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7) ABSTRACT

A method of ultrasound image acquisition, generation and
display includes the steps of: acquiring ultrasound image data
corresponding to an anatomic region being examined using
an ultrasound probe; generating an ultrasound image based
on the image data; displaying the image on a display; gener-
ating a map of the outer surface of the anatomic region;
detecting the position of the probe during image data acqui-
sition; identifying on the map the point corresponding to the
detected position of the probe; and displaying the map in
which such point is marked, at the same time as the ultrasound
image is displayed.
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Fig. 5
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Fig. 7
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APPARATUS AND METHOD OF
ULTRASOUND IMAGE ACQUISITION,
GENERATION AND DISPLAY

FILED OF THE INVENTION

[0001] The present invention relates to a method of ultra-
sound image acquisition, generation and display, comprising
the steps of:

[0002] (a) acquiring ultrasound image data corresponding
to an anatomic region being examined using an ultrasound
probe;

[0003] (b) generating at least one ultrasound image based
on said image data;

[0004] (c) displaying said image on a display.
BACKGROUND OF THE INVENTION
[0005] Ultrasound imaging has become an important and

popular diagnostic approach, due to its wide range of appli-
cations.

[0006] Especially in medicine, this kind of diagnostic
approach is widely used, due to its non-invasive and non-
destructive nature.

[0007] Modern ultrasound apparatus are commonly used to
generate 2D or 3D ultrasound images, reproducing the inter-
nal characteristics of an anatomic region of a body being
examined, such as an organ.

[0008] The ultrasound system transmits ultrasound signals
to the body under examination and receives echo signals,
thereby forming a 2D (two-dimensional) or 3D (three-dimen-
sional) image, which 2D or 3D image is displayed on a
display.

[0009] In the prior art, the position of the probe at which
image acquisition occurs is immediately recognized due to
the simultaneity between image acquisition and display.
[0010] When the image is displayed after acquisition and
also, as is increasingly often the case, when image display and
acquisition are carried out by different operators, the physi-
cian that analyzes the image can only recognize the probe
position at which image acquisition occurred from the dis-
played image, based on his/her expertise.

[0011] Nevertheless, in certain cases, it may be difficult to
recognize the position of the probe from the displayed image,
and this may lead to uncertainty about the location of any
surgery or any further diagnostic examination.

[0012] This particularly occurs in breast imaging, where
tissues are soft and may undergo deformation and displace-
ment.

[0013] The various diagnostic techniques for breast imag-
ing, such as mammography, breast tomosynthesis, breast
MRI, ductography, MBI (Molecular Breast Imaging), breast
PET, require special patient positioning or compression of the
breast.

[0014] Therefore, an image obtained using an imaging
mode can be hardly related to an image obtained using a
different imaging mode.

[0015] Studies have been conducted on breast deformation
based on patient positioning or controlled mechanical
stresses, in view of creating a reliable breast representation
model, but these studies have not led to satisfactory results,
due to the high heterogeneity of breast characteristics which
notonly change from patient to patient, but also from the right
breast to the left breast of the same patient.
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[0016] 1In breast surgery, when the first diagnostic exami-
nation detects an abnormality, biopsy is usually performed,
typically with a stereotactic needle biopsy procedure.

[0017] Since stereotactic references might be different in
later surgery, if any, a small amount of carbon is deposited
along the hole formed by the biopsy needle, for easy X-ray
recognition by the surgeon.

[0018] Nevertheless, this procedure requires the patient to
be exposed to potentially hazardous ionizing radiation.
[0019] Therefore, thereis aneed, yet unfulfilled by prior art
imaging methods and apparatus, of accompanying a dis-
played ultrasound image with information about probe posi-
tioning at the time of acquisition.

SUMMARY OF THE INVENTION

[0020] A method according to the present invention
resolves the drawbacks of the prior art by means of simple and
inexpensive arrangements, which can avoid risks for the
patient while ensuring clear interpretation of the acquired
images.

[0021] The present invention fulfils the above objects by a
method as described hereinbefore. In one embodiment, the
method further comprises the steps of:

[0022] (d) generating a map of the outer surface of the
anatomic region;

[0023] (e) detecting the position of said probe during image
data acquisition;

[0024] (f)identifying on the map the point corresponding to
the detected position of said probe;

[0025] (g) displaying the map in which said point is
marked, at the same time as the ultrasound image is displayed.
[0026] This will provide a preferably but not necessarily
stylized map, or bodymark, representing the outer surface of
the anatomic region of interest.

[0027] The map is displayed at the same time as the ultra-
sound image, whereby the position of the probe is related to
the marked point.

[0028] Therefore, the physician receives a qualitative, clear
indication of the point of the body being examined, from
which the image was acquired by the ultrasound probe.
[0029] This may improve the diagnostic confidence level
and reduce imaging times, thereby reducing costs and
increasing the usability of the acquisition system.

[0030] The method may be used in any anatomic region,
advantageously the breast, the musculoskeletal apparatus and
the lower limbs.

[0031] The breast is an organ in which very few reference
points may be recognized in a scan.

[0032] For this reason, and for the fact that a complete scan
of breast would be required to ensure a proper accuracy level,
aclear marking of the image acquisition point is highly useful
for an operator and for those that will later view and analyze
the image.

[0033] Inthe case of the musculoskeletal apparatus, acqui-
sition point marking is useful for examination and follow-up,
especially after pharmacological and/or surgical treatments
of rheumatic diseases, for associating the image with the
correct probe position on the anatomic region of interest.
[0034] As forthe use with lower limbs, the method is useful
for venous mapping and surgery planning, or the like.
[0035] This enables the physician to create a detailed map
of the vein to be treated, which is marked on the bodymark
that represents the limb being examined.
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[0036] Inoneexemplary embodiment, the step of generat-
ing the map comprises detecting the spatial relationship
among points of interest on the outer surface of the above
mentioned anatomic region and reproducing such spatial
relationship among points on the map corresponding to those
points of interest.

[0037] Thus, a standard map may be generated, which will
be later scaled to faithfully conform to the surface conforma-
tion of the anatomic region of interest.

[0038] Otherwise, the generated map may include the spa-
tial relationships among points corresponding to the spatial
relationships among points of the surface of the anatomic
region of interest as detected.

[0039] In a first variant embodiment, the map is a two-
dimensional map.

[0040] Thus, the map may represent a plane or the projec-
tion of an anatomic surface on a reference plane.

[0041] Inasecond variant embodiment, the map is a three-
dimensional map.

[0042] Thus, the map may be displayed in different modes
and from different points of view, e.g. by rendering, to pro-
vide more accurate indication to the operator.

[0043] The map may have a detail level from the most
realistic to the most stylized.

[0044] Inmore stylized forms, the map will be conveniently
conformed to add an indication about whether the anatomic
district is located in the left or right side of the patient.
[0045] In oneimprovement, one or more additional images
are displayed at the same time as the ultrasound image and the
map, the detected position of the above mentioned probe
being marked on said one or more additional images.

[0046] These additional images may be also ultrasound
images or images acquired under different imaging modes.
[0047] In a particularly advantageous embodiment, the
additional images are two images acquired along two planes
more or less or substantially perpendicular to the plane rep-
resented in the two-dimensional map, and more or less per-
pendicular to each other (such as in the case of mammogra-
phy). Substantially perpendicular may include, in one
embodiment, planes that have a divergence of plus or minus
30 degrees.

[0048] Thus, the two-dimensional map identifies a first
plane with the probe position marked thereon, whereas the
additional images identify two planes perpendicular to the
plane of the map and perpendicular to each other, also having
the probe position marked thereon.

[0049] Therefore, the operator may view the acquired ultra-
sound image as well as the position of the ultrasonic probe at
the time of acquisition, as marked on three planes more or less
perpendicular to each other, thereby receiving an accurate
indication of such position.

[0050] In one embodiment, in which a three-dimensional
map is provided, the map is generated by acquiring at least
one three-dimensional ultrasound volume of the anatomic
region, and only retaining the surface information, i.e. pref-
erably the information about the skin.

[0051] Therefore, the three-dimensional map will be gen-
erated after discarding any tissue information of the three-
dimensional ultrasound volume except the skin information,
with the probe position as detected at the time of acquisition
of the displayed ultrasound image being marked on such
three-dimensional map.

[0052] In one improvement of this embodiment, two or
more three-dimensional ultrasound volumes are acquired and
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joined together by a merging process, to provide said three-
dimensional ultrasound volume.

[0053] This will afford mapping of larger areas, by sepa-
rately scanning preferably adjacent or overlapping portions to
be merged into a single volume.

[0054] The invention also relates to an apparatus for ultra-
sound image acquisition, generation and display, comprising
an ultrasound probe, a unit for transmitting exciting pulses
and receiving image data, which is connected to said probe, a
unit for generating ultrasound images from said image data, a
display for displaying said images, a system for tracking said
probe.

[0055] The apparatus comprises a processing unit, which is
configured to generate a map of the anatomic region, to locate
the point on the map corresponding to the position of said
probe during image data acquisition, as detected by said
tracking system and to display the ultrasound image and the
map with said point marked thereon on the display.

[0056] Theprocessing unit is configured to operate with the
above described method.

[0057] Inapreferred embodiment, the position of the ultra-
sound probe during image data acquisition is detected by a
tracking system.

[0058] Thetracking system may be of any currently known
type, and is preferably of electromagnetic type.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] These and other features and advantages of the
present invention will appear more clearly from the following
description of a few embodiments, illustrated in the annexed
drawings, in which:

[0060] FIG. 1 shows the ultrasound image and the map on
display with the mammography reference image on the side
and the bodymark related to the coronal view of the left
breast;

[0061] FIG. 2 shows the position of the probe at the time of
acquisition of the ultrasound image;

[0062] FIG. 3 and FIG. 4 show a transformation between
the representation of the organ in examination and the real
organ, which is subject to shape changes or bend;

[0063] FIG. 5 shows a graphical representation of a pos-
sible deformation algorithm;

[0064] FIG. 6 and FIG. 7 show two exemplary embodi-

ments of the method of reconstructing a three-dimensional

map;

[0065] FIG. 8 shows a graphical scanning protocol.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0066] FIG. 1 shows the final output of a method according
to the present invention, which comprises acquiring an ultra-
sound image 1 by an ultrasound probe 4, generating a map 2
of the outer surface of the anatomic region being examined,
detecting the position of the probe 4 during acquisition of the
image 1, locating the point 3 on the map, corresponding to the
detected position of the probe 4, and displaying the map 2
with the point 3 marked thereon, at the same time as the
ultrasound image 1 is displayed.

[0067] The position of the ultrasound probe during ultra-
sound image acquisition is detected by a tracking system,
preferably of electromagnetic type.
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[0068] Advantageously, the tracking system has means for
correcting the measured position, which operate by always
relating the position of the probe to that of the patient.
[0069] Thus, the patient is the reference of the tracking
system, and the calibration/registration is maintained even
when he/she moves/is moved.

[0070] This occurs considering the movements of the ana-
tomic region as rigid and with no bending, distortion or defor-
mation.

[0071] As an alternative, the shape change or bending of the
examiner organ is considered, as shown in FIGS. 3 to 5.
[0072] FIG. 2 shows the corresponding position of the
probe 4, when it is positioned on the anatomic region of
interest, particularly a breast 10.

[0073] In a method according to the present invention, an
operator initially marks a series of points on the surface of the
anatomic region of interest, i.e. the breast 10, by a marking
device that communicates with the tracking system, prefer-
ably according to a preset time sequence.

[0074] The marking device may consist of the ultrasound
probe or a separate device.

[0075] Thus, the spatial relationship among points of inter-
est on the outer surface of the anatomic region is detected.
[0076] Then, the spatial relationship among the points on
the map 2 corresponding to the points of interest is repro-
duced.

[0077] In the case of the breast, the operator marks the
position corresponding to the nipple 12 and to four points on
the breast perimeter, i.e. an inner point (i.e. facing toward the
other breast), a low point, a lateral point and an underarm
point, relative to the nipple 12.

[0078] In marking is made in the right time sequence, the
system can determine whether the marking sequence con-
cerns the right breast or the left breast.

[0079] Then, the system displays the correct map of the
breast of the proper side of the body being examined.

[0080] Nevertheless, the operator is always allowed to
change the side of the body by loading a map of the opposite
side, or by deleting the procedure if the marking steps, i.e. the
point calibration/selection steps have not had a successful or
desired result.

[0081] Therefore, the acquired points have a direct relation-
ship to points that are already present on the map, to ensure
point-to-point correlation and to indicate the scaling factor of
the map, both in relative terms among the various points, and
in general terms, i.e. relative to the actual breast size.

[0082] The map 2 as shown in FIG. 1 represents a coronal
plane projection and also comprises the underarm region.
[0083] The presence of the underarm region allows imme-
diate recognition of the body side of the breast being exam-
ined.

[0084] The indication of ultrasound image acquisition
positions also in the axillary cavity is very important. Then,
the map 2 is re-calibrated according to the relative distances
detected among the marking points on the real breast of the
patient.

[0085] The shape and sizes of the map are substantially
unchanged, but the relative sizes are changed and recali-
brated.

[0086] After this registration step and approval thereof by
the operator, the operator may start a scan to obtain the ultra-
sound image, with the position of the probe on the breast
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being automatically marked on the map, and the relative
position being recalibrated according to the real size of the
breast being examined.

[0087] The mark may consist of an arrow-shaped icon 5,
but other shapes may be envisaged, such as a colored dot.
[0088] In an advantageous embodiment, marking is indi-
cated by an icon that represents the probe and advantageously
corresponds to the type of probe in use, e.g. a linear, convex or
another type of probe.

[0089] Theposition information is of qualitative type and is
of help for the operator, i.e. for follow-up or, more likely, in
the cases in which an operator performs the scan and the
diagnosis is suggested by a physician.

[0090] Themap may also be a valuable option for a surgeon
to understand the relative position of alesion or a target within
the mass of the breast.

[0091] The operator still has the option of changing the
position of the icon 5 on the map 2, both in real time and ata
later time, on the stored image.

[0092] Forthis purpose, a manualicon 5 positioning feature
is provided, which can be automatically actuated before sav-
ing the image 1, and which allows manual correction of the
position of the icon 5 on the map 2, for marking the position
of the probe 4 during the scan.

[0093] As an improvement, two additional images 6 and 7
are displayed at the same time as the ultrasound image 1 and
the map 2, the detected position of the probe 4 being marked
on each of the two additional images 6 and 7.

[0094] The additional images 6 and 7 are two images
acquired along two planes perpendicular to the plane repre-
sented in the two-dimensional map, and perpendicular to each
other, i.e. the sagittal plane and the axial or transverse plane.
[0095] The additional images 6 and 7 may either be ultra-
sound images or be acquired in any other imaging mode, such
as MRI or TC.

[0096] Advantageously, the images 6 and 7 as shown in
FIG. 1 are mammogram images.

[0097] During mammography, the breast is compressed to
obtain two breast images, on the sagittal plane and the axial or
transverse plane respectively. Thus, mammogram scans may
be used as additional maps representing the two planes in
addition to the coronal plane as shown in the map 2.

[0098] The calibration/registration procedure is carried out
as described above concerning the map 2.

[0099] When the mammogram images are also loaded, the
three views are shown on the screen, and once the calibration
step 1s complete, the relative position of the prove is marked
on each of the two additional images, using two icons 5' and
5" respectively.

[0100] For musculoskeletal applications, the map 2 is
loaded using the actual dimensions or the limb or extremity or
shoulder being examined. An appropriate map 2 must be
created for this purpose.

[0101] A second imaging mode, such as MRI, with one or
more images on different planes, may be provided to increase
the detail level of the displayed probe position during the
scan.

[0102] The images obtained from the additional imaging
mode, preferably but not necessarily MRI, may be included in
a single three-dimensional image derived from a single scan,
for extraction and display of two images on the sagittal and
transverse planes respectively.

[0103] Instead of or in addition to the above, the three-
dimensional image may be entirely displayed on screen.
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[0104] Inlower limb applications for venous mapping and
follow up, the venous system is the main target of the exami-
nation, whereby ultrasound imaging is the most suitable diag-
nostic imaging mode, also used for surgery or treatment.
[0105] A possible imaging mode for displaying additional
images may be, for example, angiography.

[0106] In musculoskeletal system and lower limb applica-
tions, the anatomic region under examination must be in the
position as described in the map and/or the images acquired in
the additional imaging mode.

[0107] Forexample, no hand or limb contraction is allowed
during the ultrasound scan, otherwise quality localization of
the probe on the map or the additional images would no
longer be valid.

[0108] Likewise, correspondence is required between the
map and the images acquired with the additional imaging
mode. Therefore, if the map after calibration/registration rep-
resents a fully extended arm, then the images acquired
through the second mode, e.g. MR, should also show an arm
in the same position.

[0109] This also applies to hands, elbows and partially also
to the shoulder, due to the restricted mobility of the latter.
[0110] Inthese cases, considering the higher probability of
errors and inaccuracies, it will be highly convenient for the
operator to be able to check the consistency of the probe
position relative to the position marked on the map and on the
additional images. and to manually correct such indication.
[0111] FIGS. 3 and 4 show a transformation between the
representation of the organ in examination and the real organ,
which is subject to shape changes or bend.

[0112] FIG. 3 represents the imagine of the considered
breast 10 as represented for instance on the mammography
exam, loaded on the Ultrasound system as a reference image.
FIG. 4 represents the real breast of the examined patient:
being not stretched within the mammography, it’s more
relaxed loosing the almost semi-spherical shape as on FIG. 3.
[0113] The points 51 to 56 on FIG. 3 are the ones selected
by the operator in order to adapt the bodymark or map 2, here
represented by the mammography sagittal view, to the real
organ scanned of the patient.

[0114] Regarding the real shape of the organ scanned, the
operator indicates the points from 51" to 56" and he/she links
those to the points from 51 to 56 on the bodymark or map 2,
i.e. the reference image of FIG. 3.

[0115] By doing this, while moving the probe on the real
profile of the real examined organ of F1G. 4, the representa-
tion of the probe on the bodymark or map 2 will move on the
line intercepted by the points from 51 to 56, i.e. the same as
moving in the real world on the hypothetical points from 51'
to 56' as indicated on FIG. 4.

[0116] The case of shape changing/bending of the exam-
ined organ with shape change/bending considered not only on
the perimeter but also regarding the inner portions of the
bodymark or map 2, can be seen in FIG. 5.

[0117] FIG. 5 shows a graphical representation of a pos-
sible deformation algorithm, obtained with the “deformation
lines” shaped on a sphere compressed along the z axis, i.e. the
axis perpendicular to the drawing plane.

[0118] This is a dimensional improvement with respect to
the method shown in FIGS. 3 and 4. In FIGS. 3 and 4 the
deformation is computed along the perimeter of the breast
and the inside of the breast is not taken into consideration. In
FIG. 5, a deformation of the plane is considered, so that the
scanning of the interior part of the geometry is updated in real
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time, considering the probe’s spatial position with the x-y
translation due to the pressure curve.

[0119] The first line 60 represents normal breast in supine
position and the second line 61 represents the breast when it
is compressed under mammography. Is it possible to consider
only a part of the diagram.

[0120] If the probe is positioned on a point of line 60, by
applying a transformation corresponding to a curve of pres-
sure correction, the indication of the probe will be given on
the corresponding point on the second line 61.

[0121] A family of curves can be defined in experimental
way and the selection can be carried out manually by the user
or simply by identifying one or two or three markers, and the
selection will be done automatically selecting the best inter-
polation curve between the points in the two directions x-y
[0122] FIG. 6 shows a first method of reconstructing a
three-dimensional map, in which, instead of marking the
nipple 12 and the above mentioned four perimeter points
(inner, lower, lateral, underarm points), the operator marks 13
points, from 21 to 33 as shown in the FIG. 6.

[0123] The operator shall mark the points in the correct
numbered sequence, to allow the system to automatically
reconstruct a segmented three-dimensional qualitative shape
of the breast 10 being examined, corresponding to that of FIG.
7.

[0124] This three-dimensional view allows the operator to
view therelative position of the ultrasound probe, as indicated
by the arrow icon 5 or any other symbol on the reconstructed
three-dimensional map, possibly in combination with the
additional images and/or with a two-dimensional map.
[0125] The map of FIG. 6, which has the main purposes of
indicating the sequence of marking steps, may be in turn a
two-dimensional map 2, on which the position of the probe at
the time of ultrasound image acquisition may be marked.
[0126] Furthermore, a plurality of ultrasound images of the
same anatomic region may be acquired by the probe 4, in
different positions.

[0127] Eachimage is stored with the information about the
position of the probe at the time of acquisition.

[0128] Therefore a first ultrasound image 1 is displayed
with the map 2, on which the position of the probe 4 is marked
by the icon 5. The map further comprises a plurality of high-
lighted points, corresponding to the positions of the probe 4
for each additionally acquired image.

[0129] The operator may select the highlighted points to
display the acquired images corresponding to that position of
the probe.

[0130] When a new image is displayed, the icon 5 is dis-
placed to the highlighted point that has been selected.
[0131] In a further exemplary embodiment, as shown in
FIG. 7, the three-dimensional map that represents the volume
of the breast 10 being examined and of the underarm region
11 is reconstructed by acquiring at least one three-dimen-
sional ultrasound image of the breast and by only retaining the
surface information.

[0132] Preferably, two or more three-dimensional ultra-
sound images are acquired and merged.

[0133] The probe for acquisition of three-dimensional
ultrasound images is preferably designed to communicate
with the tracking system and is manually displaced for scan-
ning an acquisition volume.

[0134] The merging process provides wider panoramic
images, that can cover a larger volume.
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[0135] The system does not entirely reconstruct the
scanned volumes, i.e. including internal tissue information,
but only displays a reconstructed surface, consisting of the
different surfaces of the real breast of the patient as scanned
by the probe.

[0136] The operator moves the probe on the breast under
examination to allow the system to reconstruct the surfaces of
the real breast as a segmented three-dimensional model, with-
outacquiring ultrasound volumes, but only surfaces, as sets of
points.

[0137] The ultrasound probe, in communication with the
tracking system, transfers data to the latter concerning its
position and tilt relative to the reference system of the track-
ing system during surface acquisition, thereby allowing
three-dimensional map reconstruction.

[0138] Acquisitions may be made in any manner, but pref-
erably follow a predetermined time sequence.

[0139] In the embodiment of FIG. 7, six successive acqui-
sitions are made on six distinct surfaces, i.e. upper 34, lower
35, right 36, left 37, first axillary 38 and second axillary 39
surfaces.

[0140] These acquisitions were found to adequately allow
reconstruction of the entire three-dimensional surface of the
breast, a corresponding interpolation being provided for easy
reconstruction of the surfaces of the rest of the breast.

[0141] In a preferred embodiment the logical sequence of
actions in order to reconstruct the entire scanned organ sut-
face comprise scanning consequently surfaces 34 to 39 and
interpolating the geometrical information obtained for the
remaining surfaces 40.

[0142] This procedure allows the remaining surfaces 40 to
be reconstructed by interpolation, so that the whole surface of
the breast and the axilla region is reconstructed.

[0143] As an alternative a graphical scanning protocol can
beused, as shown in FIG. 8, which represents a visual control/
reminder for the operator in order to check/remember which
parts of a certain organ to be scanned and represented on a
map, have to be scanned or completed scanning.

[0144] The protocol comprise a sequence of scanned areas
41 to 48 and their related visualization or mark on the map 2,
which map is previously acquired with the surface rendering
technique, i.e. the three-dimensional panoramic view recon-
structing only the surface of the organ or structure scanned.

[0145] This marking of the areas where the examination is
performed, enables the operator to recognize which are the
areas or portions of the breast 10 which still have to be
examined, in order not to forget any part of the organ to be
scanned.

[0146] This function can be particularly valuable for breast
scanning due to the fact that the breast have a few of reference
points/signs in order to remember/recognize if it was com-
pletely or partially scanned.

[0147] While the invention has been described in connec-
tion with the above described embodiments, it 1s not intended
to limit the scope of the invention to the particular forms set
forth, but on the contrary, it is intended to cover such alterna-
tives, modifications, and equivalents as may be included
within the scope of the invention. Further, the scope of the
present invention fully encompasses other embodiments that
may become obvious to those skilled in the art and the scope
of the present invention is limited only by the appended
claims.
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The invention claimed is:

1. A method of ultrasound image acquisition, generation
and display, comprising the steps of’

acquiring ultrasound image data corresponding to an ana-

tomic region being examined using an ultrasound probe;
generating an ultrasound image based on said image data;
displaying said image on a display;

generating a map of an outer surface of the anatomic

region;

detecting a position of said probe during acquisition of said

image data;

identifying on the map a point corresponding to the

detected position of said probe; and

displaying the map in which said point is marked, at the

same time as the ultrasound image is displayed.

2. The method as claimed in claim 1, wherein the step of
generating the map comprises detecting a spatial relationship
among points of interest on the outer surface of said anatomic
region and reproducing the spatial relationship among points
on the map corresponding to said points of interest.

3. The method as claimed in claim 1, wherein the map is a
two-dimensional map.

4. The method as claimed in claim 1, wherein one or more
additional images are displayed at a same time as the ultra-
sound image and the map, the detected position of probe
being marked on said one or more additional images.

5. The method as claimed in claim 4, wherein the additional
images are acquired along two planes substantially perpen-
dicular to a plane represented by the map, and perpendicular
to each other.

6. The method as claimed in claim 1, wherein the map is a
three-dimensional map.

7. The method as claimed in claim 6, wherein the map is
generated by acquiring at least one three-dimensional ultra-
sound image of the anatomic region, and only retaining sur-
face information.

8. The method as claimed in claim 7, wherein two or more
three-dimensional ultrasound images are acquired and
merged.

9. An apparatus for ultrasound image acquisition, genera-
tion and display, comprising:

an ultrasound probe;

a unit configured to transmit exciting pulses and receiving

image data, which is connected to said probe;

a unit configured to generate ultrasound images from said

image data;

a display configured to display said images;

a tracking system configured to track said probe; and

a processing unit, which is configured to generate a map of

an anatomic region, to locate a point on the map corre-
sponding to a position of said probe during image data
acquisition, as detected by said tracking system and to
display an ultrasound image and the map with said point
marked thereon on the display.

10. The apparatus as claimed in claim 9, wherein said
processing unit is configured to operate by:

acquiring ultrasound image data corresponding to an ana-

tomic region being examined using an ultrasound probe;
generating an ultrasound image based on said image data;
displaying said image on a display;

generating a map of an outer surface of the anatomic

region;

detecting a position of said probe during acquisition of said

image data;
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identifying on the map a point corresponding to the
detected position of said probe; and

displaying the map in which said point is marked, at the
same time as the ultrasound image is displayed,

wherein the step of generating the map comprises detecting
a spatial relationship among points of interest on the
outer surface of said anatomic region and reproducing
the spatial relationship among points on the map corre-
sponding to said points of interest.
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