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Abstract: The development and progress of data processing technology is important to guarantee the realization
of millimeter-level satellite laser ranging (Satellite Laser Ranging, SLR). The history and research actuality of
SLR technology were reviewed briefly, the practical application of data processing methods in SLR was
introduced emphatically, and the typical data processing algorithms and its development at home and abroad were
summarized. At the same time, the suitability, stability and technical problems of the existing SLR data
processing algorithms were concluded and analyzed in accordance with the applicable demands and features of
geodetic data products. Finally, in view of the future development trend of laser ranging, the challenges and
possible solutions of the new generation of SLR data processing methods were proposed and its development
trend was prospected.
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Cenerate prediction residuals
PR=0—-C (observed-predicted) and remuonve large
outliners based on a suitable range window

Y

Cenerate the fitted trend function /' with value /(PR) at epoch of the residual PR,
obtain fit residuals FR=PR—f'(PR) and compute the RMS of FR

Outliers<NxRMS

Subdivide the accepted f; residuals
FR into fixed intervals (bins)

|
Y

Compute the mean value ﬁ{h and the mean epoch of the accepted
fit residuals with each bin i

Locate the particular observation O, with its fit residuals FR;, whose
observation epoch ¢ is nearest to the mean epoch of the accepted bin i

!

| Generate the normal point NP=0~FRAFR, |

Compute the RMS, skewness and the kurtosis of the accepted ﬁt|
residuals in each bin

1 b R R R

Fig.1 Processing flow of normal point algorithm

LAGEOS-1 satellite of 7840
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Fig.2 Lageos-1 initial SLR observation data from Herstmonceux station
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The concept of "Normal
Point" is proposed
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Herstmonceux Normal Point algorithm is published
1994
Based on the time bias,
"GNP-1" algorithm is presented @ "GNp-2" algorithm is performed by
using multiple iterations
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Normal Point algorithm
architecture is developed
combined with the least-square § Now
method | Upgrading Normal [® Introducing evaluation parameters
Point algorithm -[. Optimization of time window
architecture ® Improvement of filtering methods
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Fig.3 Development of normal point algorithm
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Fig.4 Lageos-1 observation data with screening processing method for

Changchun station. (a) Pre-treatment; (b) Post-treatment
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Tab.1 Advantage and disadvantage of various histogram methods

Name Advantage

Disadvantage

1 Graz echo identfying algorithm
2 SLR2000 correlation algorithm

3 N/M algorithm

Human machine interface, simple to operate

Highly flexible and efficient for dealing
massive observation data

More adaptive, especially for low S/N ratio

Low detection rates for high-orbit sateliltes
Sensitive to the range window and low automation

Complicated calculation and poor real-time performance
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Fig.5 SLR data generated by various data processing algorithm.

Threshold

(a) Histogram method; (b) Possion filtering method
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Tab.2 SLR data generated by post-treatment and

Possion filtering

Echo points by  Echo points by =~ Observation

Number Satellite . .
post-treatment  Possion filtering arc length/s

1 Ajisai 430 159 171.25
2 Jason-1 600 298 349.75
3 Stella 347 119 268.57
4 BE-C 723 372 316.87
5 ERS-1 284 97 144.50
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Fig.6 Topex SLR observation data generated by spline difference

method. (a) Pre-treatment; (b) Post-treatment
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Fig.7 Schematic diagram of satellite signature effect
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Fig.8 Ajisai SLR data generated by Graz station filtering method™”
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