Staus pointing investigations using solar and lunar measurements
WP2270
K. Bramstedt' M. Gottwald® S. Noél'

"UP, University of Bremen, Germany

2DLR-IMF, WeBling, Germany

5th May 2015

SQWG3 - PM3

1/16



SCIAMACHYs scanner unit

Sketch of main optical parts

telescope
e Two scanners: . ;
o Elevation Scan Mechanism o o : ASM
(ESM) g
e Azimuth Scan Mechanism o T y
(ASM) X

¢ Viewing direction is defined by:
e ESM mirror position in elevation.
e ASM mirror position in azimuth.

e Limb+Occulation: Both mirrors.
e Nadir: Only ESM mirror.
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SCIAMACHYs scanner unit

Sketch of main optical parts

e Two scanners:

e Elevation Scan Mechanism di,eﬂ{‘;’o",f -~
(ESM)

e Azimuth Scan Mechanism
(ASM)

Viewing direction is defined by:
e ESM mirror position in elevation.
e ASM mirror position in azimuth.
Limb+Occulation: Both mirrors.
Nadir: Only ESM mirror.
Rotation Angles:

o ESM rotates around Roll axis
e ASM rotates around Yaw axis
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SCIAMACHY measurements for pointing investigations.

e Solar occulation:
o Northern hemisphere
e Once per orbit.
e Lunar occulation:
e Southern hemisphere.
e Moon in FOV
e ~6 month per year, 1 week per month

e Monitoring sub-solar measurement (scan)
e Equator

o Monthly calibration
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Solar occ.(NH): Time series of elevation angle / TH offsets
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A: All EAO (red) and known TH anomalies (blue).

B: Red dots: Individual Offsets (scatter is not noise!!)
Green line: Fitted function (seasonal+linear terms).
Seasonal cycle: +114 m in tangent altitude.
Overall mean mispointing: 266m.

C: Monthly + yearly mean.
50 m drift 2002-2006, stable further on.

e Utilizes the veritical scans over the solar disk
¢ Fit maximum intensity = solar center

- dTH {m] ~ dTH [m]

~dTH [m]



Solar occ.(NH): Time series of azimuth angle / horizontal offsets
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Azimuth Angle Offset (AAO) d¢ shown.
Large horizontal offset already known in 2007.
Not fixed, because not important for level 2 products.

e Amplit. seasonal cycle: 127 m.
e Overall mean: 4955 m.
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Lunar occultation (only state 57/56)

2003 e 2005 2007 2009 e 2011 o
2004 e 2006 e 2008 2010 e 2012

sp ; fffffffffffffffff A
i Blg dots Iunar phase>0995

Tangent point latitude

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

e Measurements once per orbit, if « Southern Hemisphere 55° S—90° S

e Moon in FOV, .
« Lunar phase > 0.5. e Variable pattern.
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Lunar Occultation Measurement Sequence
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State 57/56: Measurement sequence

e Pointing to the moon!

57).

W (U unwerstat sromen
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Begin at 17.2km TH of geometric moon.

Up to 70 km, point to pre-calculated moon.

Switch on SFD at 70 km.

Follow moon up to 140 km (state 56) or 380 km (state
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240 |

230

220 t

' pointing '

with SFD scanning

2 4 6 8 10
time [s]

State 54: Measurement sequence

¢ Pointing + scanning!

e Begin at 200 km TH of geometric moon.
e 2s pointing used (Quite short...).

e Measurement for the whole year.
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Lunar variability

Which point on the moon will be the target of
the SFD?

e Lunar disk is highly variable:

e Lunar phase.
e Lunar libration:
e |ongitude: eccentricity of the Moon’s orbit.
e Latitude: inclination of Moon’s axis.
e SFD points to the center of brightness of the
lunar disk.

o Not the center of the moon!

,LR

Lunar Reconnaissance Orbiter
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ROLO: Reference images

ROLO:
¢ USGS Robotic Lunar Observatory (ROLO)
¢ 6 years of automatic lunar images (1997 - 2003).
¢ Absolutely calibrated instrument.
e We use 550 nm channel, similar to 500 nm of SFD.
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ROLO: Reference images

ROLO:

¢ USGS Robotic Lunar Observatory (ROLO)

¢ 6 years of automatic lunar images (1997 - 2003).
¢ Absolutely calibrated instrument.

e We use 550 nm channel, similar to 500 nm of SFD.

SFD adjustment simulation:

e Thick small crosss: center of moon.

e 4 sectors of SFD receive same amount of light after
adjustement.

e Center of brightness adjusted towards lower right
quadrant.

RO
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ROLO: Reference images

ROLO:

USGS Robotic Lunar Observatory (ROLO)

6 years of automatic lunar images (1997 - 2003).
Absolutely calibrated instrument.

We use 550 nm channel, similar to 500 nm of SFD.

SFD adjustment simulation:

e Thick small crosss: center of moon.

e 4 sectors of SFD receive same amount of light after
adjustement.

o Center of brightness adjusted towards lower right
quadrant.

Virtual Moon:

e S/W tool to investigate lunar surface.
e = lat/lon in lunar coordinates of center of brightness.

RV



NASA’s HORIZON system

Problem: CFls cannot handle specific points on the moon, only the center.

NASA JPL HORIZONS Calculation sequence:
e On-line solar system data and ephemeris « CFls: Propagate to measurement position.
computation service o HORIZON:
* 679331 asteroids, 3330 comets, 178 planetary « Use satellite position as observer time.
satellites, 8 planets, the Sun, L1, L2, select o Get sub-solar and sub-observer point.
spacecraft, and system barycenters. ¢ Calculate right ascension (RA) and declination

(DEC) of Bmeas-
e RA/DEC usally used for star position.
e CFls: RA/DEC define calculated viewing direction
in azimuth and elevation.
e RA/DEC as target implemented for GOMOS.

e Telnet interface ...

Jet Propulsion Laboratory +View the NASA Portal
California Institute of Technology + Near-Earth Object (NED) Program

JPL HOME SOLAR SYSTEM STARS & GALAXIES TECHNOLOGY

‘Solar System

Dynamics

BODIES EPHEMERIDES PHYSICAL DATA DISCOVERY
Guick Linka HORIZONS System

Documentation

Web Interiace The JPL HORIZOMNS on-line solar systemn data and ephemeris computation service provides access to
key solar system data and flexible production of highly accurate ephemerides for solar system objects (

Telnet Method 670596 asteroids, 3320 comets, 178 planetary satellites, 8 planets, the Sun, L1, L2, select spacecraft,

E-mall Method and system halycen.tels ). HORIZONS is provided by the Solar System Dynamics Group of the Jet
Propulsion Labaratory.

System News R,
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ROLO: Libration correction

Calculated points (using CFI, HORIZONS):

e S,er - Sub-solar point of reference image (ROLO).
e Ssat - Sub-solar point of satellite (SCIAMACHY).

e A, : Sub-observer point of reference image (ROLO).

o Azt : Sub-satellite point.

SFD simulation:
e B, : Center of brightness on the reference image.

latitude

longitude
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ROLOQ: Libration correction

Calculated points (using CFI, HORIZONS):

e S,er - Sub-solar point of reference image (ROLO).
e Ssat - Sub-solar point of satellite (SCIAMACHY).

e A, : Sub-observer point of reference image (ROLO).

o Azt : Sub-satellite point.

SFD simulation:
e B, : Center of brightness on the reference image.

Assumption: Center of brightness is moved as the
sub-observer point by (small) change in
libration.

Distance sub-ROLO to sub-satellite point:
dlibr = Asat - Aref
Center of brightness for measurement Bpess:

Bmeas = Bref + dlibr

% (Uunversiatpromen B
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longitude
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State 57, Image mm194403, Elevation angle offset
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State 54, Image mm194403, Elevation angle offset
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State 57, Image mm194403, Azimuth angle offset
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State 54, Image mm194403, Azimuth angle offset
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Preliminary optimal selection

-10
-15

dA [mdeg] dA [mdeg]

dA [mdeg]

N
3

& (U universitat Bremen

01-Jan-03 01-Jan-04 01-Jan-05

min. diff sub-solar and-sub-cbserve -
Foxok 5t XX
+ T X _
! L] A4 H ) 3
[ dAsolar - 54 X mm194403 = mm212109 = mm218002
| 5|7 + mm19431 1l u mm194407 " mm215006 . mm262206 L
min. diff sub-observer X
L +
'. 1) o )
[ dAsolar 54 X mm194403 = mm212109 = mm218002
| EI>7 + mm19431 1l u mm194407 " mm215006 . mm262206 L
T
min.-diff sub-solar i - +
3¢ X x :'L_o + X - e
g
. . . } *
e \
! L] A v
[ dA solar 54 X mm194403 u mm212109 u mm218002
| 5|7 + mm19431 1l u mm194407 - mm215006 mm262206 L
10000 20000 30000 40000 50000
#orbit

01-Jan-06 01-Jan-07 01-Jan-08 01-Jan-09 01-Jan-10 01-Jan-11 01-Jan-12

-400
0
400
800
1200

-400

400
800
1200

-400

400
800
1200

~dTH [m] ~dTH [m]

~dTH [m]

SQWGS - PM3

16/16



Sub-solar measurement sequence

e Sub-solar (state 58), monthly calibration.
« Satellite at equatorial regions. z
« Via subsolar port, only ESM mirror. :
e Sensitive to roll mispointing.
¢ Azimuth by satellite movement.
e Sequence:
¢ 7s: Sun comes (azimuth) in the FOV. diregi?ohr: -~—
e 2s:SFDcontrols ESM mirror. T e

e 4s: One scan over solar disk. T ESMTT
e 9s: Sun leaves (azimuth) the FOV. A

e Scan over disk is used to determine solar center.
-58.4

-58.6

-58.8 |

-59 |

-59.2

elevation angle [°]

-59.4

-59.6 | upcoming sun SFDscanning  vanishing sun

-59.8

0 5 10 15 20
time [s]
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Sub-solar mispointing
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Mispointing analysis

Platform misalignment: Scanner offsets:
e SCIAMACHY is not exactly aligned with platform. » Scan mirrors zero positions might have an offset.
« Misalignment is described with pitch/roll/lyaw angles. * ASM mirror rotates around yaw axis!
o First set determined in 2007 (Gottwald et. al) * ASM offset same as yaw mipointing — ignored!

e ESM mirror offset, corresponds

e to roll offset for nadir/subsolar,
e to pitch in limb/occultation (ASM mirror reflection!).

= Four mispointing parameters: pitch, roll, yaw, ESM offset.

4
> yaw

P} telescope

flight

direction ——— ‘D roll
: ESM /.) y
pitch
X

nadir
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Mispointing analysis

Platform misalignment:

e SCIAMACHY is not exactly aligned with platform.
e Misalignment is described with pitch/roll/yaw angles.
o First set determined in 2007 (Gottwald et. al)

= Four mispointing parameters: pitch, roll, yaw, ESM offset.

Fit mispointing parameters:

e Fit pitch, roll, yaw, ESM offset to minimize EAO/AAO
¢ Amount of measurements balanced:

e All sub-solar measurements (~12 per year)
e Solar occulation from same orbit (~12 per year)
o All lunar occultation at full moon (~6 per year)

¢ Preliminary fit, only 2007 data, outdate version!!!

2007[mdeg] prelim. Fit[mdeg] errorfmdeg ]
pitch -25.4 -38.9 3.0
roll -18.3 -12.9 2.0
yaw -218.5 -140.0 1.6
esmpos 0.0 4.7 22

Scanner offsets:

e Scan mirrors zero positions might have an offset.
e ASM mirror rotates around yaw axis!

e ASM offset same as yaw mipointing — ignored!

e ESM mirror offset, corresponds

e to roll offset for nadir/subsolar,
e to pitch in limb/occultation (ASM mirror reflection!).

4

> yaw

P} telescope

‘D» roll
ESM /.) y
pitch
X

flight
direction ———

nadir
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Summary

e Solar occultation offsets are established.
e Sub-solar occultion offset are reasonable.

e Lunar occultation needs further investigations:
e Further work on new images, maybe request a few more.
e Parametrisation for sub-solar point mismatch (lunar phase).
e ...
e S/W for global fit of mispointing parameters ready.
e Preliminary results:
¢ Indications for slight trends with time (lunar/sub-solar).
e ~ 5km horizontal offset (yaw) confirmed by lunar occ.
¢ Implementation impact: Only processor configuration file.

e Update mispointing values.
e Update zero-offset for ESM mirror.

)
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