
RADIOMETRIC PERFORMANCES MEASURED AT ORSAY FACILITIES FOR THE ON-GROUND 
CALIBRATION OF THE SIMBIO-SYS INSTRUMENT OF ESA/BEPICOLOMBO.  J. Rodriguez-Ferreira1, 
F. Poulet1, A. Arondel1, K. Dassas1, P. Eng1, Y. Longval1, Y. Langevin1 1Institut d’Astrophysique Spatiale Bâtiment 
121, Université Paris XI 91405 Orsay cedex - France, julian.rodriguez@ias.u-psud.fr 
 

Introduction. The Mercury Planetary Orbit-
er/BepiColombo carries an integrated suite of instru-
ments, the Spectrometer and Imagers for MPO Bepi-
Colombo-Integrated Observatory SYStem (SIMBIO-
SYS). SIMBIO-SYS has 3 channels [1]: a stereo imag-
ing system (STC), a high-resolution imager (HRIC) 
and a visible/near-infrared imaging spectrometer 
(VIHI). SIMBIO-SYS will scan the surface of Mercury 
with these three channels and determine the physical, 
morphological and compositional properties of the 
entire planet. Before integration on the S/C, an on-
ground calibration will be performed at the integrated 
system level consisting of full-up tests of the entire 
instrument with all the components operating together 
for the first time. The Institut d’Astrophysique Spatiale 
(IAS) at Orsay, France is in charge of the on-ground 
instrument calibration. Here we describe the calibration 
goals and setup, and we present preliminary results 
obtained during the radiometric validation and charac-
terization of the calibration facilities at Orsay. 

On-ground calibration goals. The main goal of 
the on-ground calibration is to describe the instrumen-
tal responses as a function of various parameters that 
might evolve while the instrument will be operating. 
For this purpose, the instrument is maintained under 
environmental conditions similar to the flight opera-
tions. During the 4 weeks of calibration campaign 
(planned in May 2013), the instrument will be main-
tained in a thermal vacuum chamber (TVC), simulating 
the space conditions. Four Optical stimuli (QTH lamp, 
Integrating Sphere, BlackBody with variable tempera-
ture from 50 to 1200°C and Monochromator), are 
placed over an optical bench (OB) to illuminate the 
four channels so as to perform:  

• Radiometric cross and absolute calibration;  

• Straylight monitoring (with baffles);  

• Spectral check on mineral samples.  
Additional checks are foreseen during this phase 

including tests of operative modes and data compres-
sor.  

The entire experience is placed in a 600m2 100.000 
class clean-room with moving laminar flux equipment 
(class 10.000), the hall is regulated to a temperature of 
20°C and a humidity of 50%. The baseline design is 
derived from the one used for the calibration of 
OMEGA/Mars Express and VIRTIS/Rosetta [2]. The 
main components of the calibration facilities are: 

Thermal vacuum chamber (TVC). With a diame-
ter of 2 m and a length of 7 m, a vacuum of 10-7 mbar 
is reached in 24H. Liquid nitrogen circuits and a set of 
thermocouples allows the control and the monitoring of 
several points of the setup. The vacuum chamber win-
dow is made of CaF2. It has a diameter of 250 mm. To 
explore the FOV of the four apertures and to investi-
gate the straylight, the instrument shall be mounted on 
a hexapod. This mechanical system allows maximal X 
translation of 300 mm, Z translations of 100 mm and 
rotation of ±25°. 

 
Figure 1. Optical bench. 3-D model. The TVC (not present in the 
image) is placed in front of the OB exit, regarding the collimator 
mirror.  

Optical Bench (OB). The optical assembly deliv-
ers to the TVC a collimated beam coming from the 
sources (once at time). It conssits of 3 main mirrors: a 
collimator (G1 on Fig. 1) of diameter D = 400mm and 
a focal length f = 4000mm. G2 is a D = 200mm flat 
mirror that minimizes the length of the OB and G3 (D 
= 203.5mm) is a flat mirror to select one of four cali-
bration sources thanks to a simple rotation of its motor-
ized axis. The OB is covered by a box that allows the 
OB to be filled with dry nitrogen in order to minimize 
the presence of atmospheric signatures.  

The different spectral sources (Fig. 1) used in the 
calibration setup are: Integrating Sphere (IS), model 
LR-4Z-H from Labsphere. It shall be used for the radi-
ometric calibration in the 0.4-1 µm range (even until 2 
µm). Its characteristics are the followings: spatial uni-
formity ±1%, absolute calibration <1% and high tem-
poral stability. Blackbody (BB), model SR-200 33 
from CI-Systems with a temperature range of 50-
1200°C; it shall be used for radiometric calibration in 
the 0.8-2.2 µm range. Its stability at short term is 
±0.1°C and ±0.25°C at long term. Induced error in 
radiance is <1%. Monochromator model Spectra Pro 
275 from acton Research Corporation for characteriz-
ing the spectral transmission of the optical bench; type 
Czerny Turner f/3,4 QTH 100W lamp and 3 diffraction 
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gratings: 500 nm, 1.6µm – 600l/mm, 4.0 µm-150l/mm. 
QTH Lamp, Source QTH 1000 W model 66295 and 
Radiometric Power Supply model 69931 from Newport 
used for the straylight evaluation and illumination of 
mineral samples.  

Ground Support Equipment (GSE). The GSE 
shall control the instrument and the calibration setup, 
display a data quick-look in real-time, and archive the 
calibration data.  

Test Results. It is necessary to evaluate the contri-
bution of the OB for each source in order to correctly 
retrieve the transfer function of each SIMBIO-SYS 
instruments with a 10% error on absolute radiometry. 
This is done by checking the spatial uniformity of the 
OB setup, evaluating the absolute transmission of the 
OB along the optical path of the BB and the IS, as well 
as measuring the relative radiometric profile of the 
beam coming on the different channels of each instru-
ment.  

First, we have started to evaluate the spatial profile 
of the optical assembly exit beam. Reference calibrated 
detectors are positioned on two linear stages to scan by  
step of 5mm the beam along both the horizontal 
(250mm) and vertical axes (150mm), perpendicularly 
to the collimator optical axis. The first measurements 
were implemented using the IS and the BB at 1200°C 
both with a visible detector (200-1100nm) model 
PD300-UV from Ophir detectors. The sensitive surface 
was covered with a narrow band filter centered at 
655nm and HW=21.6nm.  

 
Figure 2. Measurement of the spatial uniformity of the output 
beam using the IS. Two configurations of the optical assembly of 
the OB were tested. 
 

The spatial homogeneity of the IS exit beam can be 
measured by analyzing a 3-D Image of the sources out-
put beam. Two cases were considered: normal configu-
ration (Figure 2 blue line) using a diaphragm of 80mm 
over G2 to minimize straylight and another one without 
the diaphragm (Figure 2 green line). The preliminary 
measurements indicate that the setup is close to the 
required specifications for the IS with spatial varations 
less than a few percents. Conversely, the BB output 
beam shows very large spatial variations. We are cur-
rently evaluating the source of these errors. 

The second part of the radiometric performance 
analysis is to evaluate the relative and absolute spectral 
transmissions of the optical bench along the BB and IS 
optical paths. The relative transmission has been meas-
ured thanks to the monochromator by comparing the 
power at the source exit and at the channel entrance for 
steps of 1 nm from 0.4 µm to 2.1 µm thanks to the vis-
ible detector and the NIR radiometricaly calibrated 
InGaAs detector J23TE2-66CR02M-2.2 with module 
CMAMP-TO66-PA7 from Teledyne Judson Technolo-
gies LLC. According to the optical scheme of the OB 
(Fig. 1), the optical paths of the BB and the IS are the 
same that the optical path of the monochromator, 
which avoids us to place the monochromator at the 
source locations. First measurements were thus per-
formed using the mono at its current location. This test 
was divided into two steps. First, flux (λ) measure-
ments with monochromator source and each reference 
detector placed at 100 mm of the monochromator => to 
obtain F1 (λ) with a spectral sampling of 1 nm. Second, 
flux (λ) measurements with the reference detector 
placed at the OB exit and illuminated by source mono-
chromator => to obtain F2 (λ) with a spectral sampling 
of 1 nm. The ratio F2/F1 gives the relative transmission 
curve as a function of λ of the optical bench. The curve 
(Fig. 3) presents the measured ratio with no atmosphere 
control (blue line). The  quality results are validated 
thanks to the identification of several atmospheric 
bands as well as the typical absorption at 850 nm from 
the mirrors aluminum coatings. The red slope is how-
ever not well understood and shall need additional 
evaluations.  

Finally, the BB and IS will then be used to illumi-
nate the calibrated detectors with narrow band filters to 
perform 6 absolute measurements in the full wave-
length range. The relative transmission curve will be 
rescaled with respect to these absolute points. 

 
 Figure 3. Relative spectral transmission of the OB. 
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