics of the two-dimensional ultrasound diagnostic
system.
[0004] In an attempt to circumvent the above prob-
lems, a three-dimensional ultrasound diagnostic system
is often used when performing a medical inspection,
where a biopsy needle is used, due to the fact that a
positional relationship between the biopsy needle and
the target object can clearly be observed in a volume
image provided by the three-dimensional ultrasound di-
agnostic system. Among the several methods for observ-

ing the biopsy needle adopted for the three-dimensional
ultrasound diagnostic system, the following two methods
are known as being most widely used. The first is a meth-
od wherein the biopsy guide is attached to the transducer
as in a conventional two-dimensional diagnostic system,
and the biopsy needle is displayed by using known infor-
mation on a geometrical structure of the biopsy needle;
and the other is a method called "a free-hand style meth-
od." In the free-hand style method, the location of the
biopsy needle is discerned by the user’s estimation or
sensation wherein the user holds a three-dimensional
transducer with one hand as shown in Fig. 1, and ma-
nipulates the biopsy needle with the other hand without
using the biopsy guide.
[0005] As described above, the three-dimensional ul-
trasound diagnostic system can also provide a guide line
as is provided by a two-dimensional ultrasound diagnos-
tic system, in case that the biopsy guide is used. How-
ever, in a display image showing a volume rendered with
respect to x, y and z axes, the biopsy needle is typically
displayed on one of the three planes defined by the x, y
and z axes. Thus, unless the three-dimensional ultra-
sound image is rearranged, it is difficult to precisely ob-
serve the movement of the biopsy needle since the bi-
opsy needle is indicated merely as a point in the rendered
image. The free-hand style method cannot display a lo-
cation of the biopsy needle precisely. Further, for the free-
hand style method, diagnosis is performed mainly by es-
timation or sensation of the user so that the accuracy of
diagnosis depends on the skill of the user.
[0006] WO 99/16352 A1 describes an interventional
radiology guidance system containing a target tracker,
which provides a set of coordinates representing a loca-
tion and shape of the target which is marked with a circle
of an ultrasound image by a target marker using two 3-
dimensional volumes.
[0007] It is an object of the present invention to provide
an apparatus for accentuating a relationship between a
biopsy needle and a target object by contouring the bi-
opsy needle in a three-dimensional ultrasound image
provided by a three-dimensional ultrasound diagnostic
system.
[0008] It is another object of the present invention to
provide an apparatus for automatically guiding a biopsy
needle into the human body by automatically extracting
a target object from a three-dimensional ultrasound im-
age, contouring the target object, and obtaining informa-
tion on locations of and a relationship between the ex-
tracted target object and the biopsy needle being guided.
[0009] In accordance with the present invention, an
apparatus for enabling a biopsy needle to be observed
in a three-dimensional ultrasound image according to
claim 1 is provided.
[0010] The features, objects, and advantages of the
present invention may best be understood with reference
to the following description, taken in conjunction with the
accompanying drawings.
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Fig. 1 shows a structure of a conventional interven-
tional ultrasound imaging system.
Fig. 2 shows a schematic block diagram of an appa-
ratus for enabling observation of a biopsy needle in
a three-dimensional ultrasound image according to
the present invention.
Figs. 3a and 3b show ultrasound images to explain
a procedure for extracting a target object from three-
dimensional ultrasound image data acquired in ac-
cordance with the present invention.
Figs. 4a and 4b show ultrasound images to explain
a procedure for guiding a biopsy needle by extracting
a target object in accordance with the present inven-
tion.
Fig. 5 shows a flowchart to explain a procedure for
observing a biopsy needle in a three-dimensional
ultrasound image provided in accordance with the
present invention.

[0011] Referring to Fig. 2, there is shown a schematic
block diagram of an apparatus for enabling observation
of a biopsy needle in a three-dimensional ultrasound im-
age according to the present invention. As shown in Fig.
2, a guiding apparatus 100 comprises an ultrasound
transducer 102, a three-dimensional image-forming sec-
tion 104, a section for extracting a target object 106, and
a location-calculating section 108, a display section 110,
and a controller 112. Ultrasound transducer 102 serves
to transmit ultrasound signals towards a target object and
receive echo signals reflected from the target object. Ei-
ther a rotated transducer by motor or an electronic trans-
ducer with piezo-electric elements arranged two dimen-
sionally may be used as ultrasound transducer 120. How-
ever, input data format differs depending on which trans-
ducer is used for ultrasound transducer 102. To this end,
a coordinate system defined by an angle and a distance
or a three-dimensional rectangular coordinate system
may be chosen to adequately represent the locations of
pixels. Three-dimensional image-forming section 104
combines continuous two-dimensional data inputted
from ultrasound transducer 102 to produce three-dimen-
sional volume data.
[0012] Section for extracting a target object 106 ex-
tracts a target object from the three-dimensional volume
data inputted from three-dimensional image-forming sec-
tion 104. In this case, a boundary of the target object may
be extracted by using the image processing technique
called "Virtual Organ Computer Aided Analysis (VO-
CAL)" disclosed in Korean Patent No. 10-0308230, is-
sued August 27, 2001 and in European Patent Applica-
tion No. EP 1 083 443 A2, entitled ULTRASONIC IMAGE
APPARATUS FOR SEPARATING OBJECT, wherein
each of internal organs of the human body to be diag-
nosed is separately extracted and visualized in a three-
dimensional ultrasound image. In addition to the auto-
matic extraction capabilities, the section for extracting a
target object 106 can extract a target object drawn by the
user. The extraction of a boundary of a drawn target ob-

ject may be performed by either a three-dimensional seg-
mentation based on the three-dimensional technique or
by continuously segmenting the two-dimensional volume
data and manipulating them three dimensionally.
[0013] Figs. 3a and 3b show ultrasound images to ex-
plain a procedure for extracting a target object from three-
dimensional ultrasound image data acquired in accord-
ance with the present invention. Fig. 3a illustrates an im-
age resulting from three dimensionally rendering the
boundary of the target object as drawn by the user in a
xyz plane. The rendered image of the target object with
its boundary contoured as shown in Fig. 3 can be advan-
tageously used when an automatic extraction of the
boundary of the target object is not feasible as in most
of the ultrasound images or when the ultrasound imaging
system being used is not equipped with such automatic
extraction capabilities. Fig. 3b shows an image where
the boundary of the target object has been extracted.
After extracting a two-dimensional boundary of the target
object in a xyz plane, a three dimensionally rendered
image can be displayed.
[0014] As mentioned above, section for extracting a
target object 106 in accordance with the present inven-
tion performs processing on continuous volume data, and
thus can extract and display the target object by perform-
ing motion estimation instead of performing real-time
continuous segmentation. Thus, section for extracting a
target object 106 acquires motion information of the tar-
get object in motion and provides location information
helpful in extracting the next target object. Assuming that
there is a target object previously extracted by the first
extracting step during the process of continuously ex-
tracting the target object, the entire or some sample
blocks in the previously extracted target object are pat-
tern-matched with the neighboring areas of the subse-
quently extracted target object. Through this process, the
final location of the target object can be calculated, and
the calculation indicates that the target object has moved
by the calculated distance. Therefore, it is possible to
finely and automatically modify the contour extracted
from the previous volume based on the location informa-
tion.
[0015] Location-calculating section 108 calculates a
center of gravity of the target object based on a geometric
shape of the extracted target object, and obtains infor-
mation on the location of the biopsy needle as represent-
ed as a three-dimensional shape in the spatial coordinate
system. The reason why the center of gravity of the target
object is calculated is that the biopsy needle must be
inserted into the center area of the target object, and
calculating a center of gravity is known as the most widely
used method for finding a center of a geometric object.
Based on the calculated center of gravity of the target
object, location-calculating section 108 can thus estimate
a motion of the target object currently in motion, and al-
lows guiding apparatus 100 to estimate the direction of
advance of the biopsy needle.
[0016] Display section 110 displays the extracted tar-
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get object based on the well-known computer graphics
techniques. Display section 110 may display only the ex-
tracted target object in isolation, and may alternatively
display only the boundary of the target object against the
background.
[0017] Controller 112 controls display section 110 to
display a motion of the target object, the path of the biopsy
needle currently being guided as calculated, and the ideal
path between the target object and the biopsy needle
whose information is useful for accurately guiding the
biopsy needle. Controller 112 further controls display
section 110 to display numerical information on an error
between the ideal path and the actual path of the biopsy
needle, together with graphics. Provided guide lines have
a cylindrical shape with a fixed diameter. When the biopsy
guide line is provided, the error is indicative of how the
biopsy needle is parallel with the biopsy guide line or how
closely the biopsy needle moves along the center of the
biopsy guide line. With the numerical information on the
error, an angle between the biopsy needle and the biopsy
guide line, and a distance between the center of the bi-
opsy guide line and the tip of the biopsy needle can be
defined as useful parameters.
[0018] Referring now to Figs. 4a and 4b, ultrasound
images are shown which explain a procedure for guiding
a biopsy needle by extracting a target object in accord-
ance with the present invention. In particular, Fig. 4a il-
lustrates the boundary of the target object extracted on
the xyz plane, and indicates how the biopsy needle is
located in the three-dimensional image rendered with the
use of information on the boundary. Fig. 4b illustrates a
process where the target object or the biopsy needle is
tracked by exploiting the automatic tracking capabilities.
[0019] Controller 112 further controls guiding appara-
tus 100 by using information on the center of gravity of
the extracted target object, which is calculated in loca-
tion-calculating section 108, and information on the lo-
cation of the biopsy needle. First, controller 112 deter-
mines whether the direction to which the biopsy needle
is currently guided is correct by using information on the
center of gravity and information on the location of the
biopsy needle and, if an error is found, provides error
information to location-calculating section 108 so that it
can calculate and compensate the error. In this case, the
error represents an error in terms of the biopsy needle’s
movement that is predicted to be generated as the biopsy
needle is guided. The error is calculated based on infor-
mation on the location of the extracted target object and
information on the relative location of the biopsy needle.
Next, controller 112 provides to section for extracting a
target object 106 location-related information that is help-
ful in sensing a motion of the target object and segment-
ing/extracting the next target object.
[0020] Next, a procedure for observing a biopsy needle
in a three-dimensional ultrasound image provided in ac-
cordance with the present invention will be explained with
reference to the flowchart shown in Fig. 5. The procedure
starts at step S502 where two-dimensional ultrasound

images are consequently acquired through ultrasound
transducer 102 and a volume image is generated by
three-dimensional image-forming section 104 based on
the acquired two-dimensional ultrasound image. In this
case, once the biopsy guide line is set within the volume,
the volume is rotated to be displayed as a straight line
on the xy plane so that the biopsy guide line is displayed
as a solid line on the xy palne.
[0021] At step S504, the desired target object is ren-
dered along the contour line which the user drew on the
xyz plane image as acquired by section for extracting a
target object 106, or otherwise the target object as auto-
matically segmented based on the VOCAL technique is
designated. At step S506, the center of the extracted
target object is found by location-calculating section 108,
and the volume display is set so that the target object is
placed at the center of the volume display. Then, a figure
indicative of the target object is displayed at the center
of the xy plane image, as shown in Figs. 3a and 3b, and
the biopsy guide line is displayed to extend up to the
center of the target object (i.e., the center of the plane).
On the z plane, on the other hand, the biopsy guide line
is displayed as a point on the center of the figure of the
target object.
[0022] At step S508, the xyz plane image and rendered
volume display are aligned. For the free-hand style meth-
od, since information on the geometric structure of the
biopsy needle is not available, it is not possible to display
the predicted biopsy guide line. In this case, the VOCAL
technique is applied to segment the biopsy needle, and
the location of the biopsy needle is found within the vol-
ume. Based on the location of the biopsy needle as found,
displays relating to the biopsy needle are aligned on the
xyz plane and rendered volume display.
[0023] At step S510, in order to display the guiding
status of the biopsy needle, the rendered volume image
as displayed together with the xyz plane image is rotated
by a predetermined angle to the counter-clockwise direc-
tion and in turn to the clockwise direction. The reason for
rotating the rendered volume image is that an image ren-
dered from extracting the two or three-dimensional
boundary or an image obtained based on the volume
rendering method is displayed on the two-dimensional
display screen, and therefore, the viewer may not feel
the cubic effect if he continues to see such image. In this
display mode, since the rendered image, which otherwise
may become a 2.5 dimensional image, is displayed more
like a three-dimensional image, the operator can observe
the biopsy needle moving in the space.
[0024] At step S512, the biopsy needle is continuously
tracked by using the live VOCAL technique. At the same
time, the target object is also tracked so that a relationship
between the biopsy needle and the target object can be
clearly recognized on the xyz plane and volume image.
More specifically, an image like that obtained when an
endoscope camera is attached to the biopsy needle is
added to the xyx plane image. Then, the user can visually
appreciate the motion of the biopsy needle that ap-
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proaches toward the target object. The target object is
seen perspectively in the rendered status as if it is
zoomed-in. As a result, the tissue that is found by the
VOCAL technique based on the location of the tip of the
biopsy needle can be seen as if an onion shell is peeled.
[0025] At step S514, an alarm is generated as the bi-
opsy needle approaches the target object. Once the bi-
opsy needle approaches within a predetermined dis-
tance from the target object, an alarm having a long in-
termittence period and low frequency is first generated.
As the biopsy needle further approaches the target ob-
ject, an alarm having a relatively short intermittence pe-
riod and high frequency is generated to alert that the bi-
opsy needle is approaching near the target object. When
the tip of the biopsy needle reaches the center of the
target object, a continuous alarm is generated. Similarly,
the color for the background of the z plane in the xyz
plane image progressively turns into a brighter color,
when the biopsy needle approaches the target object.
This can give a visual alarm effect.
[0026] For either case when the free-hand style meth-
od or the method using the biopsy guide is used, the
biopsy needle cannot be aligned on any of the x-y-z
planes under certain situations. In this case, the biopsy
needle is first found from the volume, and then geometric
information on the biopsy needle is extracted. Thereafter,
the aligned xyz plane image and volume image are
formed, in the manner as mentioned above.
[0027] If the biopsy needle is used in an image mode
other than the aligned xyz plane image mode or the vol-
ume image mode, the biopsy guide line having perspec-
tive is graphically displayed with respect to a point where
the biopsy needle is currently passing. If the biopsy nee-
dle is tracked, such biopsy guide line is continuously dis-
played in the xyz plane, and the operator may change
the angle of view as the biopsy needle is guided.
[0028] In accordance with the present invention, the
biopsy needle can be aligned and displayed on the xyz
plane. Also, a motion of the biopsy needle or the target
object can be tracked so that a relationship between the
biopsy needle and the target object can be clearly ob-
served. Therefore, it is possible to enable the biopsy nee-
dle to exactly reach the target object. The prior art prob-
lem that the accuracy of diagnosis may depend on the
skill of the user can also be eliminated.
[0029] While particular embodiments of the present in-
vention have been shown and described, it will be obvi-
ous to those skilled in the art that changes and modifica-
tions may be made without departing from this invention
in its broader aspects and, therefore, the aim in the ap-
pended claims is to cover all such changes and modifi-
cations, as fall within the true scope of this invention.

Claims

1. An apparatus for enabling a biopsy needle to be ob-
served in a three-dimensional ultrasound image

comprising:

means (102) for transmitting ultrasound signals
towards a target object (106) and receiving echo
signals reflected from the target object (106);
means (104) for forming a three-dimensional
volume image by receiving and combining two-
dimensional data from said transmitting means
(102);
means for extracting a boundary of the target
object (106) from the three-dimensional volume
image and three-dimensionally rendering the
target object (106) based on the extracted
boundary;
means (108) for estimating a location of the ren-
dered target object (106) by finding a center of
gravity of the rendered target object (106) and
a location of the biopsy needle that is to be in-
serted into the rendered target object (106);
means (110) for displaying the rendered target
object (106);

means (112) for calculating an error in location be-
tween the biopsy needle and the rendered target ob-
ject (106) based on said estimation and providing
the calculation error to said estimating means.

2. The apparatus according to Claim 1, wherein said
means for extracting extracts the boundary of the
target object (106) based on one of a continuous
segmentation and extraction process, and a motion
estimation process.

3. The apparatus according to Claim 1, wherein said
means (110) for displaying displays a path between
the rendered target object (106) and the biopsy nee-
dle that is to be followed by the biopsy needle.

4. The apparatus according to Claim 1, wherein the er-
ror is an error in terms of location of the biopsy needle
to be generated as the biopsy needle is guided to-
ward the rendered target object (106).

Patentansprüche

1. Vorrichtung zum Ermöglichen, dass eine Biopsieka-
nüle in einem dreidimensionalen Ultraschallbild be-
obachtet werden kann, welche folgendes aufweist:
eine Einrichtung (102) zum Senden von Ultraschall-
signalen in Richtung eines Zielobjekts (106) und
Empfangen von Echosignalen, die von dem Zielob-
jekt (106) reflektiert worden sind;
eine Einrichtung zum Bilden eines dreidimensiona-
len Volumenbildes durch Empfangen und Kombinie-
ren zweidimensionaler Daten von der Sendeeinrich-
tung (102);
eine Einrichtung zum Herausnehmen einer Begren-
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zung des Zielobjekts (106) von dem dreidimensio-
nalen Volumenbild und dreidimensionales Rendern
bzw. Erstellen des Zielobjekts (106) basierend auf
der herausgenommenen Begrenzung;
eine Einrichtung (108) zum Abschätzen einer Posi-
tion des gerenderten bzw. erstellten Zielobjekts
(106) durch Finden eines Schwerpunkts des geren-
derten Zielobjekts (106) und einer Position der Biop-
siekanüle, die dafür vorgesehen ist, in das geren-
derte Zielobjekt (106) eingeführt zu werden; eine
Einrichtung zum Anzeigen des gerenderten Zielob-
jekts (106);
eine Einrichtung zum Berechnen eines Fehlers der
Position zwischen der Biopsiekanüle und dem ge-
renderten Zielobjekt (106) basierend auf der Ab-
schätzung und Weiterleiten des Berechnungsfeh-
lers zu der Abschätzeinrichtung.

2. Vorrichtung nach Anspruch 1, wobei die Einrichtung
zum Herausnehmen die Begrenzung des Zielobjekts
(106) basierend auf einer kontinuierlichen Auftei-
lung, eines Herausnahmeprozesses oder eines Be-
wegungsabschätzungsprozesses herausnimmt.

3. Vorrichtung nach Anspruch 1, wobei die Einrichtung
(110) zum Anzeigen einen Pfad zwischen dem ge-
renderten Zielobjekt (106) und der Biopsiekanüle an-
zeigt, welcher von der Biopsiekanüle gefolgt werden
soll.

4. Vorrichtung nach Anspruch 1, wobei der Fehler ein
Fehler bezüglich der Position der zu erzeugenden
Biopsiekanüle ist, während die Biopsiekanüle in
Richtung des gerenderten Zielobjekts (106) geführt
wird.

Revendications

1. Appareil permettant d’observer une aiguille de biop-
sie dans une image ultrasonique tridimensionnelle
comprenant:

des moyens (102) pour transmettre des signaux
ultrasoniques vers un objet cible (106) et rece-
voir des signaux d’échos réfléchis par l’objet ci-
ble (106);
des moyens (104) pour former une image à vo-
lume tridimensionnel en recevant et en combi-
nant des données bidimensionnelles à partir
desdits moyens de transmission (102);
des moyens pour extraire une limite de l’objet
cible (106) à partir de l’image à volume tridimen-
sionnel et rendre tridimensionnel l’objet cible
(106) à base de la limite extraite;
des moyens (108) pour estimer un emplace-
ment de l’objet cible rendu (106) en trouvant un
centre de gravité de l’objet cible rendu (106) et

un emplacement de l’aiguille de biopsie qui doit
être insérée dans l’objet cible rendu (106);
des moyens (110) pour afficher l’objet cible ren-
du (106);
des moyens (112) pour calculer une erreur dans
l’emplacement entre l’aiguille de biopsie et l’ob-
jet cible rendu (106) à base de ladite estimation
et fournir l’erreur de calcul auxdits moyens d’es-
timation.

2. Appareil selon la revendication 1, dans lequel lesdits
moyens d’extraction extraient la limite de l’objet cible
(106) à base d’un d’un procédé d’extraction et de
segmentation continue, et d’un procédé d’estimation
de mouvement.

3. Appareil selon la revendication 1, dans lequel lesdits
moyens pour afficher (110) affichent un chemin entre
l’objet cible rendu (106) et l’aiguille de biopsie qui
doit être suivi par l’aiguille de biopsie.

4. Appareil selon la revendication 1, dans lequel l’erreur
est une erreur en termes d’emplacement de l’aiguille
de biopsie qui doit être générée lorsque l’aiguille de
biopsie est guidée vers l’objet cible rendu (106).
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的引导状态。
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