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METHOD FOR THE EXAMINATION OF
OBJECTS WITH ULTRASOUND

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for the exami-
nation of objects with ultrasound for which a spatial region
of the object is scanned by using a 3D ultrasound probe and
for which from the reflected echo-signals only those signals
are selected which fulfill selectable requirements and are
used to generate an image on at least one display according
to the spatial position in which the echo is reflected.

2. Description of the Prior Art

Scanning a spatial region of an object and storing the echo
information on an address which corresponds to the geo-
metrically correct position is known (AT 358 155 B). For
this purpose, a scan plane (B-mode or C-mode) is moved
over the object which has to be examined. This scan is done
either manually (together with a simultaneous detection of
the position of the plane to a reference position) or by using
a specialized 3D probe which does the movement of the
scan-plane in an automated way (e.g. AT 1708 GM). This
volume-scan is done by acquiring a cross-sectional plane
which is scanned either by using a mechanically moved
transducer or by using an electronic multiclement probe
whereby this cross-sectional plane is moved simultaneously
in a direction more or less orthogonal to the cross-sectional
plane. This method allows to reconstruct the echo-
information in planes which are arbitrarily positioned inside
the scanned volume and which are no longer related to the
cross-sectional planes used during data acquisition. That
means it allows to produce images which cannot be achieved
by standard ultrasound scanning due to anatomical reasons.
Different visualization algorithms are able to reconstruct
echoes from a reflecting surface in a way that the observer
has a 3D impression of the object. The viewing angle from
which the object is reconstructed is independent from the
direction of the ultrasound beams which were used for the
data acquisition. Therefore, the observer can “walk” virtu-
ally around the object and observe the images from the
reconstructed object from different viewing angles on a
display. Even for this standard method, a critical issue is the
removal of unwanted echoes in front of the object which
interfere with the reconstruction of the object of interest. We
can find a typical scenario in obstetric applications when the
fetus should be examined by abdominal scanning. In that
case, there is maternal tissue between the probe and the fetus
which covers the face and body of the fetus. Up to now, a
simply shaped region of interest (e.g. cube) is selected which
contains mainly the object but still some interfering or
unwanted information. This described method contains no
further information concerning the actual surface of the
object and needs also some skills to select the region of
interest in a proper way. Additionally, the characteristic of
the surface can be important for the examination of the
object of interest, such as the perfusion of a tissue on the
surface of a tumor or the structure of the vessel which
penetrate the tumor.

SUMMARY OF INVENTION

The present invention improves the method described
above with the aim to significantly simplify the user inter-
action necessary for the representation of an object or the
representation of a certain layer within the volume of
interest and furthermore to allow to characterize the surface
of an object of interest (¢.g. perfusion).
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This aim is accomplished in that, based on the method
described above, a shell is determined which corresponds to
a surface or a layer of the object of interest, and only echo
information inside this geometrically defined region is used
for further processing.

The detection of the surface can be done in an automated
way when the echoes coming from this surface are well
defined. But also a semi-automated method is possible that
means that the contour is edited manually to correct the
contours so that it matches the surface in the best way.
Finally, the surface is defined by the points of the surface,
which are found in the contouring process, by a “wire-
model” which connects the points and an interpolation
procedure which defines all parts of the surface in between.
This defines the object “shell” of the present invention. It is
possible to eliminate for the processing all echoes which are
outside the shell, so the result is a clear view to the object
of interest. The main intention of the present invention is to
characterize the surface of an object beside the standard 3D
representation of the object.

According to a further feature of the present invention, the
thickness of the shell can be varied between approximately
“zero” and a thickness which comprises the complete size of
the object. In this way, information coming only from the
surface or further information from the object can be
processed, which can be displayed for example in recon-
structed cross-sectional planes containing only data which
are defined by the shell. The selection of shells with different
thickness or the continuous variation of the thickness results
in additional information—e.g. if Doppler signals are
processed—regarding the perfusion or the structure of the
blood flow. Another possibility is that a certain thickness is
chosen and—for convex objects by diminishing the diameter
of the shell—the object is examined layer by layer.

According to another feature of the present invention, a
histogram is calculated from the selected information—data
which correspond either to amplitude or to flow information
or to other parameters which can be derived from the
ultrasound signal.

The resulting images can be displayed individually. A
good choice ¢.g. is for the first overview a transparent 3D
representation. Another option of the present invention is
also to display simultaneously a variety of images as e.g. a
3D image combined with a histogram of the flow distribu-
tion on the surface of the object whereby the surface is
superimposed to the 3D image so that the complex spatial
relationship can be visualized.

To document a result or to give an overview, the infor-
mation in a shell can also be projected/unwound into a plane
display by using algorithms which are used for maps.

Further details and advantages of the present invention
can be found in the drawings which are described below. The
drawings describe a preferred embodiment of the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a diagram showing the elements of an ultrasound
unit in one embodiment of the present invention;
FIG. 2 is a schematic cross-sectional area to show the
selection steps for the present invention; and

FIG. 3 shows schematically the elements including soft-
ware modules which are needed to make this selection.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

According to FIG. 1, a 3D probe scans a larger spatial area
in an object. The ultrasound echo-processor 2 transmits the
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ultrasound pulses and receives the reflected echoes. The 3D
movement is determined by the control unit 3 which controls
the position of the transducer 1 as well as the precise time
to transmit an ultrasound pulse. Furthermore, it controls also
the storage device 4 in which the reflected echo-signals are
stored according to the position of the reflector. If needed, an
echo-interpolator 5 can be provided. From the storage
device 4 the echo-data are transferred to the storage device
6 for storing Cartesian coordinates, i.e. a certain increment/
decrement in address corresponds to a certain increment/
decrement in orthogonal spatial distances. From this storage
device 6, the signals are accessed from an access unit 7, the
processing of the data being done in different units 8, 9, 10,
11. The processing unit 8 reconstructs several cross sectional
planes which are arbitrarily positioned within the scanned
volume, the processing unit 9 performs a volume rendering
process resulting in images which give a 3D impression to
the observer, the processing unit 10 calculates a wire model
of the surface of interest and finally, processing unit 11
processes the dataset—using results from unit 10 using the
object “shell” according to the present invention.

As already mentioned in the general description of the
present invention, a surface of a scanned object or a certain
layer of the object should be selected, processed and dis-
played. In FIG. 2, a dotted line 12 shows the contour of the
total volume which has been scanned. Inside this scanned
volume is an object of interest of which the surface 13 is
shown in the drawing. To achieve this, different methods are
possible. For an automated detection, different cross sec-
tional planes are taken to determine the echoes which are
reflected from the surface 13. If this is done in several planes
covering the total object of interest, the surface is repre-
sented as a wire model which can be supplemented by
interpolation procedures to describe the complete surface of
the object, similarly to the way it is done in CAD software.
It is also possible to show a contour line 14 in reference to
the scanned volume 12 which can be manipulated until a
sufficient coincidence is achieved with the surface 13 of the
object so that then a “shell” is defined. This approximation
process can also be done automated. If the surface of an
object is now determined, the addresses corresponding to the
surface are stored in the control unit 5 (see FIG. 3). It should
be mentioned that the shell which defines the data area to be
evaluated can be the surface 13 itself, or an area defined by
the surface and by a selectable thickness which can expand
from the surface to the inside of the object, to the outside of
the object or in both directions. FIG. 2 shows a shell 16
which is expanded to the inside of the object.

For the further processing, only data which correspond
with the surface 13 or with a shell around this surface as
described above will be transferred from storage device 6 by
control unit 15. The processing itself (gray-values, flow-
information etc.) is determined by the processor 17. Soft-
ware module 18 the complete surface of the object of interest
and via module 19 the size of the shell.
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The different methods for the data representation were
described in the general description. The complete system
and parts for 3D representation have been disclosed in our
EP 98 890 169.0 of Jun. 4, 1998.

What is claimed is:

1. A method of examining an object with ultrasonic
waves, comprising the steps of

(a) scanning a spatial region of the object containing a
selected spatial region with a 3D ultrasound probe
transmitting the ultrasonic waves and receiving echo
signals from the scanned spatial region,

(b) evaluating the echo signals from the scanned spatial
region on the basis of selection criteria limited at least
approximately to the echo signals received from the
selected spatial region,

(1) unambiguously associated cross-sectional planes
passing through the spatial region and containing the
selected spatial region providing the selection
criteria,

(c) searching for those echo signals in the cross-sectional
planes determining the boundary of the selected spatial
region,

(1) those echo signals establishing a scanning pattern
defining a shell around a surface of the selected
spatial region, and

(d) using only those echo signals defining the shell for
creating an image on at least one display device.

2. The method of claim 1, wherein the shell varies
between a thickness of approximately zero and to a thick-
ness corresponding to that of the cross-sectional planes.

3. The method of claim 1, wherein those echo signals are
subjected to a histogram evaluation and are used to create a
corresponding image.

4. The method of claim 3, wherein the corresponding
image is superimposed upon a 3-D image of the object.

5. The method of claim 1, wherein those echo signals are
subjected to a Doppler evaluation and are used to create a
corresponding color image.

6. The method of claim 5, wherein the color image is
superimposed upon a 3D image of the object.

7. The method of claim 1, wherein the shell is developed
onto a plane for creating the image.

8. The method of claim 1, wherein the selected spatial
region is a surface of a human body.

9. The method of claim 1, wherein the selected spatial
region is an intermediate layer of a human body.

10. The method of claim 1, wherein those echo signals are
searched on the basis of the intensity of their reflection
properties.

11. The method of claim 1, wherein those echo signals are
searched by manual adjustment in the image of the cross-
sectional plane.
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