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(57)  The invention relates to a system (100) and
method for optoacoustic imaging of an object (1) com-
prising an image acquisition unit (10) for acquiring a first
sequence (201) of tomographic optoacoustic images of
a region of interest of the object (1), wherein the image
acquisition unit (10) comprises anillumination device (11)
for irradiating the region of interest of the object (1) with
electromagnetic radiation, in particular light, and a de-
tection device (12) for repeatedly collecting acoustic
waves emerging from the object upon irradiating the ob-
ject (1) and for generating the first sequence (201) of
tomographic optoacousticimages of the region of interest
from the repeatedly collected acoustic waves.

In order to allow for an acquisition of sequences of
tomographic optoacoustic images of high image frame

System and method for quality-enhanced high-rate optoacoustic imaging of an object

rate and high image quality, in particular video sequences
of tomographic optoacoustic images exhibiting less mo-
tion and/or noise perturbations than conventional video
sequences, a processing unit (20) is provided for gener-
ating a second sequence (202) of one or more tomo-
graphic optoacoustic images from the first sequence
(201) of tomographic optoacoustic images based on an
analysis of one or more tomographic optoacoustic imag-
es of the first sequence (201) of tomographic optoacous-
tic images and/or at least one property of the object (1)
while acquiring the first sequence (201) of tomographic
optoacoustic images and/or at least one property of the
acquisition unit (10) while acquiring the first sequence
(201) of tomographic optoacoustic images.
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Description

[0001] The present invention relates to a system and
method for optoacoustic imaging of an object according
to the independent claims.

[0002] Optoacoustic imaging is based on the photoa-
coustic effect, according to which ultrasonic waves are
generated due to absorption of electromagnetic radiation
by an object, e.g. a biological tissue, and a subsequent
thermoelastic expansion of the object. Excitation radia-
tion, in particular laser light, can either be pulsed radiation
with very short pulse durations or continuous radiation
with a modulated amplitude or frequency.

[0003] Using tomographic reconstruction with a view
from multiple projections allows for a generation of a full
view of the sample, enabling imaging based on optical
absorption of both intrinsic and extrinsic tissue chromo-
phores for biomedical imaging.

[0004] Therefore, in contrast to conventional optical
imaging, fluorescence or light emission in general are
not prerequisites for generating contrast in optoacoustic
imaging. Its key advantage is that heavy scattering
present in biological tissues does not obscure the spatial
resolution, because the detected phenomena are sound
waves that are far less disturbed by tissue due to the
lower frequency. Optoacousticresolution is limited by the
focusing and detection band of the ultrasound transducer
and the frequency-dependent acoustic attenuation. At
the same time, optoacoustics provides a high, wave-
length-dependent penetration depth of up to several cen-
timeters within the near-infrared optical imaging window
(650 to 950nm) or other suitable wavelengths.

[0005] By imaging absorbance at multiple excitation
wavelengths, multispectral optoacoustic tomography
(MSOT) can provide molecular specificity to reveal ab-
sorbers with distinct spectral absorbance.

[0006] In contrast to optical imaging, in ultrasound and
also optoacoustic imaging the information required to
create an image is generated within a very short time
after the absorption of a single pulse. While both sensi-
tivity and signal to noise ratio (SNR) in optical imaging
can be increased by increasing exposure time, ultrasonic
and also optoacoustic imaging require a repetition of the
acquisition process to compensate for noise and SNR.
On the other hand, this promotes the ability of optoacous-
tic imaging to capture very fast processes at a repetition
rate that is only limited by the source of illumination and
the performance of the signal acquisition system. Fur-
thermore, a final optoacoustic image already represents
the full reality and does not necessarily require any ad-
ditional, corrective measurements to compensate for,
e.g., auto-fluorescence of tissue or similar.

[0007] Signal acquisition in optoacoustics is done us-
ing ultrasound transducers or hydrophones. In common
implementations, a single transducer is rotated around
a sample in order to create a tomographic view of the
sample. Thus, a prerequisite of utmost importance to ac-
quire optoacoustic images at a high rate is an ultrasound
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transducer array which allows for acquiring sufficient data
to reconstruct an image without moving the transducer
to enable capturing a static setting. With hybrid approach-
es being very well feasible, detection geometries in op-
toacoustics can be divided into arc or bowl shape ap-
proaches and linear geometries. Depending on the de-
sired characteristics, detectors can either be shaped to
predominantly detect signals from a two dimensional
plane or a three dimensional volume.

[0008] Similarto ultrasound, noise influences in the re-
constructed image contain contributions of both systemic
and thermal noise as well as other, extrinsic sources that
are received in the analog chain before AD conversion
of the acquired signal.

[0009] Based on the aforementioned setting, each in-
dividual acquisition is perturbed by a certain amount of
noise that determines the overall noise level of a system.
Whilst measures in hardware and system design (such
as shielding of setting and cables) can be taken to reduce
significant external sources, a lot of parasitic signals will
still be measured by the analog part of the detection
chain. For clinical imaging, the exposure threshold of skin
is regulated by the FCC dependent on repetition rate and
exposed area, so the signal and thus signal to noise ratio
(SNR) cannot be improved by increasing laser power.
Moreover, in general, in images which are based on mul-
tiple images acquired for one setting, the SNR and re-
sulting perturbations by noise increase. Based on these
perturbations, noise reduction algorithms need to be ap-
plied to improve the quality of acquired images.

[0010] Key applications for optoacoustic imaging are
in the field of imaging of endogenous contrast in tissue.
In the predominantly used near-infrared domain the key
absorbers are hemoglobin and melanin, providing a
unique anatomical contrast without any additional
agents. Using multispectral acquisition for functional and
molecular imaging, individual absorbers can be separat-
ed and quantified, allowing e.g. for blood oxygen satura-
tion measurements and detecting necrosis. Another clin-
ically relevant example is detecting melanin content in
lymph nodes for cancer diagnosis.

[0011] The number of applications is even increased
by using exogenous contrast agents such as fluorescent
dyes as known from optical imaging, activatable probes,
fluorescent proteins or nanoparticles. They can be tar-
geted to specific sites using functional groups, where
even different numbers of optoacoustic absorbers can
be combined to even simultaneously track different proc-
esses.

[0012] There are anumber ofapplications where a high
actual image rate is crucial. In motion-rich settings, an
acquisition relying on averaging is likely to produce blurry
images that need to be co-registered for multispectral
analysis, while an image resulting from a single frame
acquisition will suffer from a relatively high noise level.
One example for such a setting is imaging of small vas-
culature with the diameter approaching the spatial reso-
lution, where averaging will blur tiny features. The same
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applies for imaging of fast kinetic processes in an organ-
ism, where averaging shadows fast changes. Other ex-
amples include monitoring an arterial input function of an
injected substance, tissue perfusion measurements,
blood flow imaging, drug delivery monitoring and phar-
macokinetic modeling.

[0013] The invention is based on the problem to pro-
vide a system and method for optoacoustic imaging al-
lowing for an acquisition of sequences of tomographic
optoacoustic images of high image frame rate and high
image quality, in particular video sequences of tomo-
graphic optoacoustic images exhibiting less motion
and/or noise perturbations than conventional video se-
quences.

[0014] This problem is solved by the system and meth-
od according to the independent claims.

[0015] The system for optoacoustic imaging of an ob-
ject according to the invention comprises an image ac-
quisition unit for acquiring a first sequence of tomograph-
icoptoacousticimages of aregion of interest of the object,
wherein the image acquisition unit comprises an illumi-
nation device for repeatedly emitting electromagnetic ra-
diation to the region of interest of the object and a detec-
tion device for repeatedly collecting acoustic waves
emerging from the object upon excitation of the object
and for generating the first sequence of tomographic op-
toacoustic images of the region of interest from the re-
peatedly collected acoustic waves. The system further
comprises a processing unit for generating a second se-
quence of one or more tomographic optoacoustic images
from the first sequence of tomographic optoacoustic im-
ages based on an analysis of one or more tomographic
optoacousticimages of the first sequence of tomographic
optoacoustic images and/or at least one property of the
object while acquiring the first sequence of tomographic
optoacoustic images and/or at least one property of the
acquisition unit while acquiring the first sequence of to-
mographic optoacoustic images.

[0016] The method for optoacoustic imaging of an ob-
ject according to the invention comprises acquiring a first
sequence of tomographic optoacoustic images of a re-
gion of interest of the object by irradiating the region of
interest of the object with electromagnetic radiation and
repeatedly collecting acoustic waves emerging from the
object upon irradiating the object and generating the first
sequence of tomographic optoacoustic images of the re-
gion of interest from the repeatedly collected acoustic
waves. The method further comprises generating a sec-
ond sequence of one or more tomographic optoacoustic
images from the first sequence of tomographic optoa-
coustic images based on an analysis of one or more to-
mographic optoacoustic images of the first sequence of
tomographic optoacoustic images and/or at least one
property of the object while acquiring the first sequence
of tomographic optoacoustic images and/or at least one
property of the irradiation of the object and/or the collec-
tion of acoustic waves while acquiring the first sequence
of tomographic optoacoustic images.
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[0017] In the following, the term "tomographic optoa-
coustic image" will be also referred to as "image" for rea-
sons of simplification. Further, the term "sequence of to-
mographic optoacoustic images" will be also referred to
as "video" or "video sequence" or "video stream". More-
over, the term "electromagnetic radiation" in the sense
of the present invention relates to any electromagnetic
radiation by means of which acoustic waves or pulses
can be generated in an object under investigation upon
irradiating the object. Preferably, the term "electromag-
netic radiation" relates to visible light and/or non-visible
light, e.g. in the infrared or ultraviolet spectral range, but
alsoincludes radio frequency radiation and/or microwave
radiation.

[0018] The solution according to the invention is based
on the approach to acquire a first sequence of images
from a region of interest of the object and to derive a
second image or a second sequence of images from the
first sequence of images, in particular by processing the
first sequence of images, wherein the derivation or gen-
eration of the second image or second sequence of im-
ages from the first sequence of images depends on in-
formation relating to one or more images of the first se-
quence ofimages and/or information relating to the object
or the acquisition unit or acquisition process while the
first sequence of tomographicimages is acquired. In par-
ticular, the information relating to one or more images of
the first sequence of images is obtained by an analysis
of the one or more images of the first sequence. Prefer-
ably, information relating to the object reflects properties
of time-variant processes of the object or within the ob-
ject, like respiration, heartbeat or blood flow, while the
images of the first sequence ofimages are acquired from
the object. Likewise, information relating to the acquisi-
tion unit or acquisition process reflects parameters of the
acquisition process under which images of the first se-
quence of images are acquired, for example the intensity
of the electromagnetic radiation that excites the object,
in particular the irradiation laser power.

[0019] Preferably, based on the dependence of the
strength of the optoacoustic signal on incident irradiation
power, in particular light intensity, the acquired signals
and/or images have to be or can be corrected for wave-
length-dependent light fluence in tissues in order to ob-
tain quantitative images. Depending on the complexity
of the setting, this can be done by using a generic map
of light fluence or an individual map adapted to the situ-
ation before image reconstruction on the acquired sig-
nals, or after the image reconstruction on the final image.
[0020] By means of the approach according to the in-
vention it is possible to significantly improve the quality
of the originally acquired first sequence of images, e.g.
by suppressing motion-related effects or noise perturba-
tions. Atthe same time, a high frame rate of the improved
video images is achieved or maintained, wherein the
frame rate of the second sequence of images is not or
not considerably reduced compared to the original frame
rate of the first sequence ofimages. Moreover, the spatial
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resolution of the images of the second sequence is not
or not significantly reduced compared to the resolution
of the images of the first sequence. As a result, by means
of the invention it is possible to record and playback an
improved (second) video sequence of a particular phe-
nomenon on or within the object. Further, the invention
allows for a quantitation of results and an analysis of dy-
namic and pharmacokinetic parameters in order to pro-
vide a powerful biological research platform that outper-
forms established imaging modalities.

[0021] In summary, by means of the invention high im-
age rate, preferably real-time, optoacoustic images are
obtained which allow for acquiring images of fast proc-
esses in vivo with high resolution and significantly re-
duced influences of noise and motion. In this way, the
invention allows for studying anatomy, molecular con-
trast and fast processes in biological tissues by adding
the temporal dimension to existing optoacoustic imaging
approaches.

[0022] According to a preferred embodiment of the in-
vention, the at least one property of the object relates to
temporal, in particular periodic, changes at or within the
object, in particular due to respiration, pulse or blood flow,
while acquiring the first sequence of tomographic optoa-
coustic images. Preferably, the at least one property of
the object is acquired by means of an external device,
which is in particular adapted for observing temporal
changes at or within the object, in particular due to res-
piration, pulse or blood flow. By monitoring a property or
properties of the object while the image acquisition proc-
ess, an information on relevant time-variant processes
within the object can be obtained. The obtained informa-
tion can be considered in the processing step in which
the second sequence of images is derived from the first
sequence of images such that, e.g., motion-related ef-
fects or artifacts due to respiration, heartbeat or blood
flow in the images of the first sequence can be eliminated
when deriving the second sequence of images. In this
way, motion-related artifacts in the images can be elim-
inated or at least significantly reduced easily and reliably.
[0023] Alternatively or additionally, the at least one
property of the object is derived from one or more tom-
ographic optoacoustic images of the first sequence of
tomographic optoacoustic images. For example, the first
sequence ofimages is analyzed with respecttorecurring,
in particular periodic, variations or movements, e.g. a
movement of the heart or chest, available in the images.
Based on this analysis, the effects of the identified vari-
ations or movements on the images are eliminated or at
least reduced subsequently. By means of this embodi-
ment, motion-related artifacts in the images can be elim-
inated or at least significantly reduced in a particularly
easy and reliable manner.

[0024] According to a further preferred embodiment,
the acquisition unit is adapted to be controlled by control
signals from, wherein the control signals are generated
by the processing unit and/or by an external device, which
is in particular adapted for observing a time-variant proc-
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ess in the object, in particular respiration, heartbeat or
blood flow of the object, to allow for an acquisition of the
first sequence of tomographic optoacoustic images at
specific instants, in particular at less motion-perturbed
instants, e.g., at timeframes with no respiratory activity
or certain periods of the heart cycle. By mean of this,
e.g., possible motion-related artifacts or noise perturba-
tions in the images can be avoided or at least reduced
significantly ab initio. Therefore, this embodiment repre-
sents a very efficient way to obtain high-rate videoimages
of the object with reduced or eliminated motion and/or
noise perturbations.

[0025] Preferably, the processing unit is adapted for
generating the second sequence of tomographic optoa-
coustic images based on an analysis of a subsequence
of tomographic optoacoustic images of the first sequence
of tomographic optoacoustic images. A subsequence of
images may comprise at least two consecutive tomo-
graphic optoacoustic images of the first sequence of to-
mographic optoacousticimages or may comprise at least
two tomographic optoacoustic images of the first se-
quence which are spaced apart by one or more further
images. By analyzing a subsequence of the first se-
quence of images significantly more relevant information
is obtained in order to remove, e.g., motion-related ef-
fects when the second sequence of images is derived
from the first sequence of images. Thus, a high-rate sec-
ond sequence of images with reduced or eliminated mo-
tion-related perturbations can be obtained in a very reli-
able and simple manner.

[0026] Itis preferred thatthe processing unitis adapted
for generating the second sequence of tomographic op-
toacoustic images based on an analysis of a quality of
one or more tomographic optoacoustic images of the first
sequence of tomographic optoacoustic images.

[0027] According to a further preferred embodiment of
the invention, the processing unit is adapted for gener-
ating the second sequence of tomographic optoacoustic
images based on an analysis of tomographic optoacous-
tic images of the first sequence of tomographic optoa-
cousticimages with respect to their individual properties,
in particular signal-to-noise ratio, contrast, blur, sharp-
ness or histogram. Based on the result of this analysis,
each of the analyzed images is processed, in particular
improved, or assessed in the processing unit before the
second sequence of images is derived from these imag-
es. When assessing the images it can be decided wheth-
er to keep and to include an image or a weighted version
of the image into the second sequence of images or to
discard the image. This is a very efficient way to achieve
a high image quality of the second sequence of images
without significantly reducing the high frame rate of the
original sequence.

[0028] Preferably, the processing unit is adapted for
generating the second sequence of tomographic optoa-
coustic images from the first sequence of tomographic
optoacoustic images based on an analysis of properties,
in particular signal-to-noise ratio, frequency spectrum or
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noise patterns, of the repeatedly collected acoustic
waves prior to generating the first sequence of tomo-
graphic optoacoustic images from the repeatedly collect-
ed acoustic waves. Other than in the above-mentioned
embodiment, in which the already reconstructed images
of the first sequence are analyzed, in this embodiment
the so-called raw data, i.e. the ultrasound detector sig-
nals corresponding to the repeatedly detected acoustic
waves, are analyzed. By means of analyzing the raw data
of the images information can be obtained which would
be - due to the reconstruction step - no longer present in
the reconstructed images of the first sequence ofimages.
Thus, this embodiment allows for an efficient and reliable
elimination or reduction of motion- and/or noise-related
perturbations in the images.

[0029] Alternatively or additionally, the processing unit
is adapted for generating the second sequence of tom-
ographic optoacoustic images based on an analysis of
tomographic optoacoustic images of the first sequence
of tomographic optoacoustic images regarding proper-
ties of the tomographic optoacoustic images with respect
to each other, in particular with respect to a similarity of
the images, a correlation of the images, a standard de-
viation or k-means. By means of analyzing images, in
particular a subsequence ofimages, of the first sequence
of images with respect to each other, further additional
information is obtained which is not contained in each of
the individual images alone. In particular, this relates to
the desire of separating the information contained in the
images of the first sequence ofimages from the contained
perturbinginfluences of noise and motion. By considering
this additional information when a second sequence of
images is derived from the first sequence of images, the
quality of the individual images can be increased, result-
ing in a particularly high image quality and video rate of
the second sequence of images. The upper bound to the
improvement of quality is given by the identification of
the overall information contained in the analyzed subse-
quence of images as compared to the noise contained
in the images of the analyzed subsequence. In a partic-
ular embodiment, the referred quality is related in partic-
ular to, but not limited to, the signal-to-noise ratio of the
individual images of the second sequence of images. In
another embodiment this relates to a similarity of images
in the first sequence of images with the desire to reduce
the impact of apparent object motion on the second se-
quence of images, resulting in a less motion perturbed
second sequence of images.

[0030] According to a further preferred embodiment of
the invention, the processing unit is adapted for gener-
ating the second sequence of tomographic optoacoustic
images based on an analysis of tomographic optoacous-
tic images of the first sequence of tomographic optoa-
coustic images using a feature tracking algorithm by
means of which a temporal behavior of one or more in-
dividual contributions, e.g. an imaged part of the object,
to tomographic optoacousticimages of the first sequence
is analyzed and/or tracked. By this means, a time-de-
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pendent individual contribution of an imaged part of the
object can be identified and its influence on the images,
in particular the image quality, can be reduced or elimi-
nated in a reliable and efficient manner.

[0031] Preferably, the processing unit is adapted for
generating the second sequence of tomographic optoa-
coustic images based on an analysis of statistical prop-
erties of tomographic optoacoustic images of the first se-
quence of tomographic optoacoustic images. Alterna-
tively or additionally, the processing unit is adapted for
processing the second sequence of tomographic optoa-
coustic images based on an analysis of statistical prop-
erties of tomographic optoacoustic images of the second
sequence of tomographic optoacoustic images. Prefer-
ably, the analysis of statistical properties comprises a
separation of the tomographic optoacoustic images of
the sequence of tomographic optoacoustic images into
contributing components, in particular by means of at
least one of a principal component analysis (PCA), a in-
dependent component analysis (ICA), a multi-variant da-
ta analysis, a vortex component analysis (VCA), a matrix
factorization, a fitting procedure, a deconvolution proce-
dure, an image co-registration algorithm, a moving aver-
age processing or a selective frame dropping processing.
The analysis of statistical properties provides a highly
expressive basis for processing the first sequence of im-
ages, in particular for deriving the second sequence of
images from the first sequence of images so that a high
frame rate second sequence of images exhibiting high
quality is obtained.

[0032] Inanother preferred embodiment the image ac-
quisition unit is adapted to utilize photon absorption in-
formation from previous tomographic optoacousticimag-
es of the same object to assess and/or change or adjust
an amplification of signals corresponding to acoustic
waves originating from deeperinside of the objectin order
to correct for reduced light fluence in deep tissue. By
means of this embodiment, currentimages obtained from
an object can be corrected in order to eliminate or reduce
adverse effects due to a decrease of light fluence in in-
creasing depths within the object, wherein the relevant
information, on which the correction of the currentimages
is based, is determined from previously acquired images.
Because the relevant information preferably relates to
absorption properties of the object, the relevant informa-
tion is called absorption information. In total, also this
embodiment contributes to further increased image qual-
ity of the high-rate video sequences obtained with the
invention. In particular, this is due to the increased dy-
namic range on the analog-to-digital conversion in deep-
er regions of the object, where emitted acoustic waves
are weaker due to the attenuation of the exciting radiation
in the object.

[0033] Itis preferred thatthe processingunitis adapted
for generating the second sequence of tomographic op-
toacoustic images by selecting and/or discarding individ-
ual tomographic optoacoustic images of the first se-
quence of tomographic optoacoustic images based on
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the analysis of the one or more tomographic optoacoustic
images of the first sequence of tomographic optoacoustic
images. Preferably, the processing unit is adapted for
generating a replacing tomographic optoacoustic image
which is inserted into the second sequence of tomo-
graphic optoacoustic images in the case that a tomo-
graphic optoacoustic image of the first sequence of tom-
ographic optoacoustic images has been discarded,
wherein the replacing tomographic optoacoustic image
is generated based on two or more preceding and/or fol-
lowing images, in particular by interpolating and/or ex-
trapolating the preceding and/or following images, of the
first sequence of tomographic optoacoustic images being
adjacent to the discarded tomographic optoacoustic im-
age. These preferred embodiments represent, alone or
in combination, a very simple and reliable way in order
to improve the image quality, in particular with respect to
motion artifacts and/or noise, of the second sequence of
images.

[0034] According to another preferred embodiment of
the invention, the processing unit is adapted for gener-
ating the second sequence of tomographic optoacoustic
images by moving averaging of tomographic optoacous-
tic images of the first sequence of tomographic optoa-
coustic images, wherein each time at least two subse-
quent tomographic optoacoustic images of the first se-
quence of tomographic optoacoustic images are aver-
aged, whereby a SNR improvement of the images is ob-
tained. This approach is of particular interest when im-
ages are acquired at a very high image rate, in particular
in deep penetration optoacoustic imaging. In some cas-
es, a reduction of the temporal resolution and blurring of
the image may occur, e.g. in motion-rich settings. These
effects can be, however, efficiently and reliably corrected
or eliminated by means of the present invention and the
other preferred embodiments.

[0035] Accordingto a further embodiment of the inven-
tion, the at least one property of the acquisition unit, on
which the derivation of the second sequence of images
from the first sequence of images is based, relates to an
intensity of the electromagnetic radiation with which the
object is excited while acquiring the first sequence of to-
mographic optoacoustic images. By this means, in the
generation of the second sequence of images from the
first sequence of images conditions of the acquisition
unit, i.e. the illumination intensity, while images of the
first sequence were acquired are considered, which al-
lows for an even better and reliable generation of a high-
rate second sequence of images exhibiting high quality.
In one embodiment this additional information may be
used to amplify or weight the image of the first sequence
in its contribution to the second sequence of images. In
another embodiment, this information can also be used
as an additional quality metric for assessing the individual
properties of the images of the first sequence of images.
This is based on the assumption that the noise floor of
the acquisition unit is static, while the photoacoustic sig-
nal relates linearly to the incident radiation, resulting in
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a higher signal-to-noise ratio for images acquired at in-
creased radiation intensity.

[0036] According to a particularly preferred embodi-
ment, the illumination device is adapted for illuminating
the object with electromagnetic radiation at multiple
wavelengths and the processing unit is adapted for an-
alyzing the first sequence and/or the second sequence
of tomographic optoacoustic images at the multiple
wavelengths. This particularly advantageous approach
is also referred to as multispectral optoacoustic imaging
(MSOT), wherein multispectral processing of the ac-
quired image data of the first and/or second high frame
rate video sequence is carried out by associating absorb-
ers with individual pixels and thus allowing for localizing
absorbers based on their spectral absorption profile over
multiple excitation wavelengths. Because of the per-pixel
evaluation, it is of particular advantage to correct the ac-
quired images for motion and noise to allow the so-called
spectral unmixing algorithms to provide reliable spectral-
ly-dependent information.

[0037] In a further particularly preferred embodiment
the system comprises a display unit for displaying a video
stream of the first sequence of tomographic optoacoustic
images and/or the second sequence of tomographic op-
toacoustic images and/or a storage unit for storing the
first sequence of tomographic optoacoustic images
and/or the second sequence of tomographic optoacous-
tic images.

[0038] In a preferred embodiment the second se-
quence of images is displayed in the form of individual
images or a video, including real-time video. Real-time
in the sense of the invention relates to image frame rates
of at least 10 image frames per second.

[0039] Moreover, features extracted or identified after
processing of the first sequence ofimages may be further
displayed on the display alone or superimposed on im-
ages and/or a video stream of the second sequence of
images and/or of the first sequence of images. Superpo-
sition may be established by using a combination of gray-
scale and color representation. The term "features" in
this context preferably relates to any information which
is contained in the images and which can be identified in
the processing step.

[0040] Preferably, also features which were extracted
or derived by the processing unit from the first sequence
of images can be displayed by the display unit, in partic-
ular together with the video stream of the first and/or sec-
ond sequence of images. The extracted features can re-
late, e.g., to a respiration frequency of the object, a tem-
poral behavior of optoacoustic signals in dependence of
the presence of a contrast agent within the object or a
difference image. For example, the extracted or derived
features are displayed by the display unit as a graph in-
dicating dynamic changes of tracked components and/or
a graph indicating dynamic changes of individual pixels
and/or a graph or parametric map of at least one estab-
lished biological kinetic parameter which has been de-
rived from changes in pixel values.
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[0041] In particular, with a typical pharmacokinetic
curve that starts at a concentration value and picks up
for a certain period of time, the so-called rise time, to a
peak value, so-called peak enhancement, respective bi-
ological kinetic parameter relate to at least one of

- Cmax (peak enhancement, maximum concentra-
tion, e.g. absorption and/or concentration atthe peak
time point is 2.5 fold enhanced as compared to the
baseline),

- area under the curve (AUC), i.e. an integral under
the above-mentioned curve,

- Tmax (rise time, time to peak, i.e. time from start of
injection to peak point),

- uptake rate (maximum slope, wash-in rate, steep-
ness of rising slope of the curve),

- clearance rate (elimination rate, i.e. rate at which the
substance is removed from the blood stream, steep-
ness of dropping slope),

- perfusion index (AUC/Tmax),

- half-life (i.e. time to half elimination) or rates resulting
from modeling of rate constants in different compart-
mental models of varying complexity.

[0042] Preferably, the display unit is designed to dis-
play overlay images or overlay sequences of images,
wherein at least two different kinds of images are dis-
played in a superposition. For example, anatomical im-
ages of the object are superimposed with molecular-spe-
cific images of the object. Likewise, a sequence of ana-
tomical images can be overlaid with a sequence of mo-
lecular-specific images. By means of this representation
of the image information extracted by means of the
processing and/or analyzing steps according to the in-
vention, a high degree of additional diagnostically con-
clusive information is provided.

[0043] Preferably, the image acquisition unit is de-
signed as a handheld device and/or a portable device
and/or an endoscopic device. In most situations or cases
of handheld, portable and/or endoscopic applications,
there is a certain relative movement between the image
acquisition probe, i.e. the image acquisition unit, and the
object. Therefore, the present invention is of particular
advantage in combination with these applications, be-
cause possible motion-related artifacts in the sequences
of images can be easily and reliably reduced or eliminat-
ed.

[0044] In the following, further preferred embodiments
for suppressing background noise and artifacts in the im-
ages of the first sequence of images will be described.
[0045] For example, a movement of the image acqui-
sition unit relative to the object or a movement of the
object relative to the image acquisition unit is detected
or tracked, e.g. by means of a mechanical or optical sen-
sor in the, preferably handheld or portable, image acqui-
sition unit. Based on this information, a noise reduction
or noise rejection can be performed, e.g. by means of a
correlation between sequential and/or time-spaced
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frames.

[0046] Alternatively oradditionally, a controlledrelative
motion between the object and the image acquisition unit
can be induced intentionally. In this way, noise becomes
un-correlated while SNR becomes improved by exploi-
tation of the effect that image signals will always appear
in a position corresponding to the induced (or captured)
motion, whereas noise, and in particular artifacts and re-
flections, will appear in positions which will have a ran-
dom distribution and therefore can be filtered out by
cross-correlation, un-mixing of time components and
similar methods.

[0047] Further advantages, features and examples of
the present invention will be apparent from the following
description of following figures:

Fig.1  shows a schematic representation of the sys-
tem according to the invention; and

Fig.2 shows a schematic representation of the
processing unit.

[0048] Fig. 1 shows a schematic representation of the

system 100 according to the invention. The system 100
comprises an image acquisition unit 10 for acquiring im-
ages of an object 1, which can be preferably be a biolog-
ical tissue, a processing unit 20, a storage unit 31 and a
display unit 41.

[0049] The image acquisition unit 10 comprises an il-
lumination device 11 for, in particular uniformly, illumi-
nating the object 1 in a desired imaging region by pulsed
or frequency modulated laser light.

[0050] The image acquisition unit 10 further comprises
a detection device 12 for capturing ultrasound waves
generated in a three-dimensional imaging region of the
object 1 upon illumination. The detection device 12 com-
prises an array of ultrasound detection elements, wherein
the number of detector elements and/or the area covered
by the array of detector elements are dimensioned such
thatultrasound waves emanating from the whole imaging
area of the object 1 can be detected simultaneously. This
allows for creating a full tomographic optoacoustic image
from the acquired ultrasound waves for each of the illu-
mination pulses, so that acoustic waves are collected
repeatedly and a first video sequence 201 of respective
tomographic optoacoustic images is obtained, wherein
each of the illumination pulses serves as a frame, i.e. a
time frame, of the first video sequence 201 of the tomo-
graphic optoacoustic images.

[0051] It should be noted that power fluctuations in the
excitation chain, i.e. the illumination device 11, of the
system 100 may contribute to noise signals, wherein, de-
pendent on the utilized technology, the power of the illu-
mination device 11, in particular the laser power, can vary
from pulse to pulse and can thus can have an impact on
the information contained and/or displayed in the final
image. However, in many settings this impact can be
corrected by using laser integrated power measurement
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devices and a dependent amplification of the detected
optoacoustic signals in terms of low power pulses. Such
measurements can also be used as a metric to select or
weigh frames in one of the algorithms described below
in more detail.

[0052] In the processing unit 20 the first video se-
quence 201 of tomographic optoacoustic images is an-
alyzed and/or processed according to the invention, in
particular by effecting analyzing and/or processing steps
according to the preferred embodiments of the invention.
The output of the processing unit 20 is a second video
sequence 202 of tomographic optoacoustic images ex-
hibiting improved properties as well as so-called meta-
data 203 of various kinds, for example images, values or
graphs.

[0053] In the storage unit 31 the first video sequence
201 of tomographic optoacoustic images and/or the im-
proved second video sequence 202 of tomographic op-
toacoustic images and/or the metadata 203 generated
by the processing unit 20 can be stored.

[0054] In the display unit 41 the first video sequence
201 of tomographic optoacoustic images and/or the im-
proved second video sequence 202 of tomographic op-
toacoustic images and/or the metadata 203 generated
by the processing unit 20 can be displayed.

[0055] Fig. 2 shows a schematic representation of the
processing unit 20 shown in fig. 1. The processing unit
20 comprises a core processor 21 that performs the an-
alyzing and/or processing operations on the first video
sequence 201 of tomographic optoacoustic images ac-
cording to the invention including preferred embodiments
thereof.

[0056] Preferably, the processing unit 20 comprises a
frame component analysis device 22 for analyzing the
first video sequence 201 of tomographic optoacoustic
images with respect to contributing components. More-
over, the processing unit 20 preferably comprises aframe
component correction device 23 for correcting compo-
nents contributing to tomographic optoacoustic images
of the first sequence 201 and for generating the second
video sequence 202 of tomographic optoacousticimages
exhibiting increased quality, wherein the generation of
the second video sequence 201 is based on the result
of the correction of components contributing to tomo-
graphic optoacoustic images of the first sequence 201.

[0057] The core processor 21 and/or the frame com-
ponent analysis device 22 and/or the frame component
analysis device 22 also generate metadata 203, such as
images, values and graphs, which describe or relate to
phenomena in the first video sequence of tomographic
optoacoustic images.

[0058] In a further preferred embodiment, the output
of the core processor 21 and/or the frame component
analysis device 22 and/or the frame component analysis
device 22 can optionally be analyzed by a data analysis
device 24, by means of which the metadata 203 can be
further enriched.

[0059] In the following, further aspects of the invention
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as well as further aspects of preferred embodiments of
the invention are described by referring to fig. 1 and 2.
[0060] The optoacoustic imaging system 100 is able
to acquire, store and process a time series of two or three
dimensional tomographic video images of the same area
in the imaged object 1 at a high frame rate using station-
ary illumination 11 and detection devices 12, allowing for
the use of algorithms for improving SNR and coping with
motion artifacts. Fast image generation is enabled by
pulsed excitation, where each pulse generates an instan-
taneous snapshot image.

[0061] Because ultrasonicresponsesgenerated bythe
pulsed illumination are comparatively weak and undergo
further attenuation when traveling to the detector through
tissue and water, the use of single pulse image frames
would provide only a limited amount of measurement da-
ta points available without any redundancy to cope for
bad signals, as any noise in system and acquisition is
added individually on top of the captured data.

[0062] Inordertoimprove SNR andto cope with motion
artifacts, multiple repeatedly acquired images are ana-
lyzed and/or processed according to the invention such
that the quality of the individual images is improved while
the effective frame rate is kept high, i.e. at a maximum,
and thus the usability for imaging fast processes in the
object is maintained.

[0063] This allows for investigating high-resolution
changes of optical contrast features of the same area
inside the imaged object and fast processes in living or-
ganisms that cannot be revealed by other imaging mo-
dalities.

[0064] Preferred frameratesin order to be able to fulfill
the aforementioned aims start from 10 frames per sec-
onds. Upper bounds to the frame rate are only given by
hardware limitations such as repetition rate of the exci-
tation source or data rate of processing systems.
[0065] Excitation is delivered using preferably uniform-
ly distributed illumination 11 of the imaging region of the
object 1. Itcan either be of pulsed nature with pulse widths
in the order of nanoseconds, or of continuous nature with
either frequency or intensity modulation applied. In any
of the mentioned cases the illumination wavelength can
optionally be adapted in the course of the measurement
at any given rate.

[0066] The stationary optoacoustic detector array 12
can be of any curved or linear shape that can acquire
acoustic waves from sufficient projections of the imaged
object 1 for any imaging instant in order to make time
consuming mechanical detector movements unneces-
sary.

[0067] Another aspect of the invention relates to the
high data rate processing unit 20 which is connected with
the image acquisition unit 10, in particular with the de-
tection device 12, and which provides computational
power and algorithms to capture and analyze and/or
process the first video sequence 201.

[0068] It is of particular importance that the signals of
sufficient or ideally all detectors of the array 12 can be
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captured in one acquisition cycle. Apart from individual
processing algorithms it is an object of the presentinven-
tion to analyze a time series, i.e. a sequence 201, of
images and identify extrinsic, parasitic influences such
as noise and motion that deteriorate the individual video
frames.

[0069] In a preferred manifestation, a moving average
processing on the first video sequence 201 of images
can be executed in order to remove independent influ-
ences while retaining the effective video frame rate.
[0070] Other preferred aspects include a selection
process in which the quality of individual video frames
by using metrics, such as blur, mutual information, sim-
ilarity or image correlation, is assessed. Based on these
metrics, i.e. criteria, it is an option to discard individual,
highly noise or motion affected video frames completely
in order to increase overall quality and signal to noise
ratio as a trade-off with retained information frame rate.
This allows amendment of the captured first video stream
201 to an improved, final second video stream 202.
[0071] In another aspect, temporal patterns of individ-
ual contributions to the content of the individual images
of the first video sequence 201 can be used in the frame
component analysis device 23 to both classify the con-
tributions and retrieve information about change proc-
esses in the images that might themselves be important
aspects of the measurement. This preferably includes
periodic motion patterns, such as the breathing rate of
an animal that leads to repeated, periodic contractions
of the rib cage and represents a major source of motion
and can thus be progressively used in processing both
past and future video frames.

[0072] If calculated on-line during the measurement in
the data analysis device 24, this also allows for capturing
health indicators such as breathing or heart rate as well
as a metric for motion of the detection device 12 and thus
image reliability in handheld imaging. Therefore, in a pre-
ferred embodiment of the system according to the inven-
tion, the detection device 12, and optionally the illumina-
tion device 11, is or are integrated in a handheld probe
which can be grasped or touched by hand and, e.g., po-
sitioned onto the surface of an object under investigation,
e.g. a patient.

[0073] Thisinformation, in particular relating to breath-
ing, heartrate, blood flow or motion of the object 1 and/or
motion of the detection device 12, when captured and
processed in real time can also be used in a feedback
loop 211 as a control data for the image acquisition unit
10. For example, by means of information relating to
breathing or heart rate of the object 1 or relative motion
between the object 1 and the image acquisition unit 10
a corresponding feedback signal is generated and fed to
the image acquisition unit 10, wherein the image acqui-
sition unit 10 is controlled by the feedback signal such
that, e.g., optoacoustic images are only acquired at cer-
tain time frames or times of the breathing cycle, cardiac
cycle or blood circulation.

[0074] The acquired and/or derived data can be stored
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in the storage device 31. Image data relating to sequenc-
es of tomographic optoacoustic images can be stored
before (first sequence 201) any processing steps and/or
after (second sequence 202) processing in the process-
ing unit 20. Moreover, also additional metadata 203 gen-
erated in the course of processing can also be stored in
the storage device 31.

[0075] The stored data can be analyzed immediately
or at a later point in time by the data analysis device 24.
In areal time processing enabled system, the processed
second sequence of images and/or the unprocessed first
sequence of images, so-called raw data, can also be vis-
ualized on the display device 41.

[0076] Noise and motion correction of the images of
the first sequence 201 is especially advantageous when
high speed changes in contrast need to be tracked that
cannot be revealed using mechanisms that reduce the
frame rate of the acquired data. Examples are fast chang-
es in contrast when perfusing biological tissue with a
marker substance, where certain image features in-
crease in signal.

[0077] Accordingtotheinvention, the generation of the
second high frame rate video sequence 202 of images
of absorbing structures is achieved by means of a post-
processing of the first high frame rate video sequence
201 of the acquired images. Here, a particularly advan-
tageous task is multispectral processing of the acquired
image data of the first high frame rate video sequence
201 by associating absorbers with individual pixels and
thus allowing for localizing absorbers based on their
spectral absorption profile over multiple excitation wave-
lengths. This approach is often referred to as multispec-
tral optoacoustic imaging (MSOT). Because of the per-
pixel evaluation it is essential to correct the acquired im-
ages for motion and noise to allow the so-called spectral
unmixing algorithms to work.

[0078] According to a preferred embodiment of the in-
vention, the acquisition in the described high speed
measurement system 100 can optionally be triggered us-
ing external device (not shown) by means of which at
least one property of the object 1 relating to temporal, in
particular periodic, changes at or within the object 1 can
be acquired while the first sequence of tomographic op-
toacoustic images is acquired. Temporal changes may
comprise, e.g., changes due to respiration, pulse or blood
flow. The external device is designed to produce an ac-
cording control signal 212 for controlling the image ac-
quisition unit 10. For example, the external device can
be an electrocardiogram (ECG) or a breathing rate mon-
itoring system by means of which the image acquisition
can be triggered, in particular started, in motion-free mo-
ments between breathing cycles or at certain moments
in the cardiac cycle to further increase the image quality.
[0079] In the following, further particularly preferred
embodiments of the invention will be discussed.

[0080] Inone preferred embodiment, the optoacoustic
detectiondevice 12 encircles the object 1 in afull or partial
circle or arc. By means of focusing the sensitivity of the
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individual detector elements of the array in a direction
perpendicular to the imaging plane, the imaged area is
thus restricted to signals emitted in a quasi two-dimen-
sional plane. Iffocusing is reduced or completely omitted,
signals are captured from the whole three-dimensional
area enclosed by the detection device 12.

[0081] Theillumination device 11 irradiates laser puls-
es onto an area of the object 1 being slightly larger than
the imaging plane in order to provide uniform illumination
of the whole imaging area. Detection device 12 and illu-
mination device 11 are preferably static with respect to
each other, in order to allow for repeated imaging of the
same area without a change in the setting.

[0082] The object 1 can be translated perpendicular to
the imaging plane to select the area to image. By means
of this setup it is possible to generate high frame rate
data of one imaging area. Multiple imaging areas can be
covered by fast translation of the object 1, or additional
detection andillumination device pairs 12/11 that operate
independently. Exemplary applications of this embodi-
ment are pre-clinical imaging of small animals or clinical
imaging of peripherals, such as hand, finger or feet.
[0083] Animportant step in improving the quality of the
final video stream 202 in the core processing device 21
is the assessment of the quality of the individual frames,
as this allows for subsequent, quality-dependent
processing of the input data 201. In this embodiment, the
quality improvement of the output video stream 201 is
achieved by elimination of low quality video frames,
which improves the overall quality of the video. This is
mainly appropriate with high video frame rates, where
processing time is very important. As adecrease in frame
rate, or a varying frame rate in general is not desirable
in most applications, frames that are dropped due to their
insufficient quality are substituted by interpolating and/or
extrapolating the neighboring good frames.

[0084] In order to assess the quality of a video frame,
two different types of video frame metrics, i.e. criteria,
can be applied: First, individual image metrics on the one
hand assess the quality of the frame only with respect to
itself. Examples include image SNR with respect to back-
ground area, contrast and different blur and sharpness
related metrics. Second, mutual metrics on the other
hand classify an image with respect to other images.
Standard deviation, k-means, similarity, image correla-
tion and mutual information based on both intensity and
feature-based metrics are examples. They are very ad-
vantageous for the quality improvement in motion-per-
turbed measurements as they allow for identifying video
frames acquired at time points with corresponding posi-
tions of the object 1. Depending on the pro-rata contri-
butions of motion and noise to the acquired video, a
number of reasonable metrics need to be combined. In-
dividual image metrics can identify noisy frames, while
mutual metrics help to find frames that show the same
setting to help identify motion compensated frames. In
the case of pre-clinical imaging with small animals, this
is largely dependent on the region that is measured.
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[0085] As additional information, the metrics for the in-
dividual frames are provided as metadata 203 on the
output of the processing device. This allows for user feed-
back on the quality of the video stream.

[0086] This advantageously enables the per-pixel
monitoring of even small intrinsic contrast changes in the
measured subject which would have otherwise been hid-
den and obscured by noise and motion. An example of
such fast change is the change in blood oxygenation as
the oxygen content in the breathing air supply of a live
animal or human is changed. This allows judgment of the
degree of vascularization and thus blood perfusion in tis-
sue.

[0087] In a further embodiment, the video frame imag-
es are processed using statistical metrics in the frame
component analysis device 22. The input to this step can
either be the originalfirst video stream 201, or the second
video steam 202 already pre-processed by the core
processing device 21. The incoming video stream 201 is
separated in contributing components using methods of
blind source separation or equivalent approaches. A
method that has proven efficient and robust is principal
component analysis (PCA) that relies on orthogonality of
contributing components, but comparable algorithms
from that domain can work equally well. The resulting
components are then classified into actual signal sourc-
es, meaning actual changes in contrast in certain pixels,
and unwanted contributions such as motion and noise.
As these methods include an indicator on the temporal
behavior of a contribution, this can be used in the frame
component correction device 23 to identify noise and mo-
tion as these usually show a very high frequent behavior,
while changes in signal are assumed to be relatively slow
changing in comparison with a significant trend.

[0088] While this differentiation is very simple for the
human eye by looking either at the moving component
picture orits temporal profile, an automatic decision proc-
ess needs to take into account various parameters. Es-
sential are means of Fourier transform or similar, which
visualize the frequency contentin individual components
and an evaluation of the mean contribution and the sig-
nificance in relation to the complete video stream.
[0089] Depending on the application it is important to
define the respective thresholds to separate slow varying
signal components from usually more high frequent mo-
tion and noise components. A-priori knowledge of pat-
terns can also be applied using fitting and deconvolution
procedures or tracking algorithms. With this differentia-
tion into perturbations and actual signal being made, the
correction device 23 can re-assemble a final video
stream 202 that is free of the unwanted contributions of
noise and motion.

[0090] Theseparationinto components also allows fur-
ther, even more simple processing tasks such as
smoothening or selective filtering on the individual com-
ponents. As an example, a moving average processing
step on components representing ideal white noise would
automatically lower their influence and thus improve from
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the dataset without further actions being necessary.
[0091] The extracted meta content or meta data 203
retrieved from the separation in the frame component
analysis device 22 can serve to identify patterns in the
motion or noise components, that can be provided as a
visual feedback, i.e. displayed in display 41, in addition
to the final video stream 202. This is not restricted to the
temporal profiles of certain contributions, but also their
localization. This possibility to reveal and analyze spatio-
temporal events with optical contrast enables very pow-
erful applications.

[0092] In another embodiment, binning procedures to
separate frames, i.e.images, based on a certain stadium
can be applied in the data analysis device 24 using mu-
tual video frame metrics to identify different groups of
frames. One example is the separation of heartbeat cycle
into systolic and diastolic segments that can help create
high quality snapshots in a motion-rich scenario.

[0093] In afurther embodiment, the output of the frame
componentanalyzing device 22 can help inthe data anal-
ysis device 24 to identify physiological parameters of the
imaged object 1 by analyzing the temporal profiles of
certain contributors. This includes breath rate and heart
rate recognition based on motion components, as these
are periodic changes in the video streams 201 and/or
202.

[0094] In areal-time system 100, the physiological pa-
rameters of the imaged object 1 can in turn be used in a
feedback loop as a control signal 211 which triggers the
image acquisition unit 10 in moments with predicted low
motion, e.g. in between breathing cycles.

[0095] Inyetanother aspectofthe invention, the output
video images 202 can be evaluated for dynamic changes
within the entireimages or certain pixels in the processing
unit 20. This allows for visualization of changes either as
a graph or as a parameter map indicating parameters
characterizing the change in value of a certain pixel by
either plain observation or some pharmacokinetic mod-
eling. This allows for utilizing the image acquisition unit
10 as a device which enables visualizing a bio-distribu-
tion of injected agents and modeling their kinetic behavior
within the imaging region.

[0096] Important parameters to be observed may in-
clude, but are not limited to, peak enhancement, area
under the curve, rise time, time to peak, wash-in rate or
perfusion index, mean residence time, volume of distri-
bution, clearance, CMax, TMax, bioavailability and vari-
ous rate constants that allow fitting a pharmacokinetic
model. Regarding these parameters it is referred to re-
spective detailed elucidations and examples given
above.

[0097] Depending on the specific kinetics of interest,
this may be applied to single wavelength video sequenc-
es or multispectral video sequences, wherein the latter
allow for assessment of biological properties of tissue
and organ function, where there is currently no other im-
aging modality that can deliver equally high frame rates
with functional contrast.
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[0098] In another embodiment, the illumination wave-
length can be changed during the acquisition, so that
illumination pulses of different wavelength capture differ-
ent contrast inside the imaged object to further enrich the
dataset in another dimension, i.e. by a spectral depend-
ence of the optoacoustic image data. This features the
powerful tool of Multispectral Optoacoustic Tomography
(MSOT) that has been previously used on static settings
to reveal absorbers based on their absorption profile.
With an interleaved processing of the individual frames
acquired at different wavelengths, the aforementioned
features can be applied to hugely improve the possibili-
ties for fast MSOT for which motion-free data sets to char-
acterize the absorption spectrum of individual pixels are
essential. Here, the MSOT benefits significantly from im-
proved quality ofthe video stream 202 obtained by means
of the invention. Another important benefit in employing
this method lies in the ability to trace contrast changes
also if they are caused by multiple absorbers. As an ex-
ample, a labeled drug to increase blood circulation could
produce contrast in a decisive wavelength where the at-
tached contrast agent absorbs, but also change the
amount and thus the absorption by blood.

[0099] In another embodiment, an optional compres-
sion step can beincorporatedin the course of video frame
processing in order to simplify data transfer and reduce
required storage space. This compression can either
happen in a combined processing step as a side product
of any of the algorithms employed, or in a subsequent
step using commonly known data or video compression
mechanisms.

[0100] In yet another embodiment, the detection de-
vice 12 collects data from a three dimensional volume
within the object 1 from only one side of the object 1.
Detection elements are either arranged on parts of a
sphere in order to allow focusing on the imaging area, or
in a linear manner in order to cover a broader and less
wide area with substantially less or no focusing. In most
applications it makes sense to arrange illumination de-
vice 11 and detection device 12 on the same side of the
object 1 - however a uniform illumination of the imaging
area needs to be granted, and still the illumination device
11 needs to be fixed with respect to the detection device
12. This arrangement allows for greater flexibility in se-
lecting the imaging area and mounting in a handheld de-
vice. In handheld operated mode however, the imaging
rate needs to be very high in order to fulfill the requirement
of a quasi-static setting. In general, the detection geom-
etry of this embodiment allows for whole body small an-
imal imaging and handheld clinical imaging.

[0101] In another embodiment, the described imaging
system can be applied to humans using either handheld
or endoscopic imaging by modifying the acquisition de-
vice 10 accordingly.

[0102] Dependent on the acquisition rate the system
supports, some or all components of the processing unit
20 detailed above may need to be implemented in ded-
icated hardware to achieve the necessary throughput.
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Claims

System (100) for optoacoustic imaging of an object
(1) comprising an image acquisition unit (10) for ac-
quiring a first sequence (201) of tomographic optoa-
coustic images of a region of interest of the object
(1), wherein the image acquisition unit (10) compris-
es

- an illumination device (11) for irradiating the
region of interest of the object (1) with electro-
magnetic radiation, in particular light, and

- adetection device (12) for repeatedly collecting
acoustic waves emerging from the object upon
irradiating the object (1) and for generating the
first sequence (201) of tomographic optoacous-
tic images of the region of interest from the re-
peatedly collected acoustic waves,
characterized by

a processing unit (20) for generating a second
sequence (202) of one or more tomographic op-
toacoustic images from the first sequence (201)
of tomographic optoacoustic images based on
- an analysis of one or more tomographic optoa-
coustic images of the first sequence (201) of to-
mographic optoacoustic images and/or

- at least one property of the object (1) while
acquiring the first sequence (201) of tomograph-
ic optoacoustic images and/or at least one prop-
erty of the acquisition unit (10) while acquiring
the first sequence (201) of tomographic optoa-
coustic images.

System (100) according claim 1, wherein the atleast
one property of the object (1) relates to temporal, in
particular periodic, changes at or within the object,
in particular due to respiration, pulse or blood flow,
while acquiring the first sequence (201) of tomo-
graphic optoacoustic images.

System (100) according to claim 1 or 2, wherein the
at least one property of the object (1) is acquired by
means of an external device, which is in particular
adapted for observing temporal changes at or within
the object (1), in particular due to respiration, pulse
or blood flow.

System (100) according to one of the foregoing
claims, wherein the atleast one property of the object
(1) is derived from one or more tomographic optoa-
coustic images of the first sequence (201) of tomo-
graphic optoacoustic images.

System (100) according to one of the foregoing
claims, wherein the processing unit (20) is adapted
for generating the second sequence (202) of tomo-
graphic optoacoustic images based on an analysis
of a subsequence of tomographic optoacoustic im-
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ages of the first sequence (201) of tomographic op-
toacoustic images.

System (100) according to one of the foregoing
claims, wherein the processing unit (20) is adapted
for generating the second sequence (202) of tomo-
graphic optoacoustic images based on an analysis
of tomographic optoacoustic images of the first se-
quence (201) of tomographic optoacoustic images
with respect to their individual properties, in particu-
lar signal-to-noise ratio, contrast, blur or sharpness.

System (100) according to one of the foregoing
claims, wherein the processing unit (20) is adapted
for generating the second sequence (202) of tomo-
graphic optoacoustic images from the first sequence
(201) of tomographic optoacousticimages based on
an analysis of properties, in particular signal-to-noise
ratio, frequency spectrum or noise patterns, of the
repeatedly collected acoustic waves prior to gener-
ating the first sequence (201) of tomographic optoa-
coustic images from the repeatedly collected acous-
tic waves.

System (100) according to one of the foregoing
claims, wherein the processing unit (20) is adapted
for generating the second sequence (202) of tomo-
graphic optoacoustic images based on an analysis
of tomographic optoacoustic images of the first se-
quence (201) of tomographic optoacoustic images
regarding properties of the tomographic optoacous-
tic images with respect to each other, in particular a
similarity of the images, a correlation of the images,
a standard deviation or k-means.

System (100) according to one of the foregoing
claims, wherein the processing unit (20) is adapted
for generating the second sequence (202) of tomo-
graphic optoacoustic images based on an analysis
of tomographic optoacoustic images of the first se-
quence (201) of tomographic optoacoustic images
using a feature tracking algorithm by means of which
a temporal behavior of one or more individual con-
tributions, e.g. an imaged part of the object (1), to
tomographic optoacoustic images of the first se-
quence (201) is analyzed and/or tracked.

System (100) according to one of the foregoing
claims, wherein the processing unit (20) is adapted
for generating the second sequence (202) of tomo-
graphic optoacoustic images based on an analysis
of statistical properties of tomographic optoacoustic
images of the first sequence (201) of tomographic
optoacoustic images.

System (100) according to one of the foregoing
claims, wherein the processing unit (20) is adapted
for processing the second sequence (202) of tomo-
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graphic optoacoustic images based on an analysis
of statistical properties of tomographic optoacoustic
images of the second sequence (202) of tomograph-
ic optoacoustic images.

System (100) according claim 10 or 11, wherein the
analysis of statistical properties comprises a sepa-
ration of the tomographic optoacoustic images of the
sequence of tomographic optoacoustic images into
contributing components, in particular by means of
a principal component analysis (PCA).

System (100) according to one of the foregoing
claims, wherein the acquisition unit (10) is adapted
to be controlled by control signals (211, 212) from

- the processing unit (20) or

- an external device, which is in particular adapt-
ed for observing a time-variant process in the
object (1), in particular respiration, heartbeat or
blood flow of the object (1),

to allow for an acquisition of the first sequence
(201) of tomographic optoacoustic images at
specificinstants, in particular atless motion-per-
turbed instants, e.g., at timeframes with no res-
piratory activity or certain periods of the heart
cycle.

System (100) according to one of the foregoing
claims, wherein the image acquisition unit (10) is
adapted to utilize photon absorption information from
previous tomographic optoacoustic images of the
same object (1) to change amplification of signals
corresponding to acoustic waves originating from
deeper inside of the object (1) in order to correct for
reduced light fluence in deep tissue.

System (100) according to one of the foregoing
claims, wherein the processing unit (20) is adapted
for generating the second sequence (202) of tomo-
graphic optoacoustic images by selecting and dis-
carding individual tomographic optoacoustic images
of the first sequence (201) of tomographic optoa-
coustic images based on the analysis of the one or
more tomographic optoacoustic images of the first
sequence (201) of tomographic optoacoustic imag-
es.

System (100) according to claim 15, wherein the
processing unit (20) is adapted for generating a re-
placing tomographic optoacoustic image which is in-
serted into the second sequence (202) of tomo-
graphic optoacoustic images in the case that a tom-
ographic optoacoustic image of the first sequence
(201) of tomographic optoacoustic images has been
discarded, wherein the replacing tomographic op-
toacousticimage is generated based on two or more
preceding and/or following images, in particular by
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interpolating and/or extrapolating the preceding
and/or following images, of the first sequence (201)
of tomographic optoacoustic images being adjacent
to the discarded tomographic optoacoustic image.

System (100) according to one of the foregoing
claims, wherein the processing unit (20) is adapted
for generating the second sequence (202) of tomo-
graphic optoacoustic images by moving averaging
of tomographic optoacoustic images of the first se-
quence (201) of tomographic optoacoustic images,
wherein each time at least two subsequent tomo-
graphic optoacoustic images of the first sequence
(201) of tomographic optoacoustic images are aver-
aged.

System (100) according to one of the foregoing
claims, wherein the at least one property of the ac-
quisition unit (10) relates to an intensity of the elec-
tromagnetic radiation with which the object (1) is ir-
radiated while acquiring the first sequence (201) of
tomographic optoacoustic images.

System (100) according to one of the foregoing
claims, wherein the illumination device (11) is adapt-
ed for irradiating the object (1) with electromagnetic
radiation, in particular light, at multiple wavelengths
and the processing unit (20) is adapted for analyzing
thefirst sequence (201) and/or the second sequence
(202) of tomographic optoacoustic images at the
multiple wavelengths.

System (100) according to one of the foregoing
claims, comprising

- adisplay unit (41) for displaying a video stream
of the first sequence (201) of tomographic op-
toacoustic images and/or the second sequence
(202) of tomographic optoacoustic images
and/or

- astorage unit (31) for storing the first sequence
(201) of tomographic optoacoustic images
and/or the second sequence (202) of tomo-
graphic optoacoustic images.

System (100) according to one of the foregoing
claims, wherein the image acquisition unit (10) is de-
signed as a handheld device.

Method for optoacoustic imaging of an object (1) by
acquiring a first sequence (201) of tomographic op-
toacousticimages of aregion of interest of the object
(1) comprising the following steps:

- irradiating the region of interest of the object
(1) with electromagnetic radiation, in particular
light, and

- repeatedly collecting acoustic waves emerging
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from the object upon irradiating the object (1)
and generating the first sequence (201) of tom-
ographic optoacoustic images of the region of
interest from the repeatedly collected acoustic
waves,

characterized by

generating a second sequence (202) of one or
more tomographic optoacoustic images from
the first sequence (201) of tomographic optoa-
coustic images based on

- an analysis of one or more tomographic optoa-
coustic images of the first sequence (201) of to-
mographic optoacoustic images and/or

- at least one property of the object (1) while
acquiring the first sequence (201) of tomograph-
ic optoacoustic images and/or at least one prop-
erty of the irradiation of the object and/or the
collection of acoustic waves while acquiring the
first sequence (201) of tomographic optoacous-
tic images.
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