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ABSTRACT 
 
Modifying the ENVISAT orbit for the mission 
extension phase from October 2010 to end 2013 has a 
significant impact on the in-orbit operations of the   
Scanning Imaging Absorption Spectrometer for 
Atmospheric Chartography (SCIAMACHY) on-board 
ENVISAT. The instrument’s Line-of-Sight angles in 
azimuth and elevation change due to the lower altitude. 
This has to be reflected in the control of both scanners. 
In addition, maintaining the unique limb/nadir 
matching feature requires adapting the duration of 
several limb states.  
The corresponding modification of the on-board 
configuration will ensure SCIAMACHY’s capabilities 
to acquire high quality data over the entire mission 
duration. 
 
1. INTRODUCTION 
 
The concept for extending the ENVISAT mission until 
the end of 2013 is based on a lowering of the platform 
orbit together with subsequent abandoning of fuel 
consuming inclination manoeuvres [1]. The orbit 
altitude manoeuvre shall occur between 22nd and 26th 
October 2010. Permitting the orbit inclination to drift 
out of the specified range is equivalent to introduce a 
Mean Local Solar Time (MLST) at Descending Node 
Crossing (DNX) exceeding the nominal value of 22:00 
± 5 min. The reduced platform altitude leads to a 
shorter orbital period and, accordingly, a slightly larger 
number of orbits per day. 
SCIAMACHY as an instrument with multi-viewing 
capabilities [2] is strongly dependent on the control of 
the Line-of-Sight (LoS) during measurements. 
Additionally, instrument operation is driven by sun- 
and moon-fixed events along the orbit. Their 
occurrences depend on the selected orbit. Therefore a 
modification of the ENVISAT orbit has a major impact 
on SCIAMACHY operations. The operations concept 
of using on-board states and timelines is rather flexible 
and permits compensating orbit modifications by 
appropriately changing the corresponding on-board 
configuration.   

2. MODIFIED ENVISAT ORBIT 
 
2.1 Orbit Parameters 
 
The modified ENVISAT orbit is characterized by the 
set of parameters listed in table 1. Fig. 1 illustrates how 
the inclination and  the MLST change with time. 
 
Table 1: Orbit parameters of nominal ENVISAT orbit 
together with modified orbit at start and end of mission 
extension phase.  
 

 
Nominal 

Orbit 
Modified 

Orbit    
(Oct 2010) 

Modified 
Orbit    

(end 2013)

Semimajor axis 
(km) 

7159.496 7142.167 7141.934 

Orbital period 
(sec) 

6035.928 6014.061 6013.790 

Inclination (°) 98.549 98.549 98.408 

Orbits per day 14.314 14.366 14.367 

 

 
 
Figure 1: MLST (left) and inclination (right) at ANX 
for the ENVISAT orbit between beginning 2010 and 
end 2013. 
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Maximum MLST of 22:09:41 is reached around 16th 
April 2012 with the MLST being outside the specified 
limit of 22:00 ± 5 min between 20th April 2011 and 9th 
July 2013. From table 1 it is obvious that the 
semimajor axis, i.e. the platform altitude, and the 
orbital period drift as well with rates of -72 m/year and 
-86 msec/year. While the nominal ENVISAT orbit has 
a repeat cycle of 35 days / 501 orbits, the modified one 
is described by 30 days / 431 orbits. 
Maintaining SCIAMACHY’s current LoS performance 
requires that the platform three axis (pitch, roll, yaw) 
attitude knowledge does not degrade in the mission 
extension phase. Together with the improved alignment 
model of SCIAMACHY [3] this ensures precise LoS 
determination, particularly important for the limb 
viewing geometry including occultation. Another 
aspect of platform attitude concerns the applicable yaw 
steering parameters. ENVISAT will continue to operate 
in Stellar Yaw Steering mode (SYSM) using the 
nominal model with the current AOCS parameters.  
 
2.2 Orbit Analysis 
 
Detailed analyses were conducted by the 
SCIAMACHY Operations Support Team (SOST) and 
EADS Astrium/Friedrichshafen to study the impact of 
modified orbit parameters on SCIAMACHY’s 
operation concept. The split of tasks between both 
partners reflected the responsibilities for measurement 
planning and execution (SOST) and on-board software 
and engineering configuration (EADS Astrium). 
SOST performed an orbit analysis aiming at identifying 
those measurement state parameters and timeline 
definitions which have to be updated for executing 
measurements from a lower altitude.  This analysis was 
based on the operational ENVISAT CFIs (Customer 
Furnished Items) provided by ESA including 
functionalities describing the modified ENVISAT 
orbit. Orbit propagation with a time resolution of 1 sec 
with subsequent analyses covered the periods 1st 
January 2010 to 25th October 2010 assuming a nominal 
ENVISAT orbit (35 days repeat cycle) and from 25th 
October 2010 to 31st December 2013 using the 
modified orbit specified above. 
SCIAMACHY’s in-orbit measurement operations rely 
on the definition of the 70 on-board states and 63 on-
board timelines. The parameters describing both states 
and timelines are reflecting Line-of-Sight and 
Sun/Moon related event occurrences, e.g. sunrise, 
eclipse start, moonrise or subsolar condition, along the 
orbit. They refer to either time intervals between or 
azimuth/elevation angles at these events. In addition 
elevation angles for certain altitudes needed detailed 
investigations as they are used in ESM scanner control. 
Fig. 2 demonstrates 3 examples of the results obtained 
– duration of time intervals for the definition of 
timelines, azimuth/elevation angles for elaborating on 

solar and lunar visibility conditions and elevation 
angles for specifying angular state parameters. Details 
of our orbit analysis can be found in [4]. In summary it 
was shown that for all time intervals the orbit 
modification causes only very moderate changes. 
These are well below the margins used in the definition 
of the timelines for the current nominal operations 
phase. Therefore from an orbit interval point of view 
the mission extension phase does not require to modify 
any timelines. 
 

 

 

 
 
Figure 2: Three examples of orbit analysis results. 
Duration of Sun Occultation and Calibration window 
(top), azimuth of Sun at sunrise (middle) and elevation 
along the orbit for a fixed altitude of 250 km (bottom). 
The orbital drift is so small that all 4 mission extension 
orbits overlap in the bottom panel. 



  

While the duration of Sun/Moon related orbital 
segments impacts the definition of timeline durations, 
the angular orientation of the LoS is the relevant 
parameter which drives certain aspects of scanner 
control. This is mainly reflected in the Basic Scan 
Profile measurement parameter table.  
Due to the limited size of the subsolar window in 
elevation, no solar measurements under subsolar 
conditions are possible when the MLST is close to its 
maximum. This period occurs between 21st May 2012 
and 16th June 2012, i.e. the Sun cannot be used for 
subsolar calibration and monitoring measurements. 
 
3. SCANNER CONTROL 
 
3.1 Philosophy 
 
Changing the ENVISAT orbit parameters alters the 
SCIAMACHY scan trajectories of the Instantaneous 
Field of View (IFoV). Therefore it affects the control 
system of both scanners. These comprise the azimuth 
and elevation scan mechanisms (ASM/ESM), control 
electronics for the scan mechanism motors and 
encoders, a Sun/Moon sensor together with 
corresponding electronics and software for scan 
trajectory generation and correction, sensor 
measurement processing and scanner control. The 
scanner control computes for each measurement state 
the reference IFoV scan trajectories by means of 
guidance algorithms, compares desired and actual scan 
trajectories and commands the scan mechanism motors 
based on control and filter algorithms. 
The SCIAMACHY scanner control system provides a 
very high operational flexibility supporting various 
scanning modes. They include 

• nadir 
• limb 
• Sun/Moon pointing and scanning with mirror 
• Sun pointing with diffuser 
• subsolar calibration with mirror 
• internal calibration lamps 
• mirror degradation 
• dark current 
• scanner maintenance 

Each scan mode of both the ASM and ESM includes a 
transition phase where the scan mirrors slew the LoS to 
the desired position and the scanning phase performing 
the scan trajectory. This phase generates the scan from 
a basic and a relative scan profile forming the nominal 
scan trajectory which is further modified by applying 
scan profile corrections. Such corrections account for 
encoder offsets, the Earth model or Sun/Moon tracking 
using either spacecraft attitude or Sun/Moon sensor 
information. 
Since ENVISAT’s orbit modification does not require 
changing SCIAMACHY’s scan trajectories, only the 
orbit dependent guidance parameters for scan 

trajectories and corrections need an update. They are 
stored in tables in the Instrument Control Unit (ICU) 
and can be modified via parameter setting 
macrocommands (MCMD) or software patches. 
Parameters associated with basic instrument properties, 
e.g. scanner, thermal and mechanism control functions 
are called engineering while those related to 
measurement configurations of the spectrometer are 
labelled measurement. 
 
3.2 Engineering Parameters 
 
EADS Astrium investigated the orbit dependent 
engineering parameters [5] in the Scanner Constants 
table comprising the 

• semimajor axis a0 
• inclination i0 
• number of orbits per day Nref 
• mean tangent length lt,obs (from spacecraft to 

Earth’s horizon) 
• mean elevation angle φt,obs (of Earth’s 

horizon) 
The first three parameters refer to the mean Kepler 
elements of the ENVISAT orbit, i.e. the reference orbit 
with a 35 day / 501 orbits repeat cycle in the nominal 
phase and the slowly drifting orbit in the mission 
extension phase from October 2010 onwards. 
The final two elements are used in the framework of 
the Earth model correction for computing the polar and 
equatorial radius of the observation reference ellipsoid, 
which describes the observation altitude above the 
reference Earth model. Both parameters assume a 
spherical Earth with a radius of 6371.009 km and a 
mean spacecraft altitude being the average of the 
orbital minimum and maximum values (799.79 km for 
the nominal ENVISAT orbit). 
Updated mean Kepler elements can be found in table 1. 
Table 2 provides the remaining two parameters. 
 
Table 2: Mean tangent length and elevation angle of 
nominal ENVISAT orbit together with modified orbit at 
start and end of mission extension phase.  
 

 
Nominal 

Orbit 
Modified 

Orbit    
(Oct 2010) 

Modified 
Orbit    

(end 2013)

tangent length 
lt,obs (km) 3290.000 3252.977 3252.592 

elevation angle 
φt,obs (rad) 4.239098 4.241217 4.241217 

elevation angle 
φt,obs (°) 242.882 243.004 243.004 

 
Since semimajor axis and inclination are specified with 
rather tight orbital tolerances of ± 68 m and ± 0.009°, 



  

the larger drifts in both parameters over the mission 
extension period necessitate to update them on-board at 
regular intervals. For the semimajor axis 2 additional 
updates are required separated by 475 days while for 
the inclination this has to occur even every 59 days. In 
order to ensure that the remaining 3 parameters match 
the regularly updated semimajor axis, these are 
modified as well with the same rate of 475 days.  
 
3.3 Measurement Parameters 
 
SOST studied the impact of the mission extension on 
orbit dependent measurement parameters [6]. The 
modifications of azimuth/elevation angles due to the 
change in orbit altitude affect only the Basic Profile 
Scan table. Of the 15 basic profiles 6 require adapted 
elevation angles or elevation rates. They are presented 
in table 3.  
 
Table 3: Basic Scan Profile table with ESM settings to 
be updated in mission extension phase (red entries) 
 

Elevation    (LoS) 
ID ESM Pointing 

Position 
(°) 

Rate 
(°/sec) 

0 idle -30.0000 0.000000 

1 –z direction -91.0000 0.000000 

2 altitude 0 km -26.9962 0.000000 

3 altitude 350 km -19.9470 0.000000 

4 
mean subsolar Sun 
elevation 113.0000 0.000000 

5 altitude 150 km -24.2130 0.000000 

6 165° 330.0000 0.000000 

7 360° scanner rotation -720.0000 0.000000 

8 
altitude 150 km via extra 
mirror 65.3990 0.025950 

9 altitude 250 km -22.1780 0.000000 

10 SLS 19.5356 0.000000 

11 
calibration sources with 
diffuser 380.4001 0.000000 

12 WLS 21.0457 0.000000 

13 
WLS ‘non-optimal’ 
angle 21.3460 0.000000 

14 altitude 17.2 km -26.6910 0.000000 

 
For permanently installing the modified parameters on-
board the elevation angles and rates are transferred to 
the scanner reference system in units of rad. 
 

4. LIMB/NADIR MATCHING 
 
The matching of the geolocation of limb states with 
associated nadir states is a major scientific requirement 
for SCIAMACHY operations. It allows collecting 
information for the same volume of air from two 
different measurement modes. This may be used in 
retrievals for deriving e.g. tropospheric information. 
 
4.1 Across-track Component 
 
Matching limb and nadir states has an across-track and 
an along-track aspect, both being orbit dependent. 
Scanner control treats the across-track component in 
the framework of the Earth model correction with 
instrument yaw steering. The ENVISAT platform is 
operated in stellar yaw steering mode thus 
compensating for the Earth velocity vector at the 
subsatellite point. Thus, when observing a volume of 
air in limb mode, the rotational velocity of this part of 
the atmosphere does no longer ensure that it has rotated 
exactly onto the subsatellite track when SCIAMACHY 
passes over it. Therefore a correcting instrument yaw 
steering angle is applied shifting the limb LoS such that 
the limb and the corresponding nadir state, executed 
later, sense the same volume of air. 
  

 
 
Figure 3: Difference between computed instrument 
yaw steering correction for mission extension orbit and 
look-up table for nominal orbit (top). The bottom panel 
shows the across-track matching residuals from 
applying the current (green) and modified correction 
(blue) in the mission extension orbit. 



  

On-board SCIAMACHY the instrument yaw steering 
correction angle is implemented in a look-up table with 
an along-track argument of latitude resolution of 1°. It 
can be updated in flight via a software patch. Since the 
current platform yaw steering model is maintained for 
the mission extension orbit, the need for changing this 
angle could only result from the lowered orbit altitude. 
EADS Astrium derived the instrument yaw steering 
correction angles for the modified ENVISAT orbit and 
compared it to the present on-board implementation. 
In fig. 3 the difference between both corrections is 
given as a function of the argument of latitude. It also 
illustrates how this translates into a linear across track 
error making it obvious that within specification the 
look-up table for the nominal orbit is also applicable in 
the mission extension orbit. 
The across-track extent of both nadir and limb states 
depends on the scan angle and platform altitude. 
Because the nadir scan angle remains unchanged, 
lowering the altitude reduces the width of the nadir 
swath. This cannot be compensated for due to the fact 
that on each side the scan is limited by baffles. At a 
reduced mean altitude of 782.4 km the nadir swath 
width amounts to 933 km as compared to 954 km in the 
nominal orbit. In order to match the limb swath width 
as precisely as possible, the limb scan angle has to be 
adjusted accordingly. The angular variation in segment 
4 in the Relative Scan Profile table no. 3 is modified by 
a total of 0.087° yielding again a limb swath width of 
933 km. 
 
4.2 Along-track Component 
 
To ensure accurate along-track limb/nadir matching it 
is necessary to place the geolocation of the limb 
tangent point into the middle of the nadir ground pixel. 
This has been accomplished for the nominal orbit after 
two adjustments in 2003. When the spacecraft altitude 
is decreased, the limb tangent LoS is reduced by 35 km 
and intercepts the atmospheric layers ‘earlier’ along-
track. With unmodified state durations the temporal 
separation for matching limb and nadir states is about 
430 sec. Therefore the limb tangent points would fall 
no longer into the centre but in the first phase of the 
nadir pixel. This has been verified in simulations of 
limb/nadir measurement executions in the modified 
orbit (fig. 4 left).  
Re-establishing the performance of the current 
limb/nadir matching can be achieved by skipping one 
horizontal scan in the limb states thus shortening the 
limb measurements by 1.6875 sec (fig. 4 right and table 
4). Then the matching nadir state is executed 6.75 sec 
earlier in the modified orbit, corresponding to an along-
track shift of about 40-45 km. Reducing a limb state by 
a single horizontal scan would result in a maximum 
achievable altitude of 90 km which is considered too 
low for upper atmosphere studies. Therefore it was 

decided to increase the limb starting altitude from -3 
km (one step below the horizon) to 0 km (horizon). 
Only limb states which are operated on the dayside of 
the orbit in conjunction with nadir states, i.e. states 
limb01-limb13 with ID 28-37, 40 and 41 have to be 
modified. The limb_mesosphere state (ID 27), executed 
on the eclipse side of the orbit, and the 
limb_mesosphere_thermosphere state (ID 55), not 
requiring matching nadir states, are not affected. 
 

 
 
Figure 4: Limb/nadir matching on the dayside of the 
orbit in the modified orbit with nominal limb states 
(left) and with shortened limb states (right). The limb 
ground pixel (red) is defined by the tangent point while 
the nadir ground pixel (green) refers to the nadir 
start/stop times. 
 
Table 4: Properties of limb states in the nominal and 
modified orbit 
 

 
Nominal 

Orbit 
Modified 

Orbit    

Limb state duration (sec) 55.87109375 54.18359375

Number of limb scans 30 29 

Limb start altitude (km) -3 0 

Limb stop altitude (km) 93 93 

 



  

The modification of the limb states implies also a 
change of the corresponding entries in the Scanner 
State tables and State Duration table. In addition a new 
timeline set is needed since a large fraction of the 
currently specified 109 timelines execute limb states. 
All of them are becoming shorter. 
 
6. ON-BOARD UPDATE IMPLEMENTATION 
 
All required modifications of engineering and 
measurement parameter tables or timelines are 
implemented using the established operational 
interfaces between SCIAMACHY and ENVISAT. 
These include 
Operations Change Request (OCR): The necessary 
changes to measurement parameter tables and timelines 
are described in an OCR. Once approved by agencies 
and SSAG/SQWG the OCR is implemented. Upon 
availability of the final definition of the modified orbit 
and its validity start time, SOST generates the new 
Configurable Transfer Item (CTI) measurement 
parameter and timeline tables. These are transferred to 
FOCC via the standard secure ftp interface where they 
are processed by the Mission Planning System (MPS) 
for upload for the specified validity start time. The 
modified parameters in the Basic Scan Profile table 
depend directly on the platform altitude. It might be 
worth to update them with the same rate as the 
semimajor axis. In this case additional OCRs would be 
issued in the course of the mission extension. 
SCIAMACHY Operations Request (SOR): Since 
updates of engineering parameters are not MPS but 
procedure driven, the required modifications are listed 
in a SOST prepared SOR and submitted to FOCC. 
FOCC prepares the associated procedures based on the 
SOR. This SOR also has to include the multiple 
updates (see chapter 3.2) for each parameter. An 
additional SOR is needed for updating the ERCORMS 
database for the permanently modified measurement 
parameters. 
Orbit Sequence Definition Files (OSDF): Two 
OSDFs relate to the time period of the orbit change. 
The first OSDF lists SCIAMACHY’s measurement 
planning before lowering the orbit. In order to 
characterize the instrument as well as possible just 
prior to the manoeuvre, it includes a monthly 
calibration shortly before the end of the OSDF. The 
second OSDF starts when the platform has stabilized in 
the modified orbit and SCIAMACHY leaves the idle 
mode. This OSDF requests the exchange of the 
timeline set. Another monthly calibration shortly after 
its start provides calibration & monitoring data for 
comparison with pre-manoeuvre information. Both 
OSDFs are submitted to RGT using the nominal secure 
ftp interface.  
 
 

7. ON-BOARD UPDATE VERIFICATION 
 
As in the case of implementation, also update 
verification is based on established methods, i.e. 
calibration & monitoring procedures. No specific 
verification measurements are foreseen. All the 
required information is inferred from scientific 
measurement data (nadir, limb, Sun/Moon occultation) 
or from calibration & monitoring measurements. 
Particularly important is verifying the status of the 
SCIAMACHY LoS. This will occur via various means: 

• retrieving limb tangent heights using the 
TRUE algorithm [7] 

• retrieving solar centre tangent heights using 
Sun scanning 

• evaluating observed ESM/ASM jumps in Sun 
acquisitions with Sun Follower 

Although no impact of the orbit manoeuvre on the 
thermal status of SCIAMACHY is expected, thermal 
monitoring is another focal point. It will utilize: 

• weekly monitoring of OBM and detector 
temperatures as required in the Instrument 
Operation Manual (IOM) 

• orbital variation of the OBM temperature 
using housekeeping (HK) telemetry 

• orbital variation of detector temperatures 
using HK telemetry 

In the preparation of the orbit manoeuvre, potential 
contamination caused by thruster firings has been 
discussed. Such impact would manifest itself via a 
reduced optical throughput. Therefore detailed optical 
throughput monitoring using measurement data shall 
occur immediately after SCIAMACHY has started 
measurements in the modified orbit.   
 
8. CONCLUSIONS 
 
We have analyzed the impact of the modified 
ENVISAT orbit on SCIAMACHY operations. This 
investigation yielded updated values for a number of 
engineering and measurement parameters. They are 
transferred to ENVISAT via established operational 
interfaces. The quality of the limb/nadir matching 
would degrade without adapting the duration of the 
limb states. By omitting one horizontal scan the current 
limb/nadir matching performance can be maintained. 
The adaption requires to update additional 
measurement parameter tables and to generate a new 
timeline set. Verification of the implemented changes 
is achieved by evaluation of nominal measurement data 
and HK telemetry, i.e. no specific verification 
measurements are planned. 
The described operational modifications will maintain 
the current excellent performance of SCIAMACHY. 
We expect to acquire high quality measurement data up 
to the presently specified end of the mission extension 
phase in late 2013.  
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