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The SOIR instrument
• Venus Express (VEx) - ESA

o Launch in Baikonur in 2006
o End in Dec. 2014

• SOIR spectrometer
o Channel of SPICAV/SOIR on VEx
o Echelle grating + AOTF
o 2200 cm-1 to 4400 cm-1 (2.2 µm to 4.4 µm)
o Divided in 94 diffracting orders 
o Order width: 20 to 37 cm-1

o Spectral resolution: 0.1 to 0.25 cm-1

• Measures 4 orders per second during an occultation

Collimation and 
camera lens 
together in 1 
parabolic mirror

Detector optics
and detector

AOTF Echelle grating
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Measurement principles
• AOTF transfer function: 

sinc² like
24 cm-1 full width at mid height

• Mean free spectral range: 
19.5 cm-1 (order 101) to 37.4 cm-1

(order 194)

• AOTF transfer function shape 
determination is critical

• 7 diffraction orders have to be 
taken into account to correctly 
reconstruct measurement spectra

AOTF 
transfer 
function Central 

order

Measured 
spectrum

A. Mahieux et al.,  Applied Optics 47(13), 2252-2265 
(2008 )
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SOIR measurement modes
• SOIR can send 8 spectra per second to the Earth, at most 4 different AOTF frequencies per second
•  different binning cases

• 2 types of command
o Hopping: selected AOTF frequencies are repeated on a 1s basis
o Stepping: AOTF frequency is stepped by regular value

• When SOIR is turned on: Precooling for 600 s followed by the measurement

• Detector integration time varies between 1 ms and 150 ms

• Accumulations 
o Made to reduce the signal to noise
o Vary between 1 and 23
o Each accumulation is in fact the result of the difference between 2 successive recordings with 

AOTF ON and AOTF OFF

Denomination
(binning

configuration)

Number
of 

scanned orders

Number
of lines

in each bin

Number
of binning

groups

2x16 4 16 2

2x12 4 12 2

4x4 2 4 4

4x3 2 3 4

8x4 1 4 8

8x3 1 3 8
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SOIR measurement modes
• Different types of measurement are available

• Occultations:
o Ingress (hopping) – binning 12 or 16 (I) or binning 3 or 4 (I8)
o Egress (hopping) – binning 12 or 16 (E) or binning 3 or 4 (E8)
o Atmospheric fullscan (stepping) – any binning

• Nadir (N) – hopping 

• Calibration measurements:
o Miniscan (M) – stepping with small frequency steps –

any binning
o Fullscan (F) – stepping with large frequency steps 

corresponding to 1 order – any binning
o Other calibrations (C)

Measurement Type Acronym

Ingress I

Egress E

Sun fullscan F

Atmosphere fullscan A

Miniscan M

Nadir N

Other calibration C
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SOIR PSA Level 2
• BROWSE, CALIB, CATALOG, DATA, DOCUMENT 

and INDEX directories

• DATA directory
o Format YYYYMMDD_TNN

 YYYY: year
 MM: month
 DD: day
 T: type of measurement
 NN: measurement number of the day

o 2 x 2 files in each folder
 OBS: measurement values
 TC2: telecommand values file 2

This image cannot currently be displayed.
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SOIR PSA Level 2
• DATA directory

o YYYYMMDD_TNN _OBS.TAB file contains measurement
 1 line per second
 Fields:

 Time 
» One field per scanned order

 Observations
» 320 values x 8 measurement (bins)

 Housekeeping values
» 16 fields: temperatures, 

voltages, etc.
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PSA Level 2

• BROWSE directory
o Each folder contains a JPG file
o Sum of all the 320 pixels in each bin as a function of time
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Treatments between Level 2 and Level 3
• Detector non-linearity correction

o At low signal, non-linear response of the detector pixels

• Order determination
o fAOTF  wavenumber
o Wavenumber compared to wavenumber centre of each diffraction order
o Minimum value gives the diffraction order

• References
o Nevejans et al., Compact high-resolution spaceborne echelle grating spectrometer with 

acousto-optical tunable filter based order sorting for the infrared domain from 2.2 to 4.3 µm, 
Applied Optics, Vol. 45, No. 21, 20 July 2006

o Mahieux et al., In-flight performance and calibration of SPICAV SOIR onboard Venus Express, 
Applied Optics, Vol. 47, No. 13, 1 May 2008

o Vandaele et al., Improved calibration of SOIR/Venus Express spectra, Optics Express, 21 
(17), 21148 – 21161 (2013)
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Transmittance calculation

Criteria
1. 1 − 𝑇𝑇 𝑖𝑖 < 2𝛿𝛿𝛿𝛿 𝑖𝑖 , i ∈ W
2. 𝛿𝛿𝛿𝛿 𝑖𝑖 < 1

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
, i ∈ W

3. 𝛿𝛿𝛿𝛿 𝑖𝑖 < std T indsW , i ∈ W
4. 𝑇𝑇 𝑖𝑖 − 1 < 2𝛿𝛿𝛿𝛿 𝑖𝑖 , i ∈ V
5. 1 − 𝑇𝑇 𝑅𝑅 < 2𝛿𝛿𝛿𝛿 𝑅𝑅

• Regression zone (S): 
o 2 conditions: zMin > 220km & 

minimum of 20 points
o If less than 20 points, decrease zMin

BUT zMin must be > zunity

• Criteria check zone (W):
o Used to check the quality of the 

transmittance calculation
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Transmittance calculation (details)
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Altitude unity

Tangent 
altitudes 

(km)

120 130 140 150 160 170

orders 108, 109, 
110, 134, 
135, 136, 
137, 138, 
139, 140, 
176, 177, 
178, 179, 
180, 181, 
182, 183, 
184, 185, 

186

114, 115, 
116, 117, 
118, 119, 
120, 121, 
122, 123, 
124, 125, 
126, 127, 
141, 142, 
143, 144, 
145, 146, 
147, 152, 
153, 154, 
170, 171, 
172, 173, 
174, 175, 
187, 188

111, 112, 
113, 128, 
129, 130, 
131, 132, 
133, 148, 
149, 150, 
151, 155, 
168, 169, 
189, 192, 
193, 194.

190, 191 156, 157, 
158

101, 102, 
103, 104, 
105, 106, 
107, 159, 
160, 161, 
162, 163, 
164, 165, 
166, 167.

Minimum tangent altitudes (unity altitude) for the Sun part above 
which we are sure that no absorption can be present on spectra.
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Examples
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Treatments between Level 2 and Level 3
• Pixel to wavenumber calibration

• “Wrong” signal on pixels
o Corrected by averaging by the two side pixels
o Example: Orbit 130 (29/08/2006) Order 180 bin 2
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PSA level 3
• BROWSE, CALIB, CATALOG, DATA, DOCUMENT and 

INDEX directories 
• DATA directory

o Format YYYYMMDD_TNN_OOO
 YYYY: year
 MM: month
 DD: day
 T: type of measurement
 NN: measurement number of the day
 OOO: diffraction order

o 4 x 2 files in each folder
 OOO: measurement values for order OOO
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PSA level 3
• DATA directory

o YYYYMMDD_TNN_OOO.TAB file contains measurement
 One file per scanned order
 If same order scanned twice file format becomes:

 YYYYMMDD_TNN_OOOP.TAB
 With P a letter

 1 line per spectrum
 Fields:

 Time
 Bin
 Binning
 Measurement “Attitude” 
 AOTF frequency
 Detector integration time
 Pixel to wavenumber polynomial relation
 Transmittance (320 values)
 Noise (320 values)
 Housekeeping values

» 16 fields: temperatures, voltages, etc.
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PSA Level 3
• CALIB directory

o AOTF frequency to wavenumber (tuning curve)
 Fields:

 Type (pix wn or wn pix)
 Binning
 Bin
 Relation (2nd order)

  One for Nominal period and each Extension

o AOTF transfer function
 Fields

 Order, bin
 Wavenumber (from -100 to 100 cm-1, steps 0.1 cm-1)
 Values of TF bin (2001 values)
 One bin / line

 Only for bins 1 and 2 of binning 12
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PSA Level 3
• CALIB directory

o Blaze function
 Fields

Order
Wavenumber (from -100 to 100 cm-1, steps 0.1 

cm-1)
 Values of BF (2001 values)

 Same for every binning

o Resolution
 Fields

Order
 Value of the resolution for each bin
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Online Tool
• Surf to http://venus.aeronomie.be/en/soir/soir_database.htm

http://venus.aeronomie.be/en/soir/soir_database.htm


KONINKLIJK BELGISCH INSTITUUT VOOR RUIMTE-AERONOMIE INSTITUT ROYAL D’AERONOMIE SPATIALE DE BELGIQUE ROYAL BELGIAN INSTITUTE OF SPACE AERONOMY KONINKLIJK BELGISCH INSTITUUT VOOR RUIMTE-AERONOMIE INSTITUT ROYAL D’AERONOMIE SPATIALE DE BELGIQUE ROYAL BELGIAN INSTITUTE OF SPACE AERONOMY KONINKLIJK

Venus 2016, Oxford, UK, 4-8 April (2016)

Overview file
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Overview file: Search options
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Access to Data
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SOIR Wavenumber handle tool
• Tool to handle wavenumbers, pixels and orders in the SOIR data base

• Possibility to convert
o Pixels to wavenumbers in a given order
o Wavenumbers to pixels in a given order

 Possibility to anticipate where a line will be replicated due to the order addition

 Possibility to find out in which order a given wavenumber is measured
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SOIR Data overview tool
• Tool to find an occultation in the SOIR 

database

• Possibility to search on
o Order
o Latitude
o Longitude
o Local solar time
o Orbit number
o Date

• Returns
o List of occultations
o Orbits information
o Access to Plot occultation tool
o Maps

• Only for occultations !
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Plot occultation tool
• Tool to display 

o Spectra 
o Orbits characteristics
o Housekeeping data

• PDS/PSA levels 2 and 3

• At start, asks for the repository location  
- needs adequate level 3 data repository

Orbit number Mission phase

0-529 Nominal mission

530-1135 Extension 1

1136-1583 Extension 2

1584-2451 Extension 3

2452- Extension 4
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Plot occultation tool - Level 2
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Plot occultation tool - Level 3
• Select the measurements

o Time in HHMMSS
o Altitude in km

• 3D-plot of selected spectra

• 2D-plot of selected spectra

• Plot slit height in atmosphere

• Plot VEX speed

• Show scanned atmosphere

• Map geoposition:  Longitude vs. latitude

 Plot 
housekeeping 
data
 16 choices

SOIR data workshop
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Plot occultation tool - Level 3
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Higher level data

• We are preparing a complete dataset of all individual profiles and 
average ones
o Density – Temperature profiles
o Trace gases vertical profiles
o VAST: binned latitudinal averages

• Will be reachable through the EuroPlanet VESPA interface
http://vespa.obspm.fr/planetary/data/epn/query/all/
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Conclusions

• ‘New’ updated transmittances have been delivered to the PSA
• Re-analyse of the updated transmittances is on-going

• Still A LOT to do with this incredible data set
o Improve the retrieval from the existing SOIR spectra

 Include the Detection Limits (OCS, etc)
 Correlation between the detected species (H2O, SO2) and aerosols

o Perform comparison/synergy with other VEX datasets and/or with
ground-based/HST  observations

o Validation wrt existing Venus atmosphere Models (GCM, 1-d RT)
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Conclusions

• Do not hesitate to contact us:

o A.C. Vandaele a-c.vandaele@aeronomie.be
o V. Wilquet v.wilquet@aeronomie.be
o L. Trompet l.trompet@aeronomie.be
o S. Chamberlain s.chamberlain@aeronomie.be
o S. Robert s.robert@aeronomie.be
o (A. Mahieux a.mahieux@aeronomie.be : but PostDoc position in 

IAPS/INAF for next 2 years)

mailto:a-c.vandaele@aeronomie.be
mailto:v.wilquet@aeronomie.be
mailto:l.trompet@aeronomie.be
mailto:s.chamberlain@aeronomie.be
mailto:s.robert@aeronomie.be
mailto:a.mahieux@aeronomie.be
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