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Description

BACKGROUND

[0001] The present invention is in the technical field of
biomedical imaging, more particularly in the technical
field of optical microscopy and more particularly in the
technical field of optical sectioning microscopy.
[0002] Optical sectioning microscopy refers to the im-
aging of a section in depth of a sample, the section being
in the focal plane of a microscope objective, while remov-
ing the background in the image due to out-of-focus light
and scatter. When microscopy is applied to biological
samples such as cells or tissues which exhibit strong
scattering, optical sectioning dramatically improves the
quality of the images obtained. It is thus of paramount
importance for biological as well as medical purposes.
Among the techniques that are used for high resolution
imaging in the micrometer range, confocal microscopy
(see for example US patent 3013467 - Minsky) and non-
linear microcopies (e.g. two photon - see for example
Denk W, Strickler J, Webb W (1990). "Two-photon laser
scanning fluorescence microscopy". Science 248
(4951): 73-6) are now widely used. They take advantage
of large numerical aperture microscope (NA ~ 0.8 to 1.4)
objectives to achieve the required limited depth of field
that insures good sectioning ability.
[0003] Optical Coherence Tomography (OCT) is an ef-
ficient optical sectioning technique for in-depth imaging
of biological tissues. OCT relies on interferometric selec-
tion of ballistic photons (see for example J. G. Fujimoto
et al., Optical biopsy and imaging using optical coherence
tomography, Nature Med. 1, 970-972 (1995)). It has
proved to be a highly valuable tool for biomedical imaging
in particular in the field of eye examination. Concerning
the other tissues of the human body that are dense and
exhibit a very large scattering cross-section it is more
difficult to get sharp images at the cellular level of virtual
thin slices at large depths.
[0004] In contrast with most of the available OCT ap-
proaches (e.g. time domain OCT or Fourier domain OCT)
Full Field OCT (FF-OCT) (see for example A. Dubois et
al., High-resolution full-field optical coherence tomogra-
phy with a Linnik microscope, Appl. Opt. 41, 805-812
(2002)) directly takes "en face" high resolution images
(typically 1mm, isotropic) using megapixels cameras cou-
pled to gel or water immersion microscope objectives for
a better matching of the refractive index of tissues.
[0005] The principle of a full-field OCT system is rep-
resented on figure 1. It relies on the use of thermal sourc-
es or arcs or LEDs that are spatially and temporally in-
coherent, coupled to an imaging interferometer, for ex-
ample in the Linnik configuration as shown on figure 1.
The FF-OCT system 100 comprises a source of partially
coherent light 101, e.g. an halogen light source, optically
integrated in a Köhler illuminator so as to provide uniform
illumination in the sample, a beamsplitter 102, e.g. a non-
polarizing beamsplitter cube, defining two interferometric

arms. For a Linnik configuration, both arms include a mi-
croscope objective of the same characteristics 103 and
104. In one arm, further named the reference arm, a uni-
form reflective surface 105 is positioned at the focal plane
of the objective and linked to an oscillator 111, allowing
modulation of the optical path length of the reference
arm, e.g. a piezo electric transducer. In the other arm,
further called object arm, a volume and scattering sample
106 - to be imaged - is positioned at the focal plane of
the objective 103. An adjustable dispersion balance sys-
tem is included in both arms, e.g. rotating glass plates
109 and 110. A tube lens 107 is placed at the output of
the interferometer in order to conjugate the focal planes
of both objectives 103 and 104 with a multichannel de-
tector 108, e.g. a CCD or CMOS matrix. The magnifica-
tion of the imaging interferometer is fixed, defined by the
focal characteristics of the microscope objective 103 and
tube lens 107. The adjustment in depth of the device 100
relative to the sample 106 is performed using translation
means, e.g. a motorized linear translation stage.
[0006] Due to the broad spectrum of the source, inter-
ferences occur only when the optical path lengths of the
two arms of the interferometer are identical within typi-
cally 1mm. Moreover the spatial incoherence of the
source prevents cross talk between pixels. The signal is
extracted from the background of incoherent backscat-
tered light using a phase-shifting method. Due to the ran-
domness of the tissues structures, it is possible to record
only two interferometric images, using a CCD or a CMOS
camera for example, the phase being changed by π in
the interferometer reference channel between each im-
age and to compute the tomographic image by calculat-
ing the normalized difference of the interferometric im-
ages.
[0007] The FF-OCT system - or at least part of its com-
ponents - can be displaced to move the focal plane at
different depths within the sample in order to obtain 2D
images at different depths that can be further reconstruct-
ed into 3D images, which we will call 3D tomographic
images. En face capture allows the FF-OCT system to
operate with high lateral resolution (typically ∼1mm) using
medium aperture microscope objectives (for instance,
but not limited to 10x or 20x water immersion objectives
with 0.3 to 0.5 numerical aperture). In addition, micro-
metric displacement of the FF-OCT system will enable
3D tomographic images at a 1 micron or less vertical
resolution.
[0008] FF-OCT allows for ultra high resolution (typical-
ly ∼1mm in 3D) images of scattering samples such as
biological tissues, in depth, using a non-invasive process.
Typical morphologic structures of tissue show sizes start-
ing from a few microns to a few tens of microns. For
example the size of a cell nucleus is typically between 5
and 10 mm, the size of a typical adipose cell between 25
and 50mm. Due to its high resolution capabilities, the FF-
OCT technique is able to provide cellular resolution im-
ages of morphologic characteristics of tissues, compared
to conventional OCT techniques such as Time-Domain
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OCT or Fourier-Domain OCT, which have a limited trans-
verse resolution of about 10mm, preventing from resolv-
ing fine cellular structures. It has been proven that the
use of the FF-OCT on various tissues is of great interest
for pathologists (see "Jain M, Shukla N, Manzoor M, Na-
dolny S, Mukherjee S. Modified full-field optical coher-
ence tomography: A novel tool for rapid histology of tis-
sues. J Pathol Inform 2011;2:28"), as a new tool for fast,
non-invasive, non-sacrificial assessment method on
freshly excised tissue. Applications such as biobanking,
embryology, or surgery guidance have been raised by
pathologists. For example FF-OCT might be used in the
future for evaluation of surgical margins, or as a confir-
mation tool for assessing the adequacy of biopsied tissue
for subsequent definitive histopathological diagnoses.
The main advantage is that, for some clinical situations,
the technique can provide significant pathological and
architectural information within minutes, without the need
to prepare histology slides, which a time-consuming, op-
erator-dependant process.
[0009] However, compared to histology slides, which
are the "Gold Standard" in pathology, the information giv-
en by standard FF-OCT images is mainly limited to mor-
phology and architecture. Indeed, the contrast provided
by FF-OCT results from the local variation of the amount
of ballistic photons due to local refractive index variations
linked to tissue structures. The contrast risen by the FF-
OCT technique on particular metabolic structures such
as tumorous areas of a tissue, is not always enough to
perform an accurate diagnostic. In standard histology,
pathological areas are often revealed using chemical col-
oration, such as H&E staining (Hematoxylin and Eosin).
After coloration and histology slide preparation, cancer-
ous tissue usually appears in a different color compared
to the surrounding healthy tissue, with sharp contrast
based on coloration. Moreover, such a contrast can be
used at high magnification on a microscope to observe
fine cellular structures such as cell nuclei. The size and
density of nuclei is often considered as a good indicator
of cancerous invasion, the size of the nuclei of cancerous
cell being larger than the nuclei of healthy cells. As a
consequence, when using FF-OCT microscopy on bio-
logical tissues, it may be useful for pathologists to en-
hance the contrast of specific cellular structures, such as
cell nuclei or cancerous tissue areas. Such an additional
contrast can provide both morphologic and metabolic in-
formation in a single image, approaching the information
given by standard histology slides.
[0010] In standard microscopy, this additional contrast
can be obtained using coloration fluids in histopathology,
or fluorescent agents such as GFP (Green Fluorescent
Protein) in biology. For example fluorescence spectros-
copy has been used to detect early dysplasia in various
organs (see Ramanujam N., Fluorescence spectroscopy
of neoplastic and non-neoplastic tissues, Neoplasia 2
(1-2), 89-117 (2000)). The principle of fluorescence mi-
croscopy relies on the addition of a fluorescent agent to
the sample - sometimes with specificity to a cellular struc-

ture - followed by the illumination of the sample using
light with a spectrum corresponding to the absorption
spectrum of said fluorescent agent. The subsequent flu-
orescence emission is characterized by a shifted spec-
trum compared to the absorption spectrum, usually to-
wards higher wavelengths.
[0011] In conventional fluorescence microscopy of bi-
ological objects, the illumination light passes through a
volume of the sample, so that the emission of fluores-
cence also occurs at out of focus planes. The resulting
image is then blurred by a fluorescent background noise.
As a consequence, fluorescence microscopy is usually
used in combination with an optical sectioning technique,
which allows for collecting light only coming from the sec-
tioning plane, thus removing out of focus fluorescent
noise.
[0012] US 2007/0229801 discloses a multimodality mi-
croscopic imaging system combining spectrally encoded
confocal microscopy and full-field optical coherence mi-
croscopy. Chasles, F., Dubertret, B. and Boccara, A. C.
"Optimization and characterization of a structured illumi-
nation microscope" (Optics Express 15: 16130-16140
(2007)) discloses a structured illumination microscope.
[0013] However, OCT techniques, including the FF-
OCT technique, are not compatible with fluorescence mi-
croscopy as light coming from the emission of fluores-
cence of the sample is incoherent with the light source.
The properties of fluorescent photons are not correlated
to the properties of the low-coherence source used for
coherence tomography. Consequently, the optical path
length equalization between the two interferometric arms
is not possible anymore, and interference signals neces-
sary to coherence tomography techniques can not be
obtained.
[0014] One objective of the present invention is to pro-
vide additional contrast(s) in an FF-OCT system.

SUMMARY OF THE INVENTION

[0015] According to a first aspect, the present disclo-
sure relates to a multimodal optical sectioning micro-
scope for full-field imaging of a volumic and scattering
sample as defined in claim 1.
[0016] In the multimodal optical sectioning microscope
of the first aspect, the full-field OCT system and the sup-
plementary full-field optical sectioning imaging system
are combined to share at least partially a common optical
imaging channel. It is thus possible to provide additional
contrasts in an FF-OCT system while keeping a compact
apparatus implementing a parallel detection of each point
of the image. Further, sharing the same microscope ob-
jective enables providing images of the same zone of the
sample, with the same transversal resolution and differ-
ent contrasts.
[0017] According to an embodiment, the supplemen-
tary full-field optical sectioning imaging system and the
FF-OCT system have the same illumination sub-system
and/or detection sub-system.
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[0018] According to another embodiment, the supple-
mentary full-field optical sectioning imaging system and
the FF-OCT system have different illumination sub-sys-
tem and/or detection sub-system. Typically, the useful
illumination bandwidth for a FF-OCT system is in the near
infrared (600 - 900 nm) as a good compromise between
penetration depth in biological samples and optical res-
olution, whereas the excitation/emission spectra of a lot
of fluorophores is in the range 350 - 600 nm. When using
for the full-field OCT system and the full-field optical sec-
tioning system different illumination sub-system and/or
detection sub-system, it will be very easy to combine
and/or separate the respective light beams in both sys-
tems using dichroic beamsplitters.
[0019] According to a preferred embodiment, the spa-
tial pattern is substantially periodic. According to further
embodiments, the spatial pattern may be a speckle, or a
combination of varying speckles, or a random transmis-
sion pattern.
[0020] According to a preferred embodiment, the
means for generating the spatial pattern comprise a mask
with variable spatial transmittance or reflectance to be
illuminated by the illumination sub-system of said sup-
plementary full-field optical sectioning imaging system
and conjugated with the focal plane of said microscope
objective.
[0021] According to another embodiment, the illumina-
tion sub-system of said supplementary full-field optical
sectioning imaging system is a laser and said means for
generating the spatial pattern comprise a diffuser to be
illuminated by said laser and conjugated with the back
aperture of said microscope objective.
[0022] According to a second aspect, the present dis-
closure relates to a method of acquiring in depth section
images of a volumic and scattering sample using a FF-
OCT system and in depth section fluorescent images us-
ing a supplementary full-field optical sectioning imaging
system, wherein said FF-OCT system and said supple-
mentary full-field optical sectioning imaging system
share a common optical channel, as defined in claim 9.
[0023] According to an embodiment, said method com-
prises simultaneous acquisition of images from said sup-
plementary full-field optical sectioning imaging system
and said FF-OCT system.
[0024] According to an embodiment, simultaneous ac-
quisition is obtained using spectral separation of light
used for each imaging channel of said supplementary
full-field optical sectioning imaging system and said FF-
OCT system.
[0025] According to an embodiment, simultaneous ac-
quisition is obtained using a multispectral array detector
common for said supplementary full-field optical section-
ing imaging system and said FF-OCT system.
[0026] According to an embodiment, simultaneous ac-
quisition is obtained using a single detector and the dis-
crimination of data coming from said supplementary full-
field optical sectioning imaging system and said FF-OCT
system is performed using post processing of data ac-

quired by the single detector.
[0027] According to a further embodiment, said meth-
od further comprises displaying said first and second flu-
orescent images, and displaying merged images from
said first and second fluorescent images.

BRIEF DESCRIPTION OF DRAWINGS

[0028]

Fig. 1 shows an experimental setup for a full field
OCT system according to the prior art (previously
described);

Fig. 2 shows a sub-system representation of an ex-
perimental setup for a multimodal Full-Field OCT
system according to the present invention;

Fig. 3A to 3C show different embodiments for a full-
field interferomer;

Fig. 4 shows an experimental system according to
a first embodiment of a multimodal FF-OCT system
according to the present invention;

Fig. 5 shows a diagram describing the acquisition
procedure of an experimental system according to
the multimodal FF-OCT system according to figure 4;

Fig. 6 shows an experimental system according to
a second embodiment of a FF-OCT system accord-
ing to the present invention.

DETAILED DESCRIPTION OF A PREFERRED EM-
BODIMENT

[0029] Fig.2 shows an example of a multimodal FF-
OCT system according to the present disclosure.
[0030] The system comprises a FF-OCT system as de-
scribed for example in Figure 1 with an illumination sub-
system 201, a full-field imaging interferometer to take en
face 3D tomographic images of a sample 206 and a
processing sub-system 212. The illumination sub-system
201, for example an halogen lamp, emits a first incident
wave having a low temporal coherence. The sample 206
is for example a volume and scattering medium such as
a biological tissue. The imaging interferometer compris-
es an interferometric sub-system (as it will be detailed in
reference to figures 3A to 3B) and a detection sub-system
208, for example a CCD or CMOS camera at the focal
plane of a tube lens 207. The interferometric sub-system
comprises a reference arm with a reference mirror 205,
an object arm for receiving the sample 206 and means
for varying the relative path difference between the object
and reference arms, for example an oscillator 211, e.g.
a piezo electric transducer. The object arm comprises a
microscope objective 203. An optical conjugation device
comprising in the example of figure 2 the microscope
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objective 203 and the tube lens 207 optically conjugates
the sample and detection subsystem 208. The imaging
interferometer allows for the acquisition of at least one
first and one second interferometric images resulting
from the interference of a reference wave obtained by
reflection of said first incident wave on said reference
mirror and an object wave obtained by backscattering of
said first incident wave by a first section of the sample at
a given depth of the sample, the at least two interfero-
metric images having a phase difference obtained by var-
ying the relative path difference between the object and
reference arms. The processing sub-system 212 proc-
esses said interferometric images to obtain a tomograph-
ic image of said first section of the sample, whose depth
is equal to the coherence length of the source divided by
the double of the refractive index of the immersion me-
dium.
[0031] The multimodal FF-OCT system further com-
prises a supplementary full-field optical sectioning imag-
ing system 220, 203 linked to the processing sub-system
212 for providing a fluorescent image of the sample 206,
and optical coupling means 213, 214 for optically cou-
pling an imaging channel of the supplementary imaging
system with the object arm of the imaging interferometer.
The imaging channel of the supplementary full-field op-
tical sectioning system comprises the microscope objec-
tive 203 of the object arm of the interferometric sub-sys-
tem. The supplementary imaging system may comprise
its own illumination and detection sub-systems or use
the same illumination and/or detection sub-systems as
those of the FF-OCT system. Different configurations of
the supplementary imaging system 220 will be described
later.
[0032] Information coming from the detection sub-sys-
tem 208 and the supplementary imaging module 220 are
collected and processed by the processing sub-system
212. The processing sub-system 212 is typically a com-
puter, and processing includes typically collecting,
processing and displaying data. It further includes syn-
chronization and control of the different sub-systems, as
for example vertical movement of the sample 206, switch-
ing ON/OFF of the illumination sub-systems, control of
the optical path length difference of the interferometric
sub-system.
[0033] The FF-OCT system and supplementary full-
field imaging system share an at least partially common
optical channel, which makes it possible to build a cost-
effective, small footprint multimodal optical sectioning im-
aging system.
[0034] Figures 3A, 3B and 3C illustrate 3 examples of
interferometric sub-systems. Fig. 3A describes a Linnik
type interferometric sub-system as shown on figure 2,
comprising a beamsplitter 302, for example a non-polar-
izing broadband beamsplitter cube, microscope objec-
tives 303 and 304 having the same optical characteris-
tics, for example x10 NA 0.3 water immersion objectives,
an homogeneous reflective surface 305, an oscillator 311
allowing modulation of the optical path length of the ref-

erence arm, e.g. a piezo electric transducer. This config-
uration is equivalent to the basic configuration of a
FFOCT microscope as previously described in fig. 1. Fig
3B shows an alternative interferometric sub-system,
based on a Mirau configuration. It comprises a micro-
scope objective 303 having moderate magnification and
numerical aperture, e.g. x10 and 0,3, a beamsplitter 302
such as a non-polarizing 50:50 beamsplitter, an optical
window 310 having the same optical characteristics as
302 in terms of dispersion and optical path length, for
example a transparent plate of the same material and
thickness as 302, and an homogeneous reflective sur-
face 305 positioned at the focal length of the objective
303. The beamsplitter 302 defines the 2 interferometric
arms of the interferometric sub-system. The modulation
of the optical path length is ensured using an oscillator
311, for example a piezoelectric transducer. Fig 3C
shows another interferometric sub-system based on a
Michelson configuration. It comprises a microscope ob-
jective 303 having moderate magnification and numerical
aperture, e.g. x10 and 0,3, a beamsplitter 302 such as a
pellicle beamsplitter, an homogeneous reflective surface
305 positioned at the focal length of the objective 303.
The beamsplitter 302 defines 2 interferometric arms of
the interferometric sub-system. As for the Linnik of Mirau
configuration, the modulation of the optical path length
is ensured using an oscillator 311, for example a piezo-
electric transducer.
[0035] According to a preferred embodiment, the sup-
plementary full-field optical sectioning imaging system
comprises a structured illumination microscope, which in
addition to be a Full-field imaging technique and showing
a sectioning ability, is compatible with fluorescence im-
aging.
[0036] A basic principle of Structured Illumination Mi-
croscopy (SIM) according to a first variant is described
for example in Juskaitis, R., Wilson, T., Neil, M. A. A. and
Kozubek, M. "Efficient real-time confocal microscopy
with white light sources" (Nature 383: 804-806 (1996)),
and optimization as well as design considerations can
be found in Chasles, F., Dubertret, B. and Boccara, A.
C. "Optimization and characterization of a structured il-
lumination microscope" (Optics Express 15:
16130-16140 (2007)).
[0037] Basically, according to this variant, SIM is based
on the modulation of the intensity of illumination light at
the imaging plane using a periodic structure, typically a
1 dimensional grid with a contrast of 1, thus forming a
variable periodic spatial pattern. The grid is projected on
the sample using relay optics, and transversally modu-
lated usually using a piezoelectric transducer. The mod-
ulation is performed by shifting the grid by at least three
steps of equal amplitude along a grid period. If I1, I2 and
I3 are the three recorded intensity images using a square
pattern grid, the demodulation is performed using the fol-
lowing formula:
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[0038] When using a sinusoidal pattern grid, 4 images
over a sinusoid period are used to retrieve the sectioned
imaging plane. The demodulation formula becomes (see
Chasles, F., Dubertret, B. and Boccara, A. C. "Optimiza-
tion and characterization of a structured illumination mi-
croscope". Optics Express 15: 16130-16140 (2007)):

[0039] Where I0, I1, I2, I3 are respectively the 4 re-
corded intensity images. The use of a sinusoidal pattern
is particularly efficient in suppressing residual modulation
artifacts that sometimes arise from the use of the struc-
tured illumination technique. The movement of the spatial
pattern, depending on the detection principle, can be ei-
ther stepwise or substantially continuous.
[0040] The result is representative of an optical section
which characteristics in thickness are linked to the period
of the grid in combination with the numerical aperture of
the microscope objective. The optimum resolution is ob-
tained with a period substantially equal to the resolution
limit of the imaging optics, usually a microscope objec-
tive.
[0041] Fig. 4 shows an experimental system according
to a first embodiment of a multimodal FF-OCT system
according to the present disclosure incorporating a struc-
tured illumination microscope. The system 400 is a Full-
Field Optical Coherence Tomography microscope in-
cluding an additional sectioning capability for providing
both a tomographic image and a fluorescent image of a
sample.
[0042] The microscope 400 comprises a source 401
which is spatially and temporally low coherent, typically
a halogen or xenon lamp or a LED or combination of
LEDS, and an imaging interferometer comprising a
beamsplitter 402, typically a non-polarizing beamsplitter
cube, defining two interferometric arms. Both arms in-
clude a microscope objective 403 and 404 of the same
characteristics. In one arm, further named the reference
arm, a uniform reflective surface 405 is positioned at the
focal plane of the objective and linked to an oscillator
411, allowing modulation of the optical path length of the
reference arm, e.g. a piezo electric transducer. In the
other arm, further called object arm, the volume and scat-
tering sample 406 is positioned at the focal plane of the
objective 403. An adjustable dispersion balance system
is included in both arms, e.g. rotating glass plates 409
and 410. Glass plates 409 and 410 also exhibit an opti-
mized transmission ration in order to optimize the inter-
ference contrast. A tube lens 407 is placed at the output
of the interferometer in order to conjugate the focal planes
of both objectives with a multichannel detector 408, e.g.
a CCD or CMOS matrix. The magnification of the imaging

interferometer is fixed, defined by the focal characteris-
tics of the microscope objective and tube lens. The ad-
justment in depth of the device 400 relative to the sample
406 is performed using translation means, e.g. a motor-
ized linear translation stage.
[0043] The system further comprises a mask 421 with
variable spatial transmittance along one axis, e.g. a grid,
positioned in this embodiment along the illumination path,
preferably in the plane of the field stop or conjugated with
the plane of the field stop of the imaging interferometer.
The profile of the variable spatial transmittance is pref-
erably chosen as sinusoidal intensity modulation, but can
also exhibit a square modulation pattern. The lens 430
conjugates the grid through the objective 403 with the
focal plane of the objective 403, so that the sample 406
is illuminated with the corresponding modulated pattern.
Variable spatial transmittance masks are typically ob-
tained using microlithography on glass substrates. Alter-
native methods might be chosen to provide the spatially
modulated illumination pattern, such as a liquid-cristal
spatial light modulator, or digital micro mirror (DMD), or
any other system exhibiting variable spatial transmit-
tance capabilities. A modulator 422 is physically linked
to the mask 421 in order to perform the minimum 3-step
translation of the mask 421 required in the structured
illumination microscopy process previously described.
According to a preferred embodiment, a filter 431, typi-
cally a long pass filter is positioned along the imaging
path in order to isolate a specific spectrum of the collected
light.
[0044] Advantageously, the optical filter 431 is advan-
tageously chosen as to filter out the excitation fluores-
cence wavelengths, without removing any FFOCT and
fluorescence information. For example the excitation
spectrum of a lot of fluorophores includes blue wave-
lengths around 400 nm, whereas the emission spectrum
is often in the orange to red wavelengths starting around
500 nm, just before the typical bandwidth of FFOCT be-
gins.
[0045] In the embodiment as described on figure 4, the
two imaging modules (FF-OCT and SIM) share the opti-
cal microscope composed of the objective 403, the glass
plate 409, the beamsplitter 402, the filter 431, the tube
lens 407 and the detector 408. This common optical sub-
system exhibits several advantages regarding the com-
bination of the two modules. In particular, the sampling
of the image by the detector is the same for both modules,
so that FFOCT and SIM images are automatically co-
registered. Further, the common use of the objective 403
allows for obtaining the same transverse resolution for
both modules. As a consequence, the comparison and/or
merging of images given by the two techniques does not
require any image modification, re-sampling or post-
processing.
[0046] In the embodiment as described on figure 4, it
is possible to acquire images from both techniques si-
multaneously, which results in an advantageous capa-
bility of merging the images coming from both modules
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even in the case of time varying samples such as in vivo
biological specimens.
[0047] Fig.5 shows an example of a data acquisition
cycle using the system as described in figure 4. After
positioning of the sample, a processing unit 412 including
synchronization capabilities, such as a dedicated I/O
board linked to computer, is used to generate trigger sig-
nals to the array detector 408, e.g. a camera, and to the
oscillators 411 and 422. As previously explained, the
FFOCT technique requires 2 images with a phase shift
in between, whereas the SIM technique usually requires
4 images with a spatial shift of the grid in between. In the
acquisition process as shown on figure 5, a first image
is acquired with the first position of the FF-OCT oscillator
and a first position of the SIM oscillator. Then 3 other
images are acquired for three other positions of the SIM
oscillator. This scheme is repeated once after a shift of
the FFOCT oscillator. The result is an acquisition of 8
images, available for post processing and display.
[0048] If I(x,y) is the intensity in the transverse plane
of the image, then, using a sinusoidal grid as a SIM mod-
ulator:
[0049] I0 = I.sin(wx), w being the spatial frequency of
the grid along the x axis, is the corresponding modulated
intensity for a first position of the grid. The three other
images corresponding to the three additional shifted po-
sitions of the grid are:

[0050] As previously described the SIM sectioning im-
age is given by:

[0051] In that case, it is possible to use such a modu-
lated signal to advantageously retrieve the demodulated
image in order to perform the FFOCT processing. Indeed
the original non modulated image can be calculated fol-
lowing:

[0052] As a consequence, with a set of 8 images ac-
quired regarding the synchronization diagram presented
in fig. 5, it is possible to retrieve both FFOCT and SIM
images corresponding to the acquisition time of these 8
initial images.

[0053] Such a synergy between the two techniques in-
duces several advantages. In particular, an automatic
coregistration of images can be performed thanks to the
use of a single detector. Further, the adaptation of the
initial FF-OCT system is limited to the insertion of the
spatial modulation in the illumination path and a filter,
which is very simple to realize as phase shifting algo-
rithms are very similar between FFOCT and SIM.
[0054] Fig. 6 shows an experimental system according
to a second embodiment of a multimodal FF-OCT system
incorporating a structure illumination module. The sys-
tem is similar to the system of figure 4 except for the
illumination subsystem and detection sub system. In the
case of fluorescence imaging using SIM, the detected
photons are the fluorescence photons added to the
FFOCT photons. For optimizing the sensitivity of both
techniques, it may be advantageous to separate the two
imaging channel at the illumination and detection levels.
In this way, one - or more -source 623 of optimal char-
acteristics for fluorescence excitation, for example with
a spectrum corresponding to the excitation spectrum of
the fluorescent dye used, is used to illuminate the sample
606 through a mask 621 of variable spatial transmittance,
e..g a grid, modulated by the oscillator 622, as already
described in figure 4. The grid 621 is conjugated with the
sample imaging plane using optics 630 and 603, and this
SIM illuminator is inserted into the common path using a
beamsplitter 632, for example a dichroic non-polarizing
beamsplitter cube starting transmitting light at 600nm, in
order to efficiently combine sillumination spectra from
both modalities. A dedicated multichannel detector such
as a low noise CCD or CMOS camera 624 is inserted in
the detection subsystem using a beamsplitter 633 such
as a dichroic non-polarizing cube beamsplitter, allowing
to advantageously direct fluorescent photons only to the
detector 624 and to direct tagged FFOCT photons only
to the detector 608, if the fluorescence spectrum is cho-
sen to be significantly separated from the FFOCT spec-
trum. Also a filter 631, typically a long-pass filter, is in-
serted before the tube lens 607 in order to avoid detecting
light corresponding to the fluorescence excitation spec-
trum, which is usually lower than the emission spectrum,
with a typical cut-off wavelength of 450nm. Typically the
dichroic beamsplitter reflects wavelengths under 600nm
and transmits wavelengths over 600nm. The other com-
ponents of the system 600 are similar to the components
described in fig. 4. This configuration optimizes the sen-
sitivity of both techniques, as the fluorescence signal is
usually very weak, requiring the use of a high-sensitivity
detector. In this embodiment, as spectral separation of
the beams from the different modalities is performed, it
is also possible to acquire signals from the different mo-
dalities simultaneously, using a dedicated synchroniza-
tion scheme implemented by the processing unit 612.
Alternatively, a multispectral camera can be used for
spectral discrimination of data, for example JAI model
AD-O80-GE which includes 2CCD chips with bandwidths
of 400-700nm (used for SIM) and 700-900nm (used for
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FFOCT).
[0055] Alternative full-field optical sectioning tech-
niques can also be advantageously used in combination
with FFOCT, including dynamic speckle illumination, Hi-
Lo microscopy, aperture correlation microscopy. These
techniques also exhibit full-field optical sectioning, and
all comprise structured illumination microscopy. But con-
trary to the so called "SIM" previously described, the var-
iable spatial pattern illumination is no longer necessarily
periodic, as it will be described in details below. These
techniques can advantageously be used for background
reduction in fluorescence imaging.
[0056] Dynamic Speckle Illumination (DSI) is a struc-
tured illumination technique which consists in illuminating
the imaging plane in depth in the sample using a random
speckle pattern, dynamically changing the speckle pat-
tern projected, and computing a series of obtained im-
ages to retrieve an optical section in depth of a scattering
sample. The technique has been introduced in C.
Ventalon et al., Quasi-confocal fluorescence sectioning
with dynamic speckle illumination, Optics Letters vol. 30
n° 24, 3350-52, 2005. Dynamic speckle illumination is
typically achieved by the use of a laser source and a
rotating diffuser or spatial light modulator. The diffuser
creates a random speckle pattern for each of its position,
and is conjugated with the back aperture of the objective.
A number of images, typically between 50 and 100 are
acquired and the rms or the variance of each pixel of a
detector, typically a 2D camera, over the series of images
is computed to produce a full-field optical section of a
sample. As described by the previous pioneering paper,
the technique is applicable to fluorescence imaging.
[0057] HiLo microscopy has been first introduced in D.
Lim et al., Wide-field fluorescence sectioning with hybrid
speckle and uniform illumination microscopy, Optics Let-
ters vol.33 n°16, 1819-21, 2008. This technique is an
evolution of DSI, allowing for the use of only 2 images to
compute a full-field optical section of a sample in depth.
First, as for DSI, the use of a laser source and a diffuser
allows for speckle projection in the sample, and a corre-
sponding image is acquired using a 2D detector, typically
a CCD or CMOS camera. Then the diffuser is rotated in
order to average speckle, so that a uniform illumination
is projected in the sample, and a corresponding image
is acquired by the detector. The first image is used to
retrieve in-focus low spatial frequencies typically using
low-pass filtering, such as the computation of the ratio
between the variance and the mean on a mosaic of areas
of a few pixels, over the whole image. The second image
is used to retrieve high spatial frequencies, typically using
high-pass filtering, such as the use of dedicated filter in
the Fourier space, after fast Fourier transform on the in-
itial image. The normalized sum of the two computed
image corresponds to an optical section of the sample
over all spatial frequencies. The technique is also appli-
cable to fluorescence imaging.
[0058] Aperture correlation microscopy has been first
introduced in T. Wilson et al., "confocal microscopy by

aperture correlation", Optics Letters vol. 21 n° 23,
1879-81, 1996. As for conventional structured illumina-
tion microscopy, it relies on the use of structured light
projected on the sample. In this evolution of SIM, the
mask used for creating the modulation pattern is typically
exhibits a random transmission pattern in one sector, and
a blank sector. The mask is rotated during the acquisition
of the camera, mimicking the principle of a spinning-disk
microscope, and two images are acquired, one contain-
ing modulated light from the random pattern sector of the
mask as well as out-of-focus light, and one standard
widefield image from the blank sector. The random pat-
tern ensures zero cross correlation between pixels. A
scaled subtraction of both images results in an optical
section. The technique is also applicable to fluorescence
imaging.
[0059] While the foregoing written description of the
invention enables one of ordinary skill to make and use
what is considered presently to be the best mode thereof,
those of ordinary skill will understand and appreciate the
existence of variations, combinations, and equivalents
of the specific embodiment, method, and examples here-
in. The invention should therefore not be limited by the
above described embodiment, method, and examples,
but by all embodiments and methods within the scope of
the invention as defined by the attached claims.

Claims

1. A multimodal optical sectioning microscope (200,
400, 600) for full-field imaging of a volumic and scat-
tering sample comprising:

- a full-field OCT system for providing an image
of a first section in depth of the sample compris-
ing an illumination sub-system (201, 401, 601)
and a full-field imaging interferometer, wherein
the full-field imaging interferometer comprises:

o a beamsplitter (202, 302, 402, 602) for
defining a reference arm with a reference
mirror and an object arm for receiving the
sample and comprising a microscope ob-
jective (203, 403, 603),
o a detection sub system (208, 408, 608)
and
+ an optical conjugation device (203, 207)
for optically conjugating the sample and
said detection sub system, wherein said op-
tical conjugation device comprises said mi-
croscope objective (203, 403, 603),

- a supplementary full-field optical sectioning im-
aging system for providing a fluorescent image
of a second section in depth of said sample com-
prising a structured illumination microscope,
wherein said structured illumination microscope
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comprises :

+ an illumination sub system (220, 401, 623),
+ an imaging channel comprising said mi-
croscope objective (203, 403, 603) of said
full-field imaging interferometer and means
(220, 421, 422, 621, 622) for generating at
the focal plane of said microscope objective
a variable spatial pattern illumination,
+ optical coupling means (213, 214, 202,
402, 632, 602) for optically coupling said im-
aging channel with the object arm of the full-
field imaging interferometer, wherein said
coupling means comprise said beamsplitter
(202, 302, 402, 602) and
+ a detection sub system (624), optically
conjugated with said focal plane of the mi-
croscope objective.

2. The multimodal optical sectioning microscope ac-
cording to 1, wherein the supplementary full-field op-
tical sectioning imaging system and the full-field OCT
system have the same detection sub-system (408).

3. The multimodal optical sectioning microscope ac-
cording to 1, wherein the supplementary full-field op-
tical sectioning imaging system and the full-field OCT
system have two separate detection sub-systems
and the multimodal optical sectioning microscope
further comprises a dichroic beamsplitter (633) able
to separate light retro diffused by said first section
and fluorescent light emitted by said second section.

4. The multimodal optical sectioning microscope ac-
cording to any preceding claims, wherein the sup-
plementary full-field optical sectioning imaging sys-
tem and the full-field OCT system have the same
illumination sub-system (401).

5. The multimodal optical sectioning microscope ac-
cording to any of claims 1 to 3, wherein the supple-
mentary full-field optical sectioning imaging system
and the full-field OCT system have two separate il-
lumination sub-systems and the multimodal optical
sectioning microscope further comprises a dichroic
beamsplitter (632) able to combine the light emitted
by said illumination sub-systems.

6. The multimodal optical sectioning microscope ac-
cording to any preceding claims, wherein said means
for generating the spatial pattern comprise a mask
(421) with variable spatial transmittance or reflect-
ance to be illuminated by the illumination sub-system
of said supplementary full-field optical sectioning im-
aging system and conjugated with the focal plane of
said microscope objective.

7. The multimodal optical sectioning microscope ac-

cording to claim 5, wherein the illumination sub-sys-
tem of said supplementary full-field optical section-
ing imaging system is a laser and said means for
generating the spatial pattern comprise a diffuser to
be illuminated by said laser and conjugated with the
back aperture of said microscope objective.

8. The multimodal optical sectioning microscope ac-
cording to any preceding claims, wherein the detec-
tion sub system (624) of the structured illumination
microscope is optically conjugated with said focal
plane of the microscope objective using said optical
conjugation device of the full-field imaging interfer-
ometer.

9. A method for acquiring in depth section images of a
first section of a volumic and scattering sample using
a FF-OCT system and in depth section fluorescent
images of a second section using a supplementary
full-field optical sectioning imaging system compris-
ing a structured illumination microscope, wherein

- acquiring images of said first section of the
sample comprises optically conjugating said
sample with a detection sub-system of a full-field
imaging interferometer, wherein said full-field
imaging interferometer further comprises:

o a beamsplitter (202, 302, 402, 602) for
defining a reference arm with a reference
mirror and an object arm for receiving the
sample and comprising a microscope ob-
jective (203, 403, 603) and
+ an optical conjugation device for optically
conjugating the sample and said detection
sub system, wherein said optical conjuga-
tion device comprises said microscope ob-
jective (203, 403, 603), and

- acquiring fluorescence images of said second
section of the sample comprises:

+ optically coupling using said beamsplitter
an imaging channel of said structured illu-
mination microscope with the object arm of
the full-field imaging interferometer, where-
in the imaging channel comprises said mi-
croscope objective of said full-field imaging
interferometer and means for generating at
the focal plane of said microscope objective
a variable spatial pattern illumination,
o forming a plurality of images for different
spatial pattern illumination on a detection
sub-system optically conjugated with the fo-
cal plane of said microscope objective and
+ processing said plurality of images to ob-
tain said fluorescence images.
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10. A method according to claim 9, further comprising
simultaneous acquisition of images from said sup-
plementary full-field optical sectioning imaging sys-
tem and said FF-OCT system.

11. A method according to claim 10, wherein simultane-
ous acquisition is obtained using spectral separation
of light retro diffused by said first section and fluo-
rescent light emitted by said second section.

12. A method according to claim 10, wherein simultane-
ous acquisition is obtained using a multispectral ar-
ray detector common for said supplementary full-
field optical sectioning imaging system and said FF-
OCT system.

13. A method according to claim 10, wherein simultane-
ous acquisition is obtained using a single detection
sub-system and the discrimination of data coming
from said supplementary full-field optical sectioning
imaging system and said FF-OCT system is per-
formed using post processing of data acquired by
said detection sub-system.

14. A method according to any of claims 9 to 13, further
comprising displaying said first and second fluores-
cent images, and displaying merged images from
said first and second fluorescent images.

15. A method according to any of claims 9 to 13, wherein
acquiring images of said first section of the sample
using the FF-OCT system further comprises acquir-
ing using said imaging interferometer at least a first
and a second interferometric images and processing
said interferometric images to obtain said in depth
section image of said first section.

Patentansprüche

1. Ein Mikroskop für multimodale optische Schnitte
(200, 400, 600) zur Vollfeldabbildung einer volumi-
nösen und streuenden Probe, umfassend:

- ein Vollfeld-OCT-System zum Bereitstellen ei-
nes Bildes eines ersten Tiefenbereichs der Pro-
be, umfassend ein Beleuchtungssubsystem
(201, 401, 601) und ein Vollfeldabbildung-Inter-
ferometer, wobei das Vollfeldabbildung-Interfe-
rometer umfasst:

• einen Strahlteiler (202, 302, 402, 602) zum
Definieren eines Referenzarms mit einem
Referenzspiegel und einem ein Mikroskop-
objektiv (203, 403, 603) umfassenden Ob-
jektarm zum Aufnehmen der Probe,
• ein Detektionssubsystem (208, 408, 608)
und

• ein optische-Konjugierung-Gerät (203,
207) zum optischen Konjugieren der Probe
mit dem Detektionssubsystem, wobei das
optische-Konjugierung-Gerät das Mikros-
kopobjektiv (203, 403, 603) umfasst,

- ein weiteres Vollfeld-Abbildungssystem für op-
tische Schnitte zum Bereitstellen eines Fluores-
zenzbildes eines zweiten Tiefenbereichs der
Probe, umfassend ein Mikroskop mit strukturier-
ter Beleuchtung, wobei das Mikroskop mit struk-
turierter Beleuchtung umfasst:

• ein Beleuchtungssubsystem (220, 401,
623),
• einen Abbildungskanal, umfassend das
Mikroskopobjektiv (203, 403, 603) des Voll-
feldabbildung-Interferometers und Mittel
(220, 421, 422, 621, 622) zum Erzeugen
eines variablen räumlichen Beleuchtungs-
musters in der Fokalebene des Mikroskop-
objektivs,
• optische Kopplungsmittel (213, 214, 202,
402, 632, 602) zur optischen Kopplung des
Abbildungskanals mit dem Objektarm des
Vollfeldabbildung-Interferometers, wobei
die Kopplungsmittel den Strahlteiler (202,
302, 402, 602) umfassen, und
• ein Detektionssubsystem (624), welches
mit der Fokalebene des Mikroskopobjektivs
optisch konjugiert ist.

2. Das Mikroskop für multimodale optische Schnitte
nach Anspruch 1, wobei das weitere Vollfeld-Abbil-
dungssystem für optische Schnitte und das Vollfeld-
OCT-System das selbe Detektionssubsystem (408)
haben.

3. Das Mikroskop für multimodale optische Schnitte
nach Anspruch 1, wobei das weitere Vollfeld-Abbil-
dungssystem für optische Schnitte und das Vollfeld-
OCT-System zwei separate Detektionssubsysteme
haben und das Mikroskop für multimodale optische
Schnitte ferner einen dichroitischen Strahlteiler
(633) umfasst, welcher fähig ist, von dem ersten Be-
reich zurückgestreutes Licht und von dem zweiten
Bereich emittiertes Fluoreszenzlicht zu trennen.

4. Das Mikroskop für multimodale optische Schnitte
nach einem der voranstehenden Ansprüche, wobei
das weitere Vollfeld-Abbildungssystem für optische
Schnitte und das Vollfeld-OCT-System das selbe
Beleuchtungssubsystem (401) haben.

5. Das Mikroskop für multimodale optische Schnitte
nach einem der Ansprüche 1 bis 3, wobei das weitere
Vollfeld-Abbildungssystem für optische Schnitte und
das Vollfeld-OCT-System zwei separate Beleuch-
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tungssubsysteme haben und das Mikroskop für mul-
timodale optische Schnitte ferner einen dichroiti-
schen Strahlteiler (632) umfasst, welcher fähig ist,
von den Beleuchtungssubsystemen emittiertes Licht
zu kombinieren.

6. Das Mikroskop für multimodale optische Schnitte
nach einem der voranstehenden Ansprüche, wobei
die Mittel zum Erzeugen des räumlichen Musters ei-
ne Maske (421) mit einer variablen räumlichen
Transmission oder Reflektivität umfasst, welche von
dem Beleuchtungssubsystem des weiteren Vollfeld-
Abbildungssystems für optische Schnitte zu be-
leuchten und mit der Fokalebene des Mikroskopob-
jektivs zu konjugieren ist.

7. Das Mikroskop für multimodale optische Schnitte
nach Anspruch 5, wobei das Beleuchtungssubsys-
tem des weiteren Vollfeld-Abbildungssystems für
optische Schnitte ein Laser ist und die Mittel zum
Erzeugen des räumlichen Musters einen Streukör-
per umfassen, welcher von dem Laser zu beleuchten
und mit der hinteren Appertur des Mikroskopobjek-
tivs zu konjugieren ist.

8. Das Mikroskop für multimodale optische Schnitte
nach einem der voranstehenden Ansprüche, wobei
das Detektionssubsystem (624) des Mikroskops mit
strukturierter Beleuchtung mit der Fokalebene des
Mikroskopobjektivs unter Verwendung des opti-
sche-Konjugierung-Geräts des Vollfeldabbildung-
Interferometers optisch konjugiert ist.

9. Ein Verfahren zum Aufnehmen von Tiefenbereichs-
bildern eines ersten Bereichs einer voluminösen und
streuenden Probe unter Verwendung eines FF-
OCT-Systems und von Tiefenbereichsfluoreszenz-
bildern eines zweiten Bereichs unter Verwendung
eines weiteren Vollfeld-Abbildungssystems für opti-
sche Schnitte, welches ein Mikroskop mit struktu-
rierter Beleuchtung umfasst, wobei

- ein Aufnehmen von Bildern des ersten Be-
reichs der Probe ein optisches Konjugieren der
Probe mit einem Detektionssubsystem eines
Vollfeldabbildung-Interferometers umfasst, wo-
bei das Vollfeldabbildung-Interferometer ferner
umfasst:

• einen Strahlteiler (202, 302, 402, 602) zum
Definieren eines Referenzarms mit einem
Referenzspiegel und einem ein Mikroskop-
objektiv (203, 403, 603) umfassenden Ob-
jektarm zum Aufnehmen der Probe und
• ein optische-Konjugierung-Gerät zum op-
tischen Konjugieren der Probe mit dem De-
tektionssubsystem, wobei das optische-
Konjugierung-Gerät das Mikroskopobjektiv

(203, 403, 603) umfasst, und

- ein Aufnehmen von Fluoreszenzbildern des
zweiten Bereichs der Probe umfasst:

• optisches Koppeln, unter Verwendung des
Strahlteilers, eines Abbildungskanals des
Mikroskops mit strukturierter Beleuchtung
mit dem Objektarm des Vollfeldabbildung-
Interferometers, wobei der Abbildungska-
nal das Mikroskopobjektiv des Vollfeldab-
bildung-Interferometers und Mittel zum Er-
zeugen eines variablen räumlichen Be-
leuchtungsmusters in der Fokalebene des
Mikroskopobjektivs umfasst,
• Erzeugen einer Mehrzahl von Bildern für
verschiedene räumliche Beleuchtungs-
muster auf einem Detektionssubsystem,
welches mit der Fokalebene des Mikrosko-
pobjektivs optisch konjugiert ist, und
• Verarbeiten der Mehrzahl von Bildern, um
die Fluoreszenzbilder zu erhalten.

10. Ein Verfahren nach Anspruch 9, ferner umfassend:
gleichzeitiges Aufnehmen von Bildern durch das
weitere Vollfeld-Abbildungssystem für optische
Schnitte und das FF-OCT-System.

11. Ein Verfahren nach Anspruch 10, wobei gleichzeiti-
ges Aufnehmen unter Verwendung einer spektralen
Trennung von von dem ersten Bereich zurückge-
streutem Licht und von dem zweiten Bereich emit-
tiertem Fluoreszenzlicht erhalten wird.

12. Ein Verfahren nach Anspruch 10, wobei gleichzeiti-
ges Aufnehmen unter Verwendung eines für das
weitere Vollfeld-Abbildungssystem für optische
Schnitte und für das FF-OCT-System gemeinsa-
men, multispektralen Arraydetektors erhalten wird.

13. Ein Verfahren nach Anspruch 10, wobei gleichzeiti-
ges Aufnehmen unter Verwendung eines einzigen
Detektionssubsystems erhalten wird und die Unter-
scheidung von Daten, die von dem weiteren Vollfeld-
Abbildungssystem für optische Schnitte und dem
FF-OCT-System kommen, unter Verwendung einer
Nachbearbeitung von Daten, die von dem Detekti-
onssubsystem aufgenommen wurden, durchgeführt
wird.

14. Ein Verfahren nach einem der Ansprüche 9 bis 13,
ferner umfassend: Anzeigen der ersten und zweiten
Fluoreszenzbilder und Anzeigen von aus den ersten
und zweiten Fluoreszenzbildern zusammengeführ-
ten Bildern.

15. Ein Verfahren nach einem der Ansprüche 9 bis 13,
wobei das Aufnehmen von Bildern des ersten Be-
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reichs der Probe unter Verwendung des FF-OCT-
Systems ferner umfasst:

Aufnehmen, unter Verwendung des Abbildung-
Interferometers, wenigstens eines ersten und
zweiten interferometrischen Bildes und Verar-
beiten der interferometrischen Bilder, um das
Tiefenbereichsbild des ersten Bereichs zu er-
halten.

Revendications

1. Microscope à section optique multimodal (200, 400,
600) pour une imagerie plein champ d’un échantillon
volumique et diffusant comprenant :

- un système OCT plein champ pour fournir une
image d’une première section en profondeur de
l’échantillon comprenant un sous-système
d’éclairage (201, 401, 601) et un interféromètre
d’imagerie plein champ, dans lequel l’interféro-
mètre d’imagerie plein champ comprend :

+ un séparateur de faisceau (202, 302, 402,
602) pour définir un bras de référence avec
un miroir de référence et un bras objet pour
recevoir l’échantillon et comprenant un ob-
jectif de microscope (203, 403, 603),
+ un sous-système de détection (208, 408,
608) et
+ un dispositif de conjugaison optique (203,
207) pour conjuguer optiquement l’échan-
tillon et ledit sous-système de détection,
dans lequel ledit dispositif de conjugaison
optique comprend ledit objectif de micros-
cope (203, 403, 603),

- un système supplémentaire d’imagerie à sec-
tion optique plein champ pour fournir une image
fluorescente d’une deuxième section en profon-
deur dudit échantillon comprenant un microsco-
pe à éclairage structuré, dans lequel ledit mi-
croscope à éclairage structuré comprend :

+ un sous-système d’éclairage (220, 401,
623),
+ une voie d’imagerie comprenant ledit ob-
jectif de microscope (203, 403, 603) dudit
interféromètre d’imagerie plein champ et
des moyens (220, 421, 422, 621, 622) pour
générer au niveau du plan focal dudit ob-
jectif de microscope un éclairage de motif
spatial variable,
+ des moyens de couplage optique (213,
214, 202, 402, 632, 602) pour coupler opti-
quement ladite voie d’imagerie avec le bras
objet de l’interféromètre d’imagerie plein

champ, dans lequel lesdits moyens de cou-
plage comprennent ledit séparateur de fais-
ceau (202, 302, 402, 602) et
+ un sous-système de détection (624), con-
jugué optiquement avec ledit plan focal de
l’objectif du microscope.

2. Microscope à section optique multimodal selon la
revendication 1, dans lequel le système supplémen-
taire d’imagerie à section optique plein champ et le
système OCT plein champ ont le même sous-systè-
me de détection (408).

3. Microscope à section optique multimodal selon la
revendication 1, dans lequel le système supplémen-
taire d’imagerie à section optique plein champ et le
système OCT plein champ ont deux sous-systèmes
de détection séparés et le microscope à section op-
tique multimodal comprend en outre un séparateur
de faisceau dichroïque (633) capable de séparer une
lumière rétro diffusée par ladite première section et
une lumière fluorescente émise par ladite deuxième
section.

4. Microscope à section optique multimodal selon l’une
quelconque des revendications précédentes, dans
lequel le système supplémentaire d’imagerie à sec-
tion optique plein champ et le système OCT plein
champ ont le même sous-système d’éclairage (401).

5. Microscope à section optique multimodal selon l’une
quelconque des revendications 1 à 3, dans lequel le
système supplémentaire d’imagerie à section opti-
que plein champ et le système OCT plein champ ont
deux sous-systèmes d’éclairage séparés et le mi-
croscope à section optique multimodal comprend en
outre un séparateur de faisceau dichroïque (632) ca-
pable de combiner la lumière émise par lesdits sous-
systèmes d’éclairage.

6. Microscope à section optique multimodal selon l’une
quelconque des revendications précédentes, dans
lequel lesdits moyens pour générer le motif spatial
comprennent un masque (421) avec une réflectance
ou une transmittance spatiale variable, destiné à être
éclairé par le sous-système d’éclairage dudit systè-
me supplémentaire d’imagerie à section optique
plein champ et conjugué à l’ouverture arrière dudit
objectif de microscope.

7. Microscope à section optique multimodal selon la
revendication 5, dans lequel le sous-système
d’éclairage dudit système supplémentaire d’image-
rie à section optique plein champ est un laser et les-
dits moyens pour générer le motif spatial compren-
nent un diffuseur, destiné à être éclairé par ledit laser
et conjugué avec l’ouverture arrière dudit objectif de
microscope.
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8. Microscope à section optique multimodal selon l’une
quelconque des revendications précédentes, dans
lequel le sous-système de détection (624) du micros-
cope à éclairage structuré est conjugué optiquement
avec ledit plan focal de l’objectif du microscope au
moyen dudit dispositif de conjugaison optique de l’in-
terféromètre d’imagerie à champ plein.

9. Procédé pour acquérir des images de section en pro-
fondeur d’une première section d’un échantillon vo-
lumique et diffusant au moyen d’un système FF-OCT
et des images fluorescentes de section en profon-
deur d’une deuxième section au moyen d’un systè-
me supplémentaire d’imagerie à section optique
plein champ comprenant un microscope à éclairage
structuré, dans lequel

- l’acquisition d’images de ladite première sec-
tion de l’échantillon comprend la conjugaison
optique dudit échantillon avec un sous-système
de détection d’un interféromètre d’image plein
champ, dans lequel ledit interféromètre d’ima-
gerie plein champ comprend en outre :

+ un séparateur de faisceau (202, 302, 402,
602) pour définir un bras de référence avec
un miroir de référence et un bras objet pour
recevoir l’échantillon et comprenant un ob-
jectif de microscope (203, 403, 603) et
+ un dispositif de conjugaison optique pour
conjuguer optiquement l’échantillon et ledit
sous-système de détection, dans lequel le-
dit dispositif de conjugaison optique com-
prend ledit objectif de microscope (203,
403, 603), et

- l’acquisition d’images de fluorescence de ladite
deuxième section de l’échantillon comprend :

+ le couplage optique au moyen dudit sépa-
rateur de faisceau d’une voie d’imagerie du-
dit microscope à éclairage structuré avec le
bras objet de l’interféromètre d’imagerie
plein champ, dans lequel la voie d’imagerie
comprend ledit objectif de microscope dudit
interféromètre d’imagerie à champ plein et
des moyens pour générer au niveau du plan
focal de l’objectif du microscope un éclaira-
ge de motif spatial variable,
+ la formation d’une pluralité d’images pour
différents éclairages de motif spatial sur un
sous-système de détection conjugué opti-
quement avec le plan focal dudit objectif de
microscope et
+ le traitement de ladite pluralité d’images
pour obtenir lesdites images de fluorescen-
ce.

10. Procédé selon la revendication 9, comprenant en
outre l’acquisition simultanée d’images à partir dudit
système supplémentaire d’imagerie à section opti-
que plein champ et dudit système FF-OCT.

11. Procédé selon la revendication 10, dans lequel l’ac-
quisition simultanée est obtenue au moyen d’une sé-
paration spectrale d’une lumière rétro diffusée par
ladite première section et une lumière fluorescente
émise par ladite deuxième section.

12. Procédé selon la revendication 10, dans lequel l’ac-
quisition simultanée est obtenue au moyen d’un dé-
tecteur de réseau multispectral commun pour ledit
système supplémentaire d’imagerie à section opti-
que plein champ et ledit système FF-OCT.

13. Procédé selon la revendication 10, dans lequel l’ac-
quisition simultanée est obtenue au moyen d’un seul
sous-système de détection et la discrimination des
données provenant dudit système supplémentaire
d’imagerie à section optique plein champ et dudit
système FF-OCT est réalisé au moyen d’un post-
traitement de données acquises par ledit sous-sys-
tème de détection.

14. Procédé selon l’une quelconque des revendications
9 à 13, comprenant en outre l’affichage desdites pre-
mière et deuxième images fluorescentes, et l’afficha-
ge d’images fusionnées à partir desdites première
et deuxième images fluorescentes.

15. Procédé selon l’une quelconque des revendications
9 à 13, dans lequel l’acquisition d’images de ladite
première section de l’échantillon au moyen du sys-
tème FF-OCT comprend en outre l’acquisition, au
moyen dudit interféromètre d’imagerie, d’au moins
une première et une deuxième images interféromé-
triques et le traitement desdites images interféromé-
triques pour obtenir ladite image de section en pro-
fondeur de ladite première section.
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根据第一方面，本发明涉及一种用于体积和散射样品的全视场成像的多
模光学切片显微镜（200,400,600），包括： - 用于提供第一部分的图像
的全视场OCT系统包括照射子系统（201,401,601）的样品的深度和具有
检测子系统（208,408,608）的全场成像干涉仪和用于光学共轭样品和​​所
述检测的光学共轭装置子系统，其中所述光学共轭装置包括显微镜物镜
（203,403,603）， - 用于提供所述样品深度的第二部分的荧光图像的辅
助全视场光学切片成像系统，包括具有结构照明显微镜的结构照明显微
镜。照明子系统（623），用于在所述全视场成像干涉仪的所述显微镜物
镜的焦平面处产生可变空间图案照明的装置（421,422）和检测子系统
（624），与显微镜物镜的所述焦平面光学共轭。
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