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Abstract: FLEX is an ESA Explorer Mission devoted to monitoring the health status of Earth vegetation
by means of measurements of the solar-induced fluorescence, allowing an early and more direct
diagnosis of the status of the photosynthetic activity. FLEX will fly in 2025 in tandem with the Sentinel
3 C and D satellites of the ESA EE8 program in the framework of the EC Copernicus mission, and it
will make use of synergy with OLCI and the SLSTR optical payloads, which are flying on board of
the Sentinel 3A and B satellites. Leonardo (I) is the prime instrument responsible for both the FLORIS
and the SLSTR payloads.
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1. Introduction

The FLuorescence EXplorer (FLEX) mission, selected for the ESA Earth Explorer EE8
program [1], will fly in tandem with the Sentinel 3 mission in 2025, taking advantage of
data synergy with other visible reflectance (from Ocean & Land Color Imager, called OLCI)
and surface temperature data (from Sea and Land Surface Temperature Radiometer, called
SLSTR) [2]. The new measurement of plant fluorescence signals with respect to normal
reflectance data allows an early and more direct approach to the diagnosis of the functioning
and health status of Earth vegetation. The FLuORescence Imaging Spectrometer (FLORIS)
is the FLEX payload [3]. It will be embarked on a medium-/small-sized satellite and will
fly at a height of about 815 km in a sun-synchronous orbit.

SLSTR is a highly accurate infrared radiometer operative in the Sentinel 3 missions
(within the Copernicus program) and devoted to Sea and Land Surface Temperature
measurements (SST and LST, respectively).

Leonardo is involved as the prime instrument contractor both in the SLSTR and in the
FLORIS spectrometer, with Thales Alenia Space acting as the satellite prime contractor.

2. FLORIS Instrument

FLORIS is a pushbroom hyperspectral imager covering the entire visible spectral
range (500-780 nm) at a spatial resolution of 300 m and a swath of 150 km by means of two
high-spectral resolution spectrometers (0.093 nm for HR 677-780 nm and 0.6 nm for LR
500-758 nm) and a common telescope [3].

The FLORIS instrument is now under subsystem integration in phase C-D (Figure 1).
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Figure 1. FLORIS instrument subsystems integration status overview (dotted tick means under
integration).

Low spectral and spatial stray light signals are fundamental for fluorescence retrieval
and can be achieved thanks to high-efficiency coatings, super-polished surfaces, tight
control of particle contamination, holographic gratings, a linear variable filter (LVF), and
a correction algorithm. Considering a transition between a white (e.g., cloud) and a dark
(e.g., reference vegetation) scene, a max level of stray light of 0.7 mW/m2/sr/nm at level
0 and 0.04 mW/m2/sr/nm at level 1b (after correction) is required for the high-spectral
resolution spectrometer (from 677 nm to 780 nm) at a distance of 12 km from the transition.
Considering the expected in-flight vegetation signal levels (e.g., 100 mW/m2/sr/nm), the
required stray light levels are very stringent because of the order of 0.7% (Level 0) and
0.04% (Level 1b).

In order to perform a stray light correction, the Level 0 stray light can be divided
into correctable and not-correctable terms, depending on the availability of input data
for correction. The correctable terms are evaluated by using measured In-Field, In-Band,
Along-Track, Out-of-Field, and Out-Of-Band FLORIS signals between 697 and 740 nm and
from 500 to 677 nm. Out-Of-Band signals less than 500 nm and higher than 780 nm are
filtered out by a dedicated band-pass filter. The not-correctable terms are the ones where
no FLORIS signal is available: Across-Track Out-of-Field and the extra contamination
introduced between calibration and in-flight operations (due to satellite AIV and launch).

The stray light signal is estimated by convolving the instrument response with the
measured signals, where the instrument response is obtained by means of an ASAP
optical model correlated with measurements performed during a dedicated on-ground
calibration campaign.

Then, the correction is obtained by subtracting the estimated stray light from the
measured scene signal. Finally, the residual Level 1b stray light signal is represented by the
not-correctable stray light with a residual error due to the non-perfect estimation of stray
light-correctable terms.

The correction algorithm is currently under assessment. It will be validated during the
on-ground calibration campaign and checked in flight by a dedicated instrument operative
mode which allows contemporaneously measurements of the lunar disk and the dark space.
The instrument stray light will be estimated when looking at the dark space at a certain
distance from the sharp transition between the Moon and the dark space.

3. SLSTR Instrument

The SLSTRs have a spatial resolution of 1 km at the sub-satellite point (SSP) for the
thermal channels [2]. Enhanced cloud screening and other products are available with a
spatial resolution of 0.5 km at SSP for the three visible and the three SWIR channels.

A dual view design allows for simultaneous observation of the same ground pixel by
means of two atmospheric paths in the three nominal infrared bands (57 = 3.74 £ 0.19 pm,
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58 =10.85 £ 0.45 um, and S9 = 12.0 £ 0.50 pm). This is essential for achieving optimum
correction of atmospheric aerosols and water vapor for SST measurements with 0.3 K
accuracy and 0.1 K/decade sensitivity. Two additional fire channels (F1 and F2) with the
same spectral bandwidth as the S7 and S8 channels but a higher dynamic range allow for
the monitoring of high-temperature events, such as forest fires, at a spatial resolution of
1 km.

The SLSTRs use a conical scanning concept (Figure 2), similar to the (A)ATSR series.
This optimizes radiometric calibration in the infrared bands by allowing constant optical
area beam and incidence angles for all scan points when looking at the scene and at the
two black bodies (every 0.6 s).
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Figure 2. SLSTR near-nadir and backward inclined views (a); the same Earth target is observed by
the two views at two different time intervals, allowing atmospheric correction (b).

The measured in-flight Noise Equivalent Differential Temperature (NeAT) during the
black bodies observation is compliant with the instrument requirements (Table 1).

Table 1. NeAT in flight performance of SLSTR A and B compared with the BOL-EOL model and
requirements (goal/threshold).

Parameter S3A S3B BOL/EOL Model Req. (G/T)
Tscene 267 K 267 K 270K 270K
S7 channel 47 mK 42 mK 51-56 mK 50-80 mK
S8 channel 14 mK 17 mK 19-21 mK 30-50 mK
S9 channel 22 mK 18 mK 20-24 mK 30-50 mK
F1 channel 027 K 0.36 K 0.38-0.42 K 1K
F2 channel 36 mK 30 mK 35-38 mK 05K

On ground measurements during the calibration activity of the IR channels of SLSTR
model A showed a max extra systematic error of 0.16 K and —0.26 K in the S8 and S9 chan-
nels, respectively, during the oblique view observations when comparing the instrument
brightness temperature with the physical temperature of a reference external blackbody [4].
This systematic error was attributed to a non-calibrated extra reflection (8-10%) coming
from the black coating of the input pupil stop located near the Parabolic Mirror Assembly,
which is present only when looking at the scene and not when looking at the black bodies.
A correction algorithm has been developed and applied to the measured signals in order to
recover this systematic error. Moreover, the black coating was changed in the SLSTR models
B-C-D by replacing it with another one with lower reflection (3-5%), and a reduction of
about a factor two of the systematic error was obtained, achieving compliance with the
0.2 K radiometric accuracy requirement. The use of the same correction algorithm but with
different coefficients can further reduce the error.
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4. Tandem Mission with Sentinel-3

The FLEX mission and Copernicus Sentinel 3 satellites will orbit in tandem. This en-
ables FLEX to use Sentinel 3’s optical and thermal sensor data, combining all measurements
to evaluate the health status of plants (Figure 3).

A TN TR
SWIR IR
L FLEX B
T T - _v_“Sentlnel—3
- - B A <
FLORISHR 1 W '
FLORIS LR
SLSTR | B | [ | mia [ ] i
OLCI NRRNRN N DO0 Dmd N0 ]
400 500 600 700 800 900 1000nm 1 2 3 4 pm 8 9 0 1M 12 um FLORIS (150 km)
" » OLCI nadir (1270 km)
Sensible range H,O vapor  Cirrus detection in-frc';lren';':t?én :t::: ';"':"' (:4(‘;::':) 5
4 ackwar m
to asrosols  absorption bands band e

Figure 3. The spectral and spatial observation ranges for the FLEX and the SLSTR and OLCI
instruments of Sentinel 3 (from the ESA web).

The required information for atmospheric corrections will be provided by Sentinel-3’s
OLCI and SLSTR instruments. Moreover, they will contribute to retrieving vegetation
information (leaf area index, vegetation temperature, and chlorophyll concentration) useful
for retrieving the fluorescence signal.
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