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ABSTRACT 
 
The Scanning Imaging Absorption Spectrometer for 
Atmospheric Chartography (SCIAMACHY) on-board 
ENVISAT is successfully operating since its launch in 
2002. By preparing ENVISAT’s mission extension 
until 2013 the originally specified in-orbit lifetime of 
SCIAMACHY will be more than doubled and will 
provide for a long continuous set of excellent 
measurement data. 
Two aspects impact SCIAMACHY’s in-orbit 
performance during the mission extension. In 2010 the 
ENVISAT orbit altitude will be reduced and fuel 
consuming inclination maintenance manoeuvres will be 
stopped. Because the line-of-sight during nadir, limb 
and solar and lunar measurements is orbit dependent, a 
careful analysis has to establish the necessary on-board 
changes. Additionally instrument degradation may 
require appropriate countermeasures. On system side 
this affects thermal subsystems and life limited items 
as well as the scanner mechanisms. 
 
1. INTRODUCTION 
 
SCIAMACHY ([1]) has been specified for a mission 
lifetime of 5 years. At the time of this symposium that 
number is already exceeded by more than 2.5 years. 
Currently preparations are progressing to achieve 
successful ENVISAT and SCIAMACHY operations 
even until the end of 2013. Successfully achieving 
more than 10 years in orbit is quite challenging for 
instrument operations and monitoring. Due to the 
flexible design of SCIAMACHY it was possible to 
adapt to changing scientific and calibration and 
monitoring requirements with the start of the routine 
operations phase. Additionally a detailed concept was 
developed addressing all aspects of optical 
performance and instrument system monitoring. Here 
we discuss the system related aspects, i.e. 
 thermal systems 
 scanner mechanisms 
 life limited items (LLI) 
 while optical issues are presented by e.g. [2], [3] and 
[4]. 
 

Operating SCIAMACHY until the end of 2013 does 
not only require maintaining the current instrument 
configuration. Because from late 2010 onwards the 
mission extension pursues a modified platform orbit, 
the impact of this orbit onto SCIAMACHY needs to be 
studied carefully and, if necessary, appropriate 
reconfigurations of the instrument must occur. These  
will adjust orbit related Line-of-Sight (LoS) properties.   
 
2. CURRENT INSTRUMENT STATUS 
 
Since the start of the routine operations phase in 
January 2003 SCIAMACHY has completed more than 
35000 orbits. 96% of them delivered measurement data 
of high quality as planned. Measurement interrupts 
were very rare. When these occurred they were 
triggered by planned unavailabilities, e.g. orbit control 
manoeuvres (1%), instrument anomalies, e.g. often 
caused by high energy particles (2%) or platform 
anomalies (1%). Fig. 1 illustrates the sequence of 
instrument availabilities/unavailabilities since launch 
on March 1st, 2002.     
 
2.1 Thermal Systems – ATC and TC 
 
Preserving validity and accuracy of the on-ground 
calibration and characterization requires the optical 
elements and detectors of SCIAMACHY to be 
operated at specified temperature ranges throughout the 
mission. For the Optical Bench Module (OBM) this is 
equivalent to a constant temperature between -17.6 and 
-18.2 °C, achieved via a closed loop Active Thermal 
Control (ATC) system in conjunction with the 
dedicated radiator RAD A. For the detectors operating 
temperatures lie well below ambient. They are cooled 
via the Radiant Reflector Unit (RRU) of the Radiant 
Cooler Assembly to temperatures of 195-230 K for 
channels 1-6 and 140-160 K for channels 7 and 8. 
Because of the high cooling efficiency of the Radiant 
Cooler, a Thermal Control (TC) system is required to 
prevent the detector modules from becoming too cold 
by counter heating using three trim heaters. While the 
ATC keeps the OBM temperature autonomously within 
limits the TC system requires occasional power 
adjustments. 
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Figure 1: SCIAMACHY availability since launch. 
 

 
 

Figure 2: Mean OBM temperature per orbit. 
 

 
 

Figure 3: Mean ATC heater powers per orbit. The curves are given for orbits with 50% and 90% HK telemetry 
coverage. 



  

 
 

Figure 4: Mean detector temperatures (channels 1-6) per orbit. 
 

 
 

Figure 5: Same as fig. 4 but for detectors 7 and 8. 
 
To avoid degradation of the Radiant Cooler’s reflecting 
surface by contaminating substances, episodes with 
elevated temperatures (decontaminations) can be used 
to re-establish the cooler efficiency.  
Since the first adjustment of the ATC in June 2002, 
OBM average temperatures have been extremely 
constant at -17.90 °C per orbit (fig. 2). No adjustments 
were necessary for a long time. Prior to launch a 
degradation of both thermal systems was predicted. In 
the ATC it manifests as decreasing heater powers of 
the limb, nadir and RAD A heater (fig. 3). Particularly 
the nadir heater power was most affected. In October 
2008 the ATC settings were successfully changed for 
the first time since the Commissioning Phase. The new 
settings avoid that the nadir heater power drops below 
its lower limit for parts of the orbit around 

November/December each year, i.e. keeping the OBM 
temperature in the specified range during this phase. 
Detector 1-6 average temperatures per orbit display a 
continuous seasonal pattern (fig. 4). The corresponding 
TC settings usually had to be changed with a rate of 
about 2-3 per year. Since channels 4 and 5 have the 
highest temperature sensitivity, most of the TC 
adjustments were caused by the seasonal variations of 
these detectors. In recent times it is considered less 
critical when certain temperatures exceed their 
temperature limits by a few 0.1 °C thus reducing the 
need for TC adjustments. The temperature behavior of 
the infrared channels 7 and 8 was initially driven by the 
ice deposition leading to an increased infrared 
absorption and thus radiatively heated detectors 
resulting in a slow but steady rising temperature. It 



  

soon had turned out that a modified version of the 
original decontamination concept was an appropriate 
means to get rid of the ice layers developed in channels 
7 and 8. Originally the temperature stability in 
detectors 7 and 8 could only be maintained for a short 
while after the decontamination since ice layer growth 
started again. With a change in decontamination 
operation in January 2005, however, even channels 7 & 
8 became thermally stable for long periods (fig. 5). 
Also the TC system suffers from degradation as 
obvious by a steady increase of average temperatures in 
all channels. It amounts to about 0.3-0.4 K per year in 
channels 1-6 while detectors 7 and 8 increase with 
about 0.5-1 K per year. 
The degradation of the ATC and TC requires careful 
attention when predicting instrument performance and 
measurement data quality until the end of 2013. When 
adjusting the ATC in 2008, the settings were also 
selected with regard to establishing another long period 
of stable ATC operation. In addition there is still 
margin left in the ATC heater powers. The same, but to 
a lesser extent, is true for the TC heaters since two of 
the heaters still provide power of at least 0.5 W. In 
future required TC adjustments should always consider 
whether the TC trim heater powers ensure keeping 
detector temperatures within limits for the mission 
extension phase. For the thermal systems no change in 
operations are expected. Both systems will be 
monitored as in the previous years. 
 
2.2 ASM/ESM Scanner 
  
During the initially specified mission lifetime both the 
Azimuth Scan Mechanism (ASM) and Elevation Scan 
Mechanism (ESM) were not considered to be a life 
limited item. Among the 70 defined states, i.e. 
SCIAMACHY’s functional measurement blocks, state 
65 is designed to rotate both scanners by 360° in 
clockwise and counterclockwise direction. It is 
scheduled in each orbit. Together with the quasi-
continuous scanner operation in the limb/nadir 
sequence on the dayside of the orbit this ensured that 
the special lubrication used in the bearings maintained 
its performance.  
Monitoring scanner performance is a prerequisite for 
verifying the instrument’s Line-of-Sight (LoS). This 
LoS is the result of the entire scanner control chain, 
starting for some states with the provision of target 
aspect and nadir parameters via the START 
TIMELINE MCMD, including the on-board scanner 
control s/w both for the ASM and ESM, the Sun 
Follower (SF) and the scanner mechanisms. 
Additionally the platform attitude contributes to the 
LoS performance. Establishing the best possible LoS 
knowledge permits e.g. to derive profiles from limb 
measurements with reliable altitude information. 
Several methods for scanner monitoring exist. The 

ADC calibration / scanner maintenance state 65 is a 
good candidate for regular inspection of the scanner 
performance since it is executed each orbit, i.e. 
sufficient statistics exist over the mission lifetime. The 
state has a duration of 42 sec such that about 3 HK 
telemetry readings are generated. The HK parameters 
contain motor currents for clockwise or 
counterclockwise rotations and their mean values. 
Since scanner operation in state 65 is defined in phases 
with acceleration/deceleration periods interleafed with 
free rotation, the motor currents are a complex function 
of time. When sampled at a rate of 1/16 Hz this leads to 
a specific pattern. Our scanner monitoring assumes that 
this pattern does not change as long as the scanner 
performance remains stable. Early 2008 scanner 
monitoring results showed evidence for a steep 
increase of the ESM scanner currents. At this rate it 
would have jeopardized future regular instrument 
operations. Recent checks, however, show that the 
increase has come to a halt and even might reverse (fig. 
6). No corrective actions are therefore required. In 
order to acquire scanner current parameters with a 
higher time resolution the HK telemetry when 
executing state 65 was read out with 1 Hz as Non-
Nominal Telemetry (NNT). The first time NNT was 
commanded in June  2008 for 4 orbits. Around the 
same date in 2009 another NNT sequence was 
executed. They will be continued on a yearly basis.  
 

 
  
Figure 6: Mean ASM/ESM current from the HK 
telemetry readouts. 
 
A more indirect scanner monitoring method uses the 
LoS anomalies observed in some solar states. The 
anomalies cause jumps in azimuth and elevation when 
switching scanner control from prediction to SF. They 
were particularly useful for quantitavely establishing 
the extra-mispointing of the LoS in pitch, roll and yaw 
[5]. Regular analysis of the azimuth and elevation 
readings around the times of SF acquisition retrieves 
the jump size. As long as the ASM and ESM 
performance does not degrade, we expect these jumps 



  

not to change. This is indeed observed since 
monitoring of the ASM/ESM jumps had started.  
 
2.3 Life Limited Items 
 
Several components of the instrument are expected to 
have a limited operational lifetime. These are 
 Nadir calibration window mechanism (NCWM): 

opens and closes the subsolar port 
 Aperture stop mechanism (APSM): rotates the 

small aperture into the light path 
 Neutral density filter mechanism (NDFM): moves 

the neutral density filter into the light path 
 White light source (WLS) 
 Spectral line source (SLS) 
 Cryogenic Heatpipe: transports energy during 

decontamination 
Pre-launch life tests have established budgets for the 
in-orbit use of the LLIs. They are given in Table 1 
together with the fractional LLI usage accumulated 
currently and what is predicted for the end of the 
mission extension phase. 
 
Table 1: In-orbit LLI budgets. For the APSM and 
NDFM no margin factor is applied. For the Cryo 
Heatpipe one decontamination per year is assumed.  
 

LLI 
In-orbit 
Budget 

In-orbit 
Usage 

(mid 2009) 

In-orbit 
Usage 

(end 2013) 

NCWM 2400 0.81 1.09 

APSM 98000 0.45 0.76 

NDFM 98000 0.49 0.82 

WLS (cycles) 7500 0.16 0.21 

WLS (sec) 90000 0.29 0.38 

SLS (cycles) 24317 0.06 0.10 

SLS (sec) 1717200 0.02 0.02 

Cryo Heatpipe 40 0.40 0.53 

 
Only the NCWM is expected to exceed its allocated in-
orbit budget. However the extra usage of 9% is 
considered uncritical since the in-orbit budget is not the 
result of a real lifetime test but only of a limited 
verification required by a modification of the NCWM 
opening mechanism. Additionally the SCIAMACHY 
building block approach with states and timelines 
permits quick adaption of the mission scenarios should 
one of the LLIs show signs of degradation. 
  
3. MODIFIED ENVISAT ORBIT 
 
The concept for extending the ENVISAT mission until 
the end of 2013 is based on an early lowering of the 
platform orbit together with subsequent abandoning  of 
fuel consuming inclination manoeuvres. A tentative 

date for the orbit altitude manoeuvre is presently 25th 
October 2010. Permitting the orbit inclination to drift 
out of the specified range of 98.549° ± 0.009° 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 (14.366 instead of 14.314). Fig. 7 and 8 
illustrate how these parameters evolve from beginning 
of 2010 to end 2013. The semi-major axis and 
inclination in is given for Ascending Node Crossing 
(ANX). 
 

 
 
Figure 7: MLST (left) and inclination (right) at ANX  
for the ENVISAT orbit between beginning 2010 and 
end 2013. 
 

 
 
Figure 8: Orbital period (left) and semi-major axis 
(right) for the ENVISAT orbit between beginning 2010 
and end 2013. 
 
In the modified orbit not only the inclination and 
MLST will drift but also the semi-major axis (-73 m/ 
year) and the orbital period (-85 msec/year). 
Being an instrument with multi-viewing capabilities 
SCIAMACHY is strongly dependent on the status of 
the LoS during measurements. Therefore a change of 
the ENVISAT orbit may have major impacts on 



  

SCIAMACHY operations. SCIAMACHY’s LoS 
control can accommodate the specified ranges of 
orbital parameters, e.g. MLST = 22:00 ± 5 min without 
jeopardizing the scientific requirements. From late 
2010 on, however, orbital parameters vary beyond 
these limits and reconfiguration of several settings will 
be necessary to maintain the current instrument 
operations performance including pointing knowledge. 
SOST performed a thorough orbit analysis identifying 
those measurement state parameters and timeline 
definitions which have to be updated for executing 
measurements from a lower altitude. This also 
addressed SCIAMACHY’s unique limb/nadir matching 
capability. Further studies concerning the impact on 
scanner control were carried out by EADS-Astrium. 
Combining the results of both investigations provide 
the complete picture of how the SCIAMACHY on-
board configuration and operations will respond to the 
new ENVISAT orbit.   
 
4. ORBIT ANALYSIS 
 
All analyses of orbit parameters were based on the 
operational ENVISAT CFIs (Customer Furnished 
Items) provided by ESA. The CFI version 5.7 delivered 
in October 2008 includes functionalities describing the 
modified ENVISAT orbit such as 
 new repeat cycle and cycle length of 30 days / 431 

orbits 
 drifting inclination starting at the current 

inclination of 98.549° 
 drifting MLST starting at the current MLST of 

22:00 
Orbit propagation with subsequent analyses was 
performed for the time period 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 orbits specified 
above.  
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 [4] 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. 
SCIAMACHY’s in-orbit measurement operations are 
completely driven by 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. In order to specify required changes to the 
current state and timeline final flight configurations we 
simulated the SCIAMACHY LoS for the full period of 
the mission extension with modified orbit from end 
October 2010 to end 2013 together with the period in 
2010 when ENVISAT still occupies the nominal orbit. 
In all cases the time resolution amounted to 1 sec for 
particular events.  
 
4.1 Time Intervals 
 
The length of the time intervals specify the duration of 
the timelines. Usually time intervals related to the solar 
occultation and calibration (SO&C) window, subsolar 
centre or eclipse phase show only a moderate seasonal 
modulation. Such intervals are covered by a single 
timeline. Time intervals, however, where the start or 
stop is defined by the moon occultation and calibration 
(MO&C) window cover a wide range in durations. This 
can no longer be described by one timeline only. 
Therefore a number of corresponding timelines is 
specified and the most suitable timeline can be selected 
out of this batch in the planning process. Fig. 9 and 10 
present two examples out of 16 cases for the evolution 
of time intervals from 2010 to 2013. In each figure the 
curve in red corresponds to the nominal orbit while the 
curve in blue represents the results for the mission 
extension with the modified orbit. 
Our orbit analysis showed 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 no timeline changes are required for 
the mission extension phase as long as durations of 
orbital intervals (sun or moon related) are considered 
  

 
 
Figure 9: Duration of the time interval from the end of 
the SO&C window to the start of the eclipse phase. The 
horizontal red line indicates the presently defined 
timeline length for this period. 



  

 
 
Figure 10: Duration of the time interval from the 
centre of the subsolar window to the start of the 
MO&C window. The horizontal red line indicates the 
presently defined maximum, the green line the 
minimum timeline length for this period. 
 
4.2 Azimuth/Elevation Angles 
 
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 scanner control. This is mainly 
reflected in the Basic Scan Profile measurement 
parameter table. Additionally timeline start information 
is usually inferred from certain target azimuth/elevation 
conditions or target altitudes. In total 19 azimuth and 
elevation angle parameters were studied. Two 
examples are given in fig. 11 and 12. 
 

 
 
Figure 11: The azimuth of the sun at the start and end 
of the SO&C window. 
 
Subsolar measurements are used for instrument light 
path monitoring. The subsolar window has only a 
limited extent in elevation. In CFI coordinates it opens 
between elevations of -53.72° and -68.5°. With the 
MLST at ANX drifting beyond 22:00 the sun crosses 
this window closer to the zenith thus approaching its 
upper border (fig. 12). Between orbits 53497 (21st May 

2012) and 53875 (16th June 2012) the sun is even not 
visible in the subsolar window, i.e. the sun cannot be 
used for calibration and monitoring measurements. The 
shortness of this interval, however, makes the 
associated monitoring gap uncritical. 
 

 
 
Figure 12: The elevation of the sun in the subsolar 
window. As the MLST at ANX  (see fig. 7) occurs later, 
the apparent position of the sun moves closer to its 
upper edge. The two red horizontal lines show the 
elevation limits of the subsolar window. 
 
The modifications of azimuth/elevation angles due to 
the change in orbit altitude affect only the Basic Profile 
table. Of the 16 basic profiles 6 require adapted 
elevation angles or elevation rates. No other 
measurement parameter table needs updating.  
 
4. LIMB/NADIR MATCHING 
 
The matching of the geolocation of limb states with 
associated nadir states is a major requirement for 
SCIAMACHY operations. It allows collecting 
scientific information for the same volume of air from 
two different measurement modes. This may be used in 
retrievals for deriving e.g. tropospheric information. 
Whether the matching of limb and nadir states is 
affected by the orbit modification has an across-track 
and an along-track aspect. The across-track issue is 
dealt with via the on-board s/w maintenance 
investigations by EADS-Astrium (yaw steering 
correction table). To ensure along-track limb/nadir 
matching it is necessary to verify how the elapsed time 
between the initial observation in limb mode of a 
certain volume of air and the observation of the same 
volume at the subsatellite point in nadir mode changes 
in an orbit with smaller semi-major axis. If a 
significant effect becomes obvious, corrective actions 
need to optimize limb/nadir state durations. 
In order to understand the impact of the orbit 
modification, one day of nominal measurements was 
scheduled with a simulated Reference Orbit Event 
(ROE) file reflecting the reduced semimajor axis. Since 



  

reducing the orbit altitude by 17 km reduces the length 
of SCIAMACHY’s LoS in limb measurements by 
about 35 km we expected that the limb ground pixel 
overlaps earlier with the corresponding nadir pixel. 
This was indeed the case as displayed in the left panel 
of fig. 13. 
Re-establishing the performance of the current 
limb/nadir matching required shortening either the 
nadir or limb state (fig. 13 right panel). We selected the 
limb option since a horizontal limb scan takes only 
1.6875 sec while a right/left nadir scan occurs in 5 sec. 
With the proposed shortening of each limb state the 
matching nadir state occurred 6.75 sec earlier in the 
modified orbit, corresponding to an along-track shift of 
about 40-45 km. Reducing each limb state by a single 
horizontal scan resulted in a maximum achievable 
altitude of 90 km. 
 

 
 
Figure 13: Limb/nadir matching in modified orbit with 
nominal limb state (left) and with shortened limb state 
(right) on the dayside of the orbit. The limb ground 
pixel (red) is defined by the tangent point while the 
nadir ground pixel (green) refers to the nadir start/stop 
times. 
 
The final decision whether the topmost altitude of 90 
km is acceptable is up to the SCIAMACHY Science 
Advisory Group (SSAG). If 93 km has to remain the 
maximum altitude, changing the start altitude from -3 
km to 0 km could be an option. Assuming that the 
proposed limb state modification will be agreed the  
Scanner State tables and State Duration table have to 
be updated. In addition a new timeline set is needed 

since all timelines including a limb state are becoming 
shorter. 
 
5. CONCLUSIONS 
 
In preparation of the mission extension phase from 
2010 onwards the current and future status of 
SCIAMACHY was investigated in detail. Although 
degradation effects are obvious in several subsystems 
they do not endanger successful instrument operations 
until the end of 2013. Adjustment of particular settings 
or adapting the operations concept is still possible to 
compensate for it. 
The analysis of the SCIAMACHY LoS in an 
ENVISAT orbit at lower altitude has yielded those 
measurement parameters which require update at the 
start of the mission extension in 2010. Together with 
the corresponding modified timelines they ensure that 
the present operations performance can be maintained 
until the end of the mission.   
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