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Improvement of SLR observations

= Satellite acquisition time

= Number of observation per NPT

= Pass Observation rate

= Successful satellite acquisition (by visual inspection)

Improved orbit determination through fusion of range and angular data
(especially for short observation arc)

Attitude studies based on light curve and laser light curve and range variation analysis

Retrieving angular measurements for fast moving objects with small field of view
(no reference stars for astrometry)

Synchronous acquisition of measurements for attitude and orbit determination
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The Night-Tracking Camera
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e ZIMLAT Telescope

= 1-m Aperture Ritchey-Crétien
= Coudé focus for Laser
= Nasmyth Focus for tracking and CCD cameras

e Neo 5.5 sCMOS Camera

= 5.5 megapixel sensor, 6.5 um pixels
= 22 mm diagonal field of view
= Rolling and Global Shutter
= Rapid frame rates
30 fps over extended kinetic series
Burst to memory at 100 fps full frame

e Integration of the new camera into the
SLR system

e Development of observation and tracking
software

e Development of a quasi-real time
analysis pipe

yALY 1N
Zimmerwald Laser and Astrometry Telescope

Credits: Oxford Instruments 2018
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NightCam Capabilities

e Set up camera parameters

e Target Acquisition
= Target Position w.r.t. Laser

Position

= Azimuth/Elevation ephemeris
correction handling

= Storing of Images with telescope
data (pointing directions and
measurement epoch)

e Synchronous observations

acquisition

= Azimuth/Elevation

= Range
= Light curve

Target: TOPEX

Date: 2018/10/19

Initial Ephemeris offset: ~68 arcsec

The NightCam at Work

QI NightCam @ 38.8% =

File Zoom Zimlas

Acquisition TP

talmage %6
Exposure Time () Bit Depth Shutter Mode ReadoutFrequ.  corr. az/*  Corr. £lf toTmage 37
[ start | [ Stop | 0.2 | 15-bit v| |roling | |200mHz - | 0.0 0.0
— —— e
. | sendC ti |
Rendering Save Images
5 9 -
[Auto Scale | Black Point 5] — [ Resume Search Loop | |_save single (F8) |
Rage | WhitePont - Py [ Resstomecion | | Min. Hits Min. Intervaljs
1 0.05
Midt ] [ ]
dtanes Y | Ping I | 7] save continuously
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After

< PGPLOT Window 11

ST=33.90 AZIST=294.89 DRIST=40.00 HMKORR. 98 HXKORR=-41.98 AMKORR=754.86 AXKORR=£89.70 IHITPC=23 MMODEL =40

Change Filter lolerance: Qption &

Topex
prefi20181018-210557-816.fit
prefi20181018-210558-206.fit
prefi0181018-210558-596.fit
prefix20181018-210558-976.fit
prefi20181018-210559-356.fit
prefi20181018-210559-746.fit
prefi20181018-210600-136.fit
pref20181018-210600-516.fit
prefix20181018-210600-896.fit
prefix20181018-210601-296.fit
pref20181018-210601-696.fit
prefi20181018-210602-096.fit
prefi20181018-210602-486.fit
prefix20181018-210602-866.fit
prefix20181018-210603-246.fit
prefi20181018-210603-636.fit
L  mmamaman mammma mam
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2018-09-25: TOPEX - Sky Plot
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*QBS-COM Difference from expected (given by ephemeris) and measured time of flight of the laser pulse.
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NightCam Output
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2018-10-19: ENVISAT Ranges and Magnitude
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@ -- What can we do with these data?

e Light curve analysis — Attitude determination
= Spin axis direction
= Rotation period

e Ranges

= Orbit Determination/Improvement (especially for short observation arc)
= Attitude Determination

e Azimuth, Elevation — Orbit Determination/Improvement
= Need to be validated e e ————————

Lageos 2 - Differehce between RES and CPF
\

= Error Estimation | © | | | | © Acimuth
= Ephemeris Comparison |, = o, . e
| B ° S 5' ."
E ¢ . F e 2
& % . 3 V4 g : .t “
i it £ F s 3 ¥ B
= YES, we can improve itlll £ £ : : S
| -g.08386 5.82’1862 5.831864 5.83‘866 5.83‘868 5.8;87 5.831872 5.82’1874 5.831876 5.83‘878 5.8388 |

~ MeasurementEpoch [MJD] S ~ x10*

E. Cordelli, Real Time Improvement of Orbits of Space Debris by Fusing SLR and Astrometric Data Acquired by a

Night-Tracking Camera, 21st ILRS Workshop, Canberra, Australia, 5-9 November 2018.

Astronomical Institute University of Bern AI‘/B

Slide 8



E. Cordelli, Real Time Improvement of Orbits of Space Debris by Fusing SLR and Astrometric Data Acquired by a

Night-Tracking Camera, 21st ILRS Workshop, Canberra, Australia, 5-9 November 2018.

b

u

b
UNIVERSITAT
BERN

Orbit Determination Result: JASON 3

2018-09-25: JASON 3 - Sky Plot
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Orbit Determination Result: JASON 3

JASON 3 - Angular Residuals 2nd Pass JASON 3 - Range Residuals 2nd Pass
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Orbit Determination Result; TOPEX
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Orbit Determination Result;: GLONASS
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Conclusions

Summary

Integration of the new camera into the SLR system

Development of observation and tracking software

Real time orbit improvement via ephemeris correction

Quasi real time orbit improvement using short arc data fusion

Simultaneous observation for orbit and attittude determination of space debris

Validation of estimated orbit via real measurements

Interesting outcomes

LEO Orbit determination without astrometric data reduction
Possibility of SLR tracking of LEO and MEO defunct satellites

Generation of ephemeris which allow target reobservation in the next pass
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% Outlook

Next Steps

e Improvements of Azimuth, Elevation accuracy
= Laser Pointing Model

e Correction improvements from Azimuth, Elevation to Along-, Cross-Track

e Automatization

= Object recognition

= Ephemeris Correction

= Analysis pipeline
- Orbit determination/improvement
- Ephemeris Generation

e Active Real time tracking of object with poorly known or unknown orbit
(Stare and Chase)

e Day time application?!

E. Cordelli, Real Time Improvement of Orbits of Space Debris by Fusing SLR and Astrometric Data Acquired by a

Night-Tracking Camera, 21st ILRS Workshop, Canberra, Australia, 5-9 November 201 8.
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Derivation of Pointing Model
To apply corrections to satellite ephemeris, we needed to determine:
e The Azimuth Elevation direction in the camera e The pointing of the laser on the camera
system = Telescope pointing direction
=  Number of reflections = Derotator position
= Camera oritentation : e ]
= Derotator position ZIMLAT - Sky Plot

Star fields for camera
orientation

Derived from images
when laser hits the
target
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Improvement of the Pointing Model

b

u

b
UNIVERSITAT
BERN

Temporary Solution — Average Laser coordinates on chip

Optimal Solution — Modelling of the wobble due to telescope pointing direction — To be implemented
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TOPEX: 2019/10/19 2nd Pass ﬁ
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91025B-X6:2019/10/19 1st part of Obs.
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