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ABSTRACT 
 
The Line-of-Sight (LoS) pointing knowledge is one of 
the key parameters defining the quality of 
SCIAMACHY’s measurement data. Particularly for 
observation geometries with long light paths, i.e. limb 
and Sun or Moon occultations, a high LoS pointing 
knowledge accuracy ensures assigning correct tangent 
altitudes to retrieved atmospheric parameters. With the 
start of SCIAMACHY’s routine measurements various 
methods have been developed and applied to monitor 
the status of SCIAMACHY’s pointing knowledge 
comprising scientific retrieval techniques and 
instrument monitoring methods. 
Over the mission lifetime a steady improvement of the 
pointing knowledge can be observed. Currently an 
overall accuracy on the order of 2-3 mdeg has been 
achieved. Thus pointing uncertainties on very small 
scales now become obvious and can be tackled to 
improve the pointing knowledge even further. 
 
1. CURRENT POINTING KNOWLEDGE 
 
Early in the ENVISAT mission, it was recognized that 
the operationally generated tangent height information 
differs by as much as 3 km from what was expected 
(red curve in fig. 1). The reference tangent heights 
were derived from the TRUE (Tangent Height 
Retrieval by UV-B Exploitation) method, which uses 
the so-called ‘knee’ as a signature for retrieving limb 
pointing information [1]. The TRUE results are 
considered reliable as long as the technique is restricted 
to tropical latitudes, e.g. between 20° N and 20° S, 
where stratospheric and lower mesospheric ozone 
variability is small.   
SCIAMACHY’s findings were compliant with a 
detailed analysis of pointing information from other 
sensors. ENVISAT’s on-board processing of state 
vector parameters uplinked from ground was identified 
to be the source of the observed pointing inaccuracy. In 
a corrective action the method to derive these 
parameters on-ground was improved and finally 
implemented in December 2003. This resulted in a 
reduction of the tangent height jumps observed around 
the times of the daily updates of the on-board state 
vector and of the seasonal variation of the tangent 

height offset. However it introduced an almost constant 
bias of about 1.6 km with only a small harmonic 
variation of 200 m (green curve in fig. 1). In 
operational processing a residual platform attitude 
correction in pitch, roll and yaw, together with an 
assumed pitch mispointing angle of 0.016°, was used to 
obtain the best pointing knowledge available then. 
Comparisons between limb profiles derived with this 
method and further results of TRUE – but also from 
validation campaigns – indicated that the bias in the 
SCIAMACHY profiles might be even higher and the 
implemented correction scheme was considered still to 
be insufficient for exploiting the full potential of the 
limb data. 
A further improvement was accomplished in 2007 
when an extra misalignment model was developed by 
analysing small pointing inconsistencies present in 
certain solar observations [2]. This model quantified 
additional mispointing angles in 

• pitch = -0.026° ± 0.003° 
• roll = -0.020° ± 0.001° 
• yaw = 0.009° ± 0.008° 

Applying these values in operational level 1 processing 
(version 6.03) yielded tangent height information for 
limb and occultation measurements which was rather 
stable and accurate. The offset when compared with the 
TRUE results was close to 0 km (blue curve in fig. 1). 
  

 
 
Figure 1: Offsets between tangent heights from TRUE 
retrievals and operational processing for various 
attitude and mispointing correction versions. 
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2. OBSERVED POINTING FEATURES 
 
Having achieved a LoS pointing knowledge as 
described above was a major step forward in the full 
exploitation of the SCIAMACHY measurement data. 
However, as larger discrepancies were fixed, smaller 
inconsistencies became apparent. The ultimate goal for 
the pointing knowledge would be to reach the noise 
level of the scanner encoders of 2 arcsec, i.e. equivalent 
to 60 m at the limb distance. As long as the observed 
inconsistencies exceed this value the challenge remains 
to improve the current pointing knowledge even 
further. 
Several methods exist to investigate SCIAMACHY’s 
pointing stability and accuracy. 
 
2.1 Retrieval Analyses 
 
TRUE pointing retrieval: Results exists for the time 
period August 2002 to present with only occasional 
gaps (version 1.7 – C. von Savigny, private 
communication). Fig. 2 (top panel) illustrates how the 
TRUE retrieved differ from the operationally derived 
tangent heights using the best available mispointing 
correction. Apparently two regimes can be identified. 
Until about orbit 25000 (end 2006) a small trend of -60 
m/year can be fitted to the tangent height offsets while 
from orbit 25000 on a stable pointing seems to prevail. 
Even another stable phase with an offset 120 m larger 
than currently cannot be ruled out for the first years of 
the mission. In addition to a possible trend a seasonal 
variation occurs with an amplitude of about 150 m. 
BrO mixing ratio: These ratios were derived from 
limb-scatter observations for an altitude of 30 km in 
two latitude bands – tropical (0°-10°N) and high (60°-
70° on both hemispheres). The tropical monthly mean 
values in fig. 2 (top panel) again can be explained by 
the same pointing trend / stable pointing phases as in 
the TRUE case. When assuming near-constant BrO 
abundances, the observed trend translates into a tangent 
height trend of about -50 m/year [3]. While the tropical 
results are less indicative of a seasonal variation, the 
high latitude mixing ratios show a clear variability 
which is synchronized between the northern and 
southern hemisphere. From a stratospheric bromine 
chemistry point of view this behaviour seems 
unphysical. However it could be attributed to a small 
variable pointing error with an amplitude of 200 m. 
O3 profiles: Although less conclusive than the methods 
listed above, monthly and zonally averaged tropical 
SCIAMACHY O3 profile anomalies, i.e. ozone 
residuals after subtraction of average values, show a 
vertical trend with different signs below and above the 
stratospheric O3 concentration peak [4]. This could be 
understood in terms of a tangent height trend of -50 
m/year although additional features are apparent which 

may contradict a pointing drift. Further analyses are 
still required.    
 
2.2 Solar Measurements 
 
The Sun is a celestial target with precisely known 
position. Assuming that the brightness peak of the solar 
disk occurs at its centre, several methods exist to obtain 
information about the actual LoS towards the solar 
centre. They use scanner control with the Sun Follower 
(SF), scanning with the ESM over the Sun and the 
timing of the signal when the Sun crosses through the 
subsolar port. By comparing predicted and actual 
position, pointing inaccuracies can be determined. This 
was in fact the approach pursued when deriving the 
extra misalignment model. Refining the methods 
permits tackling the remaining tangent height residuals 
even further. 
Elevation Scan Mechanism (ESM) jumps – state 47:  
During a Sun Occultation & Calibration (SO&C) 
measurement, when the Sun has reached the upper 
edge of the atmosphere at 100 km, ESM control is 
switched from ‘following the Sun trajectory with 
prediction’ to SF. This causes the ESM reading to 
‘jump’ by an equivalent LoS angle of about -0.03° to -
0.04° (fig. 3 top panel). The jumps show a clear 
seasonal variation but any linear trend must be smaller 
than -11 m/year, a factor of 5 below what is derived 
from retrieval analyses. 
Azimuth Scan Mechanism (ASM) jumps – state 47 
and 49:  During a SO&C measurement, when the Sun 
is  at an altitude of 17.2 km, ASM control is switched 
from ‘following the Sun trajectory with prediction’ to 
SF. Similarly to the ESM case at 100 km, a ‘jump’ in 
ASM readings can be seen, corresponding to about 
0.09° to 0.10° in LoS coordinates (fig. 3 bottom panel). 
Again, the jumps show a clear seasonal variation but 
contrary to the ESM jumps they are semiannual. If a 
linear trend exists it would be smaller than -35 m/year. 
Since the ASM jumps from states 47 and 49 have been 
peculiar from the very beginning of SO&C 
observations – both in terms of jump size and affected 
LoS angle – they were always considered less 
important for improving the limb tangent heights. 
ESM jumps – state 53:  During a subsolar 
measurement the ESM is pointed to the centre of the 
solar disk using Sun Follower information. When 
acquiring the Sun with the SF a jump in ESM readings 
is observed. It is equivalent to a LoS angle of -0.022° 
(fig. 4 top panel). Similarly to the ESM state 47 
behaviour the jumps show a clear seasonal variation. A 
linear trend of 0.002°/year would fit the data. It cannot 
directly be compared with trends in limb retrievals or 
SO&C scanner jumps since in subsolar observations 
the ESM acts on the roll axis only while in the other 
cases the pitch contribution is the dominant 
mispointing. 



  

  

 
 

Figure 2: Tangent height offsets from TRUE and BrO mixing ratio retrieval analyses. 
 
 

 

 
 
Figure 3: LoS jumps during SO&C observations at ESM (top) and ASM (bottom) acquisitions with the Sun Follower. 
Different colours correspond to different jump retrieval algorithms. The red curves are from the most accurate method. 
The blue dots in the top panel exhibit increasing scatter since the dampening of the scanner movement after successful 
acquisition seems to degrade slightly. However this does not affect the pointing accuracy established with the ESM. For 
further details see text.   
 
 



  

 

 
 
Figure 4: LoS jumps during subsolar observations at ESM acquisition with the Sun Follower (top). The bottom panel 
displays how the maximum signal in the PMD channels shifts in time relative to the expected occurrence. The larger 
number of data points since orbit 24000 is due to a higher rate of state 53 executions from then on. 
 

 
 
Figure 5: Elevation offset between the Sun centre as derived from scans over the solar disk and from the CFI s/w. This 
offset can be translated into a tangent height offset. 
 
PMD channels peak subsolar signal shift:  The 
subsolar condition occurs at an azimuth angle of 270°. 
Taking the known instrument misalignment into 
account, this value is slightly modified to 270.22°. At 
this angle the Sun is expected to be centered 
horizontally in the subsolar window such that the 
signal profile should reach its maximum just at this 

moment. PMD observations, used because of their 
higher time resolution, show that the peak signal is 
however shifted slightly by about -0.35 sec, i.e. the 
subsolar condition is reached earlier than expected. 
This can be translated into a LoS mispointing of 0.04°. 
It is not constant but exhibits again a seasonal variation 



  

with almost no indications for a linear trend (fig. 4 
bottom panel). 
Elevation offset of Sun centre in SO&C scans: 
During execution of state 49 the ESM scans over the 
solar disk in consecutive upward/downward scans. In 
each scan the complete Sun is covered. By analyzing 
the signal strength as a function of ESM position, when 
the Sun is already above the atmosphere, the scanner 
readings permit deriving the azimuth/elevation of the 
centre of the solar disk using the ENVISAT Customer 
Furnished Items (CFI). The CFI also provide an 
independently calculated Sun position based on orbit 
propagation and platform attitude residuals. Fig. 5 
illustrates that these two parameters are different and 
define an elevation offset of about -0.001° (upward 
scan) and 0.007 (downward scan). The reason for 
having different offsets for the upward and downward 
scan are not fully understood but could be caused by 
the sampling rate. Both curves in fig. 5 show a seasonal 
variation with an amplitude of 150 m. They also do not 
contradict two periods with different trends – first up to 
orbit 25000 a linear trend equivalent to -15 m/year and 
then a stable pointing.  
 
3. POINTING KNOWLEDGE IMPROVEMENT 
 
Understanding the observed small pointing features is 
not straightforward. They do not provide a consistent 
picture as outlined in table 1. SO&C measurements 
relate to high latitudes while the subsolar condition is 
achieved close to the equator, i.e. at low latitudes.  
 
Table 1: Comparison of seasonal variations and trends 
in SCIAMACHY pointing residuals. Entries marked ‘*’ 
indicate that the effect is less obvious as in the ‘yes’ 
cases.  
 

Seasonal Variation 
 

 Maximum Minimum 
Trend

TRUE  (low 
latitudes) 

yes July January yes 

BrO (high 
latitudes) 

yes December June yes 

BrO (low 
latitudes) 

no* n.a. n.a. yes 

SO&C (ESM) yes June December no* 

Subsolar (ESM) yes March September no* 

Subsolar (signal 
peak time) 

yes May October no* 

SO&C scan (solar 
centre) 

yes December May no* 

Two effects have to be tackled – seasonal variation and 
trend. While the seasonal variation does certainly stick 
out in almost all pointing features, the trend is less 
obvious. 
One has to consider that the measurements being the 
basis for deriving the pointing features utilize different 
viewing geometries. The LoS pointing refers to pitch, 
roll and yaw while ASM/ESM readings only give 
angles along the orthogonal azimuth/elevation axes. 
Depending on the viewing, azimuth and elevation 
translate differently into pitch, roll and yaw. Another 
obstacle for elaborating pointing corrections is the fact 
that the full latitude band is not well covered.  
In general, the origin of the persisting LoS 
inconsistencies can be related to all components in the 
scanner control chain. It includes the items listed 
below. 
Mission planning and scheduling s/w (CFI, 
SCIACAL): The CFI routines are used to derive the 
Sun position which is finally uplinked and used in 
scanner control when observing the Sun. The light 
travel time between Sun and Earth is 8 min. Thus a 
solar measurement at a particular time has to rely on 
the celestial position 8 min ago. In the CFI routines the 
speed of light is however infinite. This could introduce 
small deviations in azimuth and elevation depending on 
the apparent movement of the Sun over the celestial 
sphere. Fig. 6 shows a simulation for a complete year. 
Elevation and azimuth indeed vary with time. Even the 
amplitude of 0.002°-0.003° is in the range of 
SCIAMACHY’s pointing inconsistencies. Not fully 
matching is the phase of the variation although there 
seems to be a correlation with summer/winter solstice 
and the vernal/autumnal equinox. In addition limb 
measurements are usually unrelated to the Sun 
position, i.e. the infinite speed of light issue would only 
affect the solar entries in table 1. 
 

 
  
Figure 6: The impact of an infinite speed of light on 
solar azimuth and elevation at an altitude of 100 km. 
 
Platform attitude mispointing (pitch, roll, yaw): In 
operational geolocation processing from ASM/ESM 
reading attitude residuals are used to correct for minor 
mispointings of the platform and to describe 



  

ENVISAT’s orientation as precisely as possible. For a 
single day the pitch, roll and yaw residuals vary as 
displayed in fig. 7. Particularly the pitch residuals 
differ remarkably from one orbit to the next. Just a 
pitch mispointing would have the strongest impact on 
the LoS in limb and Sun occultation. One is therefore 
inclined to attribute SCIAMACHY’s pointing features 
to the platform pitch attitude. However none of the 
other ENVISAT instruments supports that suspicion. 
Any progress on this matter requires involving experts 
from ESA. 
  

 

 

 
 
Figure 7: Platform pitch (top), roll (middle) and yaw 
(bottom) residuals for one day. The vertical line in the 
pitch graph marks the time when the Sun was acquired 
by the Sun Follower in the SO&C window. 
 
Extra instrument mispointing (pitch, roll, yaw): 
The extra misalignment model assumes constant extra 
mispointing angles in pitch, roll and yaw, which were 

derived from mean values of the observed ESM jumps. 
Fig. 3 and 4 clearly show that this is a simplified 
approach and the jumps display a seasonal variation. 
When both the pitch and roll mispointing are modelled 
by a function of the form 
 
 ( )( ) rprprprp bta ,,,, sin ++×= ϕωΔ  (1)
 
the observed jumps can be well represented. Here the 
indices p and r stand for the pitch and roll solutions, 
respectively. Whether (1) is a means to characterize 
and to correct the pointing inconsistencies still needs 
more investigations. Particularly it has to be seen 
whether it applies to all latitudes. If this is not the case 
the correction would introduce extra variations in 
parameters where the seasonal variability was less 
pronounced, e.g. BrO at low latitudes. 
 
Other candidates contributing to the pointing features 
are 

• ESM/ASM offset 
• scanner control s/w 
• Sun Follower control loop 

The limited number of independent measurements very 
likely prevents us from finding the full solution. Our 
goal is not necessarily to identify each contributing 
component but rather to develop corrections which 
reduce pointing inconsistencies to a level of at most 
100 m or even below a in limb viewing. Therefore 
tackling the seasonal variation may be more promising 
than studying potential trends. Support could come 
from pointing analyses of other instruments. This 
would help to distinguish between platform and 
instrument causes. 
 
Further improving on the SCIAMACHY pointing 
knowledge is indeed a challenging task which, 
although it may seem as to look for a needle in a 
haystack, it is worth the extra effort. 
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