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Data holding

Previous talk by C. Noll: Role and function of the Data Centers

» Two redundant data centers are operating within the framework of the ILRS:

= CDDIS (Crustal Dynamics Data Information System) at NASA
Website: https://cddis.nasa.gov/About/Background.html
FTP server: ftp://cddis.gsfc.nasa.qov/

= EDC (Eurolas Data Centre) at DGFI-TUM
Website: https://edc.dagfi.tum.de/en/
FTP server: ftp://edc.dgfl.tum.de/
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Data formats Tl'm

» SLR observation data is provided in the Consolidated Range Data (CRD) format
» Historical data is currently available only in older formats, e.g. Merit-2, Merit-3, ...

» Two kinds of observation data are provided in the CRD format:
= Full-rate data - actual observation data of a station
= Normal Point (NP) data - “condensed range observations [...] collected over several seconds
to minutes”

» Satellite orbit predictions are provided in the Consolidated Predictions Format (CPF)

» Full-rate data and CPF predictions are the input for the generation of NPs
= NPs are the input for the “classical” SLR data analysis

» For a detailed description of the data formats, refer to
https://ilrs.cddis.eosdis.nasa.gov/data_and_products/formats/index.html

Deutsches Geodatisches Forschungsinstitut (DGFI-TUM) | Technische Universitat Minchen



The Consonidated Range Data (CRD) format

H1
H2
H3
H4
ce
C1
c2
C3
28
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28
28
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28
28
28
28

ASCII-based format

CRD 1 2819 @9 23 o8 1
e e 4 » Header sectl.on |
lageosl 7683901 1155 8820 0 1 = Format, station, target, session/pass

B 2019 @9 22 22 18 85 2019 @9 22 22 42 58 B8 B8 8@ 08 18 2 0
8 532.1¢ IDAA IDAB IDAJ] IDAV

8 IDAE Nd-YAG 1064.808 60.80 20.80 12.8 0.00 1 . : .
g8 IDAJ CS5PAD 532.88 20.90 11.9 199.8 ECL 12.8 2.80 98.8 8.1 na > Conflguratlon SeCtlon

8 IDAY TrueTime XLi TrueTime OCXO0 MRCS na B.2322 1 1
?98@9.396213999593 931.46 285.99 bd. 3 . SyStem C_Onflgl'!ratlon ) . .
= Laser cofiguration — technical specifications of

79829 . 483195800886 931.45 288.95 64.5

79850.887195000888 931.44 280.91 64.8 . .
the laser system (primary wavelength, nominal

fire rate, etc.)

79879.582194999994 931.46 288.87 65.
79928 .a8531956800885 931.48 288.83 65.
79948 ,.853195888885 931.43 288.78 65.

= Detector configuration, timing configuration,
transponder configuration
= (Software configuration, Meteorological

79968 .859194999994 931.43 288.75 65.
S00E0 . 861195000882 931.58 288.72 B5.
instruments configuration)

38828.861195888882 931.58 238.78 65.
58060.063194999995 931.58 280.74 66.
28838 .863194999995 931.47 288.74 65.
30128.876157999996 931.44 238.81 66.
58148.877155000888 931.42 280.84 65.
88138.879157999993 931.43 238.32 65.
38248 .832153888885 931.42 238.79 65.
38268.833157999994 931.42 288.76 65.

B e R Y o B W o R =< B T o T g
oD DD DD 0000000053
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The Consolidated Range Data (CRD) format

> Datarecords

48

18
18
18
18
18
18
18
1@
18

38

38
38
38
38
38
38
38
38

Ha

79885,
38331.
38332.
38897.
8987,
38987 .
38987 .
38918.
8le74.
31876.

79887 .
79809,
793818.
79811.
79812,
793814,
79815.
79816.
79818,

pogoepgeaeae @ IDAA 4487 1165

662252241833
9123252239184
878918937626
895585644129
645535635918
995585635392
178918941383
962252238547
528913944154

779527999999
8912879999596
3331256868688081
694396888881
996471999959
293943999995
619999999995
941584888882
2532639999599

8.
.B51423989283
.B51444648398
.B851459113885
.B51468818356
.B51468596779
.B51464248296
.851952362973
.B51958998146

e B v B v B v B v B v I v

.227514
356.
354,
351.
347,
343,
337.
331.
324,

851422422457

56.
55.
53.
51.
43,
45,
LEN
48,
37.

Ba4e46
1177438
267638
589628
859331
589788
265347
111367

» Format description:

CRD v1i:

145781
265678
558887
861213
457847
858569
287516
563687
937464

£9.592 158512.3 8.0 22.7 8.180 -8.560 14.8 2 2 ©

IDAA
IDAA
IDAA
IDAA
IDAA
IDAA
IDAA
IDAA
IDAA

Loe T ww R v B wv I v B oo T e T v T v

CRD v2 (to be used soon):

[T LR L R R R
P Bt B P B B R B2
faoe B o B v B o T o T o T v T %
faoe B o B v B o T o T o T v T %

P B B B B B P P B2
Loe T ww R v B wv I v B oo T e T v T v

2

@

@

@

faoe B o B v B o T o T o T v T %

» Range (full-rate data or NP data)

= Meteorological data, pointing angle, calibration data,
session/pass statistics

https://ilrs.cddis.eosdis.nasa.gov/docs/2009/crd v1.01.pdf

https://ilrs.cddis.eosdis.nasa.gov/docs/2018/crd v2.00h-4e.pdf
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What is a Normal Point? Tl-m

= ANormal Point (NP) is generated by averaging the full-rate data over a certain time span (‘bin
size’)

* The NP bin size recommendation is satellite-dependent
» Range from 5 seconds (h < 500 km) to 5 minutes (h > 15 000 km)

Mominal Satellite Bin Size NPT Indicator Example Satellites Comments
Altitude (km) (seconds) (from old format) 4
A A ] Il Mot a normal point Full-rate
= 500 2 1 GRACE L
550 — 800 15 3 Sentinel-3 = data
800 - 2,000 20 5 Starlette, Stella =
2,000 —5,000 G0 B
5,000 — 28,000 120 7 LAGEDS : {
8,000 — 15,000 180 300 % NP bin size > R
= 15,000 300 g Etalon, GNSS time
Lunar Yariable 2 Apaollo, Luna

Source: ILRS
» Recommendation by the ILRS Networks and Standards Standing Committee (NESC):
= Daytime Normal Points — minimum 6 full-rate data points per NP
= Night time Normal Points — minimum 3 full-rate data points per NP
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Normal Point generation — the Herstmonceux Algorithm Tl-m

Example: prediction residuals for a CHAMP pass

» Stage 1. )

) i X 10 Pradiktionswexduen
Full-rate data screening -
T c 10} o
Compute prediction residuals o
PR = observation — prediction 8t .
Remove large outliers > O
3 : c© o
) 5 g outliers
Solve for (orbital) parameters and . i
compute fit residuals FR 2 &
oy _
Remove outliers and systematics Om
2 . outliers o
O
B0 5092 5 094 509 509 a1 5102
¢l % 10°
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Example: Full-rate data screening for CHAMP SLR data TUT

» Data screening: 2.5 sigma criterion for CHAMP SLR full-rate data: 7 iterations

Fit- Resden nach Auseifierbeitigrg (Fenster 42, 3.0) Fit- Remchan nach Auswifierbemitipng (Fenster 42, 90) Fit- Readuen nach Avmeifferbesmitigung (Feuster £2,20) Fiv-Rexduen nach AuewiBerbemiuguy (Renster £2,80)
1. [teraticn = 2. Meration 5. [rexation 4 DMeratios
) S Q00 - S0

Fit-Rexdonn nach Auesifarbemitiyuey (Fenster +2 89} Fle-Rast G voch A itigung (Fester £2,59)
6. Merates T luesation

Reduced full-rate
data (fit residuals)
as input for NP
generation

BE e 80w Bo%  e0m a1 R e s oo sow  em@ 61 a2 Re ez eom  eow  eom 6 9102
W %10 ¢t 10t ¢ x 10
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Example: NP formation for September 2019 for Wettzell Laser (8834) TUTI

» Stage 2:
Normal point formation

. 1010
Subdivide the accepted data points
into bins 46|
Compute mean value and mean —_— -
epoch exemplary LAGEOS-1 pass, station 8834
847+ FRdatavs. NP data xﬁ’

Locate the real observation 0; at
epoch t; nearest to the mean epoch

2

2-way range (
NS
(o))

Npi — OE—FRI' +ﬁ;
RMS,; = \lizj (FR, —FR,)’
LAGEOS-1 data station 8834, September 2019

= [ull rate data: 140 718 observations

= NP data: 311 data pOintS 7192.305 7192.3068p0(7:t119(3.83800)7192.308 7192.309

+a
&)
Ll

-~

&
>

>
w
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TUTI

NP generation software: orbitNP.py

Within the following slides, we are going to perform an exemplary workflow from full-rate data

download from a data centre to NP generation with the software orbitNP.py

» orbitNP.py: NP generating software by M. Wilkinson/NERC (2018) available from
https://ilrs.cddis.eosdis.nasa.gov/technology/software/orbitNP_1.0.tar.gz

» Step 1: Download of full-rate observation data from EDC (or CDDIS)

wget ftp://edc.dgfi.tum.de/pub/slr/datasfr_crd/lageosi/ /lageos1_201909.frd.Z
uncompress lageosl_201909.frd.Z

» Step 2: Download of CPF satellite orbit prediction file (if required, see next slide)

wget ftp://edc.dgfi.tum.de/pub/sir/cpf_predicts/ /lageosi/lageosi_cpf_190914 7581. jax
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Example: NP generation with orbitNP.py

Step 3: Start the software ...
... either with previously downloaded
CPF orbit prediction file

Site: 7841 (Potsdam, Germany)
— NP bin size: 120 s (LAGEOS)

python3 orbitNP.py -T lageosl_201909.frd -c lageosi_cpf_190914_7581.jax -x -5 -N -n

... or with automatically chosen CPF
orbit prediction file

o

python3 orbitNP.py - lageosl_201909.frd -A -x -s - -n
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Read full-rate observation data file Tl-m

Output: Information about and check of the settings ...

-- Check input parameters

+ FRD file is lageosi_281989.frd

+ Attempt to fetch corresponding CPF from EDC Data Cetre
+ SLR Station is 7841
v

Station Latitude, Longitude and Height: 52.383 13.0614 123.5

- Minimum number of observations for a Normal Point NOT defined, using default 30
Output normal points to file normalp.dat in CRD format

+ Produce plot and save and display

-- Read FRD file ...
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Choose a pass for analysis and NP generation

Pass overview for the chosen station: choose pass for analysis!

Station Name Num Records H4 Start/End Entry
Potsdam 2716 2019 9 4 20 8 12
Potsdam 2119 2019 4 23 25 15
Potsdam 25529 2019 21 21 56 50
Potsdam 37327 2019 19 20 38 58
Potsdam 5858 2019 14 13 34 53
Potsdam 25707 2019 10 22 30 30
Potsdam 2908 2019 522 6 21
Potsdam 1774 2019 22 20 22 2]
Potsdam 9149 2019 11 13 59 56

0]
1
2
3
4
5
¥
F)
8

L= T T T e e O O T O ]
LW e I T W e O O o O W o O o O W |

LW s O e T W O o Y e O e T e Y W O i
e O e T s T o QO e O = T s O o ]
=20 90 9 9 9 2 32 32
e O e T s T o QO e O = T s O o ]
= T T T e O O O O ]
ot e ol o el o i e
L= T T T e e O O T O ]
Fed PFed [od Pd Pd PBd Pd ] P
L= T T T e e O O T O ]

Potsdam 10655
Potsdam 20509
Potsdam 1330
Potsdam 6303
Potsdam 29805
Potsdam 1786
Potsdam 7522
Potsdam 9411
Potsdam 20423

2019
2019
2019
2019
2019
2019
2019
2019
2019

22 16 35 26
14 20 29 25
12 16 46 55
6B 147 29
13 14 49 18
3 21 33 57
3 17 50 58
518 46 5
17 16 26 13

[ - T e T T T - -
[ W e I e T e o O T o e O O
{ W e W T Y e i O W O e Y i O W O i
e I e TR e T s O e T s o o ]
=20 92 2 90992 9 32
e I e TR e T s O e T s o o ]
=20 o2 o992 932
N - I = U Sy By
[ - T e T T T - -
Pod Ped Pod Bd Ped Pd Bl Ped P
[ - T e T T T - -

FRD file contains 32 passes for station 7841 (g to quit)
Enter pass number: 4]
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Choose a CPF orbit prediction file (if required)

Information about the processing (applied calibration and meteorological data) ...

Read FRD file for epochs, ranges and meteorological data...

System Delay Calibration already applied

Interpolate meteorological records ...

If a specific CPF prediction file has been predefined at routine call: Info about chosen file.

Read CPF prediction file: lageosi_cpf_190914 7581. jax

If automatic CPF prediction file lookup has been selected: Choose provider!

-- Fetching CPF prediction file corresponding to FRD file ...
wget -Ng ftp://edc.dgfi.tum.de/pub/sir/cpf_predicts/2019/1ageosi/lageosi_cpf_190914 * -P CPF

0 CPF/lageosi_cpf_190914_7571.hts

1 CPF/lageosi_cpf_190914 7581. jax
2 CPF/lageosi_cpf_190914 7581.sgf

Select prediction provider: 1
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Iterative range data fitting and data screening

Information and statistics from the iterative fitting process ...

-- Begin orbit adjustment to fit range data

pts rms2 rms3
5740 334.803 318.067
5740 9.080 8.695
5740 . 045 . 660
5740 . 040 653
5740 038 .651
5740 038 650
5740 038 . 649
5740 038 .649
5740 038 . 649

#
|
2
3
4
5
B
7
8
q

[ o e O o e T W W O Y

Satellite orbital time bias (ms) 1.518
Satellite radial error (m) -5.176
Rate of time bias (ms/minute) -0.272
Rate of radial error (m/minute) -0.000
Acceleration of time bias -0. 060
Acceleration of radial error 0.041
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Result: Normal Points and analysis Tl-m

Output of NPs and plot, information on applied default settings (not predefined by the user)

-- Normal Points
11 48926.559100007114 049645478316
11 49061.113600905126 049385518432
11 49088.253100902424 049361961687
11 49385.301100905846 049746830890
11 48518.979100896860 050300744994
11 49606.233600001855 LB50785416669

@.238 -0.916 0.0
0.402 -0.82¢ 0.0
@.307 -0.886 0.0
0.080 -1.04 0.0
0.324 -0.8749 0.0
64.6 0.067 -0.886 0.0

=2 =2

Wo koA
=2

=

Pod Pod Pod Pud Pod od

-- Plot Results e \ No. of full-rate data per NP
Save fig pics/7841_lageosi 201909 4.png

-— Summary:
Warning: Minimum number of observations for a Normal Point NOT defined, using default 30
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Analysis plot

Satellite Laser Range data from: lageosl_201909.frd

Full-rate
data

Range (s)

Fit residuals:
NPs and
statistics

-11
0.0510 4 4 —_
E -124
0.0505 - T 13-
% 4 /
0.0500 A g -14
w
\‘__‘ / o _15
0.0495 A - v - o gurm—
e —— | —
T T T 716 T T T
13:35 13:40 13:45 13:35 13:40 13:45
Epoch Epoch
Solve RMS: 31.15ps
Time Bias: 1.52ms Final RMS: 31.15ps
100 { Range Bias: -5.18m

Fit Residual (ps)

Station: Potsdam 7841

Satellite: Lageosl

CPF: lageosl_cpf 190914 7581.jax

—75 1

g Y 414»:_-

Rl T

e Wt
LT

Rea

13:36

13:38

13:40

13:42

Epoch on date 14/09/2019
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Plot from orbitNP.py, © M. Wilkinson/NERC (2018)

TUTI

Prediction
residuals
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TUTI

Summary and Conclusions

» Normal Points (NPs) are a robust ,condensed” input for SLR analysis, reducing the amount of
data to process

» An NP is formed from full-rate data averaged over a certain mission-dependent time span

» However, the impact of the algorithm on the results and the ,best” algorithm to generate NPs are
subject to discussion (e.g., the data screening approach)

» There are several algorithms used by the stations, i.e. not all SLR stations generate their NPs in a
similar way

» All ,standard® SLR products are based on the processing of NPs

Next talk by M. Blol3feld: Analyzing of SLR observations — what do we do with the data?
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