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Description

[0001] The invention relates to the field of imaging. In
particular, the invention relates to an apparatus for im-
aging an object of interest, to a computer-readable me-
dium, and to a program element.

[0002] Severaltechniques exist for diagnostic imaging
of a body part, including ultrasound imaging and fluores-
cence imaging. A major problem in fluorescence imaging
in turbid media (e.g. tissue) is that spatial resolution is
very poor due to strong scattering of both the excitation
light and the emitted fluorescence light. Consequently,
the resolution of conventional optical fluorescence tom-
ography is limited.

[0003] Lack of modulation is another problem that is
encountered when using light (e.g. fluorescence light) as
an imaging tool. It is known to reproduce images by re-
constructionimages created by a combination of acoustic
waves and illumination, see the book "Acousto-optics"
by A. Korpel, Marcel Dekker Inc. 1997. In such methods,
the change of refractive index caused by acoustic waves
is visualized by the effect of the change on refractive
index on incident light. However, the change in index
caused by acoustic waves is small and the image is of
poor quality.

[0004] Another method which allows changes in light
intensity involves modifying the distance between part-
ners of a fluorescence donor/acceptor pair. The donor
molecules absorb excitation light but do not emit fluores-
cence. If a donor is sufficiently close to an acceptor, the
energy is transferred to the acceptor by so-called fluo-
rescence resonance energy transfer (FRET), or more
generally due to direct dipole-dipole interaction, and the
acceptor emits fluorescence. The fluorescence intensity
depends thus on the distance between donor and accep-
tor. Fluorescence resonance energy transfer (FRET) is
a phenomenon which is strongly dependent on the dis-
tance (proportional r6) between donor and acceptor. The
transition from no to very effective energy transfer is very
sharp, i.e. a high-fluorescence modulation can be
achieved. FRET has been used in biological applications
for determining the binding between proteins or to study
membrane structures or to study interactions between
membranes. For those purposes, vesicles were devel-
oped which contain a fluorescence donor and/or acceptor
for FRET (Wong and Groves 2002 Proc. Natl. Acad. USA
99, 14147 - 14152; John et al. 2002 Biophys. J. 83, 1525
- -1534; Leidy et al2001 Biophys.J.80,1819 - 1828).
[0005] Ultrasound micro bubble vesicles comprising
fluorescence groups are known, for instance, from US
6,123,923.

[0006] WO 98/57666 describes a method for generat-
inginformation from a body using visible light with a wave-
length in the range from 600 to 1300 nm. The detected
light signal is affected by ultrasound irradiation which is
focused to ensure that the detected signal derives from
aclearly locatable target zone. Contrast agents are used
that scatter, emit or absorb light in said frequency range

10

15

20

25

30

35

40

45

50

55

in order to enhance image information.

[0007] Itis an object of the invention to enable imaging
of an object of interest with sufficient accuracy.

[0008] Inorderto achieve the object defined above, an
apparatus, a computer-readable medium and a program
element with the features according, to the independent
claims are provided.

[0009] The characterizing features according to the in-
vention particularly have the advantage that an imaging
system is provided which is based on the emission of
multi-frequency ultrasonic waves towards an object of
interest, in combination with the absorption and fluores-
cence of electromagnetic radiation by the object of inter-
est. An emission of ultrasonic waves of different frequen-
cies to different portions of the object has the effect that
a mechanical vibration of the portions of the object of
interestisinduced with a characteristic frequency, where-
in this mechanical oscillation frequency modulates the
emission characteristics of the electromagnetic fluores-
cence radiation of the respective portion. Consequently,
the mechanical vibration state of the different portions of
the object of interest is different which yields different
characteristics of fluorescence radiation of the different
portions. Since different portions of the object of interest
are influenced by ultrasonic waves having different fre-
quencies, the fluorescence signal of the different portions
is modulated accordingly. As a result, a frequency anal-
ysis of the re-emitted electromagnetic fluorescence ra-
diation spectrum allows to distinguish between fluores-
cence contributions originating from the different portions
of the object. Thus, a spatially resolved reproduction of
the physical structure of the object of interest is enabled.
[0010] When material of the object of interest is excited
by primary electromagnetic radiation (e.g. light from the
environment or from a light source), and when portions
of the object of interest are brought into mechanical vi-
bration by ultrasonic waves of different frequencies, then
an electromagnetic fluorescence detection signal is de-
tectable which has encoded an information concerning
the structure of the object of interest. Such information
is included in the ultrasonic modulation frequency and in
the intensity of different contributions of the measured
signal.

[0011] In particular, when ultrasonic waves having dif-
ferent frequencies impinge on different positions of a
sample, then the optical signal re-emitted in response to
previously absorbed excitation radiation, which optical
signal may be detected by an optical detector, has over-
laid frequency components which can be assigned to dif-
ferent positions of the object of interest, thus allowing to
re-calculate unambiguously the structure of the object of
interest.

[0012] One or more donor/acceptor pairs may be pro-
vided on the object of interest, wherein the donor may
be adapted to absorb excitation light, and the acceptor
may be provided to interact with the donor in such a man-
ner that the donor transfers energy to the acceptor so
that the acceptor may emit fluorescence light. This trans-
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fer may depend on the current distance between donor
and acceptor. An energy transfer may be switched on
when the distance is sufficiently small, an energy transfer
may be switched off when the distance is sufficiently
large. When the distance between donor and acceptor
is modulated by the vibration induced by the ultrasonic
sound, then the re-emitted fluorescence signal is modu-
lated accordingly. Thus, the detection signal pattern is
characteristically modified in accordance with the fre-
quency of the ultrasonic waves impinging on a corre-
sponding portion of the object, so that the frequency pat-
tern detected by the detector allows to reconstruct the
(three-dimensional) structure of the object under inves-
tigation.

[0013] The imaging system according to the invention
allows fast parallel imaging with ultrasonic activatable
(e.g. optical) probes. Thus, high resolution (optical) flu-
orescence imaging is enabled. According to an exem-
plary embodiment, micro-bubbles are attached to the ob-
ject of interest, which micro-bubbles are fluorescent only
during exposure to an ultrasonic focus, so that effectively
the size of the ultrasonic focus defines the resolution of
imaging. Since the multi-frequency transducer according
to the invention is capable of emitting ultrasonic waves
having different frequencies, it is dispensable according
to the invention that a given field of view must be scanned
point by point. Consequently, the time needed for the
measurement procedure is significantly reduced. Ac-
cording to the invention, an imaging method is disclosed
which allows to parallelize the imaging process resulting
in a huge reduction of acquisition times.

[0014] One aspect according to the invention is to ap-
ply an arrangement of ultrasonic foci to a field of view
(FOV) simultaneously and to use frequency encoding in
order to attribute optical signals originating from the field
of view to the foci themselves. This is possible, since the
optical fluorescence signal from a specific ultrasonic fo-
cus is modulated with the frequency of the ultrasonic field
at the position at this particular ultrasonic focus.

[0015] Thus, one ormore ultrasonictransducers simul-
taneously emit or emits two or more ultrasonic fields of
distinct frequencies f1, f2, ..., which are designed to form
two or more foci adjacent along an extension direction
of the object under consideration. Each of these foci then
emits an optical fluorescence signal, which is modulated
by the respective ultrasonic frequency. After a detection,
an analysis of the frequency structure of the detection
signals (which analysis can be carried out using a Fourier
transformation) may be performed, allowing to separate
each of these frequency components individually. Due
to a known or easily derivable relation between focus
location and focus frequency (which is controllable by
selecting the ultrasonic transducer geometry and oper-
ation mode), the optical signal components at frequen-
cies f1, f2, ... can be attributed to their source locations.
[0016] Accordingto anexemplary embodiment, alarge
number of foci may be applied acquiring a large portion
of the field of use simultaneously. These foci may be
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arranged in any geometrical pattern, e.g. adjacent along
a line, within a cube or a square, or spatially separated
in a lattice. Generally, the optical detector does not nec-
essarily need to be spatially resolving, because the ul-
trasonic field performs spatial resolution via the frequen-
cy distribution of the emitted ultrasonic waves. However,
using an optical detector having a spatial resolution, any
ultrasonic frequency can be used simultaneously for sev-
eral foci which are further than the distance of the spatial
resolution of the optical detector apart.

[0017] A measurement time speed-up factor achieva-
ble according to the invention depends on the number of
simultaneous ultrasonic foci.

[0018] Theinvention allows to use frequency encoding
to parallelize optical imaging rather than imaging point
by point. An ultrasonic transducer may simultaneously
emit two (or more) ultrasonic fields at distant ultrasonic
frequencies f1 and f2, which may be designed to form
two foci along an axis along which an object of interest
is located. Each of these foci then emits, after having
absorbed primary electromagnetic energy, an electro-
magnetic fluorescence signal, which is modulated by the
respective ultrasonic frequency. After a detection, a Fou-
rier transformation resolves these frequency compo-
nents, which can be attributed to the source locations.
[0019] It is an advantage of the system according to
the invention that a huge speed up of a high resolution
optical fluorescence imaging is achieved. Due to the fre-
quency-resolving parallelization of the imaging process/
scanning of different portions of the object under exam-
ination, no loss of the signal-to-noise ratio results. The
invention has, among others, applications in the field of
molecular imaging, optical imaging of tissue, optical
tracking in turbid media, etc.

[0020] According to an exemplary embodiment, com-
positions and methods for fluorescence imaging, such
as fluorescence tomography are teached. In this context,
theinvention provides a highly parallelized measurement
system which allows, via the use of two, three or more
different frequency values of activating ultrasonic waves,
to distinguish in the optical measurement spectrum be-
tween different parts or portions of the particle to be
measured.

[0021] According to an aspect, used particles may
show a modulation of emitted fluorescence by a contrast
medium by means of changing the distance between flu-
orescence donor and fluorescence acceptor. By chang-
ing the distance, the fluorescence can be turned on, mod-
ulated, or turned off. For each frequency of exciting ul-
trasonic waves, the change of the distance can be con-
trolled individually for each part of the object of interest.
[0022] The invention describes a system for combined
optical ultrasound imaging in the multi-frequency do-
main, wherein ultrasound is used for high spatial resolu-
tion and the fluorescence detection leads to a high sen-
sitivity. The implementation of different ultrasonic wave
frequencies realizes a short measurement time, so that
even a measurement on moving objects can be carried



5 EP 1 865 830 B1 6

out without the danger of motion artefacts.

[0023] The object of interest may be provided with do-
nors and/or acceptors or donor and/or acceptor groups
for energy exchange via FRET.

[0024] An ultrasound field with a plurality of predeter-
mined frequencies can be used to switch the compound
or composition of a particular part of the object of interest
from a non-fluorescence to a fluorescence state, or vice
versa, using for example flexible particles such as vas-
cular flexible particles, for instance micro-bubbles with
fluorescence donors and/or fluorescence acceptors.
[0025] Thus, a particle can be forced to deform or os-
cillate by an ultrasound field of a particular frequency,
which may be focused. This may resultin a characteristic
time-dependent change of the distance between a fluo-
rescence donor and a fluorescence acceptor on orin the
particle or object of interest. According to an exemplary
embodiment, related to FRET, the transition from no (es-
sentially 0%) to very effective (essentially 100%) energy
transfer is very sharp, due to the strong dependence of
the FRET effect on the distance r (proportional to r6).
Thus, a high fluorescence modulation and consequently
a high signal-to-noise ratio can be achieved. Using the
system according to the invention, the spatial resolution
can be limited by the ultrasound focus size which may
be in the order of 1 mm3 or less. This may be three orders
of magnitude or more better than the resolution of con-
ventional optical fluorescence tomography. According to
the invention, this high spatial resolution is combined with
a high time resolution. According to the invention, the
fluorescence can be generated by FRET, but also by
other mechanisms of energy transfer such as excited
state reactions.

[0026] One exemplary application of the invention re-
lates to the provision of an image of a body part or tissue
of an individual having a contrast medium which com-
prises particles comprising a fluorescence donor and/or
a fluorescence acceptor. This may be performed by sub-
jecting the body part or tissue to ultrasound and recording
the modulation in fluorescence light emitted by the con-
trast medium.

[0027] According to the apparatus of the invention
adapted for ultrasound imaging, an ultrasound multi-fre-
quency source and an apparatus forthe detection of emit-
ted fluorescence light is provided. The light emission can
be locally modulated by focussing an ultrasound beam,
correlated with a particular frequency. A reconstruction
unit can be provided for the generation of an image from
detected fluorescence light, implementing a frequency
analysis to separate individual contributions from differ-
ent portions of the object investigated. A control unit may
control the generation of ultrasound and/or recording of
ultrasound with the emission of light by a light source
and/or a detection of light recorded. That control unit may
also control the emission of ultrasonic waves of different
frequencies which are emitted in a manner as to impinge
on different parts of an object of interest.

[0028] In the following, exemplary embodiments ac-
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cording to the invention will be described.

[0029] Next, exemplary embodiments of the apparatus
for imaging an object of interest will be described. How-
ever, these embodiments apply also for the program el-
ement and for the computer-readable medium.

[0030] The ultrasound device of the apparatus is
adapted to emit ultrasonic waves of at least two different
frequencies on at least two different portions of the object
of interest. In other words, the ultrasonic transducer may
be adapted such that both, direction and frequency of
particular mechanical wave packets can be adjusted in-
dividually, so that it is possible to impinge mechanical
waves of different frequency on different foci or portions
of the object of interest.

[0031] Particularly, the ultrasound device is adapted
to emit ultrasonic waves of at least two different frequen-
cies on at least two different portions of the object of
interest concurrently, that is to say in a timely parallel
manner. According to this embodiment, the different foci
of the object of interest which are to be irradiated with
ultrasonic waves of different frequencies, are irradiated
simultaneously, so that fluorescence radiation is also
emitted essentially simultaneously. However, since the
frequency information of the ultrasonic wave is still in-
cluded in the fluorescence radiation, it is possible, by an
appropriate frequency analysis of the detected signals,
to distinguish between signals originating from different
portions of the object of interest.

[0032] The ultrasound device is adapted to emit ultra-
sonic waves of at least two different frequencies on at
least two different portions of an object of interest in such
a manner that electromagnetic fluorescence radiation
emitted by the at least two different portions of the object
of interest is modulated in accordance with the at least
two different frequencies. In other words, by defining a
spatial dependence of the frequency of the ultrasonic
wave field, a spatial dependence of the frequency of the
re-emitted electromagnetic radiation can be adjusted, so
that the modulation frequencies of the detection signal
contributions allow to re-trace from which part of the in-
vestigated volume, that is from which voxel of the object
of interest, the detection signal stems.

[0033] The ultrasound device may be divided into at
least two separate ultrasound sources, wherein each of
the at least two separate ultrasound sources may be
adapted to emit ultrasonic waves of a particular frequen-
cy onto an object of interest. Thus, an array of a plurality
of ultrasound devices may be provided, wherein the dif-
ferent ultrasound sources are capable of emitting differ-
ent ultrasound frequencies and are arranged at a dis-
tance from one another. By the geometry of this arrange-
ment, the foci are defined which are irradiated by the
ultrasonic radiation.

[0034] Still referring to the described embodiment, the
at least two separate ultrasound sources may be ar-
ranged linearly and spaced from one another. By spacing
the at least two separate ultrasound sources and arrang-
ing them in a linear order, a one-dimensional spectrum



7 EP 1 865 830 B1 8

can be taken from the object under consideration. By
moving the linear arrangement of ultrasonic sources
along a direction essentially perpendicular to the ar-
rangement direction of the different ultrasound sources,
a two-dimensional scan of the object of interest can be
performed with a one-dimensional mechanical motion.
[0035] Alternatively, the at least two separate ultra-
sound sources may be arranged in a matrix-like manner
and spaced from one another. By providing a two-dimen-
sional array of the ultrasound sources, moving parts are
completely dispensable for a scan, and a two-dimension-
al measurement can be carried out with a very short
measurementtime. Forinstance, the different ultrasound
sources may be arranged on nodes of a two-dimensional
lattice, thus properly defining the foci of the different ul-
trasound sources.

[0036] The at least two separate ultrasound devices
may be adapted to emit ultrasonic waves of a particular
frequency onto an object of interest in such a manner
that an amplitude and a phase of the emission of ultra-
sonic waves is controllable or adjustable separately for
each of the at least two separate ultrasound sources.
The phase, that is the vibration state, and the amplitude,
thatis the strength or intensity, of the ultrasound can thus
be adjusted individually for each of the ultrasound sourc-
es.

[0037] The ultrasound device may be realized as a sin-
gle ultrasound source adapted to emit ultrasonic waves
of at least two different frequencies in different spatial
directions. According to this embodiment, a single mul-
ti-frequency ultrasound source or transducer is provided
which emits ultrasound waves into different directions
such as to define the different foci of ultrasound waves
impinging on the object of interest. This emission of ul-
trasonic sound to different portions of an object of interest
can be performed simultaneously or sequentially.
[0038] The ultrasound device may be adapted to emit
ultrasonic waves on the object of interest in a manner of
one of the group consisting of a continuous manner, a
modulated manner and a pulsed manner. By emitting
ultrasonic waves in a continuous manner, an intense de-
tection signalis achievable yielding a short measurement
time and a proper statistics. By pulsing the emitted ultra-
sonic waves, the modulation of the emitted fluorescence
radiation is pulsed as well, so that an unambiguous as-
signment of exciting ultrasound and emitted detection
signals is achieved.

[0039] The electromagnetic radiation detector may be
a non-spatially resolving detector. Since it is possible to
distinguish, via the modulation frequencies of the detec-
tion signals, between the spatial origin of the signals, that
is from which portion of an object of interest the detection
signals stem, it is not necessary to have an electromag-
netic radiation detector which is sensitive to spatial infor-
mation. Thus, it is sufficient that the detector resolves
frequency and/or intensity information.

[0040] Alternatively to the described embodiment, the
electromagnetic radiation detector may be a spatially re-
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solving detector, wherein at least two of the separate
ultrasound sources may be adapted to emit ultrasonic
waves of the same frequency onto portions of the object
of interest which are separated from one another by such
a distance that electromagnetic fluorescence radiation
originating from different portions on which ultrasonic
waves of the same frequency impinges is spatially dis-
tinguished by the electromagnetic radiation detector. Ac-
cording to this embodiment, it is possible to hit different
portions of the object of interest at the same time with
ultrasonic waves of the same frequency, since the elec-
tromagnetic radiation detector has, according to this em-
bodiment, also a spatial resolution. Thus, the object of
interest may be divided into segments each having a plu-
rality of the portions, wherein the different portions of a
segment are emitted by ultrasonic waves of different fre-
quencies. The spatial resolution of the detector may then
equal approximately the dimension of a segment, so that
the detector can spatially distinguish between radiation
coming from the different segments. Thus, an undesired
interference of detection signals originating from portions
of the object of interest which have been hit by ultrasonic
waves of the same frequency is securely avoided.
[0041] The electromagnetic radiation detector may be
a frequency resolving detector, that is a detector capable
of distinguishing between signals having different fre-
quencies. Further, itis advantageous that the detector is
capable of timely resolving signals.

[0042] The apparatus may further comprise a recon-
struction unit adapted to reconstruct an image of the ob-
ject of interest based on the detected electromagnetic
fluorescence radiation. Since spatial information is en-
coded in the frequency information, geometrical or struc-
tural information can be reconstructed from the detection
signals.

[0043] The reconstruction unit may particularly be
adapted to reconstruct an image of the object of interest
based on a frequency analysis, particularly on a Fourier
analysis (like a Fourier transformation), of the detected
electromagnetic fluorescence radiation. Such a Fourier
analysis is capable of transforming the frequency spec-
trum into the inverse Fourier space.

[0044] The apparatus may comprise an electromag-
netic radiation source adapted to emit electromagnetic
radiation on the object of interest. As an alternative to
the use of optical radiation, it is also possible to use elec-
tromagnetic radiation having other wavelengths, like in-
frared or ultraviolet radiation. The radiation used depends
on the energy which is needed to force material of a por-
tion of the object of interest to emit fluorescence radiation.
[0045] The electromagnetic radiation source may be
adapted to emit electromagnetic radiation on the object
of interest in a manner of one of the group consisting of
a continuous manner, a modulated manner and a pulsed
manner. The emission scheme of the electromagnetic
radiation source should be synchronized with the emis-
sion scheme of the ultrasonic sound source. However,
the provision of an electromagnetic radiation source it
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optional: alternatively or additionally, it is possible to use
electromagnetic radiation from the environment, for in-
stance daylight.

[0046] Ultrasonic-active micro-bubbles having an op-
tically active donor and an acceptor may be attached to
the object of interest. The donor may absorb electromag-
netic radiation and may transfer the absorbed energy to
the acceptorin such amannerthatfluorescence radiation
is emitted having another frequency than exciting elec-
tromagnetic radiation. The efficiency of the energy trans-
fer process and thus of the emission of electromagnetic
fluorescence radiation depends on the distance between
acceptor and donor. According to the invention, ultrason-
ic radiation is used as a mechanical pressure wave which
modulates the distance between acceptor and donor.
Thus, the emitted fluorescence radiation has a contribu-
tion of the frequency of the ultrasonic source.

[0047] According to an embodiment of the invention,
a two-dimensional matrix of transducers may be provid-
ed, wherein the amplitude and the phase of each trans-
ducer is individually adjustable.

[0048] In order to avoid an undesired overlap of differ-
ent foci, it is possible to arrange the different foci not
directly adjacent to one another, but to arrange them on
nodes of a two-dimensional lattice or a three-dimensional
lattice, wherein the distance between adjacent nodes
may be larger than the dimension of a focus.

[0049] The aspects defined above and further aspects
of the invention are apparent from the examples of em-
bodiment to be described hereinafter and are explained
with reference to these examples of embodiment.
[0050] The invention will be described in more detail
hereinafter with reference to examples of embodiment
but to which the invention is not limited.

[0051] Fig. 1A shows a principle of fluorescence on a
compressed spherical vesicular particle,

[0052] Fig. 1B illustrates an alternative embodiment in
which a particle has a rectangular or rod-like shape,
[0053] Fig. 2 illustrates an array for imaging an object
of interest according to an exemplary embodiment of the
invention,

[0054] Fig. 3 is a schematic block diagram of a com-
puter system for controlling an apparatus for combined
ultrasound and fluorescence imaging according to an
embodiment of the invention,

[0055] Fig. 4 is a schematic illustration of an array for
imaging an object of interest according to another exem-
plary embodiment of the invention,

[0056] Fig. 5 is a diagram illustrating a reconstruction
of animage of an object of interest using the array shown
in Fig. 4,

[0057] Fig. 6 illustrates an array for imaging an object
of interest according to an alternative embodiment of the
invention,

[0058] Fig. 7 illustrates an array for imaging an object
of interest according to a further alternative embodiment
of the invention.

[0059] The illustration in the drawing is schematically.

10

15

20

25

30

35

40

45

50

55

In different drawings, similar or identical elements are
provided with the same reference signs.

[0060] In the following, referring to Fig. 1A, a principle
of fluorescence on a compressed vascular particle will
be described.

[0061] Fig. 1A shows a particle 101 in a first state 100
and in a second state 120. In the first state 100, the par-
ticle 101 (e.g. a vesicle) is shown in a relaxed state: A
donor molecule 102 absorbs energy from excitation light
104, but since the vesicle 101 is in a relaxed state, the
distance between the donor 102 and an acceptor 103
(which is capable of emitting optical fluorescence radia-
tion when provided with energy from the donor 102) is
too large for an efficient energy transfer.

[0062] In contrast to this, in the second state 120, a
compressed or deformed state of the particle 101 is
shown. Herein, the energy from the excitation light 104
is transferred from the donor 102 to the acceptor 103
(see bent arrow 105), and the acceptor 103 emits fluo-
rescence light 106.

[0063] A compression of the particle 101 may be
achieved, according to the invention, by emitting ultra-
sonic waves onto the particle 101 causing the particle
101 to mechanically oscillate, such that a transition be-
tween the relaxed state 100 and the compressed state
120 occurs.

[0064] Fig. 1B shows an alternative embodiment of a
particle 110, namely showing a rectangular particle 110
in a relaxed state and in two different excitation states.

[0065] In the following, referring to Fig. 2, an imaging
array 200 according to an exemplary embodiment of the
invention will be described.

[0066] Particles 211 including fluorescent donors and
acceptors (not shown) have been introduced into an ob-
ject of interest 212 such as a body organ, a body of a
human or animal patient or any other object which is to
be imaged. The apparatus 200 provides an ultrasound
image of the body 212 as well as a fluorescence image
with a contrast determined by the concentration of the
particles 211. For the ultrasound image, a linear ultra-
sound transducer array 201 transmit an ultrasound pulse
of few wave lengths as is used for ordinary B-mode im-
aging.

[0067] Theultrasonictransducer201is adaptedtoemit
ultrasonic waves of different frequencies f1 and f2 to dif-
ferent positions within the object of interest 212. Since
the two particles 211 shown in Fig. 2 are arranged at
different locations within the object of interest 212, ultra-
sonic waves impinging on the two particles 211 have dif-
ferent frequencies f1 and f2. As the pulse travels to the
objectofinterest 212, reflections on internal surfaces pro-
duce an echo signal received by the transducer 201. The
ultrasound receive unit 202 transfers the echo into a
one-dimensional ultrasound image. The ultrasound im-
age reconstruction unit 203 collects one-dimensional ul-
trasound images and calculates a two-dimensional im-
age from it that may be displayed by a display unit 204.
[0068] The fluorescence image is formed parallel to
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this as described in the following. As the ultrasound pulse
traverses the object of interest 212, it causes oscillations
of the particles 211 along its path. Particles 211 which
are hit by ultrasonic waves with the different frequencies
f1 and f2 oscillate accordingly with different frequencies.
[0069] One or more optical excitation sources 207 pro-
vides or provide excitation light 231 with a spectral over-
lap with the absorption spectrum of the donor of the par-
ticles 211 of the object of interest 212.

[0070] The light source 207 can be continuous or
pulsed, e.g. continuous wave, modulated or pulsed with
defined (variable) wavelengths. Acceptors on particles
211 subject to the oscillations produce a fluorescence
signal 214 that is proportional to the local concentration
of the particles 211 along the path of the pulse and which
is modulated by the respective frequency f1 or f2. The
fluorescence light 214 is detected by a photodiode or an
array of photodiodes 208 which are directly attached to
the object of interest 212 in order to collect as much of
the fluorescence light 214 as possible. The diode array
208 may cover as much as possible of the body surface
for the same purpose. The light input of the photodiodes
208 may be equipped with an optical filter that blocks
light having the wavelength defined by the optical exci-
tation source 207 and preferably passes only the fluo-
rescence light so that background radiation is sup-
pressed to avoid a disturbance of the signal.

[0071] The signals detected by the photodiodes 208
may be summed and the summed signal S(t) may be
digitized by an analog/digital converter 209. Since a
meaningful signal can be recorded only during the first
transversal of the ultrasound pulse across the body after
its transmission, the operation of the A/D converter 209
may be gated by the ultrasound generation unit 202 by
means of a gate signal 205. Preferably, the gate signal
205 starts sampling at a time of transmission of the ul-
trasound pulse and stops sampling after the pulse has
either traversed the entire body 212 or after the pulse
has been attenuated so much that no useful signal can
be recorded any more, whatever time is shorter. These
times can be calculated from the size of the body 212
and the attenuation depths of the ultrasound beams. The
optical reconstruction unit 210 transfers the signal S(t)
into a one-dimensional fluorescence image.

[0072] In order to improve the resolution among the
beam path, the signal can be de-convoluted with a pulse
shape of the ultrasound pulse provided by the ultrasound
generation unit 202 on a data connection 206. The optical
image reconstruction unit 210 collects the one-dimen-
sional optical images and calculates a two-dimensional
image from it, that may be displayed by the display unit
204.

[0073] The optical image reconstruction unit 210 per-
forms a frequency analysis, particularly a Fourier trans-
formation, to distinguish between the signals originating
from different particles 211 and being modulated with
different ultrasonic wave frequencies f1 or f2. Thus, a
spatial resolution can be reconstructed due to the knowl-
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edge of the frequencies f1, f2 of the exciting ultrasonic
waves.

[0074] The display unit 204 may either display the ul-
trasound image and the optical image separately or a
combination of both, e.g. a color overlay of the optical
image to the ultrasound image.

[0075] Thus, the imaging array 200 is adapted for im-
aging the object of interest 212 and has the ultrasound
device 201 being adapted to emit ultrasonic waves of two
different frequencies f1, f2 onto the object of interest 212.
The optical detector 208 is adapted to detect fluores-
cence light emitted by the object of interest 212 in re-
sponse to an absorption of light from the light source 207
and in response to the respective ultrasonic waves. The
ultrasound device 201 is adapted as a multi-frequency
ultrasound device and is capable of emitting ultrasonic
waves of the different frequencies 1, f2 towards the two
different portions 211 of the object of interest 212 in such
amanner that the electromagnetic fluorescence radiation
214 emitted by the two different portions 211 of the object
of interest 212 has to two different frequency contribu-
tions. The ultrasound device 201 emits ultrasonic waves
onto the object of interest 212 in such a manner that an
amplitude and a phase of the emission of ultrasonic
waves is controllable separately for the two particles 211.
The ultrasound device 201 emits ultrasonic waves of the
two different frequencies f1, f2 in different spatial direc-
tions as to impinge on the different particles 211. The
electromagnetic radiation detector 208 is a non-spatially
resolving detector, that is the signal contributions origi-
nating from the different particles 211 are separated via
the frequency.

[0076] The optical reconstruction unit210 reconstructs
an image of the object of interest 211 based on the de-
tected electromagnetic fluorescence radiation. For this
purpose, a Fourier analysis of the detected electromag-
netic fluorescence radiation is performed by the optical
reconstruction unit 210. The particles 211 having FRET
donors and acceptors can be realized as shown in Fig.
1A orin Fig. 1B.

[0077] Fig. 3 depicts an exemplary embodiment of a
data processing device 300 according to the present in-
vention for executing an exemplary embodiment of a
method in accordance with the present invention. The
data processing device 300 depicted in Fig. 3 comprises
a central processing unit (CPU) or image processor 301
connected to a memory 302 for storing an image depict-
ing an object of interest, such as a patient. The data proc-
essor 301 may be connected to a plurality of input/output
network or diagnosis services, such as an apparatus for
imaging an object of interest. The data processor 301
may furthermore be connected to a display unit 303, for
example a computer monitor, for displaying information
on an image computed or adapted in the data processor
301. An operator or user may interact with the data proc-
essor 301 via a keyboard 304 and/or other output devic-
es, which are not depicted in Fig. 3. Furthermore, via the
bus system 305, it is also possible to connect the image
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processing control processor 301 to, for example, a mo-
tion monitor, which monitors a motion of the object of
interest. In case, for example, a lung of a patient is im-
aged, the motion sensor may be an exhalation sensor.
In case the heart is imaged, the motion sensor may be
an electrocardiogram (ECG).

[0078] Exemplary technical fields, in which the inven-
tion may be applied advantageously, include medical ap-
plications, material testing, and material science. An im-
proved image quality and a reduced amount of calcula-
tions in combination with a low effort may be achieved.
Also, the invention can be applied in the field of heart
scanning to detect heart diseases.

[0079] In the following, referring to Fig. 4, an imaging
array 400 according to another exemplary embodiment
of the invention will be described.

[0080] The imaging array 400 for imaging an object of
interest comprises a first portion 401 located at a position
x1 along an extension direction 403 and a second portion
402 located at a position x2 along the extension direction
403. The apparatus 400 comprises a multi-frequency ul-
trasound device 404 which is capable of emitting ultra-
sonic waves 405 of two different frequencies f1 and f2
onto the portions 401, 402 of the object under examina-
tion. In more detail, ultrasonic waves 405 having a fre-
quency f1 are directed to the first portion 401, and ultra-
sonic waves 405 having a second frequency f2 are di-
rected onto the second portion 402. Further, the appa-
ratus 400 comprises an electromagnetic radiation detec-
tor 406 which is capable of detecting electromagnetic
fluorescence radiation 407 emitted by the first and the
second portions 401, 402 of the object of interest in re-
sponse to the absorption of primary electromagnetic ra-
diation emitted by an electromagnetic radiation source
408 and in response to the ultrasonic waves 405. The
electromagnetic radiation source 408 is provided which
emits electromagnetic radiation 409 onto the first portion
401 and onto the second portion 402.

[0081] Although not shown in Fig. 4, the first and sec-
ond portions 401, 402 of the object of interest are pro-
vided with acceptors and donors in a manner shown in
Fig. 1A, so that the ultrasonic waves 405 cause a defor-
mation/oscillation of particles having such acceptors and
donors, which results in a modulation of the re-emitted
fluorescence radiation.

[0082] Electromagnetic radiation from the electromag-
netic radiation source 408 is generated with such a wave-
length that it is possible in a particular compression state
of the particles attached to the first and second portions
401, 402 to absorb the electromagnetic radiation 409.
When the compression state caused by the ultrasonic
waves 405 in the first or the second portion 401, 402 is
such that the distance between donors and acceptors is
sufficiently small (i.e. in a particular mechanical vibration
phase state), then an energy transfer from the donor to
the acceptor is possible which causes the acceptor to
re-emit fluorescence radiation 407. This fluorescence ra-
diation 407 carries a fingerprint of the respective frequen-
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cy f1 or f2 of the ultrasonic waves 405 impinging on a
particular one of the portions 401, 402. Thus, the detec-
tion signals detected by the electromagneticradiation de-
tector 406 has characteristic frequency contributions in
correspondence with the ultrasonic frequencies 1,2, so
that a Fourier analysis of the detection spectrum allows
to reconstruct the spatial distribution of the portions 401,
402 of the object of interest.

[0083] As shown in Fig. 4, the ultrasound device 404
is adapted to emit ultrasonic waves of the two different
frequencies f1, f2 on the two different portions 401, 402
of the object of interest concurrently, that is to say simul-
taneously. Since the mechanical frequency with which
the particles of the portions 401, 402 oscillate depends
on the exciting ultrasonic waves, the fluorescence radi-
ation has different frequency contributions.

[0084] The ultrasound device 404 is realized as a sin-
gle ultrasound source which is adapted to emit ultrasonic
waves of the two different frequencies f1, f2 in different
spatial directions such as to impinge a particular one of
the portions 401, 402 at positions x1 and x2.

[0085] A reconstruction unit 410 which is coupled to
an output of the electromagnetic radiation detector 406
reconstructs the image of the object of interest, that is to
say a position of the portions 401, 402 based on a Fourier
transformation of the detected electromagnetic fluores-
cence radiation. These data are provided to a display
device 411 for displaying the reconstructed image.
[0086] Thus, Fig. 4 illustrates a principle of using fre-
quency encoding to parallelize optical imaging rather
than imaging point by point. The ultrasonic transducer
404 simultaneously emits two ultrasonic fields at distant
frequencies f1 and 2, which are designed to form two
foci adjacent along the axis 403. Each of these foci then
emits an optical fluorescence signal 407 which is modu-
lated by the respective ultrasonic frequency f1 or f2. After
optical detection by the electromagnetic radiation detec-
tor 406, a Fourier transformation performed in the recon-
struction unit 410 resolves these frequency components
which can be attributed to their source locations x1 and
x2, as shown in Fig. 5.

[0087] Fig. 5 shows a diagram 500 having an abscissa
501 along which the modulation frequency f is shown.
Along an ordinate 502, the intensity of the optical signal
(which is proportional to the amount of material provided
with particles and located at a particular position x along
the axis 403 is shown. Thus, the shape of the detection
signals shown in Fig. 5 is a mapping of the material dis-
tribution along the x-axis 403. The intensity along the
ordinate 502 is a mapping of the z-direction 412 shown
in Fig. 4.

[0088] In the following, referring to Fig. 6, an imaging
array 600 according to another exemplary embodiment
of the invention will be described.

[0089] An object of interest 212 to be imaged is ar-
ranged on a mounting table 601. The object of interest
212 is divided (virtually) into first to seventh portions 602
to 608. An ultrasound transducer 609 is provided for gen-
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erating ultrasound waves 405 which impinge on the dif-
ferent portions 602 to 608 of the object of interest 212.
Each portion 602 to 608 is irradiated by a particular fre-
quency f1 to f7 of ultrasonic waves, each generated by
a particular one of first to seventh transducer sources
61110 617.

[0090] An electromagnetic radiation source 409 gen-
erates essentially monochromatic excitation radiation
409 which impinges on all of the portions 602 to 608. All
portions 602 to 608 of the object of interest 212 are pro-
vided with donors and acceptors located in a particular
distance from one another. This distance is modulated
by the mechanical oscillations generated by the first to
seventh transducer sources 611 to 617, so that in a par-
ticular compression state of the mechanically oscillating
particles, a distance between donor and acceptor is suf-
ficiently small to allow an energy transfer from absorbed
electromagnetic radiation 409 absorbed by a donor to an
acceptor to generate fluorescence light 407. In another
particular compression state of the mechanically oscil-
lating particles, a distance between donor and acceptor
is to large to allow an energy transfer from absorbed elec-
tromagnetic radiation 409 absorbed by a donor to an ac-
ceptor so that no fluorescence light 407 is generated in
this state.

[0091] Generated fluorescence light 407 is detected
by a non-spatially resolving electromagnetic radiation de-
tector 610. However, the fluorescence signals of the dif-
ferent portions 601 to 608 are separable by the different
modulation frequencies f1 to f7. In a reconstruction unit
410, a Fourier analysis is performed to separate the dif-
ferent frequency contributions and to reconstruct an im-
age which is displayed on a display device 411.

[0092] In the following, referring to Fig. 7, an imaging
array 700 according to an alternative embodiment of the
invention will be described.

[0093] Theimaging array 700 differs from the imaging
array 600 inthat an ultrasound transducer 701 is provided
having six different ultrasonic sources which are ar-
ranged linearly and which are adapted to emit ultrasonic
waves having the frequency f1 or f2 (see Fig. 7). The
object of interest 212 is divided (virtually) into six portions
602 to 607, wherein a first portion 602 and a second
portion 603 form a first segment 702, a third portion 604
and a forth portion 605 form a second segment 703, and
a fifth portion 606 and a six portion 607 form a third seg-
ment 704. Different portions within a single one of the
segments are irradiated with ultrasonic waves having dif-
ferent frequencies. However, different portions of differ-
ent segments may be irradiated with identical ultrasonic
frequencies.

[0094] According to the embodiment shown in Fig. 7,
the detector 708 is realized as a spatially resolving elec-
tromagnetic radiation detector 708 capable of spatially
distinguishing between fluorescence radiation 704 orig-
inating from the three segments 702 to 704. In more de-
tail, fluorescence radiation 704 originating from the first
segment 702 is detected geometrically by a first detector
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portion 705, radiation coming from the second segment
703 is detected geometrically by a second detector por-
tion 706, and radiation originating from the third segment
704 is detected by a third detector portion 707. The output
of the detector 708 is provided to a reconstruction unit
410, wherein the results, that is the image to be repro-
duced, is displayed on the display 411.

[0095] Withina particular segment 702 to 704, different
portions 602 to 607 of the object of interest 212 are irra-
diated with ultrasonic waves having different frequen-
cies. However, according to the spatial resolution of the
detector 708, it is possible to use only two ultrasonic fre-
quencies f1, f2.

[0096] In the following, exemplary embodiments of
particles having donors and acceptors will be described.
[0097] A donor or an acceptor can be any of a mole-
cule, a group of molecules, a complex of the types and
examples of donors and acceptors being referred to in
the present invention.

[0098] The particles may be deformable orflexible. The
particles may be globular particles such as vesicles.
"Vesicle" refers to an entity which generally has one or
more walls or membranes which form one or more inter-
nal voids. Vesicles may be formulated, for example, from
a stabilizing material such as a lipid, a protein, a polymer,
a surfactant and/or a carbohydrate. The lipids, proteins,
polymers, surfactants and/or other vesicle forming sta-
bilizing material may be natural, synthetic or semi-syn-
thetic. The walls or membranes may be concentric or
otherwise. The stabilizing compounds may be in the form
of one or more monolayer or bilayer. In the case of more
than one monolayer or bilayer, the monolayers or bilayers
may be concentric. Stabilizing compounds may be used
to form a unilamellar vesicle (comprised of one monol-
ayer or bilayer), an oligolamellar vesicle (comprised of
about two or about three monolayers or bilayers) or a
multilamellar vesicle (comprised of more than about three
monolayers or bilayers). The walls or membranes of ves-
icles may be substantially solid (uniform), or they may be
porous or semi-porous. The internal void of the vesicles
may be filled with a wide variety of liquid, gases or solid
materials (or combinations thereof) including, for exam-
ple, water, oils, fluorinated oils, gases, gases precursors,
liquids, and fluorinated liquids, if desired, and/or other
materials. The vesicles may also comprise a photoactive
agent, a bioactive or pharmaceutical compound and/or
a targeting ligand, if desired.

[0099] Globular particles which are particles suitable
for use with the invention are preferably biocompatible
and/or highly compressable or expendable. Examples
are micro-bubbles. These can be small, 3 to 5 pm diam-
eter, gas filled spheres that provide their enhancement
through several mechanisms linked to their high com-
pressibility when exposed to an ultrasonic pressure field
(see De Jong, N et al. in Ultrasonics, 1996, 34 (2 to 5):
pp.587t0590; Moran, CM etal. in Ultrasound in Medicine
& Biology, 2002, 28 (6): pp. 785 to 791. Ultrasound con-
trast agents available are for instance Definity™, market-
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ed by Bristol-Myers-Squibb and developed by Unger at
ImaRX, consists of 1.1 to 3.3 micron diameter spheres
with a lipid shell and octafluoropropane gas interior. Op-
tison™, marketed by Amersham and originally developed
by Mallinckrodt, contains spheres with diameters ranging
from 2 to 4.5 microns, albumin shells, and containing
octafluoropropane gas. Albunex™, also marketed by Am-
ersham, is a first generation agent similar to Optison™,
but containing room air. Sonovue™ , marketed by Bracco,
is a phospholipid coated sulphur hexafluoride micro-bub-
ble with a mean size of 2.5 microns. Echovist™ and Lev-
ovist™, marketed by Schering, have been in use for some
time and consist of sugar stabilized room air micro-bub-
bles with less controlled size distributions (larger than 5
pm).

[0100] The physical mechanism for ultrasound con-
trast involves the high compressibility of the gas within
the bubble and the physical size of the bubble (de Jong
cited supra; Harvey, CJ et al. in Advances in Ultrasound,
Clinical Radiology, 2002, 57 (3), pp. 157 to 177, Callida,
F et al. in Ultrasound contrast agents: Basic principles,
European Journal of Radiology, 1998, 27 (2): pp. 157 to
160. At diagnostic imaging frequencies, the micro-bub-
bles can undergo oscillations that are many multiples of
the resting diameters. This effect is especially exagger-
ated near the resonance of the gas bubble. By careful
choice of the gas within the micro-bubble and the elastic
characteristics of the shell material, the stability of the
bubble and this contrast effect can be manipulated.
[0101] Also liposomes are potentially useful contrast
agents for ultrasound imaging. Liposomes have been
used for more than 25 years as a potential mechanism
for drug delivery. Most liposomes are not echogenic, con-
sisting primarily of fat. Usually liposomes consist of
non-gaseous, multi-lamellar acoustically reflective lipids
(Demos, S et al., Journal of the American College of Car-
diology, 1999, 33: pp. 867 to 875). These liposomes are
characterized by the presence of many small and irreg-
ularly shaped vesicles arranged in a "raspberry-like" ap-
pearance. The liposomes are typically smaller than 1 mi-
cron in diameter. The usage of liposomes results in an
enhanced appearance in ultrasound imaging due to scat-
tering process. Liposomes however have a low stability
and half-life and no major mechanical resonance is con-
nected with liposomes.

[0102] Accordingto another embodiment, the particles
are micellar. Micelle refers to a colloidal entity formulated
from lipids. In exemplary embodiments, miscelles com-
prise a monolayer, bilayer or hexagonal H Il phase struc-
ture, see US 6,033,645.

[0103] Particles with other shapes than globular
shapes can be deformed via ultrasound in order to
change the distance between fluorescence donor and
acceptor molecules which are present on the particle.
Non-globular particles which are suitable for use with the
invention are rod-like or Y-shaped, tubular or rectangular.
[0104] According to another embodiment the particles
are aerogels. Aerogels refers to generally spherical or
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spheroidal entities which are characterized by plurality
of small internal voids, see US 6,106,474. The aerogels
may be formulated from synthetic materials (for example,
a foam prepared from baking resorcinol and formalde-
hyde), as well as natural materials, such a carbohydrates
(polysaccharides) or proteins.

[0105] Accordingto another embodiment, the particles
are clathrates. Clathrate refers to a solid, semi-porous or
porous particle which may be associated with vesicles.
In an exemplary form, the clathrates may form a cage-
like structure containing cavities which comprise one or
more vesicles bound to the clathrate, if desired. A stabi-
lizing material may, if desired, be associated with the
clathrate to promote the association of the vesicle with
the clathrate. Clathrates may be formulated from, for ex-
ample, porous apatites, such as calcium hydroxyapatite,
and precipitates of polymers and metal ions, such as al-
ginic acids precipitated with calcium salts, see US
5,086,620.

[0106] Inaccordance with a method of using the inven-
tion, the particles are subjected to an ultrasound field,
resulting in a deformation and/or oscillation of the parti-
cles. Ultrasonic waves are longitudinal compression
waves. For longitudinal waves, the displacement of the
particles in the medium is parallel to the direction of wave
motion as opposed to transfer waves for which the dis-
placement is perpendicular to the direction of propaga-
tion. Ultrasound particularly refers to any frequency at
the high end or above the audible spectrum of the human
ear (20 Hz to 20 kHz). Medical imaging uses typical fre-
quencies of about 2.5 MHz. According to the present in-
vention, lower or higher frequencies can be selected as
desired, depending on the type of tissue being examined
in the type of particles being used. A commonly used
parameter in ultrasound imaging is the mechanical index
(=peak refractional or negative pressure divided by the
square root of the ultrasound frequency). The mechanical
index is related to the peak negative pressure inthe tissue
and thus relates to the stiffness of the particles which can
be used and still provide enough deformation to achieve
an effect used in embodiments of the invention. Clinical
values of the MI are between 1 and 2. In a particular
embodiment, globular particles can be compressed in
volume by a factor of between at least 5, to about 10, 25,
50 or 100, in order to bring fluorescence donor and ac-
ceptor molecules into each other’s proximity. In another
particularembodiment, globular particles can be expend-
ed in volume by a factor of between at least 5, to about
10, 25, 50, or 100, in order to move donor and acceptor
molecules away from each other.

[0107] According to an embodiment the fluorescence
donors and acceptors on the particles may exchange en-
ergy via FRET (fluorescence resonance energy transfer).
FRET is the transfer of the excited state energy from a
donor to an acceptor, and can occur when the emission
spectrum of a donor fluorophore overlaps the absorption
spectrum of the acceptor fluorophore. Thus, by exciting
at the absorption maximum of the donor and monitoring
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the emission at the long wavelength side of the acceptor
fluorophore, it is possible to monitor only donor and ac-
ceptor molecules that are bound and reside within a cer-
tain distance.

[0108] Examples of useful donor-acceptor pairs in-
clude NBD (thatis N-(7-nitrobenz-2-oxa-1,3-diacol-4-yl))
to rhodamine, NBD to fluoroscein to eosin or erythrosine,
dansyl to rhodamine, and acridine orange to rhodamine.
Examples of suitable commercially available labels ca-
pable of exhibiting FRET include fluoroscein to tetrame-
thylrhodamine, 4,4-difluoro-5,7-dimethyl-4-bora-3a,4a-
diaza-s-indacene-3-propionic acid, succinimidyl ester,
which is commercially available, for instance under the
trade destination BODIPY FL from Molecular Probes (Eu-
gene, Oregon) to 4,4-difluoro-5-phenyl-4-bora-3a,4a-di-
aza-sindacene-3-propionicacid, succinimidyl ester,
which is commercially available, for instance under the
trade destination BODIPY R6G from Molecular Probes,
Cy3.5 monofunctional NHS-ester to Cy5.5 monofunc-
tional NHS-ester, Cy3 monofunctional NHS-ester to Cy5
monofunctional NHS-ester, and Cy5 monofunctional
NHS-ester to Cy7 monofunctional NHS-ester, all of which
are commercially available from Amersham Biosciences
(Buckinghamshire, England), and ALEXA FLUOR 555
carboxylic acid, succinimidyl esterto ALEXA FLUOR 647
carboxylic acid, succinimidyl ester, which are commer-
cially available from Molecular Probes.

[0109] Other examples of molecules that are used in
FRET include the fluorescein derivates such as 5-car-
boxyfluorescein (5-FAM), 6-carboxyfluorescein (6-
FAM), fluorescein-5-isothiocyanate (FITC), 2'7’-dimeth-
oxy-4’5’-difluoro-6-carboxyfluorescein (JOE), rhodam-
ine derivates such as N,N,N’,N’-tetramethyl-6-carbox-
yrhodamine (TAMRA), 6-carboxyrhodamine (R6G), te-
tramethyl-indocarbocyanine (Cy3), tetramethylbenzin-
docarbocyanine (Cy3.5), tetramethyl-indodicarbocya-
nine (Cy5), tetramethylindotricarbocyanine (Cy7), 6-car-
boxy-X-rhodamine (ROX), hexachlorofluorescein (HEX),
tetrachlorofluorescein TET, R-phycoerythrin, 4-(4'-
dimethylaminophenylaz-o) benzoic acids (DABCYL),
and 5-(2’-aminoethyl)aminonaphtalene-1-sulfonic acid
(EDANS).

[0110] Further FRET donor and acceptor molecules
which are particular suitable for use with the present in-
vention are fluorescent proteins, e.g. dsRed, GFP (Green
Fluorescent Protein) or its variants EYFP (Enhanced Yel-
low Fluorescent Protein), ECFP (Enhanced Cyan Fluo-
rescent Protein), EBFP (Enhanced Blue Fluorescent
Protein).

[0111] The fluorescence donor and acceptor pairs for
FRET can be localized on the outside of a particle, on
the inside of a particle or can be embedded in the particle
membrane or particle shell. In particular embodiments,
the donoris on the inside of the particle while the acceptor
is on the outside or in the wall of the particle or the like.
The fluorescence donor and acceptor pairs for energy
exchange via FRET can be covalently bound to the par-
ticle or can be reversible bound to the particle via ionic
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interactions or via hydrophilic binding. In particular em-
bodiments, the donor and the acceptor are on the inside
or on the outside of the particle. The compression and
extension of such a bubble brings donor and acceptor
respectively into each other's proximity, or separates
them from each other.

[0112] In a particular embodiment, the fluorescence
donor and acceptor molecules are covalently bound to
the ultrasonic particles or to the compounds used for the
manufacture of the compounds. In an other embodiment,
the fluorescence donor and acceptor do not reside on
the ultrasonic particle. For example, donor and/or accep-
tor molecules may be injected whereafter the bubbles
take up the dye in the tissue. It is also possible, to inject
quenchers or the like. All these chemicals may react with
the tissue either to become active or inactive.

[0113] In an other embodiment, the fluorescence ac-
ceptor and/or donor binds weakly to the ultrasound par-
ticle.

[0114] Ina particular embodiment, the particles further
comprise additional compounds or agents such as com-
pounds or agents for targeting the complete particle to a
tissue or a cell type for example via tissue or cell-specific
bioagents, for example monoclonal or polyclonal anti-
bodies. An example hereofis a particle having antibodies
to a bacterium or avirus, allowing a sensitive and specific
detection of infections using ultrasound.

[0115] It should be noted that the term "comprising"
does not exclude other elements or steps and the "a" or
"an" does not exclude a plurality. Also elements de-
scribed in association with different embodiments may
be combined.

[0116] It should also be noted that reference signs in
the claims shall not be construed as limiting the scope
of the claims.

LIST OF REFERENCE:
[0117]

100 first state

101 spherical particle

102 donor

103 acceptor

104 excitation light

105 bent arrow

106 acceptor fluorescence
120 second state

130 rectangular particle

200 imaging array

201 ultrasonic transducer
202 ultrasonic generator

203 image reconstruction unit
204 display unit

205 gating signal

206 ultrasonic envelope signal
207 optical excitation source
208 fluorescence detector
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209 analog/digital converter

210 optical reconstructor

211 particles with FRET donors and acceptors
212 object of interest

213 optical excitation light

214 fluorescence light

300 data processing device

301 central processing unit

302 memory

303 display device

304 keyboard

305 bus system

400 imaging array

401 first portion

402 second portion

403 extension direction

404 multi-frequency ultrasound device
405 ultrasonic waves

406 electromagnetic radiation detector
407 electromagnetic fluorescence radiation
408 electromagnetic radiation source
409 electromagnetic radiation

410 reconstruction unit

411 display device

412 z-direction

500 diagram

501 abscissa

502 ordinate

600 imaging array

601 mounting table

602 first portion

603 second portion

604 third portion

605 forth portion

606 fifth portion

607 sixth portion

608 seventh portion

609 ultrasound transducer

610 non-spatially resolving electromagnetic radia-
tion detector

611 first transducer source

612 second transducer source

613 third transducer source

614 forth transducer source

615 fifth transducer source

616 sixth transducer source

617 seventh transducer source

700 imaging array

701 ultrasound transducer

702 first segment

703 second segment

704 third segment

705 first detector portion

706 second detector portion

707 third detector portion

708 spatially resolving electromagnetic radiation de-
tector
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Claims

An apparatus for imaging an object of interest (401,
402), the apparatus comprising an ultrasound device
and an electromagnetic radiation detector; wherein
characterized in that

the ultrasound device (404) is adapted to concur-
rently emit ultrasonic waves (405) of at least two dif-
ferent frequencies on at least two different portions
(401, 402) of the object of interest;

the electromagnetic radiation detector (406) is
adapted to detect electromagnetic fluorescence ra-
diation (407) emitted by the object of interest (401,
402) in response to an absorption of primary elec-
tromagnetic radiation and in response to the ultra-
sonic waves (405);

the at least two different frequencies are provided in
different spatial directions to impinge on a particular
one ofthe atleast two portions such that each portion
is irradiated by a particular frequency of ultrasonic
waves;

the ultrasonic waves are emitted such that the at
least two different portions (401, 402) of the object
are irradiated simultaneously and in such a manner
that electromagnetic fluorescence radiation (407)
emitted by the at least two different portions (401,
402) of the object of interest is modulated with the
respective one of the at least two different frequen-
cies.

The apparatus according to claim 1, wherein the ul-
trasound device (404) is adapted to emit the ultra-
sonic waves (405) of the at least two different fre-
quencies on the at least two different portions (401,
402) of the object of interest in such a manner that
adjacent ones of the portions (401, 402) are spaced
from one another by a predetermined distance and
that a region between adjacent portions is free from
an irradiation with ultrasonic waves (405).

The apparatus according to claim 2, wherein the ul-
trasound device (404) is adapted to emit the ultra-
sonic waves (405) in such a manner that the at least
two different portions (401, 402) being irradiated by
ultrasonic waves (405) are arranged to form a two-
dimensional lattice or a three-dimensional lattice.

The apparatus according to claim 1, wherein the ul-
trasound device (609) is divided into atleast two sep-
arate ultrasound sources (611 to 617), wherein each
of the at least two separate ultrasound sources (611
to 617) is adapted to emit ultrasonic waves (405) of
a particular frequency onto the object of interest
(212).

The apparatus according to claim 4, wherein the at
least two separate ultrasound sources (611 to 617)
are arranged linearly.
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The apparatus according to claim 4, wherein the at
least two separate ultrasound sources (611 to 617)
are arranged in a matrix-like manner.

The apparatus according to claim 4, wherein the at
least two separate ultrasound sources (611 to 617)
are adapted to emit ultrasonic waves (405) of a par-
ticular frequency onto the object of interest (212) in
such a manner that an amplitude and a phase of the
emission of ultrasonic waves (405) is adjustable sep-
arately for each of the at least two separate ultra-
sound sources (611 to 617).

The apparatus according to claim 1, wherein the ul-
trasound device (404) is realized as a single ultra-
sound source adapted to emitultrasonicwaves (405)
of atleast two different frequencies in different spatial
directions.

The apparatus according to claim 1, wherein the ul-
trasound device (404) is adapted to the emit ultra-
sonicwaves (405) on the object of interest (401, 402)
in one of the group consisting of a continuous man-
ner, a modulated manner and a pulsed manner.

The apparatus according to claim 1, wherein the
electromagnetic radiation detector (610) is a non-
spatially resolving detector.

The apparatus according to claim 4, wherein the
electromagnetic radiation detector (708) is a spatial-
ly resolving detector, wherein at least two of the sep-
arate ultrasound sources (611; 612) are adapted to
emit ultrasonic waves (405) of the same frequency
onto portions (602 to 607) of the object of interest
(212) which are separated from one another by such
a distance that electromagnetic fluorescence radia-
tion originating from different portions (602 to 607)
on which ultrasonic waves (405) of the same fre-
quency impinges is spatially distinguished by the
electromagnetic radiation detector (708).

The apparatus according to claim 1, wherein the
electromagnetic radiation detector (406) is a fre-
quency resolving detector.

The apparatus according to claim 1, comprising a
reconstruction unit (410) adapted to reconstruct an
image of the object of interest (401, 402) based on
the detected electromagnetic fluorescence radiation
(407).

The apparatus according to claim 13, wherein the
reconstruction unit (410) is adapted to reconstruct
an image of the object of interest (401, 402) based
on a frequency analysis of the detected electromag-
netic fluorescence radiation (407).
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The apparatus according to claim 13, wherein the
reconstruction unit (410) is adapted to reconstruct
an image of the object of interest (401, 402) based
on aFourieranalysis ofthe detected electromagnetic
fluorescence radiation (407).

The apparatus according to claim 1, comprising an
electromagnetic radiation source (408) adapted to
emit the primary electromagnetic radiation (409) on
the object of interest (401, 402).

The apparatus according to claim 16, wherein the
electromagnetic radiation source (408) is adapted to
emit essentially monochromatic electromagnetic ra-
diation on the object of interest (401, 402).

The apparatus according to claim 16, wherein the
electromagnetic radiation source (408) is adapted to
emit optical light on the object of interest (401, 402).

The apparatus according to claim 16, wherein the
electromagnetic radiation source (408) is adapted to
emit electromagnetic radiation on the object of inter-
est (401, 402) in a manner of the group consisting
of a continuous manner, a modulated manner and a
pulsed manner.

A computer-readable medium, in which a computer
program for imaging an object of interest (401, 402)
is stored which, when being executed by a processor
(301), is adapted to control the following method
steps:

emitting ultrasonic waves (405) of at least two
different frequencies onto the object of interest
(401, 402);

detecting electromagnetic fluorescence radia-
tion (407) emitted by the object of interest (401,
402) in response to an absorption of primary
electromagnetic radiation and in response to the
ultrasonic waves (405);

wherein the ultrasonic waves (405) of at least
two different frequencies are concurrently emit-
ted on at least two different portions (401, 402)
of the object of interest, wherein the at least two
different frequencies are provided in different
spatial directions to impinge on a particular one
ofthe atleasttwo portions such that each portion
is irradiated by a particular frequency of ultra-
sonic waves; and

wherein the ultrasonic waves are emitted such
that the at least two different portions (401, 402)
of the object are irradiated simultaneously and
in such a manner that electromagnetic fluores-
cence radiation (407) emitted by the at least two
different portions (401, 402) of the object of in-
terest is modulated with the respective one of
the at least two different frequencies.
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21. A program element for imaging an object of interest

(401, 402), which, when being executed by a proc-
essor (301), is adapted to control an emission of ul-
trasonic waves (405) of at least two different frequen-
cies onto the object of interest (401, 402); and to
control detection of electromagnetic fluorescence ra-
diation (407) emitted by the object of interest (401,
402) in response to an absorption of primary elec-
tromagnetic radiation and in response to the ultra-
sonic waves (405);

wherein the ultrasonic waves (405) of at least two
different frequencies are concurrently emitted on at
least two different portions (401, 402) of the object
of interest, wherein the at least two different frequen-
cies are provided in different spatial directions to im-
pinge on a particular one of the at least two portions
such that each portion is irradiated by a particular
frequency of ultrasonic waves; and

wherein the ultrasonic waves are emitted such that
the at least two different portions (401, 402) of the
object are irradiated simultaneously and in such a
manner that electromagnetic fluorescence radiation
(407) emitted by the at least two different portions
(401, 402) of the object of interest is modulated with
the respective one of the at least two different fre-
quencies.

Patentanspriiche

1.

Anordnung zum Abbilden eines interessierenden
Objekts (401, 402), wobei die Anordnung eine Ultra-
schalleinrichtung und einen Detektor fiir elektroma-
gnetische Strahlung umfasst,

wobei die Ultraschalleinrichtung (404) fiir das gleich-
zeitige Aussenden von Ultraschallwellen (405) mit
zumindest zwei unterschiedlichen Frequenzen auf
zumindest zwei unterschiedliche Teilstiicke (401,
402) des interessierenden Objekts ausgelegt ist,
wobei der Detektor fiir elektromagnetische Strah-
lung (406) fiir das Detektieren von als Reaktion auf
die Absorption von primarer elektromagnetischer
Strahlung und als Reaktion auf Ultraschallwellen
(405) von dem interessierenden Objekt (401, 402)
ausgesendeter elektromagnetischer Fluoreszenz-
strahlung (407) ausgelegt ist,

dadurch gekennzeichnet, dass die Ultraschallein-
richtung (404) fiir das gleichzeitige Aussenden von
Ultraschallwellen (405) mit zumindest zwei unter-
schiedlichen Frequenzen auf zumindest zwei unter-
schiedliche Teilstlicke (401, 402) des interessieren-
den Objekts ausgelegt ist, wobei die zumindest zwei
unterschiedlichen Frequenzen in unterschiedlichen
raumlichen Richtungen verlaufen, so dass sie auf
ein bestimmtes der zumindest zwei Teilstlicke tref-
fen, so dass jedes Teilstlick von einer bestimmten
Ultraschallwellenfrequenz bestrahlt wird,

die Ultraschallwellen derart ausgesendet werden,
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dass die zumindest zwei unterschiedlichen Teilstik-
ke (401, 402) des Objekts gleichzeitig bestrahlt wer-
den, und derart, dass die von den zumindest zwei
unterschiedlichen Teilstiicken (401, 402) des inter-
essierenden Objekts ausgesendete elektromagne-
tische Fluoreszenzstrahlung (407) mit der entspre-
chenden der zumindest zwei unterschiedlichen Fre-
quenzen moduliert wird.

Anordnung nach Anspruch 1, wobei die Ultraschal-
leinrichtung (404) fir das Aussenden der Ultraschall-
wellen (405) mit den zumindest zwei unterschiedli-
chen Frequenzen auf die zumindest zwei unter-
schiedlichen Teilstlicke (401, 402) des interessie-
renden Objekts ausgelegt ist, so dass nebeneinan-
derliegende Teilstiicke (401, 402) einen vorbe-
stimmten Abstand voneinander haben und dass eine
zwischen nebeneinanderliegenden Teilstlicken be-
findliche Region frei von einer Bestrahlung mit Ultra-
schallwellen (405) ist.

Anordnung nach Anspruch 2, wobei die Ultraschal-
leinrichtung (404) fir das Aussenden der Ultraschall-
wellen (405) derart ausgelegt ist, dass die zumindest
zwei unterschiedlichen, mit Ultraschallwellen (405)
bestrahlten Teilstlicke (401, 402) so angeordnet
sind, dass sie ein zweidimensionales Gitter oder ein
dreidimensionales Gitter bilden.

Anordnung nach Anspruch 1, wobei die Ultraschal-
leinrichtung (609) in zumindest zwei getrennte Ultra-
schallquellen (611 bis 617) unterteilt ist, wobei jede
der zumindest zwei getrennten Ultraschallquellen
(611 bis 617) fir das Aussenden von Ultraschallwel-
len (405) mit einer bestimmten Frequenz auf das in-
teressierende Objekt (212) ausgelegt ist.

Anordnung nach Anspruch 4, wobei die zumindest
zwei getrennten Ultraschallquellen (611 bis 617) li-
near angeordnet sind.

Anordnung nach Anspruch 4, wobei die zumindest
zwei getrennten Ultraschallquellen (611 bis 617) in
Form einer Matrix angeordnet sind.

Anordnung nach Anspruch 4, wobei die zumindest
zwei getrennten Ultraschallquellen (611 bis 617) flr
das Aussenden von Ultraschallwellen (405) einer
bestimmten Frequenz auf das interessierende Ob-
jekt (212) derart ausgelegt sind, dass die Amplitude
und die Phase der Aussendung von Ultraschallwel-
len (405) fir jede der zumindest zwei getrennten Ul-
traschallquellen (611 bis 617) getrennt eingestellt
werden kénnen.

Anordnung nach Anspruch 1, wobei die Ultraschal-
leinrichtung (404) als eine einzige Ultraschallquelle
realisiert wird, die flir das Aussenden von Ultra-
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schallwellen (405) mit zumindest zwei unterschied-
lichen Frequenzen in unterschiedlichen raumlichen
Richtungen ausgelegt ist.

Anordnung nach Anspruch 1, wobei die Ultraschal-
leinrichtung (404) fir das Aussenden von Ultra-
schallwellen (405) auf das interessierende Objekt
(401, 402) in einer der folgenden Arten ausgelegt
ist: kontinuierlich, moduliert oder gepulst.

Anordnung nach Anspruch 1, wobei der Detektor fiir
elektromagnetische Strahlung (610) ein nicht rAum-
lich auflésender Detektor ist.

Anordnung nach Anspruch 4, wobei der Detektor fiir
elektromagnetische Strahlung (708) ein raumlich
aufldsender Detektor ist, wobei zumindest zwei der
getrennten Ultraschallquellen (611, 612) fir das
Aussenden von Ultraschallwellen (405) derselben
Frequenz auf Teilstikke (602 bis 607) des interes-
sierenden Objekts (212) ausgelegt sind, die durch
einen derartigen Abstand voneinander getrennt
sind, dass elektromagnetische Fluoreszenzstrah-
lung, die von unterschiedlichen Teilstlicken (602 bis
607) ausgeht, auf die Ultraschallwellen (405) dersel-
ben Frequenz treffen, von dem Detektor fiir elektro-
magnetische Strahlung (708) raumlich unterschie-
den wird.

Anordnung nach Anspruch 1, wobei der Detektor fiir
elektromagnetische Strahlung (406) ein frequenz-
auflosender Detektor ist.

Anordnung nach Anspruch 1, die eine Rekonstruk-
tionseinheit (410) umfasst, das fiir das Rekonstruie-
ren eines Bildes des interessierenden Objekts (401,
402) auf der Grundlage der detektierten elektroma-
gnetischen Fluoreszenzstrahlung (407) ausgelegt
ist.

Anordnung nach Anspruch 13, wobei die Rekon-
struktionseinheit (410) fiir das Rekonstruieren eines
Bildes des interessierenden Objekts (401, 402) auf
der Grundlage einer Frequenzanalyse der detektier-
ten elektromagnetischen Fluoreszenzstrahlung
(407) ausgelegt ist.

Anordnung nach Anspruch 13, wobei die Rekon-
struktionseinheit (410) fiir das Rekonstruieren eines
Bildes des interessierenden Objekts (401, 402) auf
der Grundlage einer Fourier-Analyse der detektier-
ten elektromagnetischen Fluoreszenzstrahlung
(407) ausgelegt ist.

Anordnung nach Anspruch 1, die eine Quelle elek-
tromagnetischer Strahlung (408) umfasst, die fiirdas
Aussenden der primaren elektromagnetischen
Strahlung (409) auf das interessierende Objekt (401,
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28
402) ausgelegt ist.

Anordnung nach Anspruch 16, wobei die Quelle
elektromagnetischer Strahlung (408) fir das Aus-
senden im Wesentlichen monochromatischer elek-
tromagnetischer Strahlung auf das interessierende
Objekt (401, 402) ausgelegt ist.

Anordnung nach Anspruch 16, wobei die Quelle
elektromagnetischer Strahlung (408) fiir das Aus-
senden optischen Lichts auf das interessierende Ob-
jekt (401, 402) ausgelegt ist.

Anordnung nach Anspruch 16, wobei die Quelle
elektromagnetischer Strahlung (408) fir das Aus-
senden elektromagnetischer Strahlung auf das in-
teressierende Objekt (401, 402) in einer der folgen-
den Arten ausgelegt ist: kontinuierlich, moduliert
oder gepulst.

Computerlesbares Medium, auf dem ein Computer-
programm zur Abbildung eines interessierenden Ob-
jekts (401, 402) gespeichert ist, das bei Ausfiihrung
durch einen Prozessor (301) fur die Steuerung der
folgenden Verfahrensschritte ausgelegt ist:

Aussenden von Ultraschallwellen (405) mit zu-
mindest zwei unterschiedlichen Frequenzen auf
ein interessierendes Objekt (401, 402),
Detektieren von als Reaktion auf die Absorption
von primarer elektromagnetischer Strahlung
und als Reaktion auf die Ultraschallwellen (405)
von dem interessierenden Objekt (401, 402)
ausgesendeter elektromagnetischer Fluores-
zenzstrahlung (407),

wobei die Ultraschallwellen (405) mit zumindest
zwei unterschiedlichen Frequenzen gleichzeitig
auf zumindest zwei unterschiedliche Teilstlicke
(401, 402) des interessierenden Objekts ausge-
sendet werden,

wobei die zumindest zwei unterschiedlichen
Frequenzen in unterschiedlichen rdumlichen
Richtungen verlaufen, so dass sie auf ein be-
stimmtes der zumindest zwei Teilstlicke treffen,
so dass jedes Teilstiick von einer bestimmten
Ultraschallwellenfrequenz bestrahlt wird, und
wobei die Ultraschallwellen derart ausgesendet
werden, dass die zumindest zwei unterschied-
lichen Teilstiicke (401, 402) des Objekts gleich-
zeitig bestrahlt werden, und derart, dass die von
den zumindest zwei unterschiedlichen Teilstiik-
ken (401, 402) des interessierenden Objekts
ausgesendete elektromagnetische Fluores-
zenzstrahlung (407) mitder entsprechenden der
zumindest zwei unterschiedlichen Frequenzen
moduliert wird.

Programmelement zur Abbildung eines interessie-
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renden Objekts (401, 402), das bei Ausfiihrung
durch einen Prozessor (301) fur die Steuerung der
Aussendung von Ultraschallwellen (405) mit zumin-
dest zwei unterschiedlichen Frequenzen auf das in-
teressierende Obijekt (401, 402) und fur die Steue-
rung der Detektion von als Reaktion auf die Absorp-
tion von primérer elektromagnetischer Strahlung
und als Reaktion auf die Ultraschallwellen (405) von
dem interessierenden Objekt (401, 402) ausgesen-
deter elektromagnetischer Fluoreszenzstrahlung
(407) ausgelegt ist,

wobei die Ultraschallwellen (405) mitzumindest zwei
unterschiedlichen Frequenzen gleichzeitig auf zu-
mindest zwei unterschiedliche Teilstlicke (401, 402)
des interessierenden Objekts ausgesendet werden,
wobei die zumindest zwei unterschiedlichen Fre-
quenzen in unterschiedlichen raumlichen Richtun-
gen verlaufen, so dass sie auf ein bestimmtes der
zumindest zwei Teilstiicke treffen, so dass jedes
Teilstiick von einer bestimmten Ultraschallwellenfre-
quenz bestrahlt wird, und

wobei die Ultraschallwellen derart ausgesendet wer-
den, dass die zumindestzwei unterschiedlichen Teil-
stlicke (401, 402) des Objekts gleichzeitig bestrahlt
werden, und derart, dass die von den zumindest zwei
unterschiedlichen Teilstlicken (401, 402) des inter-
essierenden Objekts ausgesendete elektromagne-
tische Fluoreszenzstrahlung (407) mit der entspre-
chenden der zumindest zwei unterschiedlichen Fre-
quenzen moduliert wird.

Revendications

Appareil pour imager un objet d’intérét (401, 402),
I'appareil comprenant un dispositif a ultrasons et un
détecteur de rayonnement électromagnétique ;
dans lequel le dispositif a ultrasons (404) est adapté
pour émettre simultanément des ondes ultrasoni-
ques (405) d’au moins deux fréquences différentes
sur au moins deux parties différentes (401, 402) de
I'objet d’intérét ;

caractérisé en ce que le détecteur de rayonnement
électromagnétique (406) est adapté pour détecter
unrayonnementde fluorescence électromagnétique
(407) émis par I'objet d’intérét (401, 402) en réponse
a une absorption de rayonnement électromagnéti-
que primaire et en réponse aux ondes ultrasoniques
(405) ;

les au moins deux fréquences différentes sont pré-
vues dans des directions spatiales différentes pour
étre incidentes sur une partie particulieére parmi les
au moins deux parties de sorte que chaque partie
soit irradiée par une fréquence particuliére d’ondes
ultrasoniques ;

les ondes ultrasoniques sont émises de sorte que
les au moins deux parties différentes (401, 402) de
I'objet soient irradiées simultanément et de maniere
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telle que le rayonnement de fluorescence électro-
magnétique (407) émis parles au moins deux parties
différentes (401, 402) de I'objet d’intérét soit modulé
avec la fréquence respective parmi les au moins
deux fréquences différentes.

Appareil selon larevendication 1, dans lequel le dis-
positif a ultrasons (404) est adapté pour émettre les
ondes ultrasoniques (405) des au moins deux fré-
quences différentes sur les au moins deux parties
différentes (401, 402) de I'objet d'intérét de maniéere
telle que des parties adjacentes parmi les parties
(401, 402) soient espacées d’une autre par une dis-
tance prédéterminée et qu'une région entre des par-
ties adjacentes ne soit pas irradiée par des ondes
ultrasoniques (405).

Appareil selon larevendication 2, dans lequel le dis-
positif a ultrasons (404) est adapté pour émettre les
ondes ultrasoniques (405) de maniére telle que les
au moins deux parties difféerentes (401, 402) irra-
diées par des ondes ultrasoniques (405) soient
agenceées pour former une grille bidimensionnelle ou
une grille tridimensionnelle.

Appareil selon larevendication 1, dans lequel le dis-
positif a ultrasons (609) est divisé en au moins deux
sources d'ultrasons séparées (611 a 617), dans le-
quelchacune des au moins deux sources d’ultrasons
séparées (611 a 617) est adaptée pour émettre des
ondes ultrasoniques (405) d’'une fréquence particu-
liere sur I'objet d’intérét (212).

Appareil selon larevendication 4, dans lequel les au
moins deux sources d’ultrasons séparées (611 a
617) sont agencées linéairement.

Appareil selon larevendication 4, dans lequel les au
moins deux sources d’ultrasons séparées (611 a
617) sont agencées de maniére matricielle.

Appareil selon larevendication 4, dans lequel les au
moins deux sources d’ultrasons séparées (611 a
617) sont adaptées pour émettre des ondes ultraso-
niques (405) d’'une fréquence particuliere sur I'objet
d’intérét (212) de maniére telle qu’'une amplitude et
une phase de I'’émission d’ondes ultrasoniques (405)
soient réglables séparément pour chacune des au
moins deux sources d’ultrasons séparées (611 a
617).

Appareil selon larevendication 1, dans lequel le dis-
positif a ultrasons (404) est réalisé sous forme de
source d’'ultrasons unique adaptée pour émettre des
ondes ultrasoniques (405) d’au moins deux fréquen-
ces différentes dans des directions spatiales diffé-
rentes.
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Appareil selon la revendication 1, dans lequel le dis-
positif a ultrasons (404) est adapté pour émettre les
ondes ultrasoniques (405) sur l'objet d’intérét (401,
402) d’'une maniéere parmi le groupe constitué d’'une
maniére continue, d’'une maniére modulée et d’'une
maniere pulsée.

Appareil selon la revendication 1, dans lequel le dé-
tecteur de rayonnement électromagnétique (610)
est un détecteur a résolution non spatiale.

Appareil selon la revendication 4, dans lequel le dé-
tecteur de rayonnement électromagnétique (708)
est un détecteur a résolution spatiale, dans lequel
au moins deux des sources d’ultrasons séparées
(611 ; 612) sont adaptées pour émettre des ondes
ultrasoniques (405) de la méme fréquence sur des
parties (602 a 607) de I'objet d'intérét (212) qui sont
séparées les unes des autres par une distance telle
que le rayonnement de fluorescence électromagné-
tique provenant de parties différentes (602 a 607)
sur lesquelles des ondes ultrasoniques (405) de la
méme fréquence sont incidentes soit distingué spa-
tialement par le détecteur de rayonnement électro-
magnétique (708).

Appareil selon la revendication 1, dans lequel le dé-
tecteur de rayonnement électromagnétique (406)
est un détecteur a résolution en fréquence.

Appareil selon la revendication 1, comprenant une
unité de reconstruction (410) adaptée pour recons-
truire une image de l'objet d’intérét (401, 402) en
fonction du rayonnement de fluorescente électroma-
gnétique détecte (407).

Appareil selon la revendication 13, dans lequel I'uni-
té de reconstruction (410) est adaptée pour recons-
truire une image de l'objet d’intérét (401, 402) en
fonction d’'une analyse de fréquence du rayonne-
ment de fluorescente électromagnétique détecté
(407).

Appareil selon la revendication 13, dans lequel I'uni-
té de reconstruction (410) est adaptée pour recons-
truire une image de l'objet d’intérét (401, 402) en
fonction d’'une analyse de Fourier du rayonnement
de fluorescente électromagnétique détecte (407).

Appareil selon la revendication 1, comprenant une
source de rayonnement électromagnétique (408)
adaptée pour émettre le rayonnement électroma-
gnétique primaire (409) sur I'objet d'intérét (401,
402).

Appareil selon la revendication 16, dans lequel la
source de rayonnement électromagnétique (408) est
adaptée pour émettre un rayonnement électroma-
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gnétique essentiellement monochromatique sur
I'objet d'intérét (401, 402).

Appareil selon la revendication 16, dans lequel la
source de rayonnement électromagnétique (408) est
adaptée pour émettre de la lumiére optique sur I'ob-
jet d'intérét (401,402).

Appareil selon la revendication 16, dans lequel la
source de rayonnement électromagnétique (408) est
adaptée pour émettre un rayonnement électroma-
gnétique sur I'objet d’intérét (401, 402) d’'une manié-
re parmile groupe constitué d’'une maniére continue,
d’une maniére modulée et d’'une maniére pulsée.

Support lisible par ordinateur, dans lequel un pro-
gramme d’ordinateur pour imager un objet d’intérét
(401, 402) est stockeé qui, lorsqu’il est exécuté par
un processeur (301), est adapté pour commander
les étapes de procédé suivantes :

I’émission d’ondes ultrasoniques (405) d’au
moins deux fréquences différentes sur I'objet
d’intérét (401, 402) ;

la détection d’'un rayonnement de fluorescence
électromagnétique (407) émis par I'objet d’inté-
rét (401, 402) en réponse a une absorption de
rayonnement électromagnétique primaire et en
réponse aux ondes ultrasoniques (405) ;

dans lequel les ondes ultrasoniques (405) d’au
moins deux fréquences différentes sont simul-
tanément émises sur au moins deux parties dif-
férentes (401, 402) de I'objet d’intérét,

dans lequel les au moins deux fréquences dif-
férentes sont prévues dans des directions spa-
tiales différentes pour étre incidentes sur une
partie particuliere parmi les au moins deux par-
ties de sorte que chaque partie soit irradiée par
une fréquence particuliére d’ondes
ultrasoniques ; et

dans lequel les ondes ultrasoniques sont émi-
ses de sorte que les au moins deux parties dif-
férentes (401, 402) de I'objet soient irradiées si-
multanément et de maniere telle que le rayon-
nement de fluorescence électromagnétique
(407) émis par les au moins deux parties diffé-
rentes (401, 402) de I'objet d’intérét soit modulé
avec la fréquence respective parmiles au moins
deux fréquences différentes.

Elément programme pour imager un objet d’intérét
(401, 402), qui, lorsqu’il est exécuté par un proces-
seur (301), est adapté pour commander une émis-
sion d’ondes ultrasoniques (405) d’au moins deux
frequences différentes sur l'objet d'intérét (401,
402) ; et pour commander une détection d’un rayon-
nement de fluorescence électromagnétique (407)
émis par 'objet d’'intérét (401, 402) enréponse aune
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absorption de rayonnement électromagnétique pri-
maire et en réponse aux ondes ultrasoniques (405) ;
dans lequel les ondes ultrasoniques (405) d’au
moins deux fréquences différentes sont émises si-
multanément sur au moins deux parties différentes
(401, 402) de I'objet d'intérét, dans lequel les au
moins deux fréquences différentes sont prévues
dans des directions spatiales différentes pour étre
incidentes sur une partie particuliéere parmi les au
moins deux parties de sorte que chaque partie soit
irradiée par une fréquence particuliéere d’ondes
ultrasoniques ; et

dans lequel les ondes ultrasoniques sont émises de
sorte que les au moins deux parties différentes (401,
402) de I'objet soient irradiées simultanément et de
maniére telle que le rayonnement de fluorescence
électromagnétique (407) émis par les au moins deux
parties différentes (401, 402) de 'objet d'intérét soit
modulé avec la fréquence respective parmi les au
moins deux fréquences différentes.
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