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Description

[0001] The invention relates to a medical imaging sys-
tem and method.

[0002] Breast cancer is the most common cancer in
women. X-ray mammography is currently the most ef-
fective detection technique and is used for screening,
however it suffers from relatively high missed- and false-
detection rates, involves uncomfortable compression of
the breast and also entails exposure to ionizing radiation.
[0003] Microwave imaging and detection of breast tu-
mours is a potential non-ionising alternative. One such
approach is to employ a densely packed conformal an-
tenna array, which also stabilises the breast position with
a minimum of coupling fluid.

[0004] WO 2014/149183, RU 2578298, DE
102009007255 and W0O98/38919 describe a number of
medical imaging systems that are known in the art.
[0005] The invention seeks to provide additional func-
tionality to a microwave imaging system.

[0006] The invention is defined in the attached inde-
pendent claims to which reference should now be made.
Further, optional features may be found in the sub-claims
appended thereto.

[0007] In accordance with an aspect of the invention,
there is provided a medical imaging system comprising:
amicrowave antenna array comprising a transmitting an-
tenna and a plurality of receiving antennae, wherein the
transmitting antenna is configured to transmit microwave
signals and the receiving antennae are configured to re-
ceive the microwave signals following scattering; a mark-
er configured to scatter the microwave signals; and a
processor configured to process the scattered micro-
wave signals and generate an image of the marker.
[0008] The marker may be a passive antenna having
a resonant slot.

[0009] The marker may be formed of a metal foil which
conforms to the shape of the body part.

[0010] The marker may be a non-linear antenna which
scatters the microwave signal at a frequency which is
different to the frequency of the received microwave sig-
nal.

[0011] The non-linear antenna may be a harmonic an-
tenna.

[0012] The marker may comprise a contrast agent.
[0013] The transmitting antenna may be configured to
transmit microwave signals so as to illuminate a body
part of a patient and the receiving antennae may be con-
figured to receive the microwave signals following scat-
tering within the body part. The marker may be configured
to overlie the surface of the skin of the body part. The
processor may be configured to process the scattered
microwave signals and generate an image of the internal
structure of the body part and the marker so as to identify
a region of interest within the body part relative to the
position of the marker.

[0014] The processor may be configured to calibrate
the medical imaging system based on the marker. The
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processor may be configured to calibrate the medical im-
aging system based on the scattering characteristics of
the marker. For example, based on a known reference
scattering response from the marker it may be possible
to calibrate or adjust the measured scattering from the
body part. The scattering characteristics could be bright-
ness, intensity, spectrum (e.g. colour), and directionality.
[0015] The marker may be configured to be applied to
the surface of the skin. The marker may be provided with
an adhesive for adhering the marker to the surface of the
skin. The marker may be provided with a backing mate-
rial, such as a non-porous layer. This may prevent skin
moisture from affecting the dielectric properties of the
marker.

[0016] The marker may be attached to a component
which is arranged to be fixed in position. The component
may comprise a cup or insert, for example. The marker
could be adhered to or otherwise attached to the com-
ponent. For example, it could be embedded within the
component. The component may be configured to be in
contact with at least a portion of a body part. The com-
ponent may be configured to receive at least a portion of
a body part.

[0017] Inaccordance with another aspect there is pro-
vided a medical imaging method comprising: providing
a marker w; illuminating the marker with microwave sig-
nals emitted by a transmitting antenna of a microwave
antenna array; receiving the microwave signals following
scattering by the marker at a plurality of receiving anten-
nae of the microwave antenna array; processing the scat-
tered microwave signals to generate an image of the
marker.

[0018] The method may further comprise performing
image registration between a plurality of images by cor-
relating the position of the marker in each image.
[0019] The images may be produced using different
imaging modalities.

[0020] The method may further comprise adjusting the
spatial image reconstruction to correct for spatial distor-
tion by comparing the position of the marker within the
image with its known reference position.

[0021] The method may further comprise adjusting re-
construction parameters based on a known reference
position of the marker.

[0022] The marker may be provided such that it over-
lies the surface of the skin of a body part of a patient.
The marker and the body part may be illuminated with
microwave signals, Microwave signals may be received
following scattering within the body part and by the mark-
er. The scattered microwave signals may be processed
to generate animage of the body part showing aninternal
structure of the body part and the marker so as to identify
a region of interest within the body part relative to the
position of the marker.

[0023] The images may be taken at different instances
by reapplying the marker to the same position on the skin.
[0024] The method may further comprise using the
known scattering characteristics of the marker as a ref-
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erence to adjust the measured scattering from the body
part.

[0025] The marker may be affixed to the surface of the
skin. The marker may be adhered to the surface of the
skin.

[0026] The method may further comprise calibrating a
medical imaging system based on the marker. The meth-
od may further comprise calibrating the medical imaging
system based on the scattering characteristics of the
marker.

[0027] The marker may be attached to a component
which is fixed in position. The component may comprise
acup. At least a portion of the body part may be received
within the cup.

[0028] Fora better understanding of the invention, and
to show more clearly how it may be carried into effect,
reference will now be made, by way of example, to the
accompanying drawings, in which:-

Figure 1 is a schematic view of a medical imaging
system;

Figure 2 is a front view of a marker for use with the
medical imaging system;

Figure 3 is a front view of the marker affixed to a
model of a breast;

Figure 4 shows image plots from various directions
for the model of the breast; and

Figure 5 is a schematic view of another example of
a marker.

[0029] Figure 1 shows a medical imaging system 2
which comprises a microwave antenna array 6. The an-
tenna array 6 comprises a plurality N of antennae 16
which are arranged over the surface of, or within, a shell
substrate 18. The shell 18 has a curved profile as shown.
In particular, the shell 18 is part or hemi-spherical and is
configured to approximate the shape of a breast. The
antennae 16 are arranged over the shell 18 such that
they all point to a common focal point.

[0030] The antennae 16 are each electrically connect-
ed to a switching matrix 20. The switching matrix 20 is in
turn connected to both a transmit path and areceive path.
The transmit path comprises a signal generator 22 cou-
pled to an amplifier 24. The receive path comprises an
amplifier 26 coupled to a detector 28 and a processor 4.
[0031] The switching matrix 20 selectively couples
each of the antennae 16 to either the transmit path or the
receive path.

[0032] Theantennaarray 6 is operated in a multi-static
fashion. Specifically, the switching matrix 20 is controlled
so as to connect one of the antennae 16 to the transmit
path and the remaining antennae 16 to the receive path.
The signal generator 22 generates a stepped frequency
continuous wave (CW), Ultra Wide-Band (UWB) signal
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which is amplified by the amplifier 24 and then transmitted
by the antenna 16 connected to the transmit path. The
stepped frequency continuous wave signal is a sequen-
tial series of pulses of continuous wave energy, where
each pulse has its frequency stepped up across a range
of frequencies, typically within the 3-8 GHz range. The
other antennae 16 receive the transmitted signal and the
received signal is detected and then recorded by the
processor 4.

[0033] The shell 18 receives a cup 30. The cup 30 has
a complementary shape to the shell 18 such that if fits
snugly within the shell 18.

[0034] The outside of the cup 30 and the inside of the
shell 18 may have threaded portions to enable a threaded
engagement between the cup 30 and the shell 18. The
threaded engagement between the cup 30 and the shell
18 may be used to translate the antenna array 6 relative
to the breast 36, as described previously.

[0035] Alayer of coupling fluid (dielectric constant con-
trolled fluid) may be inserted in the gap 31 between the
shell 18 and the cup 30 so as to improve the coupling
between the antennae 16 and the cup 30 in order to min-
imise signal loss and thus improve transmission of the
microwave signal.

[0036] In use, a patient lies in a prone position such
that their breast 36 sits in the cup 30. A layer of coupling
fluid may also be provided in the gap 35 between the cup
30 and the breast 36 in order to improve coupling be-
tween the antennae 16 and the breast 36.

[0037] Although not shown, one or more inserts may
be placed inside the cup 30 so as to enable a better fit
between the internal surface of the cup 30 and the breast
36. For example, a plurality of such inserts may be pro-
vided, each having different shapes and sizes, to enable
the system to be better adapted to breasts of different
shapes and sizes. The inserts may be made from the
same material as the cup (e.g. ceramic).

[0038] The antenna 16 connected to the transmit path
illuminates the breast 36 with the microwave signal. The
signal is scattered by the breast tissue and the scattered
signal is received at each of the non-transmitting anten-
nae 16 where it is detected and recorded. This process
is repeated for each antenna 16, as described previously.
[0039] The processor 4 may record the relative differ-
ence between the measured phase and amplitude of the
transmitted signal as compared to the phase and ampli-
tude of the scattered signal, recorded as a complex
number (having real and imaginary parts).

[0040] Thesignaldetected ateachantenna 16 willgen-
erally comprise three components: a component arising
from mutual coupling between the transmitting and re-
ceiving antennas 16; a component arising from radiation
which reflects off the skin of the breast 36; and a com-
ponent arising from radiation which reflects off structures
within the breast (such as tumours). Tumours can gen-
erate identifiable reflections as they exhibit much higher
dielectric properties than adipose tissues due to their sig-
nificant water content. The mutual and skin reflection
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components may be removed or at least mitigated from
the data set in order to improve the detectability of re-
flections resulting from the presence of tumours within
the breast.

[0041] The acquired data set may be used by the proc-
essor 4 to construct an image of the internal structure of
the breast 36. Data reconstruction may be performed us-
ing Phased Array (frequency domain), Delay and Sum
(DAS - time domain) techniques or any other suitable
technique. From this, the processor 4 is able to identify
(possibly, with additional user input or confirmation) a
region of interest (if present) in which a possible tumour
or other pathology may exist.

[0042] The precise position of the breast within the an-
tenna array 6 and insert is likely to vary each time the
breastis imaged due to variations in the fitting procedure.
The positional relationship between the array 6 and the
anatomy of the breast cannot usually be readily deter-
mined since there is no direct optical access to the array
6. This also makes it difficult to make a visual comparison
between imaging modalities for the purposes of breast
screening, cancer diagnosis (including image guided bi-
opsy), tumour staging, treatment monitoring and surgical
planning.

[0043] Amarker32,asshowninFigure 2, may be used
to provide registration between the breast 36 and the
array 6. The marker 32 may be formed by a rectangular
sheet of thin aluminium foil with a resonant slot 34 ex-
tending into the body of the marker 32 midway along one
of the sides. The marker 32 therefore has a substantially
C or U-shaped profile formed by a pair of legs 38a, 38b
either side of the resonant slot 34 and a base portion 40
joining the legs 38a, 38b.

[0044] In an example, the marker 32 may have a width
of 5.5mm across the base portion 40 and a length of
9mm. The resonant slot 34 may have a length of 5.5mm
(the length of the legs 36a, 36b) and a width of 1.5mm
such that the legs 38a, 38b each have a width of 2mm.
[0045] In another example, the marker 32 may have a
width of 8.0mm across the base portion 40 and a length
of 9mm. The resonant slot 34 may have alength of 4.5mm
(the length of the legs 38a, 38b) and a width of 1.5mm
such thatthe legs 38a, 38b each have a width of 3.25mm.
[0046] The ratio of the length of the resonant slot 34
to the length of the marker 32 may be approximately
0.5-0.7. The ratio of the width of the resonant slot 34 to
the width of the marker 32 may be approximately 0.1-0.3.
However, other dimensions may be used.

[0047] As shown in Figure 3, the marker 32 is affixed
to the surface of the skin of the breast 36. The marker
32 may be affixed to the skin using any suitable medical
adhesive or the like. The thin aluminium foil of the marker
32 is able to conform to the contours of the breast and
so has a low-profile enabling it to fit against the array 6.
The aluminium foil used for the marker 32 is both low
costand hypo-allergenic. In another arrangement, as op-
posed to attaching the marker 32 directly to the skin, the
marker 32 is fixed to the cup 30 or the insert. This may
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allow the marker 32 to be in a fixed, known position, which
may assist in the calibration of the system 2. If the marker
32 is attached to the cup 30 or the insert, in use, the
marker 32 may overlie the skin without being in direct
contact with the skin. The marker 32 could be adhered
to an inner or outer surface of the cup 30 or insert, or it
could be embedded within the cup 30 or insert substrate.
[0048] The marker 32 exhibits well defined microwave
scattering characteristics such that it can be distin-
guished from the tissue of the breast 36. The dimensions
of the resonant slot 34 may be configured to provide the
marker 32 with resonant properties within the UWB re-
gion which provides for an enhanced radar cross-section
at a particular frequency while having a reduced cross-
section outside the resonant region. A range of markers
32 could also be fabricated with different resonant fre-
quencies so as to allow them to be distinguished from
one another.

[0049] As shown in Figure 4, the position of the marker
32 is easily identifiable in the images of the breast 36
generated by the system.

[0050] The marker 32 described above is a passive
marker which provides a linear response to the micro-
wave signal. In other words, the signal scattered/reflect-
ed by the marker 32 and received by the antennae 16
generally has the same frequency as the signal transmit-
ted by the antennae 16. The response of the marker 32
is therefore similar to the tissue of the breast 36 which is
a generally linear medium.

[0051] Figure 5 shows an example of a non-linear
marker 132. The marker 132 may be a harmonic trans-
ponder formed by an antenna coupled to a diode, such
as a Schottky diode.

[0052] The marker 132 receives the microwave signal
at a certain fundamental frequency and converts this sig-
nal to a harmonic response signal at frequency that is an
integer multiple of the fundamental frequency. In partic-
ular, the harmonic response signal may be the second
harmonic frequency which provides optimum conversion
efficiency. The diode of the marker 132 therefore effec-
tively serves as a frequency doubler.

[0053] Otherforms of non-linear transponder may also
be used in which the response signal is modified through
nonlinearities in the transponder. Active markers that
contain an integrated circuit and/or power source may
also be used which generate more complex scattering
responses.

[0054] The use of anon-linear marker allows the mark-
er to be easily distinguished from other scattering sourc-
es. This therefore provides improved performance when
in the presence of strong environmental clutter. For ex-
ample, if the marker simply responds back at the inter-
rogation frequency in an environment with strong clutter,
its response could be obscured by reflections. By using
a non-linear response signal, it is easier to conclude that
the observed response is caused by the marker rather
than the surroundings. This is due to the fact that most
natural objects do not display nonlinear properties at typ-



7 EP 3 457 934 B1 8

ical power levels used in microwave radar and therefore
are not able to reflect back at frequencies which are dif-
ferent to the incoming frequency.

[0055] The use of one or more markers during the im-
aging process enables the image data to be easily related
to the actual anatomy of the patient after imaging has
taken place. This may be particularly useful where the
images are used for subsequent breast biopsy or surgery
with the markers on the skin of the breast providing guid-
ance.

[0056] The marker(s) may be attached to the patient
in standardised and predefined positions which will allow
the physician to relate the visual position of the marker
to the imaged position of the marker and the imaged po-
sitions of associated structures within the patient so that
the physician can visualise the position of these struc-
tures by referring to the visual localisation marker.
[0057] The marker(s) may be located in standardised
and well-defined position(s) such that images taken at
different times can be compared against one another.
The markers may be returned to the same positions for
each image using a digital imaging system.

[0058] The marker(s) may be identifiable in additional,
complementary imaging modalities beyond microwave
imaging. In particular, the marker(s) may be utilised also
during Magnetic Resonance Imaging (MRI). The different
imaging techniques may be used to refine the diagnosis
of a lesion. It will be appreciated that the position of the
breast in such other imaging modalities may be very dif-
ferent and the use of common markers which can be
viewed in each modality thus provides registration be-
tween the images.

[0059] The marker may incorporate a contrast agent
sealed within a chamber in a container formed from a
solid material. The contrast agent is selected to produce
a change in signal intensity under MRI. The contrast
agent may also be directly visible by microwave radar.
Alternatively, an additional marker may be sealed within
the chamber to provide visibility to microwave radar im-
aging.

[0060] The markers may also be compatible with other
modalities, including, for example, X-rays, computed to-
mographic (CT) X-ray imaging, ultrasound, electrical im-
pedance tomography (EIT), magnetic source imaging
(MSI), magnetic resonance spectroscopy (MRS), mag-
netic resonance mammography (MRM), magnetic reso-
nance angiography (MRA), magnetoelectro-encepha-
lography (MEG), laser optical imaging, electric potential
tomography (EPT), and nuclear medicine modalities
such as positron emission tomography (PET) and single
photon emission computed tomography (SPECT).
[0061] The electromagnetic properties of the marker
are stable over time and are accurately quantified. This
enables the markertoactas areference in the microwave
imaging system without the requirement to use a phan-
tom. Microwave scattering parameter data can change
over time due to electronics drift, change in switching
characteristics and cable effects and the use of the mark-
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er as a reference marker thus allows these changes to
be accounted for.

[0062] Microwave scattering parameter data that in-
cludes a reference marker can be used to create quan-
titative data sets relating to breast dielectric properties
rather than relative normalized values. Quantitative data
sets can be compared over time to observe changes in
the breast for screening and for monitoring neoadjuvant
therapy.

[0063] The quality of image reconstruction is also de-
pendent on certain assumptions and system parameters
thatcan change overtime. Areference marker or markers
can be used to improve the quality of image reconstruc-
tion, for example focusing, as the marker has known scat-
tering characteristics, size and position relative to the
conformal antenna array 6.

[0064] The radar cross-section of the reference mark-
ers may be configured so that they shine at a predefined
brightness. This allows a reference level of scattering to
be defined within the image, so that otherimages can be
defined in their brightness by comparison with the refer-
ence marker. The reference markers can therefore pro-
vide a quantifiable measure for clutter reduction in the
obtained images.

[0065] Markers can be designed with specific known
RF scattering characteristics, and so can provide stand-
ard references to quantify and adjust measured scatter-
ing by comparison against the references. 'RF scattering
characteristics’ may include brightness, spectrum ('col-
our’), and directionality. In one embodiment, the medical
imaging system may image the marker without a body
part. The image of the marker may be used to calibrate
the medical imaging system. For example, if the marker
has a known characteristic (e.g. aknown brightness) then
subsequently the measured scattering of microwave sig-
nals by a body part may be corrected or adjusted based
on the known response of the marker.

[0066] Markers can be placed at known spatial posi-
tions, and so can provide spatial reference points against
which the spatial image reconstruction can be adjusted
by comparing the reconstructed marker position against
the known reference position in order to correct for spatial
distortion.

[0067] Markers can be placed at known spatial posi-
tions and so can provide spatial reference points against
which reconstruction parameters including for instance
refractive index may be adjusted to optimally focus (auto-
focus). The process of autofocus by adjusting reconstruc-
tion parameters also provides estimates of those actual
parameters, thus providing an extra measurement.
[0068] Although the system has been described with
reference to the imaging of a breast, it will be appreciated
that it may be adapted for other areas of the body.
[0069] In other arrangements, the cup of the antenna
array may be dispensed with or integrated into the shell
in which the antennae are located.

[0070] The system may employ multiple transmit and
receive paths, such that data can be recorded from mul-
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tiple antennas simultaneously, and may even comprise
a number of transmit and receive paths corresponding
to the number of antennas, such that data can be record-
ed from all antennas simultaneously. In an alternative
topology, the switching matrix could be removed thus
allowing each antenna to be connected to a transmit-
ting/receiving device.

[0071] Alternatively, more than one antenna may be
operated at a time in a frequency multiplexed operation.
Multiplexed operation may have significant advantages
where high speed tracking of the needle is required.
[0072] To avoid unnecessary duplication of effort and
repetition of text in the specification, certain features are
described in relation to only one or several aspects or
embodiments of the invention. However, it is to be un-
derstood that, where it is technically possible, features
described in relation to any aspect or embodiment of the
invention may also be used with any other aspect or em-
bodiment of the invention.

[0073] Theinvention is notlimited to the embodiments
described herein, and may be modified or adapted with-
out departing from the scope of the present invention,
which is defined by the appended claims.

Claims
1. A medical imaging system (2) comprising:

a microwave antenna array (6) comprising a
transmitting antenna (16) and a plurality of re-
ceiving antennae (16), wherein the transmitting
antenna (16) is configured to transmit micro-
wave signals so as to illuminate a body part of
a patient and the receiving antennae (16) are
configured to receive the microwave signals fol-
lowing scattering within the body part;

a marker (32) configured to scatter the micro-
wave signals; and

aprocessor (4); characterized in that the mark-
er (32) is configured to overlie the surface of the
skin of the body part, and the processor (4) is
configured to generate an image of the internal
structure of the body part and the marker (32)
by processing the scattered microwave signals
so as to identify a region of interest within the
body part relative to the position of the marker.

2. A medical imaging system as claimed in claim 1,
wherein the marker is a passive antenna having a
resonant slot.

3. A medical imaging system as claimed in claim 1 or
2, wherein the marker is formed of a metal foil which
conforms to the shape of the body part.

4. Amedicalimaging system as claimed in any preced-
ing claim, wherein the marker is a non-linearantenna
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which scatters the microwave signal at a frequency
which is different to the frequency of the received
microwave signal;

wherein optionally the non-linear antenna is a har-
monic antenna.

5. Amedicalimaging system as claimed in any preced-
ing claim, wherein the marker comprises a contrast
agent.

6. A medical imaging system according to any preced-
ing claim, wherein the processor is configured to cal-
ibrate the medical imaging system based on the
marker;
wherein optionally the processor is configured to cal-
ibrate the medicalimaging system based on the scat-
tering characteristics of the marker.

7. A medical imaging system according to any preced-
ing claim, wherein the marker is configured to be
applied to the surface of the skin;
wherein optionally the marker is provided with an
adhesive for adhering the marker to the surface of
the skin.

8. Amedicalimaging system according to any of claims
1to 6, whereinthe markeris attached to a component
which is arranged to be fixed in position;
wherein optionally the component comprises a cup.

9. A medical imaging system according to claim 8,
wherein the component is configured to:

be in contact with at least a portion of a body
part; and/or
receive at least a portion of a body part.

10. A medical imaging method comprising:

providing a marker (32) such that it overlies the
surface of the skin of a body part;

illuminating the marker (32) and the body part
with microwave signals emitted by a transmitting
antenna (16) of a microwave antenna array (6);
receiving the microwave signals following scat-
tering within the body part and by the marker
(32) at a plurality of receiving antennae (16) of
the microwave antenna array (6);

generating an image of the body part showing
an internal structure of the body part and the
marker (32) by processing the scattered micro-
wave signals, so as to identify aregion of interest
within the body part relative to the position of the
marker (32).

11. A medical imaging method as claimed in claim 10,
further comprising: performing image registration
between a plurality of images by correlating the po-
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sition of the marker in each image; and optionally:
generating an image of the marker using a different
imaging modality including at least one of: X-rays,
computed tomographic (CT) X-ray imaging, ultra-
sound, electrical impedance tomography (EIT),
magnetic source imaging (MSI), magnetic reso-
nance spectroscopy (MRS), magnetic resonance
mammography (MRM), magnetic resonance angi-
ography (MRA), magnetoelectro-encephalography
(MEG), laser optical imaging, electric potential tom-
ography (EPT), and nuclear medicine modalities
such as positron emission tomography (PET) and
single photon emission computed tomography
(SPECT).

A medical imaging method as claimed in any of
claims 10 or 11, further comprising adjusting the spa-
tial image reconstruction to correct for spatial distor-
tion by comparing the position of the marker within
the image with its known reference position.

A medical imaging method as claimed in any of
claims 10 to 12, further comprising adjusting recon-
struction parameters based on a known reference
position of the marker;

wherein optionally the images are taken at different
instances by reapplying the marker to the same po-
sition on the skin.

A medical imaging method as claimed in claim 13,
further comprising using the known scattering char-
acteristics of the marker as a reference to adjust the
measured scattering from the body part.

Amedicalimaging method according to any of claims
10 to 14, further comprising calibrating a medical im-
aging system based on the marker; and optionally:
calibrating the medical imaging system based on the
scattering characteristics of the marker.

Patentanspriiche

1.

Medizinisches Bildgebungssystem (2), umfassend:

ein Mikrowellenantennenarray (6), umfassend
eine Sendeantenne (16) und mehrere Emp-
fangsantennen (16), wobei die Sendeantenne
(16) ausgebildet ist zum Ubertragen von Mikro-
wellensignalen, um einen Korperteil eines Pati-
enten zu beleuchten, und die Empfangsanten-
nen (16) ausgebildet sind zum Empfangen der
Mikrowellensignale nach der Streuung inner-
halb des Korperteils;

einen Marker (32), der ausgebildet ist zum
Streuen der Mikrowellensignale; und

einen Prozessor (4);

dadurch gekennzeichnet, dass der Marker
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(32) so ausgebildet ist, dass er tber der Ober-
flache der Haut des Korperteils liegt und der Pro-
zessor (4) so ausgebildet ist, dass er ein Bild
der internen Struktur des Koérperteils und des
Markers (32) generiert, indem die gestreuten Mi-
krowellensignale so verarbeitet werden, dass
ein interessierendes Gebiet innerhalb des Kor-
perteils relativ zu der Position des Markers iden-
tifiziert wird.

Medizinisches Bildgebungssystem nach Anspruch
1, wobei der Marker eine passive Antenne miteinem
Resonanzschlitz ist.

Medizinisches Bildgebungssystem nach Anspruch
1 oder 2, wobei der Marker aus einer Metallfolie aus-
gebildet ist, die der Form des Kdrperteils entspricht.

Medizinisches Bildgebungssystem nach einem vor-
hergehenden Anspruch, wobei der Marker eine
nichtlineare Antenne ist, die das Mikrowellensignal
bei einer Frequenz streut, die von der Frequenz des
empfangenen Mikrowellensignals verschieden ist;
wobei die nichtlineare Antenne optional eine Ober-
wellenantenne ist.

Medizinisches Bildgebungssystem nach einem vor-
hergehenden Anspruch, wobei der Marker ein Kon-
trastmittel umfasst.

Medizinisches Bildgebungssystem nach einem vor-
hergehenden Anspruch, wobei der Prozessor so
ausgebildet ist, dass er das medizinische Bildge-
bungssystem auf Basis des Markers kalibriert;
wobei der Prozessor optional so ausgebildet ist,
dass er das medizinische Bildgebungssystem auf
Basis der Streucharakteristika des Markers kalib-
riert.

Medizinisches Bildgebungssystem nach einem vor-
hergehenden Anspruch, wobei der Marker so aus-
gewahlt ist, dass er auf der Oberflache der Haut an-
gebracht wird;

wobei der Marker optional mit einem Kleber verse-
hen ist, damit der Marker an der Oberflache der Haut
haftet.

Medizinisches Bildgebungssystem nach einem der
Anspriiche 1 bis 6, wobei der Marker an einer Kom-
ponente angebrachtist, die ausgelegtist,um anihrer
Position fixiert zu werden;

wobei die Komponente optional eine Tasse umfasst.

Medizinisches Bildgebungssystem nach Anspruch
8, wobei die Komponente ausgebildet ist:

um mit mindestens einem Abschnitt eines Korper-
teils in Kontakt zu sein und/oder um mindestens ei-
nen Abschnitt eines Kérperteils aufzunehmen.
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11.

12.

13.

14.
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Medizinisches Bildgebungsverfahren, umfassend:

Bereitstellen eines Markers (32), sodass er liber
der Oberflache der Haut eines Korperteils liegt;
Beleuchten des Markers (32) und des Kérper-
teils mit durch eine Sendeantenne (16) eines
Mikrowellenantennenarrays (6) emittierten Mi-
krowellensignalen;

Empfangen der Mikrowellensignale nach dem
Streuen innerhalb des Korperteils und durch
den Marker (32) an mehreren Empfangsanten-
nen (16) des Mikrowellenantennenarrays (6);
Generieren eines Bilds des Korperteils, das eine
interne Struktur des Korperteils und den Marker
(32) zeigt, durch Verarbeiten der gestreuten Mi-
krowellensignale, so dass ein interessierendes
Gebiet innerhalb des Korperteils relativ zu der
Position des Markers (32) identifiziert wird.

Medizinisches Bildgebungsverfahren nach An-
spruch 10, weiterhin umfassend: Durchfiihren einer
Bildregistrierung zwischen mehreren Bildern durch
Korrelieren der Position des Markers in jedem Bild;
und optional:

Generieren eines Bilds des Markers unter Verwen-
dung einer anderen Bildgebungsmodalitat beinhal-
tend mindestens eines von: Rontgenstrahlen, com-
putertomographische (CT) Rontgenbildgebung, Ul-
traschall, elektrische Impedanz-Tomographie (EIT),
Magnetquellenbildgebung (MSI), Magnetresonanz-
spektroskopie (MRS), Magnetresonanzmamogra-
phie (MRM), Magnetresonanzangiographie (MRA),
Magnetelektroezephalographie (MEG), laseropti-
sche Bildgebung, elektrische Potentialtomographie
(EPT) und Nuklearmedizinmodalitaten wie etwa Po-
sitronenemissionstomographie (PET) und Einzel-
photonen-Emissionscomputertomographie
(SPECT).

Medizinisches Bildgebungsverfahren nach einem
der Anspriiche 10 oder 11, weiterhin umfassend das
Verstellen der Raumbildrekonstruktion, um eine
raumliche Verzerrung durch Vergleichen der Positi-
on des Markers innerhalb des Bilds mit seiner be-
kannten Referenzposition zu korrigieren.

Medizinisches Bildgebungsverfahren nach einem
der Anspriiche 10 bis 12, weiterhin umfassend das
Verstellen von Rekonstruktionsparametern auf Ba-
sis einer bekannten Referenzposition des Markers;
wobei optional die Bilder bei verschiedenen Instan-
zen aufgenommen werden, indem der Marker wie-
der auf der gleichen Position auf der Haut ange-
bracht wird.

Medizinisches Bildgebungsverfahren nach An-
spruch 13, weiterhin umfassend das Verwenden der
bekannten Streucharakteristika des Markers als ei-
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15.

ne Referenz zum Verstellen der gemessenen Streu-
ung von dem Korperteil.

Medizinisches Bildgebungsverfahren nach einem
der Anspriiche 10 bis 14, weiterhin umfassend das
Kalibrieren eines medizinischen Bildgebungssys-
tems auf Basis des Markers; und optional:
Kalibrieren des medizinischen Bildgebungssystems
auf Basis der Streucharakteristika des Markers.

Revendications

1.

Systéme d’imagerie médicale (2) comprenant :

un réseau d’antennes micro-ondes (6) compre-
nant une antenne émettrice (16) et une pluralité
d’antennesréceptrices (16),danslequel'anten-
ne émettrice (16) est congue pour émettre des
signaux micro-ondes de fagon a éclairer une
partie corporelle d’'un patient et les antennes ré-
ceptrices (16) sont congues pour recevoir les
signaux micro-ondes apres diffusion dans la
partie corporelle ;

un marqueur (32) configuré pour diffuser les si-
gnaux micro-ondes ; et

un processeur (4) ; caractérisé en ce que le
marqueur (32) est configuré pour recouvrir la
surface de la peau de la partie corporelle, et le
processeur (4) est configuré pour générer une
image de la structure interne de la partie corpo-
relle et du marqueur (32) en traitant les signaux
micro-ondes diffusés de fagon a identifier une
région d’intérét dans la partie corporelle par rap-
port a la position du marqueur.

Systéme d’imagerie médicale selon la revendication
1, dans lequel le marqueur est une antenne passive
possédant une fente résonante.

Systéme d’imagerie médicale selon la revendication
1 ou 2, dans lequel le marqueur est fait en feuille
métallique qui épouse la forme de la partie corporel-
le.

Systéme d’imagerie médicale selon I'une quelcon-
que des revendications précédentes, dans lequel le
marqueur est une antenne non linéaire qui diffuse le
signal micro-ondes a une fréquence qui est différen-
te de la fréquence du signal micro-ondes regu ;
dans lequel éventuellement I'antenne non linéaire
est une antenne harmonique.

Systéme d’imagerie médicale selon I'une quelcon-
que des revendications précédentes, dans lequel le

marqueur comprend un agent de contraste.

Systéme d’imagerie médicale selon I'une quelcon-
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que des revendications précédentes, dans lequel le
processeur est configuré pour étalonner le systeme
d’'imagerie médicale sur la base du marqueur ;
dans lequel éventuellement le processeur est confi-
guré pour étalonner le systéeme d’imagerie médicale
sur la base des caractéristiques de diffusion du mar-
queur.

Systeme d’imagerie médicale selon I'une quelcon-
que des revendications précédentes, dans lequel le
marqueur est congu pour étre appliqué a la surface
de la peau ;

dans lequel éventuellement le marqueur est doté
d’'un adhésif pour faire adhérer le marqueur a la sur-
face de la peau.

Systeme d’imagerie médicale selon I'une quelcon-
que des revendications 1 a 6, dans lequel le mar-
queur est fixé a un composant qui est congu pour
étre fixé en position ;

dans lequel éventuellementle composant comprend
une coupe.

Systeme d'imagerie médicale selon la revendication
8, dans lequel le composant est congu pour :

étre en contact avec au moins une partie d’'une
partie corporelle ; et/ou

accueillir au moins une partie d’'une partie cor-
porelle.

10. Procédé d'imagerie médicale consistant a :

fournir un marqueur (32) de sorte qu'il recouvre
la surface de la peau d’'une partie corporelle ;
éclairer le marqueur (32) et la partie corporelle
avec des signaux micro-ondes émis par une an-
tenne émettrice (16) d’'un réseau (6) d’antennes
micro-ondes ;

recevoir les signaux micro-ondes aprés diffu-
sion dans la partie corporelle et par le marqueur
(32) au niveau d’une pluralité d’antennes récep-
trices (16) du réseau (6) d’antennes micro-
ondes ;

générer une image de la partie corporelle mon-
trant une structure interne de la partie corporelle
et du marqueur (32) en traitant les signaux mi-
cro-ondes diffusés, de fagon a identifier une ré-
gion d’intérét dans la partie corporelle par rap-
port a la position du marqueur (32).

11. Procédé d’'imagerie médicale selon la revendication

10, consistant en outre a: réaliser un alignement
d’'images entre de multiples images en mettant en
corrélation la position du marqueur dans chaque
image ; et éventuellement :

générer une image du marqueur a l'aide d’'une mo-
dalité d'imagerie différente comprenant au moins un
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12.

13.

14.

15.

parmi : des rayons X, une tomodensitométrie (TDM),
une échographie, une tomographie d'impédance
électrique (TIE), une imagerie par source magnéti-
que (ISM), une spectroscopie par résonance ma-
gnétique (SRM), une mammographie par résonance
magnétique (MRM), une angiographie par résonan-
ce magnétique (ARM), une magnétoélectro-
encéphalographie (MEG), une imagerie optique la-
ser, une tomographie a potentiel électrique (TPE),
et des modalités de médecine nucléaire telles que
la tomographie par émission de positons (TEP) et la
tomographie d’émission a photon unique (TEPU).

Procédé d’'imagerie médicale selon 'une quelcon-
que des revendications 10 et 11, consistanten outre
a ajuster la reconstruction d’'images spatiales pour
corriger la distorsion spatiale en comparant la posi-
tion du marqueur dans I'image avec sa position de
référence connue.

Procédé d’'imagerie médicale selon I'une quelcon-
que des revendications 10 a 12, consistant en outre
a ajuster des parametres de reconstruction sur la
base d'une position de référence connue du
marqueur ;

dans lequel éventuellement les images sont prises
a des occurrences différentes en réappliquant le
marqueur a la méme position sur la peau.

Procédé d'imagerie médicale selon la revendication
13, consistant en outre a utiliser les caractéristiques
de diffusion connues du marqueur en tant que réfé-
rence pour ajuster la diffusion mesurée provenant
de la partie corporelle.

Procédé d’'imagerie médicale selon I'une quelcon-
que des revendications 10 a 14, consistant en outre
a étalonner un systéme d’imagerie médicale sur la
base du marqueur ; et éventuellement a :
étalonner le systéme d'imagerie médicale sur la ba-
se des caractéristiques de diffusion du marqueur.
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