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Description

[0001] The present disclosure relates to the investiga-
tion of physical properties of an object. It has application
in the field of imaging.
[0002] Various methods for investigating the physical
properties of an object are known. For example there are
a wide range of imaging techniques which produce an
image of an object representing its physical properties.
For example in the field of medical imaging, established
and widely used imaging methods include x-ray radiog-
raphy, computed tomography (CT), ultrasound imaging,
magnetic resonance imaging (MRI), positron emission
tomography (PET).
[0003] Different imaging methods are based on differ-
ent physical phenomena. For example in x-ray radiogra-
phy and computed tomography (CT) x-rays interact with
the object, in ultrasound imaging ultrasound interacts
with the object, and so on. As a result different imaging
techniques produce images of different physical charac-
teristics of the object being imaged. Thus different imag-
ing techniques have different advantages and limitations.
By way of example, comparing both of the common med-
ical imaging methods of ultrasound imaging and MRI pro-
vide relatively high resolution images, but ultrasound im-
aging provides images of acoustic or mechanical prop-
erties whereas MRI provides images of electromagnetic
properties. Thus MRI is more useful for imaging some
objects, but conversely suffers from the problem of re-
quiring powerful magnets.
[0004] Similarly, there are a range of spectroscopic
techniques based on different physical phenomena.
Such spectroscopic techniques do not necessarily pro-
duce an image but provide data in respect of a range of
frequencies or wavelengths, for example of electromag-
netic radiation.
[0005] Due to the different physical phenomena on
which they are based, such different imaging techniques
and different spectroscopic techniques have different ap-
plications, depending on the nature of the features of
interest in the object. Document US 2006/122475 is re-
lated to a probe device for monitoring a parameter of a
region of interest in a human body, wherein photons of
the visible or near infrared wavelength range are tagged
by acoustic waves. The present invention is concerned
with a technique for investigating the physical properties
of an object which is different from such established tech-
niques.
[0006] According to a first aspect of the present inven-
tion, there is provided a method of imaging an object,
comprising:

applying to the object acoustic vibration localised in
two or three dimensions in a plurality of regions in
the object sequentially;
simultaneously illuminating the object with an illumi-
nating electromagnetic wave that has a frequency in
a range extending down from 30THz to 100MHz, the

vibration direction of the acoustic vibration having a
component parallel to the propagation direction of
the illuminating electromagnetic wave so that the
acoustic vibration of the object in each of the regions
generates a scattered electromagnetic wave includ-
ing Doppler components shifted from the frequency
of the illuminating electromagnetic wave by frequen-
cies of the acoustic vibration and multiples thereof;
and
receiving the scattered electromagnetic wave gen-
erated in each of the plurality of regions;
deriving from the received, scattered electromagnet-
ic wave data representing at least one characteristic
of the Doppler components in respect of each region;
and
storing the derived data in respect of each region as
image data.

[0007] According to a further aspect of the present in-
vention, there is provided a system implementing a sim-
ilar method.
[0008] Thus the present invention provides for inves-
tigation of physical properties of an object based on the
physical phenomenon of an acoustic vibration of the ob-
ject scattering and modulating an electromagnetic wave
that has a frequency in a range extending down from
30THz illuminating the object, that is a radio wave in the
Terahertz band or below. The present invention is ad-
vantageously applied to an object that is human or animal
tissue, for example in the field of medical imaging. How-
ever, the present invention is not restricted to that field
and may be applied to a range of objects in other fields.
[0009] By means of the vibration direction of the acous-
tic vibration having a component parallel to the propaga-
tion direction of the illuminating electromagnetic wave,
the scattered electromagnetic wave includes Doppler
components shifted from the frequency of the illuminating
electromagnetic wave by frequencies of the acoustic vi-
bration and multiples thereof. Characteristics of such
Doppler components are detected. The detected char-
acteristics are dependent on the mechanical response
of the object in that region to the applied acoustic vibration
and on the electromagnetic properties of the object in
that region which cause an interaction with the illuminat-
ing electromagnetic wave. Thus the detected character-
istics provide information on electromagnetic properties
similar to MRI imaging but without requiring magnets.
[0010] Thus, there is simultaneously applied localised
acoustic vibration and an electromagnetic wave, and, as
the acoustic vibration is localised in two or three dimen-
sions in a region in the object, any detected Doppler com-
ponents (being shifted from the frequency of the illumi-
nating electromagnetic wave by frequencies of the
acoustic vibration or multiples thereof) are known to have
been generated by the interaction in the region of the
acoustic vibration. In this way, it is possible to generate
image data for a plurality of regions and thus build up an
image representing information on the physical proper-
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ties of the object. In the case that the acoustic vibration
is localised in two dimensions, then the regions extend
in the third direction and thus the image is a two dimen-
sional image (or shadow image). In the case that the
acoustic vibration is localised in three dimensions, then
the regions are limited in extent in that third direction and
a three-dimensional image may be derived.
[0011] The localisation may be achieved in a similar
manner to known ultrasound imaging techniques. For ex-
ample, to apply acoustic vibration localised in two dimen-
sions, the acoustic vibration may be applied as a beam,
or, to apply acoustic vibration localised in three dimen-
sions, the acoustic vibration may be applied as a spot
continuously localised in three dimensions or as a pulsed
beam localised in space in two dimensions and localised
along the propagation direction at different times as the
acoustic vibration propagates. This means that the res-
olution of the imaging is similar to that achieved by ultra-
sound imaging, being limited by the localisation achiev-
able on the basis of the wavelength of the acoustic vi-
bration.
[0012] Optionally, the method is performed with acous-
tic vibrations of different frequencies and/or with an illu-
minating electromagnetic wave of different frequencies.
In this way, data representing at least one characteristic
of the Doppler components may be obtained in respect
of the different frequencies of the acoustic vibrations
and/or the illuminating electromagnetic wave. In this case
the present invention is implemented as a spectroscopic
technique which is useful for some objects because it
allows better characterisation of the nature of the object.
[0013] These properties mean that the imaging of the
present invention can provide advantages over the es-
tablished imaging methods when applied to imaging hu-
man or animal tissue, including but not limited to medical
imaging.
[0014] To allow better understanding, embodiments of
the present invention will now be described by way of
non-limitative example with reference to the accompa-
nying drawings, in which:

Fig.1 is a diagram of an imaging system;
Figs. 2(a) to 2(c) are graphs of the frequency spec-
trum of the acoustic vibration, the illuminating elec-
tromagnetic wave and the scattered electromagnetic
wave;
Fig. 3 is a perspective view of an acoustic transducer
apparatus of the imaging system;
Fig. 4 is diagram of a drive circuit of the acoustic
transducer apparatus;
Fig. 5 is a diagram of a beamformer circuit of the
drive circuit;
Fig. 6 is a perspective view of a transducer of the
acoustic transducer apparatus;
Fig. 7 is a perspective view of the imaging system
applied to mammography;
Fig. 8 is a is a perspective view of the imaging system
applied as a full body scanner; and

Fig. 9 is a perspective view of the imaging system
applied using a hand-held acoustic transducer ap-
paratus.

[0015] There will first be described a system 1 for in-
vestigating physical properties of an object 2, as shown
in Fig. 1. The object 2 may be human or animal tissue,
for example in the field of medical imaging. However, the
present invention is not restricted to that field and may
be applied to a range of objects in other fields.
[0016] The system 1 includes a control unit 3 which
controls the other components of the system 1. The con-
trol unit 3 may be implemented by a computer apparatus
running an appropriate program.
[0017] The system 1 includes an acoustic transducer
apparatus 4 which operates under the control of the con-
trol unit 3. The acoustic transducer apparatus 4 in oper-
ation applies acoustic vibration to the object 2. The
acoustic vibration is localised in a region 5 at a given
location within the object 2. As alternatives that are both
illustrated in Fig.1, the acoustic vibration may be localised
in two dimensions in a region 5a (shown in dashed out-
line) that is limited in extent perpendicular to the propa-
gation direction of the acoustic vibration but extends
along the propagation direction, or may be localised in
three dimensions in a region 5b (shown in dotted outline)
that is also limited along the propagation direction. The
localisation of the acoustic vibration may be achieved
using conventional equipment as described in more de-
tail below. When localised in three dimensions, along the
direction of propagation of the acoustic wave, the acous-
tic vibration might be localised only instantaneously as
the acoustic wave propagates. In many fields of applica-
tion such as medical imaging, the acoustic vibration is
ultrasonic.
[0018] In the simplest embodiment, the acoustic vibra-
tion is localised at a single location at a given time, that
location being scanned over the object 2 so that the
acoustic vibration is applied to regions 5 at a plurality of
different regions 5 successively. Such scanning may be
performed by using an acoustic transducer apparatus 4
which has a controllable focus or beam, or alternatively
by physically moving the acoustic transducer apparatus
4 with fixed focus or beam, for example using a mechan-
ical translator. The scanning may be carried out in one,
two or three dimensions.
[0019] In more complicated embodiments, the acous-
tic vibration is localised in regions 5 at plural locations
simultaneously but in this case the acoustic vibration has
different frequencies at different locations, as discussed
further below.
[0020] For ease of detection, the acoustic vibration is
predominantly of a single frequency. However, in general
the acoustic vibration could include a band of frequen-
cies.
[0021] The system 1 also includes a transmitter ar-
rangement comprising a transmitter antenna 6 connect-
ed to a radio frequency source 7 controlled by the control
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unit 3. The transmitter arrangement in operation illumi-
nates the object 2 with an illuminating electromagnetic
wave having a radio frequency and having a sufficiently
broad beam to cover the entire volume of the object 2
under investigation, ideally uniformly. The illuminating
electromagnetic wave is desirably a continuous wave
rather than a pulse. In this case the illuminating electro-
magnetic wave has a constant amplitude and frequency,
at least over the period for which the interaction with the
acoustic wave is monitored by receiving the scattered
Doppler components.
[0022] For ease of detection, the illuminating electro-
magnetic wave is predominantly of a single frequency,
but in general the illuminating electromagnetic wave
could include a band of frequencies. The frequency of
the illuminating electromagnetic wave is greater than the
frequency of the acoustic vibration, preferably by at least
an order of magnitude.
[0023] The illuminating electromagnetic wave is scat-
tered by the object 2. Within the region 5, there is an
interaction between the acoustically vibrating object 2
and the illuminating electromagnetic wave which causes
the acoustic vibration of the object 2 in the region 5 to
modulate the scattered electromagnetic wave. In partic-
ular, the scattered electromagnetic wave which is gen-
erated includes a component at the frequency of the il-
luminating electromagnetic wave and Doppler compo-
nents at frequencies shifted from the frequency of the
illuminating electromagnetic wave by frequencies of the
acoustic vibration and multiples thereof.
[0024] This is illustrated graphically in Figs. 2(a) to 2(c))
which are graphs of the frequency spectrum of the acous-
tic vibration, the illuminating electromagnetic wave and
the scattered electromagnetic wave, respectively. In this
case, the acoustic vibration and the illuminating electro-
magnetic wave each have a single frequency of fa and
fe, respectively. The scattered electromagnetic wave has
a central component of the frequency fe of the illuminating
electromagnetic wave. The scattered electromagnetic
wave also has Doppler components (sidebands) at fre-
quencies fe6n.fa, where n is an integer, i.e. shifted from
shifted from the frequency fe of the illuminating electro-
magnetic wave by the frequency fa of the acoustic vibra-
tion and multiples thereof. Although Fig. 2(c) illustrates
an example with three Doppler components on each side,
in general there could be any number of Doppler com-
ponents depending on the physical interaction.
[0025] The physical phenomenon behind the genera-
tion of the scattered electromagnetic wave including the
Doppler components is that boundaries between areas
in the object 2 having different electrical properties such
as conductivity and dielectric permittivity (or more gen-
erally areas where those electrical properties change)
scatter the illuminating electrical magnetic wave and that
vibration of those boundaries modulates the scattered
wave. Thus it may be considered that the central com-
ponent having the frequency of the illuminating electro-
magnetic wave corresponds to the scattering of the ob-

ject 2 when stationary, whereas the Doppler components
are generated by the vibration of the object 2.
[0026] Indeed this physical phenomenon for the gen-
eral case of a vibrating object is of itself known, for ex-
ample as disclosed in Lawrence et al., "Electromagnetic
Scattering from Vibrating Penetrable Objects Using a
General Class of Time-Varying Sheet Boundary Condi-
tions", IEEE Transactions on Antennas and Propagation,
Vol. 54, no. 7, pp. 2054-2061, July 2006. However this
document merely considers the electromagnetic wave
scattered by metallic and dielectric bodies which are vi-
brating without considering how the vibration is generat-
ed. In contrast in the present invention, the acoustic vi-
brations are applied localised in a region 5, meaning that
the any detected Doppler components in the scattered
electromagnetic wave are known to have been generated
in the region 5. On this basis the system 1 uses the Dop-
pler components to provide information about the object
2 at the location of the region 5. In particular the detected
Doppler components are dependant on the mechanical
response (compliance) of the object 2 at the location of
the region 5 to the acoustic vibration and also on the
electrical properties of the object 2 at the location of the
region 5. By applying the acoustic vibration to regions 5
at different locations it is possible to build up an image
of the object 2.
[0027] The system 1 also includes a receiver arrange-
ment comprising a receiver antenna 8 connected to sig-
nal processing apparatus 9 controlled by the control unit
3. In operation the receiver 8 receives the scattered wave
and the signal processing apparatus 9 analyses it to de-
tect the Doppler components and derive to the phase
and amplitude of the Doppler components, or in general
other characteristics of the Doppler components.
[0028] In Fig. 1, the acoustic transducer apparatus 4
and the transmitter antenna 6 are shown alongside each
other so that the propagation direction of the acoustic
vibration and the electromagnetic wave are the same,
but this is not essential and other arrangements are de-
scribed below. In general, the locations of the acoustic
transducer apparatus 4 and the transmitter antenna 6
relative to each other are chosen so that the vibration
direction of the acoustic vibration has a component par-
allel to the propagation direction of the illuminating elec-
tromagnetic wave. This is to generate the Doppler scat-
tering.
[0029] The magnitude of the scattered Doppler com-
ponents is maximised by the vibration direction of the
acoustic vibration being parallel to the propagation direc-
tion of the illuminating electromagnetic wave. The vibra-
tion direction is parallel to the propagation direction of
the acoustic vibration, so this corresponds to the acoustic
vibration and the illuminating electromagnetic wave hav-
ing parallel or antiparallel directions. This is because, the
mechanical movement of the region 5 resolved along the
propagation direction of the illuminating electromagnetic
wave is greatest in this direction, ignoring secondary mo-
tions which may be induced in other directions due to
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mechanical distortion of bulk material. If there is an angle
α between the direction of the acoustic vibration and the
propagation direction of the illuminating electromagnetic
wave, then the velocity of the acoustic vibration resolved
along the propagation direction of the illuminating elec-
tromagnetic wave is reduced, scaling with cos(α). This
has the effect that the magnitude of the scattered Doppler
components is similarly reduced, scaling with cos(α). Ef-
fectively this means that the vibration direction of the
acoustic vibration should not be perpendicular to the
propagation direction of the illuminating electromagnetic
wave, and is preferably parallel, although the Doppler
components may still be observed with higher angles α.
[0030] The acoustic transducer apparatus 4 and the
transmitter antenna 6 may be located adjacent one an-
other to set the direction of the acoustic vibration parallel
to the propagation direction of the illuminating electro-
magnetic wave, An exactly parallel condition is limited
by the constraints imposed by the physical bulk of the
acoustic transducer apparatus 4 and the transmitter an-
tenna 6 but they may be arranged sufficiently close to be
parallel for the practical purpose of maximising the Dop-
pler scattering. Alternatively, the transmitter antenna 6
may be arranged on the opposite side of the object 2
from the acoustic transducer apparatus 4.
[0031] In general, the receiver antenna 8 may be lo-
cated at any angle relative to the propagation direction
of the electromagnetic wave and the vibration direction
of the acoustic vibration. This is because the scattered
Doppler components can in principle be scattered in any
direction. The direction of scattering depends on the
physical properties of the object 2 in the region 5.
[0032] Advantageously, the scattered electromagnetic
wave is received along a line parallel or antiparallel to
the propagation direction of the illuminating electromag-
netic wave because the scattering is typically strong in
these directions. Reception along a line antiparallel to
the propagation direction of the illuminating electromag-
netic wave may be achieved by the transmitter antenna
6 and the receiver antenna 8 being located close together
(subject to the constraints imposed by their physical bulk)
or being replaced by a common antenna connected to
appropriate circuitry (such as a directional coupler) to
isolate the frequency source 7 from circuitry handling the
detected Doppler components.
[0033] However, the scattered electromagnetic wave
may be received in other directions. Advantageously, the
scattered electromagnetic wave is received in plural di-
rections. This can provide additional information on the
nature of object 2 in the region 5 because the direction
of scattering depends on the physical properties of the
object 2 which causes the scattering.
[0034] The signal processing apparatus 9 includes an
amplifier 10, a frequency-modulation (FM) demodulator
11 and a digital signal processor 12.
[0035] The amplifier 10 receives and amplifies the sig-
nal received by the receiver 8. The amplified signal output
by the amplifier 10 is supplied to the FM demodulator 11

which is arranged to derive the phase and amplitude of
the Doppler components of the scattered wave. As the
modulation of the illuminating electromagnetic wave by
the vibration of the region 5 is primarily frequency-mod-
ulation, the FM demodulator 11 may employ conventional
FM techniques to derive characteristics of the Doppler
components such as phase and amplitude. To facilitate
the FM demodulation, the FM demodulator 11 is provided
with the signal of the illuminating electromagnetic wave
from the frequency source 7 and with the signal of the
acoustic wave from the acoustic transducer apparatus 4.
[0036] In the case that acoustic vibration in a region 5
at a given location is at a single frequency, the FM de-
modulator 11 may include a coherent detector arranged
to detect the frequency of the acoustic wave in the Dop-
pler components.
[0037] The amplifier 10 and FM demodulator 11 are
typically formed by analog circuits, but digital circuits
could alternatively be used.
[0038] The phase and amplitude of the Doppler com-
ponents derived by the FM demodulator 11 are supplied
to the digital signal processor 12 which processes those
characteristics of the Doppler components. As the FM
demodulator detects characteristics of the Doppler com-
ponents which are at a frequency shifted from the fre-
quency of the illuminating electromagnetic wave by fre-
quencies of the acoustic vibration and multiples thereof,
those characteristics are known to have been derived
from the region 5 of the object 2 at the current location
of the acoustic vibration. The digital signal processor 12
is supplied with information by the control unit 3 identify-
ing the current location of the acoustic vibration. The dig-
ital signal processor 12 stores image data 13 represent-
ing those characteristics detected in respect of each lo-
cation as the location is scanned over the object 2. The
image data 13 may be stored, displayed and/or output
from the signal processing apparatus 9.
[0039] The digital signal processor 12 may store only
the actually derived values of the phase and amplitude
or other characteristics. These vary in dependence on
the properties of the object 2 at different locations as
discussed above and therefore provide a useful image
even without further processing.
[0040] Optionally, the digital signal processor 12 may
further process the actually derived values of the phase
and amplitude or other characteristics, on the basis of a
model of the interaction between the acoustic vibration
and the illuminating electromagnetic wave, to derive
characteristics representing particular physical proper-
ties of the object 2 which are also stored as image data
13. Such processing may provide information on prop-
erties of the object 2 which are more useful than the phase
and amplitude themselves. For example in the case of
medical imaging, such processing may be used to char-
acterise metabolite species which have known electro-
magnetic responses.
[0041] The digital signal processor 12 may be imple-
mented by a computer apparatus executing an appropri-
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ate program, optionally being the same computer appa-
ratus as used to implement the control unit 3.
[0042] As the Doppler components are generated from
the interaction caused by the acoustic vibration of the
region 5, the resolution of the image data 13 is equal to
the size of that region 5 as governed by the degree of
localisation of the acoustic vibration achieved by the
acoustic transducer apparatus 5. The resolution is there-
fore dependent on the wavelength of the acoustic wave
in a similar manner to ultrasound imaging. Thus the
present imaging technique can achieve similar resolution
to that achieved by ultrasound imaging. For example the
resolution might be less than a millimetre at very high
ultrasound acoustic frequencies (roughly speaking, 1mm
resolution corresponds to a frequency of 1MHz, 100mm
to 10MHz, and 1mm to 100MHz)
[0043] On the other hand, the image contrast mecha-
nism is different from ultrasound imaging being depend-
ent on the physical interaction between the acoustic vi-
bration and the illuminating electromagnetic vibration
and providing information on the mechanical response
(compliance) of the object 2 to the acoustic vibration and
on the electrical properties of the object 2, as discussed
above, for example providing similar information to MRI
without the requirement for magnets. Thus the present
imaging technique can be seen as an alternative to other
imaging modalities.
[0044] The present imaging technique may be applied
to imaging in a range of fields, for example in medical
imaging wherein the object 2 is human or animal tissue,
by appropriate selection of the frequencies of the acous-
tic vibration and the illuminating electromagnetic wave.
[0045] The illuminating electromagnetic wave is a ra-
dio wave having a frequency in a range extending: down
from 30THz, that is in the Terahertz band or below; down
from 300GHz, that is in the EHF (Extremely High Fre-
quency) band or below, corresponding to microwave fre-
quencies or below; or in some fields of application down
from 100GHz. In the case that the object 2 is human or
animal tissue, advantageously the range extends down
from 100GHz. This means that the interaction in the ob-
ject 2 provides information on the electromagnetic prop-
erties of the object 2 similar to MRI imaging. For many
applications, the range extends down to 100MHz.
[0046] The frequency of the acoustic wave controls the
resolution and is therefore chosen to be sufficiently high
to achieve the desired resolution having regard to the
features of interest in the object 2 being imaged. The
frequency of the acoustic wave may be subject to prac-
tical constraints similar to those with conventional ultra-
sound imaging, such as the frequencies achievable by
the acoustic transducer apparatus 4, and the penetration
of the acoustic waves in the object 2 being imaged. By
way of illustration, if the object 2 being imaged is human
or animal tissue, for example in the field of medical im-
aging, the frequency of the acoustic wave might typically
be in the range extending down from 10MHz and/or ex-
tending down to 1GHz. Such frequencies are ultrasonic,

although in general acoustic frequencies in the audible
range could in principle be used in some fields of appli-
cation.
[0047] The object 2 may have a response which varies
at different frequencies. Therefore, the imaging may be
performed with acoustic vibrations of different frequen-
cies and/or with an illuminating electromagnetic wave of
different frequencies. The different frequencies may be
applied at different times by repeating the operation of
the system 1 but adjusting the acoustic frequency. Alter-
natively different frequencies may be applied simultane-
ously to the same or different regions 5. In this way, in-
formation may be obtained in respect of the different fre-
quencies of the acoustic vibrations and/or the illuminating
electromagnetic wave, so the technique is a spectroscop-
ic technique. This allows better characterisation of the
nature of the object 2.
[0048] The degree of absorption of the illuminating
electromagnetic wave in the object 2 increases with its
frequency. Thus the frequency of the illuminating elec-
tromagnetic wave is chosen to be sufficiently low to pro-
vide absorption in the object 2 which is sufficiently low to
allow the entire object 2 to be imaged.
[0049] The acoustic transducer apparatus 4 and vari-
ous variations thereof will now be described. As previ-
ously mentioned, the acoustic transducer apparatus 4
provides acoustic vibration is localised in a region 5 at a
given time, that is localised in two dimensions in a region
5a that extends in the propagation direction or localised
in three dimensions in a region 5b that is limited in the
propagation direction. This may be achieved using a con-
ventional apparatus that may provide a controllable focus
or a fixed focus.
[0050] Fig. 3 shows a possible arrangement in which
the acoustic transducer apparatus 4 comprises an array
of transducers 20 which provide an electronically con-
trollable focus at a region 5. In this case, the acoustic
wave output by the array of transducers 20 may be a
propagating beam. As known in the field of ultrasound
imaging such beam-forming allows a high energy focus
is formed at a desired location. In the present method
this means that the majority of the scattered electromag-
netic wave contains information pertaining to the region
5 of focus.
[0051] To provide localisation in two dimensions, the
array of transducers 20 may apply the acoustic vibration
as a continuous beam, so that the acoustic vibration is
localised in space within the propagating beam in the two
dimensions perpendicular to the direction of propagation.
To provide localisation in three dimensions, the array of
transducers 20 may still apply the acoustic vibration as
a beam that is not continuous so that along the third di-
mension in the direction of propagation, the acoustic vi-
bration is localised instantaneously as the acoustic wave
propagates. The propagating beam may be a pulse which
is localised in a single region 5 at a given time which
region 5 propagates through the object 2 over time. Al-
ternatively the propagating beam may have a varying
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frequency so that different frequencies of acoustic vibra-
tion are localised in different regions 5 simultaneously.
Accordingly, the information supplied by the control unit
3 to the digital signal processor 12 indicates the timing
of the propagating beam, thereby identifying the current
location of the acoustic vibration.
[0052] In the case that the propagating beam has a
varying frequency, one option is that the signal process-
ing apparatus 9 is arranged to perform a Fourier Trans-
form, or other transform, of the received scattered signal
into the time domain. Due to the different frequencies of
acoustic vibration being localised in different regions 5
simultaneously, such a transform generates the charac-
teristics in respect of each of the different regions 5. In
this way, a "movie" can be constructed and images as a
function of time can be displayed with extremely high
temporal/spatial resolution.
[0053] To form the propagating beam, the acoustic
transducer apparatus 4 comprises a drive circuit 21 which
provides a separate drive signal to each transducer 20
which drive signals vary in amplitude and/or phase and/or
delay to form the focus at the desired region 5. As shown
in Fig. 4, the drive circuit 21 includes a frequency source
22 which provides an oscillating signal of the desired fre-
quency to a beamformer circuit 23. The beamformer cir-
cuit 23 derives a signal for each transducer 20 from the
oscillating signal by modifying the amplitude and/or
phase and/or delay. The beamformer circuit 23 operates
under the control of the control unit 3 to provide a focus
in a desired region 5. The drive circuit 21 also includes
amplifiers 24 for amplifying the signal for each transducer
20 output by the beamformer circuit 23 to form the drive
signal which is then supplied to the respective transduc-
ers 20.
[0054] The beamformer circuit 23 may include pro-
grammable amplifiers (or attenuators) and/or phase shift-
ers and/or delays to modify the oscillating signal. For ex-
ample, the beamformer circuit 23 may employ a quadra-
ture arrangement as shown in Fig. 5 in respect of each
one of the transducers. This quadrature arrangement
comprises an I-channel 25 and a Q-channel 26 each sup-
plied with the oscillating signal from the frequency source
22. The I-channel includes a π/2 phase delay 27 for
phase-delaying the oscillating the oscillating signal so
that the signals in the I-channel 25 and Q-channel 26 are
in quadrature. The I-channel 25 and Q-channel 26 each
include respective attenuators 27 and 28, the outputs of
which are supplied to an adder 30 for adding the atten-
uated quadrature signals. The respective degrees of at-
tenuation provided by each of the attenuators 27 and 28
may be controlled to thereby vary the amplitude and
phase of the signal output by the adder 30. This signal
output by the adder 30 is optionally provided to a variable
delay circuit 31 which may be varied to control the delay
of the drive signal.
[0055] Each transducer 20 may be formed as shown
in Fig. 6 by a piece 43 of piezoelectric material (or other
electro-active material). The drive signal from the drive

circuit 21 is applied across the piece 43 of piezoelectric
material which vibrates in response thereto thereby gen-
erating an acoustic wave. The piece 43 of piezoelectric
material is shown as being cylindrical but may be shaped
to direct the generated acoustic wave.
[0056] In Fig. 3, the array of transducers 20 is illustrated
as a 2D planar array, but in general any arbitrary form of
array may alternatively be used, for example a 1D linear
or conformal array, a curved or conformal 2D array, a 3D
array, or plural arrays on different sides of the object 2.
[0057] As an alternative to forming a beam, this acous-
tic transducer apparatus 4 comprising the array of trans-
ducers 20 may apply the acoustic vibration as a spot
which is continuously localised in space in three dimen-
sions.
[0058] Using this acoustic transducer apparatus 4
comprising an array of transducers 20, the location of the
region 5 at which the acoustic vibration is localised may
be scanned over the object 2 under electronic control to
derive information on different regions 5 and thereby
build up an image of the object 2.
[0059] In the case that the acoustic vibration is local-
ised in two dimensions, then the image is a two dimen-
sional image (or shadow image) whose pixels contain
information from the entirety of the region 5a that extend
through the object 2 along the propagation direction of
the acoustic vibration. In this case, a three dimensional
image can be built up by moving the acoustic transducer
apparatus 4 and transmitter antenna 6 around the object
2 under examination and taking a series of images with
different angles of incidence. Then the series of images
may be transformed into a three dimensional image using
similar transforms to those conventional for other types
of imaging such as computed tomography (CT) scanning.
[0060] In the case that the acoustic vibration is local-
ised in three dimensions, then a three-dimensional image
may be derived by scanning the region 5b in three di-
mensions.
[0061] Such scanning could also be achieved using an
acoustic transducer apparatus 4 which has a fixed focus,
by physically moving the acoustic transducer apparatus
4.
[0062] As previously mentioned, in the simplest em-
bodiment, the acoustic vibration is localised in a single
region 5 at a given time, the acoustic vibration being ap-
plied to regions 5 at a plurality of different locations suc-
cessively.
[0063] In more complicated embodiments, the acous-
tic vibration is localised in plural regions 5 at different
locations simultaneously. In this case, the acoustic vibra-
tion has different frequencies in different regions 5.
[0064] On option is to use the acoustic transducer ap-
paratus 4 comprising an array of transducers 20 as de-
scribed above but modified to simultaneously produce
plural propagating beams of different frequencies. This
may be achieved by replicating the circuitry of the drive
circuit 21 described above in respect of each of the dif-
ferent frequencies used. The drive signals in respect of
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each frequency may be summed and applied to the re-
spective transducers 20.
[0065] As the acoustic vibration has different frequen-
cies in different regions 5, the scattered electromagnetic
wave has Doppler components of different frequencies
generated in the different regions 5, each having frequen-
cies shifted from the frequency of the illuminating elec-
tromagnetic wave by the different frequencies of the
acoustic vibration (and multiples thereof). The signal
processing apparatus 9 is therefore arranged to detect
and derive characteristics of the different Doppler com-
ponents which are known to have been generated at the
different locations of the regions 5. This may be achieved
by the signal processing apparatus 9 being arranged as
described above but replicating the FM demodulator 11
in respect of each of the acoustic frequencies used. In
this manner, characteristics of the Doppler components
and therefore image data 13 may be simultaneously be
derived in respect of plural regions 5. Many regions 5
may be simultaneously imaged in this manner, limited by
the ability of the signal processing apparatus 9 to dis-
criminate between Doppler components of different fre-
quencies.
[0066] In some arrangements, plural regions 5 are si-
multaneously imaged allowing an image to be derived
without scanning the regions 5. In other arrangements,
plural regions 5 are simultaneously imaged but then the
regions 5 are scanned to image other areas of the object
2. For example, one particular embodiment may employ
a plurality of propagating beams arranged in a 1D (or 2D)
array to simultaneously image a 1D (or 2D) slice which
propagates through the object 2 allowing successive slic-
es to be imaged, thereby building up a 2D (or 3D) image
in a similar manner to conventional medical ultrasound
imaging as employed for example in obstetric sonogra-
phy.
[0067] Alternatively, the system 1 may be implemented
to investigate the properties of the object 2 in a single
region 5 without providing imaging across the object 2.
In this case, acoustic vibration is applied to just a single
region 5. This may be achieved with the system 1 as
described above but modifying the control implemented
by the control unit 3. Alternatively, the system 1 may be
simplified, for example using an acoustic transducer ap-
paratus 4 having a fixed focus because scanning is not
required.
[0068] When investigating the properties of the object
2 in a single region 5, it is particularly advantageous to
use acoustic vibrations of different frequencies and/or
with an illuminating electromagnetic wave of different fre-
quencies, as described above. The different frequencies
may be applied at different times but or simultaneously.
In the latter case it is possible to tune the system 1 to
simultaneously investigate a wide range of frequencies
without needing to use the different frequencies to obtain
information on regions 5 at different locations as is nec-
essary with some imaging implementations.
[0069] The size and detailed construction of the system

1 will depend on the field of application. For example for
use in medical imaging, the system 1 might be realised
as a dedicated device in which the acoustic transducer
apparatus 4 is similar to an ultrasound head in a conven-
tional ultrasound imaging apparatus. In this case, the
transmitter antenna 6 and receiver antenna 8 might be
integrated into the same ultrasound head.
[0070] Optionally, the system 1 might additionally in-
corporate an acoustic system 14 connected to the acous-
tic transducer apparatus and arranged to receive a re-
flected acoustic wave from each of the regions 5 and
thereby to derive acoustic image data 15 with derivation
of the image data 13 by the signal processing apparatus
9. The acoustic system 14 may be arranged as conven-
tional ultrasound imaging apparatus, thereby allowing
the present method to be integrated with conventional
ultrasound imaging. The acoustic image data 15 and the
image data 13 may be registered with each other in space
and time, for example using conventional image regis-
tration techniques, allowing the system 1 to simultane-
ously produce two different types of image. This is ad-
vantageous in many fields, for example as a real time
system for dynamic diagnostics and monitoring.
[0071] Similarly the system 1 might be integrated with
an ultrasound treatment system, allowing monitoring of
state of the object 2 during treatment.
[0072] Some examples of the system 1 applied to dif-
ferent applications in the field of medical imaging wherein
the object 2 is human tissue are shown in Figs. 7 to 9. In
each case, the transmitter antenna 6 and receiver anten-
na 8 are replaced by a common antenna 16 connected
to the radio frequency source 7 and the signal processing
apparatus 9 via a directional coupler 17 that provides
separation of the transmitted and received signals.
[0073] Fig. 7 illustrates the system 1 applied to mam-
mography in which the object 2 is a breast. The acoustic
transducer apparatus 4 and common antenna 16 are ar-
ranged on opposite sides of the breast, preferably with
a matching medium between the breast and the acoustic
transducer apparatus 4, for example oil, matching gel or
a flexible membrane. The acoustic transducer apparatus
4 produces a narrow beam of acoustic vibration localised
in two or three dimensions. The acoustic transducer ap-
paratus 4 and common antenna 16 are rotated together
as shown by the arrows A to obtain information from dif-
ferent directions that may be combined to derive a two
dimensional image slice. Plural such image slices may
be obtained by moving the acoustic transducer apparatus
4 and common antenna 16 up and down as shown by
the arrows B.
[0074] Fig. 8 illustrates the system 1 applied as a full-
body scanner in which the object 2 is the body of a human
subject. The system 1 includes a bed 50 that comprises
a flexible membrane 51 supported across the top of a
bath 52 of containing matching medium 53. The subject
lies on the flexible membrane 51 below the level of the
matching medium 53. The acoustic transducer apparatus
4 and common antenna 16 are supported opposite one
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another on a rotatable gantry 54 that extends around the
bath 52 so that the acoustic transducer apparatus 4 and
common antenna 16 are on opposite sides of the subject.
Rotation of the gantry 54 as shown by the arrows C allows
information to be obtained from different directions that
may be combined to derive a two dimensional image
slice. Plural such image slices may be obtained by mov-
ing the gantry 54 as shown by the arrows B.
[0075] Fig. 9 illustrates the system 1 applied imple-
menting the acoustic transducer apparatus 4 as a con-
ventional hand-held apparatus of the type used for scan-
ning a subject, for example during pregnancy. In this
case, the common antenna 16 is simply arranged be-
neath the subject, for example beneath a bed on which
the subject lies, and the acoustic transducer apparatus
4 is used in a conventional manner to simultaneously
obtain an image in accordance with the present invention
and a conventional acoustic image.

Claims

1. A method of imaging an object (2), comprising:

applying to the object (2) acoustic vibration lo-
calised in two or three dimensions in a plurality
of regions (5) in the object (2) sequentially;
simultaneously illuminating the object (2) with
an illuminating electromagnetic wave that has a
frequency in a range extending down from
30THz to 100MHz, the vibration direction of the
acoustic vibration having a component parallel
to the propagation direction of the illuminating
electromagnetic wave so that the acoustic vibra-
tion of the object (2) in each of the regions (5)
generates a scattered electromagnetic wave in-
cluding Doppler components shifted from the
frequency of the illuminating electromagnetic
wave by frequencies of the acoustic vibration
and multiples thereof; and
receiving the scattered electromagnetic wave
generated in each of the plurality of regions (5);
deriving from the received, scattered electro-
magnetic wave data representing at least one
characteristic of the Doppler components in re-
spect of each region (5); and

storing the derived data in respect of each region (5)
as image data.

2. A method according to claim 1, wherein the object
(2) is human or animal tissue.

3. A method according to claim 1 or 2, wherein said
range of the frequency of the illuminating electro-
magnetic wave extends down from 100GHz.

4. A method according to any one of the preceding

claims, wherein the acoustic vibration has a frequen-
cy in the range from 10MHz to 1GHz.

5. A method according to any one of the preceding
claims, wherein the vibration direction of the acoustic
vibration and the propagation direction of the illumi-
nating electromagnetic wave are parallel.

6. A method according to any one of the preceding
claims, wherein the scattered electromagnetic wave
is received along a line parallel or antiparallel to the
propagation direction of the illuminating electromag-
netic wave.

7. A method according to any one of the preceding
claims, wherein the method is performed with acous-
tic vibrations of different frequencies and/or with an
illuminating electromagnetic wave of different fre-
quencies to derive data representing said at least
one characteristic of the Doppler components in re-
spect of the different frequencies of the acoustic vi-
brations and/or the illuminating electromagnetic
wave.

8. A method according to any one of the preceding
claims, wherein at least one characteristic of the
Doppler components includes at least one of an am-
plitude or a phase of one or more of the Doppler
components.

9. A method according to any one of the preceding
claims, wherein the acoustic vibration applied to the
object (2) is localised in three dimensions in the re-
gions (5) in the object (2), being applied as a pulse
localised in space in a first and second dimension
and localised in a third dimension in different regions
(5) at different times as it propagates.

10. A method according to claim any one of the preced-
ing claims, wherein the acoustic vibration applied to
the object is localised in three dimensions in the re-
gions (5) in the object (2), being applied as a plurality
of simultaneous propagating beams of different fre-
quencies localised in space in a first and second di-
mension in different regions (5) and localised in a
third dimension in different regions (5) at different
times as the beams propagate.

11. An imaging system (1) comprising:

an acoustic transducer apparatus (4) arranged
to apply to the object (2) acoustic vibration lo-
calised in two or three dimensions in a plurality
of regions (5) in the object (2) sequentially;
a transmitter arrangement (6, 7) arranged to il-
luminate the object with an illuminating electro-
magnetic wave having a frequency in a range
extending down from 30THz to 100MHz simul-
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taneously with the application of acoustic vibra-
tion, the vibration direction of the acoustic vibra-
tion having a component parallel to the propa-
gation direction of the illuminating electromag-
netic wave so that so that the acoustic vibration
of the object (2) in the region (5) generates a
scattered electromagnetic wave including Dop-
pler components shifted from the frequency of
the illuminating electromagnetic wave by fre-
quencies of the acoustic vibration and multiples
thereof;
a receiver arrangement (8) arranged to receive
the scattered electromagnetic wave generated
in each of the plurality of regions (5); and
a signal processing apparatus (9) arranged to
derive, from the received scattered electromag-
netic wave generated in the region (5), data rep-
resenting at least one characteristic of the Dop-
pler components in respect of each region, and
to store the derived data in respect of each re-
gion as image data.

12. An imaging system according to claim 11, wherein
said range of the frequency of the illuminating elec-
tromagnetic wave extends down from 100GHz.

13. An imaging system according to claim 11 or 12,
wherein the acoustic vibration has a frequency in the
range from 10MHz to 1GHz.

Patentansprüche

1. Verfahren zum Abbilden eines Objekts (2), umfas-
send:

Anwenden von akustischen Schwingungen auf
das Objekt (2), die in zwei oder drei Dimensio-
nen in einer Vielzahl von Bereichen (5) im Objekt
(2) nacheinander lokalisiert sind;
gleichzeitig Beleuchten des Objekts (2) mit einer
elektromagnetischen Beleuchtungswelle, die
eine Frequenz hat in einem Bereich, der sich
von 30THz bis 100MHz nach unten erstreckt,
wobei die Vibrationsrichtung der akustischen
Schwingungen eine Komponente parallel zur
Ausbreitungsrichtung der elektromagnetischen
Beleuchtungswelle hat, so dass die akustischen
Schwingungen des Objekts (2) in jedem der Be-
reiche (5) eine gestreute elektromagnetische
Welle erzeugt, die Doppler-Komponenten um-
fasst, die von der Frequenz der elektromagne-
tischen Beleuchtungswelle verschoben werden
durch Frequenzen der akustischen Schwingun-
gen und Vielfache davon; und
Empfangen der gestreuten elektromagneti-
schen Welle, die in jeder der Vielzahl von Be-
reichen (5) erzeugt wird;

Ableiten von Daten, die mindestens ein Merkmal
der Doppler-Komponenten aufweisen, in Bezug
auf jeden Bereich (5) von der erhaltenen ge-
streuten elektromagnetischen Welle; und
Speichern der abgeleiteten Daten in Bezug auf
jeden Bereich (5) als Bilddaten.

2. Verfahren nach Anspruch 1, wobei das Objekt (2)
menschliches oder tierisches Gewebe ist.

3. Verfahren nach Anspruch 1 oder 2, wobei der ge-
nannte Bereich der Frequenz der elektromagneti-
schen Beleuchtungswelle sich von 100GHz nach un-
ten erstreckt.

4. Verfahren nach einem der vorstehenden Ansprüche,
wobei die akustischen Schwingungen eine Fre-
quenz im Bereich von 10MHz bis 1GHz haben.

5. Verfahren nach einem der vorstehenden Ansprüche,
wobei die Schwingungsrichtung der akustischen
Schwingungen und die Ausbreitungsrichtung der
elektromagnetischen Beleuchtungswelle parallel
sind.

6. Verfahren nach einem der vorstehenden Ansprüche,
wobei die gestreute elektromagnetische Welle ent-
lang einer Linie empfangen wird, die parallel oder
antiparallel zur Ausbreitungsrichtung der elektroma-
gnetischen Beleuchtungswelle ist.

7. Verfahren nach einem der vorstehenden Ansprüche,
wobei das Verfahren mit akustischen Schwingungen
verschiedener Frequenzen und/oder mit einer elek-
tromagnetischen Beleuchtungswelle verschiedener
Frequenzen erfolgt, um Daten, die das genannte
mindestens eine Merkmal der Doppler-Komponen-
ten in Bezug auf die verschiedenen Frequenzen der
akustischen Schwingungen und/oder die elektroma-
gnetische Beleuchtungswelle, aufweisen.

8. Verfahren nach einem der vorstehenden Ansprüche,
wobei mindestens ein Merkmal der Doppler-Kompo-
nenten mindestens eines von einer Amplitude oder
einer Phase von einem oder mehr der Doppler-Kom-
ponenten umfasst.

9. Verfahren nach einem der vorstehenden Ansprüche,
wobei die akustischen Schwingungen, die auf das
Objekt (2) angewendet werden, in drei Dimensionen
in den Bereichen (5) im Objekt (2) lokalisiert sind,
wobei sie als ein Puls, der im Raum in einer ersten
und zweiten Dimension lokalisiert ist und in einer drit-
ten Dimension in verschiedenen Bereichen (5) zu
verschiedenen Zeiten lokalisiert ist, während er sich
ausbreitet, angewendet werden.

10. Verfahren nach einem der vorstehenden Ansprüche,
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wobei die akustischen Schwingungen, die auf das
Objekt angewendet werden, in drei Dimensionen in
den Bereichen (5) im Objekt (2) lokalisiert sind, wo-
bei sie als eine Vielzahl von sich gleichzeitig aus-
breitenden Strahlen verschiedener Frequenzen, die
im Raum in einer ersten und zweiten Dimension in
verschiedenen Bereichen (5) lokalisiert sind und in
einer dritten Dimension in verschiedenen Bereichen
(5) zu verschiedenen Zeiten lokalisiert sind, während
die Strahlen sich ausbreiten, angewendet werden.

11. Abbildungssystem (1), umfassend:

eine akustische Wandlervorrichtung (4), die an-
geordnet ist zum Anwenden von akustischen
Schwingungen auf das Objekt (2), die in zwei
oder drei Dimensionen in einer Vielzahl von Be-
reichen (5) im Objekt (2) nacheinander lokali-
siert sind;
eine Senderanordnung (6, 7), die angeordnet ist
zum Beleuchten des Objekts mit einer elektro-
magnetischen Beleuchtungswelle, die eine Fre-
quenz in einem Bereich hat, der sich von 30THz
bis 100MHz gleichzeitig mit der Anwendung von
akustischen Schwingungen nach unten er-
streckt, wobei die Vibrationsrichtung der akus-
tischen Schwingungen eine Komponente paral-
lel zur Ausbreitungsrichtung der elektromagne-
tischen Beleuchtungswelle hat, so dass die
akustischen Schwingungen des Objekts (2) im
Bereich (5) eine gestreute elektromagnetische
Welle erzeugen, die Doppler-Komponenten um-
fasst, die von der Frequenz der elektromagne-
tischen Beleuchtungswelle verschoben werden
durch Frequenzen der akustischen Schwingun-
gen und Vielfache davon;
eine Empfängeranordnung (8), die angeordnet
ist zum Empfangen der gestreuten elektromag-
netischen Welle, die in jeder der Vielzahl von
Bereichen (5) erzeugt wird;
ein Signalverarbeitungsgerät (9), das angeord-
net ist zum Ableiten von Daten, die mindestens
ein Merkmal der Doppler-Komponenten aufwei-
sen, in Bezug auf jeden Bereich von der erhal-
tenen gestreuten elektromagnetischen Welle,
die in dem Bereich (5) erzeugt wurde, um die
abgeleiteten Daten in Bezug auf jeden Bereich
als Bilddaten zu speichern.

12. Abbildungssystem nach Anspruch 11, wobei der ge-
nannte Bereich der Frequenz der elektromagneti-
schen Beleuchtungswelle sich von 100GHz nach un-
ten erstreckt.

13. Abbildungssystem nach Anspruch 11 oder 12, wobei
die akustischen Schwingungen eine Frequenz im
Bereich von 10MHz bis 1GHz haben.

Revendications

1. Procédé d’imagerie d’un objet (2), comprenant :

l’application séquentielle à l’objet (2) d’une vi-
bration acoustique localisée en deux ou trois di-
mensions dans une pluralité de régions (5) dans
l’objet (2) ;
l’éclairage simultané de l’objet (2) avec une on-
de électromagnétique d’éclairage ayant une fré-
quence située dans une plage s’étendant de 30
THz à 100 MHz, la direction de vibration de la
vibration acoustique présentant une composan-
te parallèle à la direction de propagation de l’on-
de électromagnétique d’éclairage de manière
que la vibration acoustique de l’objet (2) dans
chacune des régions (5) génère une onde élec-
tromagnétique diffusée comprenant des com-
posantes Doppler décalées de la fréquence de
l’onde électromagnétique d’éclairage par des
fréquences de la vibration acoustique et de mul-
tiples de celles-ci ; et
la réception de l’onde électromagnétique diffu-
sée générée dans chacune de la pluralité de ré-
gions (5) ;
la déduction à partir de l’onde électromagnéti-
que reçue, diffusée, de données représentant
au moins une caractéristique des composantes
Doppler pour chaque région (5) ; et
le stockage des données déduites pour chaque
région (5) sous forme de données d’image.

2. Procédé selon la revendication 1, dans lequel l’objet
(2) est du tissu humain ou animal.

3. Procédé selon la revendication 1 ou 2, dans lequel
ladite plage de fréquence de l’onde électromagnéti-
que d’éclairage s’étend depuis 100 GHz.

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la vibration acoustique
présente une fréquence située dans la plage allant
de 10 MHz à 1 GHz.

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la direction de vibration de
la vibration acoustique et la direction de propagation
de l’onde électromagnétique d’éclairage sont paral-
lèles.

6. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’onde électromagnétique
diffusée est reçue le long d’une ligne parallèle ou
antiparallèle à la direction de propagation de l’onde
électromagnétique d’éclairage.

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le procédé est exécuté
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avec des vibrations acoustiques de différentes fré-
quences et/ou avec une onde électromagnétique
d’éclairage de différentes fréquences pour déduire
des données représentant ladite au moins une ca-
ractéristique des composantes Doppler pour les dif-
férentes fréquences des vibrations acoustiques
et/ou de l’onde électromagnétique d’éclairage.

8. Procédé selon l’une quelconque des revendications
précédentes, dans lequel au moins une caractéris-
tique des composantes Doppler comprend l’ampli-
tude et/ou la phase d’au moins une composante
Doppler.

9. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la vibration acoustique ap-
pliquée à l’objet (2) est localisée en trois dimensions
dans les régions (5) dans l’objet (2), étant appliquée
sous la forme d’impulsion localisée dans l’espace
dans une première et une deuxième dimension et
localisée en une troisième dimension dans différen-
tes régions (5) à différents moments au cours de sa
propagation.

10. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la vibration acoustique ap-
pliquée à l’objet est localisée en trois dimensions
dans les régions (5) dans l’objet (2), étant appliquée
sous la forme d’une pluralité de faisceaux à propa-
gation simultanée de différentes fréquences locali-
sées dans l’espace en une première et une deuxiè-
me dimension dans différentes régions (5) et locali-
sées en une troisième dimension dans différentes
régions (5) à différents moments au cours de sa pro-
pagation.

11. Système d’imagerie (1) comprenant :

un appareil de transducteur acoustique (4) con-
çu pour appliquer à l’objet (2) de manière sé-
quentielle une vibration acoustique localisée en
deux ou trois dimensions dans une pluralité de
régions (5) dans l’objet (2) ;
un dispositif d’émission (6, 7) conçu pour éclai-
rer l’objet d’une onde électromagnétique d’éclai-
rage présentant une fréquence située dans une
plage s’étendant de 30 THz à 100 MHz en même
temps que l’application d’une vibration acousti-
que, la direction de vibration de la vibration
acoustique présentant une composante paral-
lèle à la direction de propagation de l’onde élec-
tromagnétique d’éclairage de manière que la vi-
bration acoustique de l’objet (2) dans la région
(5) génère une onde électromagnétique diffusée
comprenant les composantes Doppler décalées
de la fréquence de l’onde électromagnétique
d’éclairage par des fréquences de la vibration
acoustique et des multiples de celles-ci ;

un ensemble récepteur (8) conçu pour recevoir
l’onde électromagnétique diffusée générée
dans chacune de la pluralité de régions (5) ; et
un appareil de traitement de signal (9) conçu
pour déduire, depuis l’onde électromagnétique
diffusée reçue générée dans la région (5), des
données représentant au moins une caractéris-
tique des composantes Doppler pour chaque ré-
gion, et pour stocker les données déduites pour
chaque région sous forme de données d’image.

12. Système d’imagerie selon la revendication 11, dans
lequel ladite plage de la fréquence de l’onde élec-
tromagnétique d’éclairage s’étend depuis 100 GHz.

13. Système d’imagerie selon la revendication 11 ou 12,
dans lequel la vibration acoustique présente une fré-
quence située dans la plage allant de 10 MHz à 1
GHz.
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