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(54) OPTICAL SYSTEM

(57) We generally describe an optical system for per-
forming in-orbit instrument spectral response function
measurements, the optical system comprising: an optical
detection unit; and an optical frequency comb generator

for projecting a frequency comb comprising a plurality of
discrete, equally spaced elements onto said optical de-
tection unit.
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Description

FIELD OF THE INVENTION

[0001] This invention generally relates to an optical
system and method for performing in-orbit instrument
spectral response function measurements, as well as
methods for calibrating a spectrometer and use of the
optical system for relative radiometric calibration.

BACKGROUND TO THE INVENTION

[0002] When an optical system is used in space, there
are only a limited amount of time and a limited number
of calibration sources available such that calibration of
the optical system is currently not possible with the re-
quired precision while a measurement is being performed
using the optical system in-orbit. Therefore, a lengthy
and extensive characterization and calibration of the op-
tical instrument is performed in the laboratory on-ground
before using the optical instrument in the orbit.
[0003] The current state of the art for instrument spec-
tral response function measurements is the use of a mon-
ochromator with an echelle grating or a tunable laser
source where the laser line is scanned over the spectral
range of the instrument under investigation. An echelle
grating is a type of diffraction grating with a relatively low
groove density in which the shape of the groove is opti-
mized such that the echelle grating may be used at high
incidence angles and hence in high diffraction orders.
This has been used for the first time in the OMI (Ozone
Monitoring instrument) calibration (Kees Smorenburg;
Marcel R. Dobber; Erik Schenkeveld; Ramon Vink; Huib
Visser; Proc. SPIE 4881, Sensors, Systems, and Next-
Generation Satellites VI, 511 (April 8, 2003);
doi:10.1117/12.462482) and later added to the GOME-
2 (Global Ozone Monitoring Experiment-2) calibration.
In OMI and GOME-2, the instrument spectral response
function is referred to as a slit-function. Ever since, de-
tailed knowledge of the instrument spectral response
function is used in the retrieval algorithms of spectrom-
eters.
[0004] The monochromator with the echelle grating
was configured such that multiple grating orders were
exiting the exit slit. Therefore, multiple lines could be
scanned in parallel. However, a strong disadvantage of
this configuration is the low output power, leading to long
measurement times. Furthermore, the linewidth cannot
be made narrow enough for longer wavelengths.
[0005] Measuring the instrument spectral response
function of a spectrometer in-orbit is currently an un-
solved problem. The data product of a spectrometer is
fundamentally determined by the shape and width of the
instrument spectral response function. So far, these pa-
rameters have been determined once during a calibration
on-ground and are afterwards presumed to be constant
and as such given during the entire exploitation of the
optical system in the orbit. However, it has been shown

that in particular effects which might occur during the
start of an in-orbit mission using the optical system, or
potential ageing effects due to hard radiation while the
system is used in the orbit may change the instrument
spectral response function which might lead to significant
errors in data produced using the spectrometer. Further
effects which may deteriorate the knowledge of the in-
strument spectral response function are additional
ground-to-orbit effects such as, for example, gravity re-
lease or temperature change.
[0006] There is therefore a need for further improve-
ments of optical systems which are used in-orbit.

SUMMARY OF THE INVENTION

[0007] According to a first aspect of the present inven-
tion there is therefore provided an optical system for per-
forming in-orbit instrument spectral response function
measurements, the optical system comprising: an optical
detection unit; and an optical frequency comb generator
for projecting a frequency comb comprising a plurality of
discrete, equally spaced elements onto said optical de-
tection unit.
[0008] We note that the discrete elements are equally
spaced in the frequency range (i.e. frequency space),
and are projected onto the optical detection unit in the
spectral range.
[0009] The inventors have realized that optical detec-
tion units, such as spectrometers, used for observing the
earth have a significantly lower resolution compared to
devices, for example astronomical telescopes, which are
used on-ground, such that using optical frequency combs
requires a particularly large distance between the modes
and an effective suppression of modes in the free spectral
range for spectral calibration if used in-space. However,
it is noted that embodiments of the present invention may
also be applied to astronomical telescopes (for example
NIRSpec - James Webb telescope) which may be de-
ployed in space. Hence an in-orbit comb calibration may
be of interest to such instruments as well. It is noted that
in this case the spectral resolution is finer (see astro-
comb) and appropriate engineering may need to be per-
formed for enabling embodiments of the present inven-
tion to be applied to these instruments as well. Embodi-
ments of the present invention may provide a source with
a very specific spectrum which can then be applied to
various instruments which may profit from the advantag-
es provided by embodiments of the present invention.
[0010] A calibration signal may be obtained via the op-
tical frequency comb whereby side-modes in the free
spectral range are suppressed.
[0011] Using an optical frequency comb may therefore
allow measuring the characteristics of the instrument
spectral response function of one or more components
of an optical system which may change over time due to
the conditions in the orbit.
[0012] It is noted that any references to the elements
being equally spaced relate to the spacing of the ele-
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ments in the frequency space.
[0013] According to embodiments of the optical sys-
tem, the frequency comb may be imaged onto the optical
detection unit such that the instrument spectral response
function measurement may advantageously be per-
formed faster compared to a system in which merely a
single laser light-source is used. The optical frequency
comb therefore advantageously extends the concept of
a laser line being scanned over the spectral range of the
instrument under investigation to multiple comb-lines
which may be scanned over the spectral range of the
instrument under investigation.
[0014] Furthermore, using an optical frequency comb
generator allows for absolute knowledge of the wave-
lengths used, thereby resulting in accurate measure-
ments.
[0015] By providing the optical system comprising an
optical frequency comb generator, the measurement of
the instrument spectral response function may be per-
formed on-ground and repeated in-orbit. As the calibra-
tion expenditure on-ground may thereby be reduced us-
ing embodiments of the optical system, costs spend to,
for example, calibrate the optical system on-ground may
be significantly lowered before the start of the mission
during which the optical system is used in-orbit.
[0016] Embodiments of the optical system comprising
an optical frequency comb generator allow for absolute
knowledge of important parameters in the orbit which can
currently not be measured, but which are essential for
instrument performance. The calibration signal generat-
ed using the optical frequency comb may allow determin-
ing parameters which may be relevant during the flight
of the system in the orbit (and/or at the ground prior to
the flight mission).
[0017] Embodiments of the optical system may further
advantageously allow for reducing the effect of ageing
of the optical instrument in the orbit on data obtained via
the optical system. This allows for optimizing the per-
formance of the optical system when used in-orbit.
[0018] The optical frequency comb may in some em-
bodiments be coupled in at the telescope via, for exam-
ple, mirrors or via a mechanical method.
[0019] In a preferred embodiment, the optical system
further comprises a tuning unit configured to vary a fre-
quency spectrum of the frequency comb. This may be
particularly advantageous as a plurality of frequencies of
each of the discrete, equally spaced elements may be
used in order to assess the centroid and shape of the
instrument spectral response function. The frequency
ranges in which side modes may be suppressed may
thereby be successively changed.
[0020] In a further preferred embodiment of the optical
system, the tuning unit is configured to vary a frequency
of a said element over at least a free spectral range. The
free spectral range is hereby the spacing in optical fre-
quency between two successive discrete elements. This
may be particularly advantageous as a single scan may
allow for assessing the centroid and shape of the instru-

ment spectral response function over a continuous fre-
quency spectrum.
[0021] In a further preferred embodiment of the optical
system, the optical detection unit comprises a plurality
of detector pixels, and wherein the optical system is con-
figured to project each one of the elements having a dif-
ferent, respective frequency onto a corresponding, re-
spective one of the detector pixels. This may be partic-
ularly advantageous as the time during which an entire
continuous frequency spectrum may be projected onto
the optical detection unit may be significantly decreased.
[0022] Embodiments of the present invention may
therefore be used to test the instrument including, inter
alia, the instrument detection unit (optical detection unit).
[0023] In a further preferred embodiment, the optical
detection unit comprises a spectrometer having a spec-
tral resolution of about 0.01 nm to several nm (e.g. up to
about 10 nm). This may be advantageous as, for exam-
ple, a spectrometer typically used for earth observation
may be exploited, whereby the optical frequency comb
generator allows resolving the lines of a spectrum so that
data obtained via the optical system does not need to
rely on sub-resolution knowledge of the instrument spec-
tral response function, as may be the case with spec-
trometers of the state of the art.
[0024] In a related aspect of the present invention,
there is provided a method for performing in-orbit or on-
ground instrument spectral response function measure-
ments, the method comprising: providing an optical de-
tection unit and an optical frequency comb generator;
and projecting a frequency comb comprising a plurality
of discrete, equally spaced elements onto the optical de-
tection unit.
[0025] In a preferred embodiment, the method further
comprises varying frequencies of each of the plurality of
discrete, equally spaced elements over a free spectral
range to project a continuous frequency spectrum onto
the optical detection unit. As outlined above, this may be
particularly advantageous as the measurement of the in-
strument spectral response function may be performed
faster, as a single scan may allow for assessing the in-
strument spectral response function centroid and shape.
[0026] In a further related aspect of the present inven-
tion, the optical system as described in embodiments
herein is used for an in-orbit or on-ground instrument
spectral response function measurement.
[0027] In a further related aspect of the present inven-
tion, there is provided a method for calibrating a spec-
trometer, the method comprising: providing a spectrom-
eter and an optical frequency comb generator for gener-
ating a frequency comb comprising a plurality of discrete,
equally spaced elements, wherein the optical frequency
comb generator is coupled into an optical path of the
spectrometer at a plurality of positions along the optical
path via one or more optical fibers; and moving a fiber
output across an opening of the spectrometer to image
the frequency comb onto a detector of the spectrometer
for each position of the fiber output with respect to the
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opening to calibrate the spectrometer.
[0028] In a further related aspect of the present inven-
tion, there is provided a method for calibrating a spec-
trometer for use in-orbit or on-ground, the method com-
prising: providing (i) a spectrometer comprising a detec-
tor comprising a plurality of pixels and (ii) an optical fre-
quency comb generator for generating a frequency comb
comprising a plurality of discrete, equally spaced ele-
ments; assigning a position on the detector to a wave-
length by inputting the frequency comb into the spec-
trometer to obtain a pixel-dependent output, wherein the
output is a function of the wavelength of a said element
and a coordinate of a said pixel, wherein a centroid of
the output calculated over a plurality of said pixels cor-
responds to the wavelength, and wherein each of the
elements is used as a wavelength reference; and wherein
the method further comprises scanning the elements
over a plurality of said pixels to calibrate the spectrome-
ter.
[0029] Embodiments of the method for calibrating a
spectrometer may be used for co-registration of, for ex-
ample, a plurality of spectrometers. The optical frequency
comb may thereby be coupled in at the spectrometer field
plane.
[0030] Coupling the optical frequency comb into the
optical path of the spectrometer allows for characterizing
co-registration between all spectral chains of the same
telescope using the resulting set of point sources in the
same field plane of the telescope.
[0031] In a further aspect of the present invention, the
optical system as described in embodiments herein is
used for relative radiometric calibration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] These and other aspects of the invention will
now be further described, by way of example only, with
reference to the accompanying figures, wherein like ref-
erence numerals refer to like parts, and in which:

Figure 1 shows a schematic illustration of an optical
system according to embodiments of the present in-
vention;

Figure 2 shows a schematic illustration of an optical
system for performing in-orbit instrument spectral re-
sponse function measurements according to em-
bodiments of the present invention;

Figure 3 shows an instrument spectral response
function measurement principle according to em-
bodiments of the present invention;

Figure 4 shows a schematic illustration of an optical
system for performing co-registration according to
embodiments of the present invention; and

Figure 5 shows a schematic illustration of an optical

system used for relative radiometric calibration ac-
cording to embodiments of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0033] Figure 1 shows a schematic illustration of an
optical system 100 according to embodiments as de-
scribed herein.
[0034] In this example, the optical system 100 com-
prises a telescope 102 which is coupled to a spectrograph
104 and a focal plane array 106.
[0035] A multi-spectral calibration signal is coupled via
an optical fiber 110 into the optical path between the tel-
escope 102 and the spectrograph 104 at various posi-
tions according to the calibration task. In this example,
the calibration signal is coupled into the optical path be-
tween the telescope 102 and the spectrograph 104 via
lenses 112a and 112b which are connected to each other
via the optical fiber 110. In this example, a beam splitter
109 is provided in the optical path between the telescope
102 and the spectrograph 104 at which the multi-spectral
calibration signal is coupled into the optical path between
the telescope 102 and the spectrograph 104.
[0036] In this example, the calibration source 108 con-
tains an optical frequency comb 126 which provides for
an absolute, repeatable frequency scale defined by a se-
ries of laser modes which are equally spaced across the
frequency spectrum. Furthermore, in this example, an
atomic clock 124 is coupled to the optical frequency comb
126 in order to stabilize the optical frequency comb 126.
[0037] A beam splitter 111a allows coupling of the op-
tical signal from the optical frequency comb 126 with that
of a continuous-wave laser 120 which is locked to one
comb line and simultaneously fed to a wavemeter 122.
[0038] In this example, a Fabry-Perot cavity 118 is pro-
vided in the calibration source 108 in order to filter out
unwanted modes from the optical frequency comb spec-
trum. An electronic servo system 116 is coupled in this
example to the Fabry-Perot cavity 118 in order to gener-
ate effective mode spacings.
[0039] The output signal of the Fabry-Perot cavity 118
is, in this example, fed back to the electronic servo system
116 via a beam splitter 111b and a lock-in amplifier 114.
[0040] The multi-spectral calibration signal is then out-
put from the calibration source 108 via the optical lens
112a.
[0041] The optical frequency comb 126 which is locked
to the atomic clock 124 and the continuous-wave laser
120 allows for providing an absolute frequency. Unwant-
ed modes are suppressed when passing through the
Fabry-Perot cavity 118. The modes within the free spec-
tral range and thereby suppressed, whereas only reso-
nant frequencies are transmitted.
[0042] It is noted that a Fabry-Perot cavity is one pos-
sibility to achieve the desired mode separation. Alterna-
tive approaches may be used to achieve mode separa-
tion and tuning to the modes.
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[0043] It will be appreciated that a plurality of optical
fibers may be used in order to couple the multi-spectral
calibration signal into the optical path between the tele-
scope 102 and the spectrograph 104.
[0044] A spectral calibration of the optical system may
thereby be performed using the calibration source 108
comprising the optical frequency comb 126.
[0045] The optical frequency comb 126 provides a
dense and discrete spectrum of absolutely known lines
used to maintain the spectral axis. As outlined above,
using an optical frequency comb may be particularly ad-
vantageous as the spectral calibration may be performed
extensively in-orbit.
[0046] In some examples, the signal may be superim-
posed with the earth observation signal (for example
1/100 images, scenes with low spectral content).
[0047] Using an optical frequency comb provides for
significantly faster spectral calibration compared to a sys-
tem in which only a single laser source is used as one
shot allows for absolute calibration of the optical system.
Furthermore, using an optical frequency comb allows for
absolute knowledge of the wavelength.
[0048] Examples of the optical system as described
herein may be used for measurements which are per-
formed on-ground and which may then be repeated in
the orbit. Furthermore, comb lines contained in the earth
spectrum may be used as a reference in real-time.
[0049] Figure 2 shows a schematic illustration of an
optical system 200 used for instrument spectral response
function measurements.
[0050] In this example, the optical frequency comb is
coupled in at the optical path between the telescope 102
and the spectrograph 104. As shown in the central part
of Figure 2, modes lying within the free spectral range
are suppressed. This allows for accurate measurements
as the wavelengths of the non-suppressed modes are
precisely known.
[0051] By tuning the frequencies of the modes with
maximum intensity through the free spectral range, a
continuous spectrum of frequencies may be imaged onto
the focal plane array 106. As outlined above, this may
be particularly advantageous as one single scan allows
for assessing the instrument spectral response function
centroid and shape. This is particularly important as the
instrument spectral response function may change over
time in the orbit, which may be accounted for in the in-
strument spectral response function measurements in
which an optical frequency comb is used.
[0052] Similar to the example shown in Figure 1, the
optical system of Figure 2 can be used for performing
measurements on-ground which can then be repeated
in-orbit.
[0053] In the following the definition of the instrument
spectral response function is provided and a detailed
measurement principle of this parameter is presented.
[0054] The instrument spectral response function (IS-
RF) is defined as the impulse answer of, for example, a
spectrometer to a Dirac stimulus. A mathematical defini-

tion reads as: 

 with L being the radiance of the input spectrum, L’ de-
noting the instrument measured spectrum, A the wave-
length, and ISRF the instrument spectral response func-
tion.
[0055] As outlined above, earth observation spectrom-
eters which are used to record earth reflectance spectra
in various wavelengths typically possess a relatively
coarse spectral resolution in the order of 0.5 to 1 nm.
Hence they do not resolve the lines of a spectrum so the
data products of these instruments are relying on sub
resolution knowledge of the instrument spectral re-
sponse function.
[0056] In order to measure the instrument spectral re-
sponse function, a two-step approach is followed in this
example: 1) Spectral assignment of the wavelength axis;
and 2) instrument spectral response function determina-
tion.
[0057] Imaging spectrographs make use of array
charge-coupled devices (CCDs) or complementary met-
al-oxide-semiconductors (CMOS) to simultaneously
measure the entire spectrum. Therefore an assignment
of a position on the detector (i.e. pixel center) to a wave-
length may be the first important step of a spectral cali-
bration. Therefore, a monochromatic and uniform input
(e.g. laser lines of frequency combs) results in a pixel
dependent output. The output is a function of the wave-
length of the stimulus (i.e. n-th line of an optical frequency
comb) and the pixel coordinate. The centroid of the output
signal calculated over several pixels relates to the wave-
length. Hence a unique assignment of a wavelength to
a pixel coordinate is achieved. Using an optical frequency
comb, each comb line can be used as a wavelength ref-
erence. The parameter which may then be adjusted is
the comb spacing which may be in line with the (pixel-)
sampling of the spectrograph, with isolated lines, i.e. no
other line in a 62*3 spectral resolution vicinity with an
intensity > 0.1%.
[0058] By locking the optical frequency comb to an ab-
solute frequency standard, the exact wavelengths of
each comb line is known and can be transferred to pixels
by the above described process.
[0059] The goal of an instrument spectral response
function characterization is to assign an instrument re-
sponse to each pixel and the respective wavelength (step
1). The instrument spectral response function is meas-
ured by a tunable laser line (or, in this example, n-comb
lines of an optical frequency comb). The stimulus is
scanned over several pixels covering, in this example,
at least 20 points and thus achieving an oversampling of
a pixel.
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[0060] Figure 3 shows schematically the measurement
principle. In Figure 3a, the ideal instrument spectral re-
sponse function centered at, in this example, pixel
number 500 is shown that shall be derived by the meas-
urement. In Figure 3b, some results of a laser line
scanned across the pixels around pixel number 500 are
shown. Note that the circles indicate measured points
derived from the pixel response (see blue plot in Figure
3e, which shows a sketch of pixel response [blue] to a
stimulus [red: laser line of narrow stimulus]: center of
pixel, e.g. 7.5). In Figure 3c, the normalized responses
are shown, and in Figure 3d the measured points are
shifted and centered around pixel number 500 and thus
reveal the instrument spectral response function of the
pixel under investigation with subpixel resolution.
[0061] Finally using the results of step 1) above allows
linking the instrument spectral response function to a
wavelength.
[0062] We note again that a scan using n-laser lines
of an optical frequency comb will reduce the measure-
ment duration of the whole spectral range of the instru-
ments by a factor n compared to a single laser light-
source.
[0063] Figure 4 shows a schematic illustration of an
optical system 400 used for a co-registration.
[0064] In this example the optical frequency comb is
coupled in at the spectrometer field plane, for example
at the opening of the spectrometer which may be a slit.
[0065] In this example, the optical fiber output originat-
ing from the optical frequency comb is moved within the
slit of the spectrometer such that the optical frequency
comb spectrum is imaged onto the detector for each slit
position.
[0066] The resulting set of point sources in the same
field plane of the telescope is an ideal measure to char-
acterize co-registration between all spectral chains of the
same telescope. A broadband signal may thereby be
coupled into the spectrograph 104.
[0067] Figure 5 shows a schematic illustration of an
optical system 500 used for radiometric calibration.
[0068] In this example, the optical frequency comb sig-
nal is coupled in at the telescope 102.
[0069] Absolute radiometric accuracy is needed only
for the ratio Esun/Learth, whereby Esun denotes the irradi-
ance emission of the sun as a point-like light-source and
Learth denotes the radiance of the earth’s emission per
radian.
[0070] It is noted that this is an example of how abso-
lute calibration is performed in-orbit using the sun as a
reference. The comb may be used to provide a second
signal for relative spectral calibration via two different
ports allowing characterizing the calibration units trans-
mission which may suffer from ageing. The measurement
may be used to support absolute calibration. Other in-
struments may rely on other calibration sources than the
sun, for example stars. The sun may be regarded as an
example but embodiments described herein are not lim-
ited thereto.

[0071] Generally, a comparison of the detector signals
Ssun and Searth is not possible. This is, the ratio of the
detector signals Ssun and Searth is not the wanted ratio
Esun/Learth. The factor which is missing is the calibration
units transmission. Due to the Doppler shift, Δλ/λ = 25
ppm, wherein Δλ=0.06 nm in the short-wavelength IR.
[0072] A stable source which can be used as E (point-
like light-source; irradiance) for the sun port and as L
(radiance) for the earth port provides for current calibra-
tion units transmission including degradation without a
Doppler shift.
[0073] The radiometric calibration is therefore particu-
larly accurate as the frequencies of the optical frequency
comb are known precisely.
[0074] Similar to the optical systems as shown in Fig-
ures 1, 2 and 4, the optical system shown in Figure 5 can
be used to perform the measurement on-ground and may
then be repeated in-orbit.
[0075] No doubt many other effective alternatives will
occur to the skilled person. It will be understood that the
invention is not limited to the described embodiments
and encompasses modifications apparent to those
skilled in the art and lying within the scope of the claims
appended hereto.

Claims

1. An optical system for performing in-orbit instrument
spectral response function measurements, the opti-
cal system comprising:

an optical detection unit; and
an optical frequency comb generator for project-
ing a frequency comb comprising a plurality of
discrete, equally spaced elements onto said op-
tical detection unit.

2. An optical system as claimed in claim 1, further com-
prising a tuning unit configured to vary a frequency
spectrum of said frequency comb.

3. An optical system as claimed in claim 2, wherein said
tuning unit is configured to vary a frequency of a said
element over at least a free spectral range.

4. An optical system as claimed in any preceding claim,
wherein said optical detection unit comprises a plu-
rality of detector pixels, and wherein said optical sys-
tem is configured to project each one of said ele-
ments having a different, respective frequency onto
a corresponding, respective one of said detector pix-
els.

5. An optical system as claimed in any preceding claim,
wherein said optical detection unit comprises a spec-
trometer having a spectral resolution of about 0.01
nm to several nm.
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6. A method for performing in-orbit or on-ground instru-
ment spectral response function measurements, the
method comprising:

providing an optical detection unit and an optical
frequency comb generator; and
projecting a frequency comb comprising a plu-
rality of discrete, equally spaced elements onto
said optical detection unit.

7. A method as claimed in claim 6, further comprising
varying frequencies of each of said plurality of dis-
crete, equally spaced elements over a free spectral
range to project a continuous frequency spectrum
onto said optical detection unit.

8. Use of the optical system as claimed in any one of
claims 1 to 5 for an in-orbit or on-ground instrument
spectral response function measurement.

9. A method for calibrating a spectrometer, the method
comprising:

providing a spectrometer and an optical fre-
quency comb generator for generating a fre-
quency comb comprising a plurality of discrete,
equally spaced elements,
wherein said optical frequency comb generator
is coupled into an optical path of said spectrom-
eter at a plurality of positions along said optical
path via one or more optical fibers; and
moving a fiber output across an opening of the
spectrometer to image said frequency comb on-
to a detector of said spectrometer for each po-
sition of said fiber output with respect to said
opening to calibrate said spectrometer.

10. A method for calibrating a spectrometer for use in-
orbit or on-ground, the method comprising:

providing (i) a spectrometer comprising a detec-
tor comprising a plurality of pixels and (ii) an op-
tical frequency comb generator for generating a
frequency comb comprising a plurality of dis-
crete, equally spaced elements;
assigning a position on said detector to a wave-
length by inputting said frequency comb into said
spectrometer to obtain a pixel-dependent out-
put, wherein said output is a function of the
wavelength of a said element and a coordinate
of a said pixel, wherein a centroid of said output
calculated over a plurality of said pixels corre-
sponds to the wavelength, and wherein each of
said elements is used as a wavelength refer-
ence;
and wherein the method further comprises scan-
ning said elements over a plurality of said pixels
to calibrate said spectrometer.

11. Use of the optical system as claimed in any one of
claims 1 to 5 for relative radiometric calibration.
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