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1. INTRODUCTION 

 
The Meteosat Second Generation (MSG) programme is set to secure the continuation of geostationary satellite services 
until at least the year 2018. The Spinning Enhanced Visible and Infra-Red Imager (SEVIRI) instrument on the MSG 
satellite series is designed to support nowcasting, very short and short range as well as numerical weather forecasting and 
climate applications over Europe and Africa, with the following mission objectives: 
 
• multi-spectral imaging of the cloud systems, the Earth surface and radiance emitted by the atmosphere, with improved 

radiometric, spectral, spatial and temporal resolution as compared to the first generation Meteosat, 
• extraction of meteorological and geophysical fields from the satellite image data for the support of general 

meteorological, climatological and environmental activities, 
• data collection from data collection platforms (DCP),  
• dissemination of the satellite image data and meteorological information upon processing to the meteorological user 

community in a timely manner for the support of nowcasting and very short range forecasting, 
• support to secondary payloads of scientific or pre-operational nature which are not directly relevant to the MSG 

programme (i.e. GERB and GEOSAR), 
• support to the primary mission (e.g. archiving of data generated by the MSG system) 
 
MSG is the successor of the Meteosat first generation programme. MSG-1 was successfully launched on the 29th August 
2002 by an Ariane 5 launcher. The first image of MSG-1 was taken on 28th November, 2002 at 12:15 hours UTC. This 
paper summarises the results of the SEVIRI functionality tests performed as part of the MSG-1 commissioning and 
describes the radiometric and imaging performances of the main optical payload SEVIRI, including the image quality after 
its rectification and calibration. The performance results presented here are based on an offline analysis of a limited subset 
of the large amount of SEVIRI data obtained during the MSG-1 commissioning tests. A comparison between the results 
obtained on-ground and the one in-flight will be established. 
 
 



 

 

2. THE SEVIRI IMAGING MISSION   
 

 
Figure 1: The Structural and Thermal Model for the 
Meteosat Second Generation Satellites (Courtesy Alcatel 
Space Industries, Cannes, France). 
 

 
Figure 2: The SEVIRI Imaging Radiometer (Courtesy   
Astrium SAS, France).

 
The initial imaging mission objectives of the MSG programme were subsequently refined by EUMETSAT, taking into 
account further evolutions in the needs of operational meteorology and resulted in: 
• the provision of basic multi-spectral imagery, in order to monitor cloud systems and surface patterns development in 

support of nowcasting and short term forecasting over Europe and Africa. 
• the derivation of atmospheric motion vectors in support of numerical weather prediction on a global scale and on a 

regional scale over Europe. 
• the provision of high resolution imagery to monitor significant weather evolution on a local scale (e.g. convection, fog, 

snow cover) 
• the air mass analysis in order to monitor atmospheric instability processes in the lower troposphere by deriving vertical 

temperature and humidity gradients. 
• the measurement of land and sea-surface temperatures and their diurnal variations for use in numerical models and in 

nowcasting. 
 
To support these mission objectives, a single imaging radiometer concept, called Spinning Enhanced Visible and InfraRed 
Imager (SEVIRI), has been selected (Figures 1 and 2)1. This concept, while yielding significant development/recurrent cost 
savings, allows for simultaneous operation of all the radiometer channels with the same sampling distance. Thus it provides 
improved image accuracy and products like atmospheric motion vectors or surface temperature and also new types of 
information on atmospheric stability to the users. Moreover, as the channels selected for MSG are similar to those of the 
AVHRR instrument currently flown in polar orbits, the efficiency of the global system will be increased owing to the 
synergy of polar and geostationary data.  
 



 

 

The imaging mission corresponds to a continuous image-taking of the Earth in the 12 spectral channels with a baseline 
repeat cycle of 15 minutes. The calibration of the infrared cold channel radiometric drift may be performed every 15 
minutes owing to an internal calibration unit involving a simple and robust flip-flop mechanism and a black body. The 
imager provides data from the full image area in all channels except for the high-resolution visible channel where the scan 
mode may be varied via telecommand from the normal mode to an alternative mode. The HRV channel will provide high-
resolution images in the visible spectrum, which can be used to support nowcasting and very short-range forecasting 
applications. 
 

3. MSG-1 Functional, Radiometric and Imaging Performances 
 
The purposes of the Commissioning tests are to demonstrate that the performances in-orbit meet the satellite specifications, 
that launch and station acquisition operations have not degraded the satellite performances and to declare the MSG-1 
spacecraft operational. Since its successful launch on August 29th 2002, the MSG-1 satellite has undergone all the 
numerous functional and overall performance tests. The launch and the in-orbit storage were described elsewhere2. 
Amongst all the tests performed, we will address only the SEVIRI related functional, radiometric and imaging performance 
results.  
 

3.1 Functional test results 
 

For what concerns the SEVIRI imaging radiometer, the functionalities were verified by the commissioning tests and are 
working excellently. Amongst the functionality tested, the following was successfully verified: 

• the effectiveness of the decontamination (> 24 hours continuous heating of the focal plane and the sunshield);  
• the ability to operate the focal plane at both the 85 K and 95 K operating temperatures (with excellent 

performances at both temperatures); 
• the IR calibration functionality; 
• The on-board facility for adjusting the East/West acquisition delays; 
• The nominal scanning (15 min) and the alternative repeat cycles down to 5 minutes; 
• The settings of the gains and offsets of the 42 imaging chains and their fine tuning with the aim of avoiding 

saturations at all the relevant scene targets, namely Deep Space, Earth  and black body viewing. 
No anomaly was found with the SEVIRI imaging radiometer. The orbit control system, the power distribution unit 
functions, the telecommunication functions and other payloads are not discussed in this paper. 
 
The first MSG-1 image was taken on 28 November 2002 and disseminated live in the EUMETSAT foyer. It was well 
centred, showing the relevance of the SEVIRI default parameters and the quality of the flight dynamics. 
Since then, many images have been taken and processed thanks to the Image Quality Ground support Equipment 
(IQGSE)5,6 developed by Alcatel France (Cannes) under an ESA and EUMETSAT contract. 
• the raw image is acquired by the front end of the IMage Processing Facility (IMPF) of EUMETSAT and then 

transmitted to the IQGSE for processing, 
• the raw image data contains also auxiliary data including the orbital parameters.  
 
The first image taking allowed a preliminary determination of the Earth centring of the image frame. Then, a fine tuning 
process, namely the East/West delays, the gain and offset settings of the SEVIRI 42 detection chains was performed, with 
the aim of avoiding saturations at all the relevant scene targets (Deep Space, Earth and black body viewing). This was 
realised taking into account that the IR focal plane was temperature controlled at 95 K and the Visible focal plane at 20oC. 
The results obtained during the in-flight tests carried out matched excellently the on-ground results. 
 
 
 
 
 
 
 
 
 



 

 

3.2 The MSG-1 Radiometric Performances 
 
The Radiometric noise value was calculated by the IQGSE Performance Assessment Tool (PAT) as the standard 
deviation of all the samples taken within one image when viewing a uniform reference target as defined in Table 
1 for each channel. These values are termed the Signal to Noise Ratio (SNR) for the warm channels and the 
Noise Equivalent temperature (NEdT) for the Cold Channels. On-ground, using a completely furnished OGSE, 
a complete image could be taken for the noise computation. In-flight, different means are used to extract the 
noise. For the IR channels’ in-flight noise measurements, whenever a calibration is performed using the SEVIRI 
on-board black body, the data is collected not only for the calibration purposes but also for noise computations, 
since the target is uniform and well known. For the Warm channels, the noise is computed using deep space 
viewings including star detections. 
 

Channel Absorption Band 
and Channel Type 

Spectral  
Bandwidth (µµµµm) 

On-Ground 
Radiometric  
Noise Results 

In-Flight Radiometric 
Noise results 

(specifications***) 

HRV Visible High 
Resolution 

0.6 to 0.9 2.07 at 1.3 
W/(m2.sr.µm) 

2.84 (1.20) at 0.28% of 
the MDR 

VIS 0.6 VNIR Core Imager 0.56 to 0.71 19.3 at 5.3 
W/(m2.sr.µm) 

159 (10.1) at 1% of the 
MDR 

VIS 0.8 VNIR Core Imager 0.74 to 0.88 17.5 at 3.6 
W/(m2.sr.µm) 

53 (7.28) at 1% of the 
MDR 

NIR 1.6 VNIR Core Imager 1.50 to 1.78 11.1 at 0.75 
W/(m2.sr.µm) 

10 (3.00) at 1% of the 
MDR 

IR 3.9 IR / Window Core 
Imager 

3.48 to 4.36 0.17 K at 300 K 0.105 K (0.35) at 300 K 

WV 6.2 Water Vapour Core 
Imager 

5.35 to 7.15 0.21 K at 250 K 0.05 K (0.75) at 250 K 

WV 7.3 Water Vapour 
Pseudo-Sounding 

6.85 to 7.85 0.12 K at 250 K 0.060 K (0.75) at 250 K 

IR 8.7 IR / Window Core 
Imager 

8.30 to 9.10 0.10 K at 300 K 0.07 K (0.28) at 300 K 

IR 9.7 IR / Ozone Pseudo-
Sounding 

9.38 to 9.94 0.29 K at 255 K 0.11 K (1.50) at 255 K 

IR 10.8 IR / Window Core 
Imager 

9.80 to 11.80 0.11 K at 300 K 0.074 K (0.25) at 300 K 

IR 12.0 IR / Window Core 
Imager 

11.00 to 13.00 0.15 K at 300 K 0.11 K (0.37) at 300 K 

IR 13.4 IR / Carbon Diox. 
Pseudo-Sounding 

12.40 to 14.40 0.37 K at 270 K 0.295 K (1.80) at 270 K 

 

Table 1: The spectral characteristics of the SEVIRI channels including the in-flight measured radiometric noise to be 
compared to the on-ground characterisation results, as measured at satellite level. The in-flight value of NIR1.6 is lower 
than the on-ground results due to stray light seen around midnight (outage case being 15o around the Earth acquisition 
window, corresponding to an outage duration of about 14 nominal repeat cycles). There are no significant differences 
between on-ground and in-flight measurements. Any of the differences shown are due to testing accuracies. ***Note that 
the noise specification refers to End of Life conditions whereas the actual noise results are for Beginning of Life. 



 

 

The SEVIRI radiometric performance results are displayed in table 1. The noise is expressed in Signal to Noise Ratio 
(SNR) at a referenced target for the solar channels (MDR standing for Maximum of the Dynamic Range) and in Kelvin for 
the IR channels at a referenced source brightness temperature (Noise Equivalent Temperature difference or NEdT). The 
specified radiometric SNR or NEdT is the one between parenthesis. All the radiometric requirements are met with margins. 
Note that the on-ground test results including the radiometric noise computations were discussed elsewhere4. 

 
3.3 The MSG-1 In-Orbit  Radiometric Calibration 

 
In order to meet the radiometric accuracy, SEVIRI is build with an on-board calibration facility as far as the IR channels 
concerned1. In order to ensure that the black body temperature sensors are providing the right temperatures, a calibration 
facility is implemented in the SEVIRI temperature read-out electronics with stable resistors designed specifically to 
compensate the sensors drift. Those calibrations have been executed showing only negligible drift. The IR channels  main 
contribution to the radiometric drift is the thermal variation from one image to the next. Calibrations can be performed at 
each repeat cycle or image, such that any drift is compensated. Since the launch of MSG-1, the satellite went already 
through two eclipse seasons and 2 decontaminations have been executed. The first decontamination was performed about 2 
weeks after launch to eliminate most of the contaminants. The calibrations performed over the first months of imaging 
showed a decrease of the gain with a linear trend as depicted in Table 2. It was decided then to perform a second 
decontamination during the spring eclipse season. It resulted with the instrument gain recovery, comparable the results 
obtained during on-ground testing. During the overall commissioning phase, many calibrations have been performed. 
SEVIRI gains were determined and radiometric noise computed. Figure 4 demonstrates the increase in radiance response 
after the decontamination. The gain depends on the detection chain settings. Therefore, in order to investigate the radiance 
response of the instrument independent of the settings of the on-board electronics, the gain of each chain has been split 
into a fixed part Go and a variable part that depends on the electronics setting.  For presentation purposes, the Go of all 
chains is normalised to its value prior to decontamination. Delta describes the ratio between the throughput during 
blackbody viewing and during Earth viewing and depends only on mirror temperatures and viewing angles4. It is used to 
correct for the fact that the front optics areas not seen by the detectors during the black body measurement. Again, it is 
normalised to its value prior to decontamination. As expected, there is no significant change of delta after 
decontamination. Figure 4 shows the radiometric gain trend and its recovery after the second decontamination. The solar 
channels rely on vicarious calibration (not discussed in this paper). 
 

 
IQGSE Blackbody Calibration Results Chain:
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Figure 2: IR channels’ Calibration: Change of instrument radiance response versus time. This data was recorded between 
April 10th and June 12th , 2003. For this graph, only Chain 1 of IR13.4 channel is considered since the other channels 
responded almost equivalently.  
 



 

 

Note that a comparison between on-ground and in-flight calibration has shown that the worse case where a full calibration 
is needed during on-ground characterisation was once per 9 images whereas the in-flight has shown about once per 10 
images. 
 
 

3.4 The MSG-1 In-Orbit Imaging performances 
 

We have made an assessment of the performances of MSG-1 Imaging Mission, based on sampled data from January 
(nominal case), March (eclipse case), and May 2003 (manoeuvre case). 
The performances covered by this assessment are: 
- geometric accuracy  
- inter-channel spatial registration 
The assessment has been performed using MSG-1 raw data retrieved from the EUMETSAT archiving facility (MARF) 
and processing it off-line with the IQGSE. This allows decoupling the performance assessment from the tuning/debugging 
of the interface between the IQGSE and the Ground Segment. Using this methodology, it is possible to check all imaging 
performances relevant to the commissioning phase, either by looking at the outputs of the PAT (performance assessment 
tool), or by analysis/processing of the support files produced during the run. The data processed by the IQGSE include 
SEVIRI image and auxiliary raw data, and House Keeping (HK) raw data, Ground Segment (GS) files (orbit, time 
correlation, observability) as well as attitude and orbit prediction from the GS flight dynamics. 
For each of the cases, the following steps have been applied: 
1. Retrieving raw data from the Ground Segment, and storing it on tapes in Cannes 
2. Initialising the IQGSE Image rectification software 
3. Rectifying the level 1.0 data into level 1.5 data 
4. Assessing the performances from the IQGSE outputs 
 
The measured performances are automatically computed by the PAT as described by B. Blancke in the frame on this 
conference. Due to the huge amount of data to be processed (3 Mbits/s, i.e. about 75 Go for this assessment) several levels 
of filtering are implemented in the IQGSE to avoid false measurements. These plots are derived from automatic 
measurements performed on landmarks on the rectified images. In order to assess the performance from these plots, it is 
necessary to remove the false measurements if any, and to take into account the measurement errors. 
This is quite efficient for the performances that are specified with a statistical approach (geometric accuracy absolute error 
and image to image error, noise). However, for the other performances, which are specified in worst case, outlier 
measurements cannot be avoided, and it is part of the engineering assessment to analyse these cases, using the support files 
provided by the IQGSE (about 70000 support files have been produced during these runs).  
A typical example illustrating the above is shown on the following figure, extracted from the 16*16 images relative error 
of the HRV channel showing a spike in North/South direction. Note that the IQGSE measurement errors are: 
- 0.25 SD (750 m) rms for the absolute measurements 
- 0.10 SD (300 m) rms for the relative measurements 
It appears that the values obtained by the assessment are close to the measurement errors, meaning that the rectified images 
are still of better quality. This error is computed from elementary sub-landmark measurements. For instance, let’s assume 
measurements having about 1 pixel west of the main cluster. This tends to show that the measurement is not correct. In 
order to get a definitive appreciation of this case, means have been implemented to justify the case. For that, with one 
image showing the related landmark neighbourhood, extracted from the rectified image and a second image showing the 
actual neighbourhood, with an added East/West jitter corresponding to the 16samples*16samples error specification have 
demonstrated that the sub-landmark is simply a measurement error. The high level of jitter reflects the worse case type of 
specification; indeed, the measurement error in this case can reach 3 times the rms measurement specification, i.e. 2.25 
km. This means that most likely the apparent out-of-specification measurement is due to the measurement error and the 
actual performance is within the specification. 
 
With that in mind, all the imaging performances are successfully assessed. In Table 2, 3 and 4 are shown results of 
nominal cases of imaging.  
 
For what concerns eclipse case, it can be noted that the number of observations is quite different from the nominal case, 
namely it shows a larger range of error due to seasonal changes. Here the performance has to be assessed in terms of 
outage period, i.e. the time during which a specification is not met. The SEVIRI channels are available during manoeuvres 



 

 

and also during eclipse conditions where both stray light and thermo-elastic deformations impact the overall satellite. In 
addition, moon interference effects on the on-board Earth Sensor can generate outage by affecting the synchronisation 
system. The MSG-1 system specification requires 3 hours of recovery time per manoeuvre (12 Repeat cycles) and less 
than 12 hours after the start of an eclipse. The worse case we have obseverd up to now is 4 repeat cycles (or 1 hour). 
With the same approach, the manoeuvre case shows a worse case of 3 hours (12 repeat cycles) outage for the image to 
image errors. Both outage cases are well within the specifications. 
 

 
Channel HRV VIS06 VIS08 NIR16 IR39 IR62 IR73 IR87 IR97 IR108 IR120 IR134 
Spec (*) 1 1 1 1 1 1 1 1 1 1 1 1 

Mean 0,184 0,34 0,25 0,38 0,39 0,36 0,36 0,34 0,36 0,41 0,35 0,36 E /W 
Max 0,22 0,41 0,33 0,46 0,67 0,56 0,56 0,52 0,56 0,59 0,58 0,56 

Mean 0,247 0,40 0,26 0,26 0,27 0,26 0,26 0,27 0,26 0,26 0,28 0,26 N/S 
Max 0,43 0,58 0,33 0,44 0,50 0,44 0,44 0,45 0,44 0,52 0,48 0,44 

 
Table 2: Nominal Geometric Accuracy absolute error (*) with the values being in sampling distances of 1 km for HRV 
and 3 km for all other channels. All the measured performances are well within specification. 

 
 

Channel HRV VIS06 VIS08 NIR16 IR39 IR62 IR73 IR87 IR97 IR108 IR120 IR134 
Spec (*) 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

Mean 0,044 0,12 0,09 0,09 0,11 0,12 0,12 0,12 0,12 0,12 0,13 0,12 N/S 
Max 0,09 0,21 0,18 0,12 0,20 0,21 0,21 0,23 0,21 0,24 0,29 0,21 

Mean 0,063 0,09 0,07 0,07 0,10 0,10 0,10 0,10 0,10 0,10 0,11 0,10 E/W 
Max 0,31 0,25 0,20 0,20 0,20 0,24 0,24 0,18 0,24 0,24 0,28 0,24 

 
Table 3: Nominal Image to Image error (*) with the values being in sampling distances of 1 km for HRV and 3 km for all 
other channels. All the measured performances are well within specification. 

 
  VIS & NIR 

Channels 
Warm 

Channels 
Window 
Channels 

Specifications 
(*) 

0,85 1.10 1.68 

Mean 0,73 0,79 0,73 

E /W 

Max 0,88 1,24 1,36 
Specifications 0.87 1.24 1.93 

Mean 0,85 1,10 0,35 
N/S 

Max 1,63 1,63 1,22 
 
Table 4: Nominal Inter-Channel  Spatial Registration error (*) with  the values being in sampling distances of 1 km for 
HRV and 3 km for all other channels. The measurements here sometimes exceed the specification (in bold). However, this 
is most probably due to the landmark measurement error. The values found during in-flight match the on-ground test 
results. 
 
 

4. CONCLUSION 
 
This paper presented the current results of the MSG-1 during commissioning phase, emphasizing on the SEVIRI imaging 
radiometer. The overall commissioning phase has allowed the assessment of the radiometric and imaging performances of 
MSG-1 satellite.  This assessment has allowed checking the performance of MSG-1 Imaging Mission in various conditions 
(season, day, night, eclipse, manoeuvre). Although all the performances cannot be measured neither all the time, nor 



 

 

everywhere on the images, due to the nature of the elementary measurements (landmark correlations), the assessment of 
available measurements, backed with analysis of the system behaviour, allows stating the following: 
 
• The in-flight radiometric noise meets all the specifications with large margins. There is no significant difference with 

the results obtained during on-ground tests. 
• For the nominal case (out of eclipse / manoeuvre), the measured geometric quality of the rectified images is very good 

(generally a factor of 2 to 3 better than the specification). Also, the radiometric performances are met with important 
margins. The co-registration measurements exceed the specification in a few occurrences, but this is not significant in 
view of the measurement inaccuracies. 

• For the eclipse case, the specification is met again with very good margin, since the longest measured outage is 7 RC 
(absolute error of channel IR10.8) while the allowed outage is 48 RC. 

• For the manoeuvre case, the specification is met again with very good margin, since the longest measured outage is 2 
RC (image to image errors) while the allowed outage is 12 RC. However, the North/South station keeping which is the 
worse case of manoeuvre has not yet been performed. 

• MSG raw images are of excellent quality, and can be rectified well within the specified accuracies. Indeed, in most 
cases, what is measured is the landmark correlation error, the rectified image accuracy itself being better than the 
measurement.  

• Unless limited by the test facilities, the comparison between the on-ground characterisations and the in-flight results 
showed very good correlation. 

 
As part of routine activities, this type of performance assessments will be carried out regularly, and some tuning may be 
required for seasonal changes (summer/autumn), and different manoeuvres (mainly North/South station keeping). 
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