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Optical System for the Spectral Component Analysis of Non-Solid Media

Cross References to Related Applications

This application claims the priority of European patent application
18180681.1, filed 29 June 2018, the disclosure of which is incorporated herein by ref-

erence in its entirety.

Technical Field

The present application relates to an optical system for a spectral
component analysis of non-solid media, in particular liquids and gases, and a corre-

sponding method of data acquisition.

Background Art

In known optical spectrometers for spectral detection or analysis of
specific components in non-solid media, light emitters and light detectors are typi-
cally arranged in one and the same plane, with the sample under test placed between
the light emitters and light detectors. In the case of absorption spectroscopy, light de-
tectors are typically arranged directly opposite the light emitters, whereas for spectro-
scopic techniques involving scattering, fluorescence, or phosphorescence light detec-
tors are also known to be arranged at various angles with respect to the light detectors
reaching up to a right angle.

US 6122042 describes an apparatus for photometric analysis and/or
identification of properties of an object. It comprises a collection of light sources hav-
ing distinct wavelength envelopes at that are activated in a rapid sequence of combi-
nations. The apparatus further comprises a collection of spatially distributed light de-
tectors. The light sources and detectors can be arranged in modules, with each mod-
ule having its own light sources and detectors, and the modules may be arranged in a
ring.

US 7046347 describes a colorimetric instrument with circular ar-
rangements of light sources and light detectors. The light sources operate at different

wavelengths, and electrical circuitry controls the switching between them.



10

15

20

25

30

35

WO 2020/002698 PCT/EP2019/067530

Disclosure of the Invention

The object of the present invention is to provide an improved or al-
ternative optical system for a spectral component analysis of non-solid media and a
corresponding improved or alternative method of data acquisition, in particular, in re-
gard to a spectral analysis of complex mixtures of many components and/or an en-
hanced precision of spectral component analysis of non-solid media.

This object is achieved by an optical system according to claim 1
and a method according to the second independent claim. Further developments of
the invention are specified in the dependent claims.

According to a first aspect, an optical system for a spectral compo-
nent analysis of non-solid media is provided, wherein the system comprises:

— one or several light emitter assemblies, each comprising several light emitter
modules arranged in a curve along a ring-shaped circumference of the light emit-
ter assembly, and

— one or several light detector assemblies, each comprising several light detector
modules arranged in a curve along a ring-shaped circumference of the light detec-
tor assembly.

The light emitter assemblies and the light detector assemblies are
coaxially arranged following one another along a common center axis in an alternat-
ing manner. By ring-shaped assemblies containing only light emitter modules or, re-
spectively, only light detector modules, for instance, more freedom in the design re-
garding a number and arrangement of different light emitter modules or, respectively,
light detector modules is provided. Thereby, for instance, a total bandwidth of the op-
tical system and/or the spectral resolution and/or analysis accuracy can be increased.

» According to the invention, each light detector module of at least
one of the light detector assemblies is configured for an individual specific bandwidth
with a predetermined center wavelength. The light emitter modules and light detector
modules configured for a specific bandwidth with the same center wavelength are ar-
ranged on opposite sides of the respective neighboring light emitter assemblies and
light detector assemblies with respect to the center axis.

This simplifies the recording of absorption spectra and Raman spec-
tra.

Advantageously, the center wavelengths increase gradually and cir-
cularly along the circumference of the light emitter assemblies and/or light detector

assemblies. This is particularly advantageous in Raman spectroscopy.
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In particular, the light emitter assemblies and the light detector as-
semblies are configured such that the light emitter modules and the light detector
modules are facing a sample under test that is to be placed within the ring-shaped cir-
cumference of the light emitter assemblies and the light detector assemblies. A ring-
shaped arrangement of individual emitter or detector modules in the respective as-
sembly need not be strictly circular, but may also be e.g. oval or irregularly shaped as
a polygon etc. depending on the specific type of emitters and detectors used.

Specifically, the ring-shaped circumference of at least one, in par-
ticular all of the light emitter assemblies and/or of at least one, in particular all of the
light detector assemblies can be substantially circular. This might, for instance, fur-
ther increase the analysis precision and/or make the manufacture of the system sim-
pler. (Herein, the expressions "substantially” and "approximately" may, in particular,
be understood as including possible manufacturing and constructional tolerances of
up to 10% of a concerned dimension or direction.)

In a specific embodiment of the optical system, the specific band-
widths of the individual light emitter modules overlap, in particular only minimally,
and/or the specific bandwidths of the individual light detector modules overlap, in
particular only minimally.

Thereby, for instance, a particularly wide total bandwidth range of
the optical system can be achieved for a given number of different light emitter mod-
ules or, respectively, light detector modules. The respective specific bandwidths of
the light emitter modules or, respectively, light detector modules can be, for instance,
defined by suitable optical filters. In such a case, the respective specific bandwidth is
defined as a range of wavelengths in which a filter transmits the light.

In this embodiment, in particular, the bandwidth ranges of neigh-
boring light emitter modules or, respectively, light detector modules collectively
cover a total bandwidth range of the system without gaps and interruptions. For in-
stance, the lowest and the highest transmittable wavelength of a given optical filter
equals or only minimally overlaps with the highest and the lowest transmittable
wavelength of the filters of the neighboring light emitter modules or, respectively,
light detector modules of the respective ring-shaped light emitter or light detector as-
sembly. A suitable percentage of possible minimal overlap depends, for instance, on
the shape of the filter transmission profile and, thus, may significantly differ depend-
ing on a specific center wavelength of the respective light emitter or light detector

module.
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In this and any other specific embodiment of the system, optionally,
at least one of the light emitter modules and/or light detector modules may addition-
ally comprise an optical focusing or concentrating element on its side used for light
emission or, respectively, light detection, for directing the emitted light or, respec-
tively, light to be detected towards the sample under test or, respectively, towards the
detector.

Specifically, in the above or other embodiments of the optical sys-
tem, the resulting light emitter assemblies and light detector assemblies of the system
can be configured to continuously cover a wide total bandwidth range of electromag-
netic radiation, preferably extending from ultra-violet to infrared. Thereby, for in-
stance, a particularly comprehensive spectral analysis of complex mixtures including
many different components can be implemented in one system.

Alternatively or additionally, the resulting light emitter assemblies
and light detector assemblies provided in the system can be configured to cover at
least one or several different spectroscopic techniques including absorption; scatter-
ing, in particular Raman scattering; fluorescence; and/or phosphorescence. By cover-
ing several different spectroscopic techniques, for instance, a particularly comprehen-
sive spectral analysis of complex mixtures including many different components can
be implemented and/or the spectral resolution and/or accuracy of the spectral analysis
can be enhanced.

Specifically,

— the several light emitter modules of a respective light emitter assembly can be
symmetrically arranged with respect to the center axis and/or equidistantly distrib-
uted around it and/or

~ the several light detector modules of a respective light detector assembly can be
symmetrically arranged with respect to the center axis and/or equidistantly distrib-
uted around it.

| Thereby, for instance, a higher precision of the spectral analysis can
be achieved.

Specifically,

— the several light emitter modules of a respective light emitter assembly can be
substantially identical in size and shape and/or

— the several light detector modules of a respective light detector assembly can be
substantially identical in size and shape.

Thereby, for instance, the spectral analysis precision can be further
increased and/or the manufacture and/or installation of the system can be made more

simple.
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Specifically, the several light emitter assemblies can be all substan-
tially identical and/or the several light detector assemblies can be all substantially
identical. Therein, in particular, the light emitter assemblies on the one hand and the
light detector assemblies on the other hand can also be similar or substantially identi-
cal in size and shape. By these features, for instance, the spectral analysis precision
can be further increased and/or the manufacture and/or installation of the system can
be made more simple.

Specifically, the number of the light emitter assemblies of the sys-
tem can be equal to the number of the light detector assemblies of the system. In other
words, the total number of axially alternating light emitter assemblies and light detec-
tor assemblies is then even. Thereby, for instance, the spectral analysis precision can
be further increased since, for example, substantially identical measurement condi-
tions for all light emitter assemblies and light detector assemblies can be realized.

Specifically, the axially alternating light emitter assemblies and
light detector assemblies can be adjacently stacked along the center axis of the system
at substantially equal distances from each other, in particular, directly adjacent to
each other. Thereby, for instance, the spectral analysis precision can be further in-
creased e.g. due to a particularly close spatial arrangement of the light emitter mod-
ules and the light detector modules of the neighbouring light emitter assemblies and
light detector assemblies.

In a specific embodiment, the optical system is configured as a
spectrometer for components analysis of a medium that is to be placed inside the ring-
shaped circumference of the light emitter assemblies and the light detector assem-
blies. The system is further configured such that a non-solid medium under test, e.g. a
liquid or a gas, can move or even flow inside the optical system along its center axis
in an interspace provided centrally between the light emitter modules and the light de-
tector modules of the respective light emitter assemblies and light detector assem-
blies.

Specifically, such a system can further include a readout chip for
capturing a response of the light detector modules. The readout chip may, for in-
stance, be attached to the light detector assemblies and/or fixed in space close to the
light detector assemblies, whereby, for instance, the precision of capturing measure-
ment data from the light detector modules and/or of a further data transmission can be
raised.

The various embodiments and specific configurations of the optical
system described herein can be combined with one another, where appropriate. Some

examples are provided herein below.
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According to a further aspect, a method of data acquisition using an
optical system of the type described herein is provided, the method employing several
different spectroscopic techniques including absorption, Raman scattering, fluores-
cence and/or phosphorescence, covered by the total bandwidth ranges of the light
emitter assemblies and the light detector assemblies, respectively. By covering sev-
eral different spectroscopic techniques, for instance, a particularly comprehensive
spectral analysis of complex mixtures including many different components can be
implemented and/or the spectral resolution and/or accuracy of the spectral analysis
can be enhanced.

In particular, the light emitter modules of the respective light emit-
ter assemblies can be flashed sequentially, whereas the light detector modules of the
respective light detector assemblies can all measure continuously.

A specific embodiment of the method can, for instance, comprise
the following steps:
~ flashing a first group including all light emitter modules of the system which have

a specific bandwidth with the same or identical center wavelength for a predeter-
mined short duration, which can reach, for instance, from hundreds of picosec-
onds to hundreds of nanoseconds depending on the type of spectroscopic tech-
niques employed,

~  capturing a response of all the light detector modules of the system to flashing the
first group of the light emitter modules at the same time of the flash, so as to pro-
vide information about absorption and scattering in the medium under test,

~ capturing a response of all the light detector modules to fluoresce and phosphores-
cence emission in the medium under test that follow the flash,

— after the fluorescence and phosphorescence emission caused by flashing the first
group of light emitter modules has stopped, repeating the previous steps for fur-
ther central wavelengths of light emitter modules in a subsequent manner,

~ until all light emitter modules of each light emitter assembly are flashed one by
one, from the lowest to the highest or from the highest to the lowest center wave-
length in a resulting total bandwidth range of the system, or in any other order,
and the respective response of the light detector modules is captured.

Thereby, for instance, a comprehensive data acquisition including
different spectroscopic techniques can be implemented in the most precise and/or ef-
ficient manner.

Specifically, the method can comprise
— subjecting non-solid medium samples to the data acquisition at different times

and/or with different concentration of components of a respective mixture and
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— performing a time-series and/or pattern analysis using thus acquired data.

Brief Description of the Drawings

The above-mentioned and further features and the usefulness of the
invention will be described in the following on the basis of examples of embodiments
with reference to the drawings. Same or corresponding elements are denoted by the
same reference numbers. In particular, the drawings are only schematic and thus need
not be understood as true to scale. Therein

Fig. 1a shows top views of a light emitter assembly and a light de-
tector assembly as well as their possible arrangement in an optical system according
to the invention shown in a side view;

Fig. 1b shows an exploded perspective view of an example of an
optical system according to the invention;

Fig. 1c shows a side view of the optical system of Fig. 1b;

Fig. 2a shows the optical system of Fig. 1a during operation and re-
spective enlarged side views of one of its light emitter modules and one of its light
detector modules as well as a corresponding top view of an example of a respective
optical concentrator;

Fig. 2b shows an exploded perspective view of the optical system of
Fig. 1a during operation; and

Fig. 3 shows an example of a possible time-scale of a readout se-
quence in a method of data acquisition using an optical system according to the in-
vention which employs several different spectroscopic techniques including absorp-

tion, Raman scattering, fluorescence and/or phosphorescence.

Detailed description of exemplary embodiments of the invention

Fig. 1a schematically shows top views of a light emitter assembly 3
(on the left) and a light detector assembly 4 (on the right) of an optical system 10 ac-
cording to the invention. Light emitter assembly 3 comprises several light emitter
modules 1 (indicated by a horizontal hatching pattern) arranged in a curve along a
ring-shaped circumference 3a of light emitter assembly 3. Light detector assembly 4
comprises several light detector modules 2 (indicated by a vertical hatching pattern)
arranged in a curve along a ring-shaped circumference 4a of light detector assembly
4,
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In this example, ring-shaped circumferences 3a and 4a are circular.
Merely by way of example, light emitter assembly 3 contains 12 light emitter mod-
ules 1 and light detector assembly 4 contains 12 light detector modules 2. Depending
on the requirements of a specific application, any other number of light emitter mod-
ules 1 or light detector modules 2 in the respective light emitter assembly 3 and light
detector assembly 4 may be suitable. In particular, the respective numbers of light
emitter modules 1 and light detector modules 2 in general also need not be equal in
the neighboring light emitter assemblies 3 and light detector assemblies 4; they also
need not necessarily be all the same for several light emitter assemblies 3 or, respec-
tively, light detector assemblies 4, as the case may be.

In the present example, all light emitter modules 1 of the respective
light emitter assembly 3 and all light detector modules 2 of the respective light detec-
tor assembly 4 are identical in size and shape. Further, they are all symmetrically ar-
ranged with respect to a center axis C of the respective ring-shaped circumference 3a
and 4a and equidistantly distributed around it close to each other. As mentioned fur-
ther above, these features can, for instance, raise the precision of the spectral analysis
possible with the optical system 10 and/or simplify its manufacture or installation;
they are, however, not necessarily required for the functionality in general.

Each light emitter module 1 of light emitter assembly 3 is config-
ured for an individual specific bandwidth with a predetermined center wavelength,
wherein the specific bandwidths of the individual light emitter modules 1 overlap
only minimally and add up to a total bandwidth range of the optical system 10. Simi-
larly, each light detector module 2 of light detector assembly 4 is configured for an
individual specific bandwidth with a predetermined center wavelength, wherein the
specific bandwidths of the individual light detector modules overlap only minimally
and add up to a total bandwidth range of the optical system 10.

In the central part of Fig. 1a, an example of a possible arrangement
of light emitter assembly 3 and light detector assembly 4 in the optical system 10 is
shown in a side view. Light emitter assembly 3 and light detector assembly 4 are co-
axially arranged and aligned such as to follow one another along their common center
axis C. In this specific example, light emitter assembly 3 and light detector assembly
4 are directly adjacent to each other in the optical system 10 so as, for instance, to
minimize light signal losses.

As can be seen in Fig. 1a, the neighboring light emitter assembly 3
and light detector assembly 4 are also aligned such that each light emitter module 1 is
arranged directly opposite to a light detector module 2 of the neighboring light emit-
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ter assembly 4 with respect to the center axis C. In this example, light emitter mod-
ules 1 and light detector modules 2 configured for a specific bandwidth with the same
center wavelength are arranged on opposite sides of the respective neighboring light
emitter assemblies 3 and light detector assemblies 4 with respect to the center axis C.

Fig. 1b shows an exploded perspective view of an optical system 10
according to the invention which, merely by way of example, comprises three light
emitter assemblies 3 and three light detector assemblies 4 constructed and arranged
with respect to each other as described with reference to Fig. 1a. As can be seen in
Fig. 1b, light emitter assemblies 3 and light detector assemblies 4 are coaxially ar-
ranged and aligned so as to follow one another along a common center axis C in an
alternating manner. In this example, the several light emitter assemblies 3 and the
several light detector assemblies 4 are identical in size and shape.

Fig. 1c shows a side view of the optical system 10 of Fig. 1b. In this
example, the axially alternating light emitter assemblies 3 and light detector assem-
blies 4 are adjacently stacked along the center axis C at equal distances from each
other, namely directly adjacent to each other.

Fig. 2a shows, in its upper half, light emitter assembly 3, light de-
tector assembly 4, and optical system 10 of Fig. 1a during operation. This is also fur-
ther visualized in an exploded perspective view shown in Fig. 2b. A more detailed ex-
ample of the operation of optical system 10 is provided further below with reference
to Fig. 2b and Fig. 3.

On the left in Fig. 2a, a central left light emitter module 1 (indicated
by a circle) of light emitter assembly 3 is flashed. Thus, electromagnetic radiation in
the bandwidth of the flashed light emitter module 1 is directed to the inside of the
ring-shaped circumferences 3a/4a (the emitted and scattered light is visualized by ar-
rows) and irradiates a medium under test (not shown) placed there, i.e. in an inter-
space 11 provided centrally between light emitter modules 1 and light detector mod-
ules 2 of optical system 10.

The response of the medium under test to this flashing due to, for
instance, absorption, scattering, in particular Raman scattering, fluorescence, and/or
phosphorescence can emanate from arbitrary points of the medium in the interspace
11 (as indicated by black points on the right in Fig. 2a). In particular, the fluorescence
and the phosphorescence light is emitted isotropically and thus can reach all light de-
tector modules 2 of light detector assembly 4.

On the right in Fig. 2a, by way of example, a central right light de-
tector module 2 (also indicated by a circle) which is lying right opposite to the flashed
light emitter module 1 in the neighboring light detector assembly 4 is shown to detect
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the medium response. Since the indicated light detector module 2 has the same central
wavelength in this example, in particular, the absorption response of the medium un-
der test can be captured thereby.

In the lower half of Fig. 2a, an enlarged side view of respectively
one of the individual light emitter modules 1 and light detector modules 2 as well as a
corresponding top view of an example of a respective optical concentrator 1a and 2a
are shown in more detail. In this example, each light emitter module 1 comprises a
light emitter 1¢ suitable for emitting light in a required wavelength range, an optical
band-pass filter 1b suitable for defining a required specific bandwidth, and a suitable
optical focusing element or concentrator la facing inward the ring-shaped circumfer-
ence 3a of the light emitter assembly 3. Similarly in this example, each light detector
module 2 comprises a light detector 2¢ suitable for detecting light in a required wave-
length range, an optical band-pass filter 2b suitable for defining a required specific
bandwidth, and a suitable optical focusing element or concentrator 2a facing inward
the ring-shaped circumference 4a of the light detector assembly 4.

For instance, the center wavelengths of the individual light emitter
modules 1 and light detector modules 2, i.e. the center wavelengths of the respective
band-pass filters 1b and 2b, can increase gradually and circularly along the circumfer-
ence 3a or, respectively, 4a by the value of the respective bandwidth of the band-pass
filters 1b and 2b.

As shown in Fig. 2a, an outer diameter of light emitter assembly 3,
light detector assembly 4, and/or optical system 10 may, for instance, lie in a range of
approximately 5 to 100 mm within the scope of the present application not limited to
the depicted examples, the choice of the size depending on the specific application
demands. Similarly, an outer diameter of a light emitter module 1 and/or a light detec-
tor modules 2 may, for instance, lie in a range of approximately 0,5 to 10 mm within
the scope of the present application not limited to the depicted examples.

As shown in Fig. 2a, light emitter modules 1 and/or light detector
modules 2 may, for instance, be enclosed in a light-tight enclosure 12 or placed in a
dark non-reflective environment. The enclosure or, respectively, environment can, for
instance, be transparent for the light to be emitted or, respectively, detected on sides
12a of light emitter modules 1 and light detector modules 2 facing the medium or
sample under test.

With reference to Figs. 2b and 3, an example of a possible operation
of an optical system according to the invention and a method of data acquisition ac-
cording to the invention using such an optical system and employing several different
spectroscopic techniques including absorption, Raman scattering, fluorescence and/or
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phosphorescence will now be described. By way of example only, this will be done
on the basis of optical system 10 of Figs. 1-2a.

After all sensors of light detector modules 2 are powered and stabi-
lized (e.g. dark count rate stabilized), data acquisition starts.

First, as shown in Fig. 2b, a first light emitter module 1 (indicated
by a circle) having a predetermined center wavelength or, as the case may be in a
larger system 10 as e.g. in Fig. 1b, a first group including all light emitter modules 1
having the same center wavelength, is flashed for a predetermined short duration. The
latter may, for instance, reach from hundreds of picoseconds to hundreds of nanosec-
onds, as illustrated on a time-scale in Fig. 3.

As shown in the left half of Fig. 3, at the same time of flashing the
first group of light emitter modules 1, a response of all the light detector modules 2 to
flashing the first group of light emitter modules 1 is captured. Data collected during
the flash contains, for instance, information about absorption properties of the me-
dium under test as well as of Raman scattering. The absorption data can, in particular,
be captured by light detector modules 2 (indicated by a circle in Fig. 2b) lying right
opposite to the flashed light emitter modules 1 in the neighboring light detector as-
semblies 4 and having the same central wavelength. Raman scattered light will be
measured by light detector modules 2 neighboring those with the same central wave-
length as the flashed light emitter modules 1.

In other words, the method can comprise the steps of

- flashing a light emitter module with a given central wavelength,

- capturing absorption data with a light detector lying opposite the
flashed light emitter module and having the same central wavelength, and capturing
Raman light by light detectors neighbouring the one with the same central wave-
length.

Subsequently, as shown in the right half of Fig. 3, a response of all
light detector modules 2 to fluoresce and phosphorescence emission that follow the
flash is captured. In particular, data collected right after the flash for a time period of
e.g. 1 to 100 microseconds contains information about fluorescence emission from
the medium. The fluorescence light is emitted isotropically and can thus be detected
by all light detector modules 2, thus creating a fluorescence spectral response of the
whole medium placed within the ring-shaped circumference 3a and 4a.

Further, data collected, for instance, after a few microseconds to a
few milli-seconds after the flash, corresponds to phosphorescence emission from
components of the medium under test. The phosphorescence light is emitted isotropi-
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cally and can thus be detected by all light detector modules 2, thus creating a phos-
phorescence spectral response of the whole medium placed within the ring-shaped
circumference 3a and 4a.

As shown in Fig. 2b, after the fluorescence and phosphorescence
emission caused by flashing the first (group of) light emitter module(s) 1 has stopped,
the previous steps are repeated for further central wavelengths of light emitter mod-
ules 1 of optical system 10, until all light emitter modules 1 of each light emitter as-
sembly 3 are flashed on by one, from the lowest to the highest or from the highest to
the lowest center wavelength in a resulting total bandwidth range of the system 10, or
in any other order, and the respective response of the light detector modules 2 is cap-
tured.

While there are shown and described presently preferred embodi-
ments of the invention, it is to be distinctly understood that the invention is not lim-
ited thereto but may be otherwise variously embodied and practiced within the scope

of the following claims.
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Claims

1. An optical system (10) for a spectral component analysis of non-
solid media, the system comprising:

one or several light emitter assemblies (3), each comprising several
light emitter modules (1) arranged in a curve along a ring-shaped circumference (3a)
of the light emitter assembly (3), and

one or several light detector assemblies (4), each comprising several
light detector modules (2) arranged in a curve along a ring-shaped circumference (4a)
of the light detector assembly (4),

wherein the light emitter assemblies (3) and the light detector as-
semblies (4) are coaxially arranged following one another along a common center
axis (C) in an alternating manner,

wherein each light emitter module (1) of at least one of the light
emitter assemblies (3) is configured for an individual specific bandwidth with a pre-
determined center wavelength, and

characterized in that each light detector module (2) of at least one of
the light detector assemblies (4) is configured for an individual specific bandwidth
with a predetermined center wavelength,

wherein the light emitter modules (1) and light detector modules (2)
configured for a specific bandwidth with the same center wavelength are arranged on
opposite sides of the respective neighboring light emitter assemblies (3) and light de-

tector assemblies (4) with respect to the center axis (C).

2. The optical system (10) according to claim 1, wherein the ring-
shaped circumference (3a, 4a) of at least one, preferably all of the light emitter assem-
blies (3) and/or of at least one, preferably all of the light detector assemblies (4) is

substantially circular.

3. The optical system (10) according to claim 1 or 2,

wherein the specific bandwidths of the individual light emitter mod-
ules (1) overlap, in particular only minimally, and/or

wherein the specific bandwidths of the individual light detector

modules (2) overlap, in particular only minimally.
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4. The optical system (10) according to one of the preceding claims,
wherein

the resulting light emitter assemblies (3) and light detector assem-
blies (4) are configured to continuously cover a wide total bandwidth range of elec-
tromagnetic radiation, preferably extending from UV to IR, and/or

the resulting light emitter assemblies (3) and light detector assem-
blies (4) are configured to cover at least one or several different spectroscopic tech-
niques including absorption; scattering, in particular Raman scattering; fluorescence;

and/or phosphorescence.

5. The optical system (10) according to one of the preceding claims,
wherein

the several light emitter modules (1) of a respective light emitter as-
sembly (3) are symmetrically arranged with respect to the center axis (C) and/or equi-
distantly distributed around it and/or

the several light detector modules (2) of a respective light detector
assembly (4) are symmetrically arranged with respect to the center axis (C) and/or

equidistantly distributed around it.

6. The optical system (10) according to one of the preceding claims,

wherein the several light emitter modules (1) of a respective light
emitter assembly (3) are substantially identical in size and shape and/or

wherein the several light detector modules (2) of a respective light
detector assembly (4) are substantially identical in size and shape.

7. The optical system (10) according to one of the preceding claims,

» wherein the several light emitter assemblies (3) are all substantially

identical and/or the several light detector assemblies (4) are all substantially identical,
wherein the light emitter assemblies (3) and the light detector as-

semblies (4) are preferably similar or substantially identical in size and shape.
8. The optical system (10) according to one of the preceding claims,
wherein the total number of axially alternating light emitter assem-

blies (3) and light detector assemblies (4) is even.

9. The optical system (10) according to one of the preceding claims,
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wherein the axially alternating light emitter assemblies (3) and light
detector assemblies (4) are adjacently stacked along the center axis (C) at substan-
tially equal distances from each other, preferably directly adjacent to each other.

10. The optical system (10) according to one of the preceding
claims,

configured as a spectrometer for components analysis of a medium
placed inside the ring-shaped circumference (3a, 4a) of the light emitter assemblies
(3) and the light detector assemblies (4) and

such that a non-solid medium under test can flow inside the optical
system along the center axis (C) in an interspace (11) provided centrally between the
light emitter modules (1) and the light detector modules (2) of the respective light
emitter assemblies (3) and light detector assemblies (4).

11. The optical system (10) according to claim 10, further including
a readout chip for capturing a response of the light detector modules (2).

12. The optical system (10) of any of the preceding claims wherein
said center wavelengths increase gradually and circularly along a circumference (3a,
4a) of said light emitter and/or light detector assemblies (3, 4).

13. The optical system (10) of any of the preceding claims wherein
each light emitter module (1) comprises a light emitter (1c) and an optical band-pass
filter (1b).

14. The optical system (10) of any of the preceding claims wherein
each light detector module (2) comprises a light detector (2¢) and an optical band-
pass filter (2b).

15. A method of data acquisition using the optical system (10) ac-
cording to one of the preceding claims, employing several different spectroscopic
techniques including absorption, Raman scattering, fluorescence and/or phosphores-
cence, covered by the total bandwidth ranges of the light emitter assemblies (3) and

the light detector assemblies (4), respectively.

16. The method according to claim 15, wherein
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a first group including all light emitter modules (1) having an iden-
tical center wavelength is flashed for a predetermined short duration,

a response of all the light detector modules (2) to flashing the first
group of the light emitter modules (1) is captured at the same time of the flash, so as
to provide information about absorption and scattering,

a response of all the light detector modules (2) to fluoresce and
phosphorescence emission that follow the flash is captured,

after the fluorescence and phosphorescence emission caused by
flashing the first group of light emitter modules (1) has stopped, the previous steps
are repeated for further central wavelengths of light emitter modules (1),

until all light emitter modules (1) of each light emitter assembly (3)
are flashed one by one, from the lowest to the highest or from the highest to the low-
est center wavelength in a resulting total bandwidth range of the system, or in any
other order, and the respective response of the light detector modules (2) is captured.

17. The method according to claim 15 or 16, wherein

non-solid medium samples are subjected to the data acquisition at
different times and/or with different concentration of components of a respective mix-
ture and

using the acquired data, a time-series and/or pattern analysis is per-

formed.

18. The method of any of the claims 15 to 17 comprising the step of

flashing a light emitter module (1) with a given central wavelength,

capturing absorption data with a light detector (2) lying opposite the
flashed light emitter module (1) and having the same central wavelength, and captur-
ing Raman light by light detectors (2) neighbouring the one with the same central

wavelength.

19. The method of claim 18 comprising the subsequent step of cap-
turing a response of all light detector modules (2) to fluoresce and phosphorescence

emission that follow the flash.
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