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o SP3c data evaluation

e | 51/L52/L53/L.54 SP3c files available at CDDIS and EDC —
march 2013

e cross-evaluate their consistency (RAC)
e Try a preliminary combination among the more coherent ones

Product Features
e EF frame tied to SLRF2008
o UTC

SP3c format

2" POS/VEL L51/L52

15" POS/VEL L53/L54



SP3c files - remarks

e |L51/L52 asi, bkg, dgfi, gfz, jcet, nsgf

e |53/L54 asi, bkg, ddfi, jcet, nsgf

e Format check
nok esa: L53/L54 5’

e asi, bkg, gfz, nsgf coherent (~2-4cm C-A L51/L52)

o dgfi shows discrepancies in A component

e Evident differences in the dynamic modelling

e Test combination for L51 using asi, bkg, gfz, nsgf



L51 — summary (sample 24/2 -3/3/2013)

GFZ-BKG |R| -0.01 + 0.75 GFZ - DGFI | R| -0.08 + 0.97 GFZ - DGFI |R| -0.08 + 0.97
cm C| -0.05 + 2.30 cm c| -0.08 + 2.78 cm c| -0.08 + 2.78
A| -0.87 + 2.61 A| +1.57 + 4.24 A| +1.57 + 4.24
GFZ-ASI |R| -0.06 + 0.77 DGFI—ASI |R| +0.02 + 0.91 DGFI—ASI |R| +0.02 + 0.91
cm C| -0.10 + 3.55 cm c| -0.01 + 3.96 cm C| -0.01 + 3.96
A| -0.52 + 3.57 A| -2.29 + 5.30 A| -2.29 + 5.30
ASI-BKG |R| +0.05 + 0.43 DGFI-BKG |R| +0.07+ 0.74 DGFI-BKG |R| +0.07+ 0.74
cm C| +0.05 + 4.34 cm c| +0.03 + 2.13 cm c| +0.03 + 2.13
A| -0.09 + 3.59 A| -2.44+4.71 A| -2.44+4.71

R| +0.04 + 0.62 R| +0.05 <+ 0.67

ESOC-ASI | c | -0.58 +9.66 ASI-NSGF | c | +0.08 + 4.05

cm A| +4.77 £ 3.44 cm A| +0.28 +3.30

R| +0.09 +0.30 R| +0.01+ 0.60

ESOC-BKG | c | -0.53+8.98 NSGF-BKG | c | -0.03 +2.55

cm A| +4.62+1.51 cm A| -0.36+2.78

R| -0.10 + 0.67 R| -0.02+0.62

GFZ-ESOC | c | +0.48+7.59 GFZ-NSGF | c | -0.01+2.49

cm A| -5.49%3.15 cm A| -0.51%2.37
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L51 NSGF-ASI-BKG-GFZ vs Combination

R| +0.04 +0.38

ASI-C C +0.06 + 2.42

cm Al +0.20+2.10

R| -0.02+0.47

GFZ-C C -0.04 + 1.61
cm

A -0.52 + 1.77

R| -0.01z0.34

BKG - C Cc| +0.01+1.70

cm A| +0.35%+1.71

R| -0.01+0.37

NSGF -C c| -0.02+1.57
cm A

-0.02 + 1.46




o Combination evaluation, weighting, etc.

e As a first step, the combination has been computed as a simple mean of the
contributing solutions SVs

e We can associate to each series a formal error given by the 3D discrepancy wrt

combination (RSS of the R, C, A residuals RMS)
o ASI: 3.23 cm
o GFZ: 2.49 cm
o BKG: 2.46 cm
o NSGF: 2.18 cm

e and we can associate to the combination the formal error propagating the

contributing solutions formal error
o C:1.26cm



o Combination evaluation, weighting, etc.

e As a second step, we can compute a combination C" as a weighted mean of the
contributing solutions SVs, using as weights w.=1/0.2/=(1/0?)

e In that case, the 3D discrepancies wrt combination (RSS of the R, C, A residuals
RMS) are
o ASI: 3.63 cm
o GFZ: 2.35cm
o BKG: 2.39 cm
o NSGF: 1.95 cm

e and the propagated formal error
o C:1.20cm



° Combination evaluation, weighting, etc.

e j.e., as expected, the combination ‘awards’ the best solutions (the closer ones), even

if the overall benefit appears to be small
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Next steps

e Start on 2014.0 the routinary production (not public) of the combined orbit
files for L51 and L52, using gfz, bkg, asi, and nsgf ‘bulk’ solutions (all 4

solutions available?)
o Apply a 2-step combination scheme, deriving weights

e Evaluate the quality and stability of this *pilot’ solution for a couple of
months, deriving corrective actions, in particular to remove periodic signals

evident in the series

o Integrate the other solutions when available, using the weighted

combination and the outcomes of the evaluation of the ‘bulk” combination
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Data Handling Update

OoLD NEW Note
7517 92:153:00000 To 92:245:00000 Change
Bias -94.00 92:153:00000 To 92:245:00000
Bias -80.00
7544 92:245:00000 To 93:001:00000 Change
Bias -85.00 92:245:00000 To 93:001:00000
Bias -60.00
7811 93:201:00000 To 98:139:00000 Change
Bias -50.00 93:201:00000 To
- 02:126:00000
98:139:00000 To 02:126:00000 Bias -30.00
Bias -30.00
7838 04:183:00000 To 00:000:00000 Remove bias ILRS/AWG 09/01/18
Bias +10.00 No information found in the distributed biases
7840 Insert bias The bias was neglected in the first estimation but the time
85:001:00000 To 88:254:00000 | Series confirms it is
Bias -10.00
7841 Insert bias New system
11:182:00000 To 00:000:00000
Bias +10.00
7845 Insert bias New system
08:182:00000To 00:000:00000
Bias -14.00
1873 Delete from 01/09/2009 to 01/01/2012

8834

Delete from 15/02/2009 to 15/11/2010
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(Test Data) 7311-BORD - UEN offset
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7838 - SIMO

7838 --- mm A 04:183:00000 00:000:00000 R +10.00 ILRS/AWG 09/01/18

*The bias is defined in the Stanford correction list
http://ilrs.gsfc.nasa.gov/network/site_information/nsgf_stanfordcorrections.html

A discontinuity is defined in ITRF2008 at 03:177




7840 - HERST

(Test Data) 7840-HERS - UEN offset
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(Test Data) 7841-POT3 — UEN offset

7841 - POTS : discontinuity —
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(Test Data) 7845-GRSZ -

UEN offset
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1873 - SIME: data problem

(Test Datad 1873-SIME — UEN offset
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data problem

8834 - WETT

(Test Datad S334-WETS — UEN offset

*
*

Legend

Legend
ilrsa

ilrsa

[ dn 440 [h] 3%e3 440

Delete data from
15/2/2009

To

Legend
ilrsa *

o
b

(W] Y340N 440

15/11/2010

-0

—-50

T0/10/p7

T0/70/¢7

T0/70/21

T0/70/T1

T0/70/07

T0/70/60

T0/70/90

T0/70/20

10/70/90

T0/70/%0

Date [yy’mmAdd]



STAX
STAY
STAZ
STAX
STAY
STAZ
STAX
STAY
STAZ
STAX
STAY
STAZ
VELX
VELY
VELZ
VELX
VELY
VELZ
VELX
VELY
VELZ
VELX
VELY
VELZ

1879
1879
1879
7308
7308
7308
7405
7405
7405
7406
7406
7406
1879
1879
1879
7308
7308
7308
7405
7405
7405
7406
7406
7406

SLREF2008 update

05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000
05:001:00000

333333333333

543405.9563
3955302.3666
4957821.0360

-3942019.8927
3368097.7844
3702190.9161
1492030.29807
-4887946.53044
-3803566.40380
1984104.3319
-5068867.2450
-3314482.5720
-0.0292  2.66E-03
-0.0104  -2.33E-03
-0.0006  -2.48E-03
-0.0689  3.49E-02
-0.0603  5.37E-02
0.0204 3.30E-02
-0.0406  3.50E-04
-0.0107  2.90E-04
0.0166 2.70E-04
0.0069 -1.87E-04
-0.0012  -1.76E-04
0.0117 -1.84E-04

1.60E-02
2.20E-02
1.50E-02
4.00E-02
6.40E-02
3.80E-02
2.00E-02
1.10E-02
1.40E-02
1.30E-02
1.10E-02
1.10E-02



7308 : earthquake on 11 March 2011
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earthquake
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7308 : earthquake

7308 Coordinate (delta w.r.t. ITRF at ref. date)

2014

2014

500 I I I T
linear -68.905 ( 34.928 ) mm/yr
€ @epoch -3942019.89271 (19.109)
E oL -
()
g e Ay
S L e .
8 -500|- —
Q
<
-1000 [ [ [ [
2011.5 2012 2012.5 2013 2013.5 2014
500 I I I T
linear -60.319 ( 53.743 ) mm/yr
o @epoch  3368097.78435 (24.015)
£ 0} A ol
()
® < a /\. a
% WW o ) — .~
8 -500 |- —
Q
>_
-1000 [ [ [ [
2011.5 2012 2012.5 2013 2013.5
400 I I I T
linear 20.357 ( 33.031 ) mm/yr
€ 200 h/'\ ]\ @epoch  3702190.91614 (16.786)
S DV I — : -
s T D ‘
S -200 |- _
o
3
N -400 |- —
-600 [ [ [ [
2011.5 2012 2012.5 2013 2013.5



earthauake

7405

(Test Datad 7405-CONC - UEN offset
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7405 : earthquake

7405 Coordinate (delta w.r.t. ITRF at ref. date)
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earthquake

7406

(Test Data) 7406-JUAN — UEMN offset
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7406 : earthquake

7406 Coordinate (delta w.r.t. ITRF at ref. date)
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bad coordinates/veloci
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1879 : bad coordinates/velocities
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Products

eDelivered regularly daily v130
* Problems with new stations (DGFI is not solving for biases, follows rules given
in the data handling file), some other AC solve for biases
o Editing of observation is differs to other centers, eventually harmonization or
comparison of data editing, or at least edit criteria. For stations with only few
observations this has big influence on the coordinates solved.
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*\Weekly products v35
e Lageos and Etalon orbits for version v35 delivered in sp3 format, along track
problem not yet solved.

eDOGS status

e current version 5.2 includes non tidal atmospheric loading and station dep.
CoM as standard.

e DOGS-0OC 5.2 follows IERS 2010 conventions,

e Products use eigen6c2 gravity field and FES2004 ocean tides, estimation of
low-degree SH of the gravity field is possible

CGL
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MENES

Biases are critical especially for stations with poor station coordinates

The problem with can only be solved if all ACs use the same set bias
parameters and the station coordinates are good enough. For a number of
stations, either new or in tectonic regions, SLRF2008 needs an update.

For harmonization all ACs should follow rules defined by the data handling
file.

A new bias parameters as used for the combined solution, and for the
ITRF2008 computaion, should be estimated with good coordinates (common
bias for Lageos1 and Lageos2 ?) New set of bias parameters were
delivered by Cinzia. These updates are not yet implemented, needs
approval at AWG meeting.

New set of station coordinates delivered by Mathis Blossfeld, DGFI. Good
improvement for a few stations.

CGL
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DGFI

Zelenchuks (12351S002)
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ILRS Data Handling File

The ILRS data handling file maintained at DGFI should be mantadory
for all ACs, to have a homogenious product. But the files needs some
updates and addenda.

* New flag Q for stations in quarantine

 New flag N for ,not reliable” stations, like Simeiz (1873) or San Juan
(7406), which should not be used for standard products but can be used
for other anlysis

* New flag P for stations with only prelimanary coordinates, for these
stations it is not recommended to solve for biases and they should not be
used in the official products until a coordinate update is possible.
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At the moment San Juan, Simeiz seem to have problems with the data they

deliver and should not be used. New stations Kunming and Daedok are now
in Quarantine, like Wettzell and Greenbelt.

The bias values listed in the file need a revision for the ILRS contribution to
ITRF2013..

CGL i



Data Handling File
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1831 --- mm A 00:000:00000 00:000:00000 Q quarantine
1873 --- mm A 00:000:00000 00:000:00000 N not stable

1874 ---mm A 00:000:00000 00:000:00000 Q quarantine
1879 --- mm A 00:000:00000 00:000:00000 P new station
1884 --- mm A 00:000:00000 00:000:00000 Q quarantine
1887 --- mm A 00:000:00000 00:000:00000 P new station
1888 --- mm A 00:000:00000 00:000:00000 P new station
1889 --- mm A 00:000:00000 00:000:00000 P new station
1890 --- mm A 00:000:00000 00:000:00000 P new station
7358 --- mm A 00:000:00000 00:000:00000 Q quarantine
7359 --- mm A 00:000:00000 00:000:00000 Q quarantine
7406 --- mm A 00:000:00000 00:000:00000 N not stable

7811 ---mm A 00:000:00000 00:000:00000 Q quarantine
7820 --- mm A 00:000:00000 00:000:00000 Q quarantine
7825 --- mm A 00:000:00000 00:000:00000 Q quarantine
7832 --- mm A 00:000:00000 00:000:00000 Q quarantine
8834 --- mm A 00:000:00000 00:000:00000 Q quarantine

CGL 12
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Lares, launched Feb. 2012 is a good target to improve the quality of the
ILRS products

« Heavy satellite > small a/m value

* No need to model drag force of the high atmosphere, simple
empirical force is suffcient

« Low enough to solve for low degree harmonics

* Good number of observation, mean 1750 per week, sometime >
2000, and more than lageos

« Good orbital fit ~ 2.5 cm without solving for spherical harmonic
coefficients (see graph)

Etalon1/2 have a decreasing number of observations ~200 Etalon1 and
~150 Etalon2 presently. Sometimes < 100 observations/week. This does not
allow a good and reliable orbit computation. (see graph)

Either we get more etalon observations or we should remove Etalon from
the satellites used for the ILRS products.

CGL 13
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Lares orbit tests, various force models

mean orbit fit

GPS-week (May 2012 - Oct. 2013)
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global mean WRMS of stgtion coordinates (weekly D(63FI w.r.t. SLRF2008)
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RMS [cm]

1.5

—ILRS setup
== |LRS + LRS

ILRS + 7 other
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r.m.s. orbital fit [cm]

cm

Lares vs. Etalon

Lares orbit fit
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Inclusion of LRS as a 5t satellite

in the POS+EOP ILRS products

Mathis BloRfeld!, Horst Miller!

!Deutsches Geodatisches Forschungsinstitut (DGFI)
Centrum fir Geodatische Erdsystemforschung (CGE)
Munich
email: blossfeld@dgfi.badw.de
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Solution setup

» weekly solutions:
> LA1, LA2, ET1, ET2 (ILRS setup)
» LA1, LA2, ET1, ET2, LRS (ILRS + LRS setup)
» LA1, LA2, ET1, ET2, STA, STE, LTS, LRS, AJIl, BEC, BTS

» estimated parameters:
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» station coordinates
> EOP
» GFC of degree/order 2,3,4

» test of station coordinates
» 4-parameter transformation of DGFI (7d) w.r.t. SLRF2008

» global mean WRMS of transformation residuals

» EOP comparison w.r.t. IERS 08 C04




RMS of internal SLR datum parameters

RMS of origin and scale parameter time series (DGFI 7d w.r.t. SLRF2008)
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WRMS of station coordinates

— ILRS setup
== |[LRS + LRS
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7-parameter trafo w.r.t. SLRF2008 (week 1749)

on
—i
(@] . .
N 4 satellites 5 satellites
i
=
(@)}
(@) -—-- positiona -—-——- ---- positions ----
-~
Q0 tx [cm]: 0.13 +- 0.27 : 2 +-
c : a. 0.27 tx [cm]: 0.52 + 0.13
= ty [cm]: -1.32 +- 0.26 ty [eml: ~1.30 +- 0.13
()} tz [cm]: -0.14 +- 0.2 tz [cm]: 0.21 +- 0.13
() rx [prad]: 0.00142 +- 0.00048 [cm]: 0.31 rx [urad]: 0.00092 4- 0.00024 [em] 0.58
p= ry [prad]: 0.00834 +- 0.00080  [em]: 0.2z ry [prad]: 0.00120 +- 0.00029  [cm]: 0.76
0 == {;;;?] nﬂagggz”:‘ nGAEEZiE [.LmCT] 2054 rz [uprad]: ~0.00010 +- 0.00028  [cm]: ~0.06
; ' TrTTT ' ' 3c [ppm]: 0.00388 +- 0.00020 [cm] : 2.33
<
parametername, Phi- Lamda-, Height- coordinate in [cm] parametername, Phi- Lamda-, Height- coordinate in [cm]
100025002 o2 =* 0.08 0.23 5.17 100025002 ROZ2 * -0.73 0.01 5.51
110015002 RO3 * 0.79 -0.44 2.12 110015002 AOD3 * -0.08 -0.54 2.34
123375003 ROl =+ 10,98 £.56 1.53 123375003 A0l =+ 59,485 5.52 2.18
123385004 ROl =+ -7.459 3.85 10.8 123385004 ROl * 0.14 2.42 3.70
1235135002 ROL1 * 3g.08 2.04 -13.54 123515002 AOL * 39.52 23.15 -13.91
123565001 ROl * -4.33 -3.12 1.40 123565001 RAO1 * -4.91 -3.00 1.60
127345008 R0l =+ -2.71 -4.85 2.15 127345008 ROL * -0.66 -3.66 1.81
141065011 ROl * -0.36 -1.61 2.52 141065011 ROl * 1.04 -0.94 1.82
142015018 RAO2 0.24 -0.30 -0.08 142015018 AOZ 0.0l .07 -0.18
216015004 no2 =* 10.80 6.35 -10.18 216015004 BOZ2 * 2 g2 2.98 0.9z
2168055010 A0l * 1.79 2.00 -5.66 216055010 RAOL * —0.57 —0.54 -§.32
216115001 01 * 1.77 3.85 6.28 216115001 A0 * -0.65 2.65 5.16
256035001 ROl =+ 2.95 3.28 5.53 256035001 LO1 * 3.78 3.85 4.18
40445M002 201 = .23 .32 -0.87 40445M004 AD1 * 1.94 2.18  -0.13
40497H001 RO1 0.25 0.18 -0.19 40497M001 201 0.04 0.09 0.15
42202M003 RBOg * 5.14 4.56 0.87
S0107MO01 AO1 -0.08 0.05 0.27 42202M003 206 * .62 5.02 .07
92201M007 ROZ * _0.71 3.43 1.73 50107M001 R0l 0.04 -0.13 0.03
CGE 92201M007 RO2 * -1.1% 2.43 0.33
mean rms coordinates: 0.00429 welocities: 0.00000
estimated standard deviation [cm]: 0.42946 mean rms coordinates: 0.00211 welocities: 0.00000
estimated standard deviation [cm]: 0.21125
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LA1/2, ET1/2
B LRS

o accumulated # obs.

o accumulated # obs.
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weekly solution between Feb. 2012 and May 2013 (LARES period)

(UT1-UTC) w.r.t. IERS 08 C04

£ / (P A
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[year]
STD((UT1-UTC) w.r.t. IERS 08 C04)
0.2 l l
0.15F
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0.05
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[year]
RMS A x-pole [uas] 39.2 15.1
RMS A y-pole [uas] 50.0 16.1
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weekly solution between Feb. 2012 and May 2013 (LARES period)

(UT1-UTC) w.r.t. IERS 08 C04
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New coordinates for ...

A01 Altay (18799401) = incorrect velocity (typo in SLRF2008)

A01 Arkhyz (18869601) > new site

A01 Baikonur (18879701) = new site

A01 Svetloe (18889801) = new site

A01 Zelenchuksaya (18899901) =2 new site

A01 Badary (18900901) = new site

A01 Tanegashima (73588901) - new coord. due to earthquake
A02 Concepcion (74057904) = new coord. due to earthquake

A01 San Juan (74068801) > new coord. due to earthquake

A02 Kunming (78208201) = (new) site

A01 Shanghai (78212801) > only few obs. in SLRF2008

A02 Simosato (78383603) = new coord. due to earthquake
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New coordinates for ...

JIRFZ

—0._03130 +-
—0.00010 +-
—0._00840 +-

008 [mfa]

0._00241
0o.00304e
0._00251

delta [m]

—0_00044
—0.02355
—0._00355

delta [mfa]

| 0.00125
| —0.0420353

1233830042 0&A0L :: Badary (1} at reference epoch: 2748.3 (2013701 01}

DEET (7d} [m] DEFI(7d} [mfa] SLEFZ008 [m]
F -B38300.0451 +- 0.02070 | —-0.03255% 4+ 0.01544 | -838300.04585 +- 0.0157
¥ J0E5730. BESS +- 0.02057 | 0.049043 + 0.0157Z2 | 30E€5730.8459 +- 0.0Z42€
-3 49ETE40._BT24 +- o.00&2 | —-0_003732 +— O0.01710 | 43R TELADN _BESE +- 0.0Z05

——% new refersnce epoch!

JIREZ

0.00533 +-
—-0_23125 +-

008 [mfa]

0.2513€
0.23120

delta [m]

0.073lZ
—0.54057

| —0.000&7

delta [mfa]

| 0.0Z528
| -—-0.23382

123723001 0A0L :: Altay (1} at reference epoch: 2070.5 (20117027 23)

DEEL (Td} [m] DEFI(7d]} [mfal SLEFZ008 [m]
x: 543405. 7808 +- 0.0207€ | —0.01552 + 0.00512 | 543405 _.853% +- 1.8272
e 32595530Z.2%88 +- 0.0130 | 0.00257 + O0.008B0 | 3555301 7583 +- 1._E811
= 45537821, 04204 +- 0.0J084 | 0.00730 + O0.003EE | 455 7TAZ1 . 169€ +- 1.27684

——> new reference epoch
——% maybe error in JIRF2008 y—velocity (—23cmfa i=s much too laoge!]

0.0EBTE +-

—0.0201a +-
0.01523 +-

0.18595€

008 [mSal

0o.02057
0.02012

0.14515

delta [m)

0.01231
0.01227

| 0.0&14€&

delta [mfa]l

| 0.001a2
| -—0.00507

123733001 0&01 :: Arkhyz (1} at reference epoch: 4511.5 (2012 /05/09)

DEEL (7d} [m] DEEI(7d]} [mfal SLEFZ008 [m]
x: 22EETTI_ 2158 +- 0.0084 | —0.02147 +  0.01077 | A2EETTA 2277 +- 0.47TER
¥: 2055757.9112 +- 0.0215% | 0.02020 4+ O0.0Z048 | 2055757 .5235 +- 0.2407
= 4308145€. 8167 +- 0.0112 | 0.03540 + 0.014831 | 43014567585 +- 0.2Z1E€5

——> new reference epoch

256033001 0AO0L :: Baikomur (1} at reference epoch: 4641.5 [(Z01Z/0%71€]

0.00530 +-

JIREZ

—0.02345 +-
0.01077 +-

0.01820

008 [mSa]

0.02057
O.02012

—0.018Z€&

delta [m)

0.02740
—0.04€88

| —0.03010

delta [mfa]

| 0.01082
| 0.0051&

DEEL (7d}  [m] DEEI(7d] [mfa] SLEEZ008 [m]
FH Z001873.27E3 +- 0.0057 | —-0.023427 4+ (0.01125 | 2001872 .3043 +- 0.5255
¥ 3587€33. 2133 +- o.003€ | 0.001&l +— 0.00722 | 3987€33 . 3ERE +- 0.5233
- H 4547477, €541 +- 0.0022 | 0.00145 +— Q0.00&32 | 4542477 (€727 +- 0.5152

——> new refersnce =poch

0.000BE +-

—0.01840 +-
0.012350 +-
0.00840 +-

0.01820

008 [mfal

0.00241
0.00304

—0.02135

delta [m]

-0.02733
—0.00B825

| —0.000E1

delta [mfal

| -—0.00842
| 0.00785

123503002 0&0L :: Jvetloe (1} at reference epoch: 4725.5 [2o1z/12,/05)

DEEL (7d} [m] OEEI(7d) [mfal SLEFZ008 [m]
x: 27201308. BE5E +- 0.0087 | —0.00558 + 0.0Z2305 | 2720138 .8383 +- 0.0155
¥ 15EZ326. 8015 +- 0.0085 | O0.004€1 + 0_.0ZZ€0 | 15EZ320.T83E +- 0.0245
= 5529550 €TES +- o.00€EQ0 | 0.0008% 4+  0.01381 | 5525550 €745 +- o.0z02

——% new refersnce epoch

0.00251

—0.002427

| 0.00731



New coordinates for ...

123513002 0A0L :: Zelenchuksaya [(l}) at reference epoch: 4728.5 [zoaz2/faz/22)

DEEL (7d} [m] DEFI(7d} [mfa] JLEFZ008 [m] JIRFZ008 [mSa] delta [m] delta [mfa]
= 2451135.5311 +- 0.0Z0€ | —0.01471 +— O.05B5€ | 24511355217 +- 0.1€72 | -0.02000 +— 0Q.020%7 | -0.005230 | -0.005Z2%
¥: 20E0335.2Z€65 +- 0.0071 | 0.0Z242 +— 0.020Z5 | 20E0335 2283 +- 0.1€05 | 0.01€40 +— 0Q.0201Z2 | -0.01821 | -0.00€03
=: 23581570.3355 +- 0.0181 | 0.00035 +— 0.05142 | 24351570 . 221& +- 0.1452 | 0.011€0 +— O0.01BZ20 | 0.00€11 | 0.01125

——> new reference epoch
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217453001 0A0L :: Tanegashima (1} at reference epoch: 1BZE.5 [2005/01/01)

DEEL (7d} [m] DEFI(7d} [mfa] JLEEFZ008 [m] JIRFZ008 [mSa] delta [m] delta [mfal
= -JEQTES1_5333 +- 0.0111 | -0.02135 +— 0.0028B | -3E07&651.5073 +- 0.0032% | -0.03272 +— 0.00143 | 0.0Z€0&E | -—-0.00227
¥: 214TATA. 9960 +- g0.00%s | —0.01032 + 0Q.00258 | 4147H73.5779 +- 0.0041 | -0.00850 +— 0.00148 | 0.03145 | 0.00181
=: AZZATZZ_BESE +- 0.0080 | —-0.02132 +— 0Q.00208 | 4223722 _BA51 +- o.00237 | -0.0201% +— (0.00134 | 0.01552 | 0.00114
217453001 0AOZ :: Tapegashima (2} at reference epoch: 4515.5 [2012/05/13)

DEEL (7d} [m] CEEI(7d} [mfa] SLEFZ008 [m] SIBFZ008 [mfa] delta [m] delta [mfa]
o —JEQTESL._TEZS +- 0.0333 | —0.0735% +— O0.03€E5 | -—-3E07E51.7555 +- 0.011z | -0.03372 +— 0.00143 | 0.00€e532 | g0.0a3sa7
¥: 4147873.5920E +- 0.02271 | —-0.072307 +— 0.02597% | 4147873.59148 +- 0.011€ | -0.00850 +— 0.00148 | -0.00575 | 0.0E45E
=: SAZZ3TZZ.7508 +- 0.0Z70 | —0.0€6852 +— (0Q.0Z9€E | 223722 .TAES +- 0.0105 | -0.0201% +— (0.001242 | -0.01431 | 0.042835

——> new jump due to Iohoku Earthguake [(EprilZ(0ll} introduced
——> new reference epoch for Tanegashima (2]

—% velocites in Tanegashima (2} very bad! —> maybe use of new station coordinates but old JLEFZ008 welocity
4171001 0AO0L :: Concepocion (1) at reference epoch: 1BZ€.5 (200501701}

DEEL (7d)  [m] DEEI(7d) [mfal JLEFZ008 [m] JIRFZ008 [mfal delta [m] delta [mfa]
o 1452033. 0270 +- 0.0015 | 0.03532 +— 0.000€8 | la5z023.02318 +- 0.3007 | 0.0348% +— O0.000Z22 | 0.004234 | -—0.00045
¥ —4B8794E_ 0777 +- g.00i3 | —-0.00015 4+ 0.00057 | -4HE7S4E_075& +- 0.0008 | -0.00151 +— 0O.00020 | 0.00213 | —-0.0013&
=: -2JB035E5_ 8372 +- 0.0017 | 0.01€77 +— 0.00077 | -3B035E5.85972 +- 0.J00& | 0.01€%1 +— 0O.00018 | 0.00001 | 0.000132
21712001 0AOZE :: Concepcion (2]} at reference epoch: 2353.5 (2011712703

DEET (7d} [m] DEEI(7d} [mfal JLEFZ008 [m] JIRFZ008 [mSal delta [m] delta [mfal
=z 14%2030.0085 +- 0.0021 | —0.033&8E +— 0.003442 | 1452025 .5785 +- 0.012& | -0.07540 +— 0.00140 | -0.03032 | -—-0.04174
¥: -SHETS4E_E028 +- g0.00za | —0.015349 +— 0.00258 | -—-49887S49€.£331 +- 0.012& | -0.04010 +— 0.00140 | -0.0Z870 | —-0.0Z247€
=: -JB035EE_ZAZE +- 0.0017 | 0.0Z€27 +— 0.001%92 | -3B0356&_3052 +- 0.012& | O.00&EEQ +— 0O_00140 | -0.02288 | -—-0.015&7

——> new reference epoch for Concepocion (2]




New coordinates for ...

o
— 4150E5002 DADYI :-: 3an Juan (1] at referenee spoch: 16265 (Z0O0S5S01701)
8 DEEI{7d] [m] DEEFL{7d] [msfa] SLEFZO0E [m] SLEFZODE [mifa] delta [m] deltas [mfa
— e IBE21D: 2223 +- 0.00Z21 | O.01116 +- O.DDDEZ | IsE2lDe 2225 +- 0.0015 | O.0LZ6E +- D.DDOSOD | D.DODZET | 0.00L3Z
F! ¥ -SDEEEET _1EST +- 00027 | -0.00T723T7 +- O_0DLDE | -SOSEEET_19Z26 +- D.D01S | -0.DOS53Z +— O.0DD4E | -D.ODZET | 0. D0Z0S
(@)) = -22144B7 5340 +- 00022 | O.0LDET +- O0.00112 | -322144E2.5430 +- 0.001il | O.D0L45D +- O.0D025 | -D.DO0SEL | 0. 00262
o 4150E5002 ODADZ -: 3an Juan (2] at referenee spoch: 42365 (Z011711/13)
DB DEEI{7d] [m=m] OGFL{7d] [mSa] SLEFZODE [m] SLEFZIODE [mfa] delea [m] delta [=fa
E b IGE4104 26864 +- 00017 | O.00524 +- O.0DLTT | 14104 _ 2087 +- D.DO2E | O.DLZGE +— O.0DDSD | o.042z4 | 0.0072%
"q"; ¥ -SOEEEET 222 +- 0.001% | -D.00TE2 +- O.0D15%2 | -SOSEE6ET_ZZ01 +- 0.0028 | -D.0052Z +- D.DDDZE | D.01z266 | 0. 00Z5Z
Q = -22144E7 _4EED +- 0.001% | O0.012068 +- O0.001S51 | -22144E7 4447 +- D.00ZS | O.DL450 +— O.00025 | 0.04176 | 0.001s4
2 -=% new jump doe to Chile-Manle Earhtmake (FebruzarpZ0id) intoodoced
O —-% new reference epoch for Sam Juan ()
< 216083002 OAD]L :: Famming (1) at reference epoch: 28E2 .5 (Z0L1/11/2E)
DEEL{7d] [m] OSEL{7d] [msSa] SLEEZODE [m] SLEEZODE [mfa] delta [m] delta [=fa
e -1ZE1375 _E352 +- O.0DED | -D.04T0D +- OD.D1542 | -1ZEI1ZTES_EZTT +- 0.0121 | -D.02052 +- D.0DZTE | 0.01182 | 0. 0L&esT
W SE40TIT 2156 +- 00034 | -0.00Z26 +- O_DD6E2E | SEL0TIT _ZZS50 +- 0.0iDE | -0.DDGEZE +— O.DDZLE | 0.0022% |  -0.00457
= ZEEZLZS _TRED +- 00071 | -0.0111% +- O_D012&0 | ZEEZOZS _EBLED +- 0.01Z0 | -0.DODEZD +— O.0DZ2T | 0.DZ0O0E | 0. 00Zo9
216083002 OADZ -: Fimmming (Z) at reference spoch: 21236 5 (Z00BESDESD2)
DEEI{7d] [m] DEEFL{7d] [msfa] SLEFZO0E [m] SLEFZODE [mifa] delta [m] delta [mfa
e -1ZE127T6_128F +- 0.0i0g | -0.02454 +- O0_0041% | -1ZB1Z76_1S00 +- 0D.0Z4Z | -0.0205Z +— O.00Z7TS | -D.DZ0TE | -D.0D0OSSE
¥ SE40TIT ZELS +- 0.0DES | -0.0160E +- O.00O244 | SEL0TZT 2010 +- 0.0is0 | -0.D0OGEZ +— O.0DZLE | 0.02525 | 0. D0BZS
= ZEEZDIE _ET4T +- 00122 | -0.02Z7TES +— D.00540 | ZEEZDIE _TOEZ +- 0.0Z11 | -0.D0EZD +— O.0D2Z2T | D.D2ZLE | 0.01545
—-» new reference epoch for Famming (1)
--» new refersnce espoch for Faaming (2]
216055010 OADY :-: Shanghai (1) at referenece spoch: 25685 (Z008S10/10]
DEEI{7d] [m] DEEFL{7d] [msfa] SLEFZO0E [m] SLEFZODE [mifa] delta [m] deltas [mfa
e -ZE30T44_S5ETE +- 0.0024 | -0.02107 +- O0.0DL1S5 | -ZE207T44_SEES +- p.o0is | -0.D200% +- O.0D0LL | -D.OD113 | 0. 00103
¥ 2ETESED . 2ITS +- 00042 | -0.01D1% +- O_.0D1GT | ETESED 2268 +- D_DDLE | -0.DL17% +— O.0DDLZ | o.DoB0T | -0.00LSSE
= 2ITE0OTI_TEID +- 00021 | -0.0107TD +- O.0D141 | 2ITSOTE _TEES +- p.o0iE | -0.D01159Z +— O.0DDLL | o.o0224 | -0.00LZZ

—-% new reference spoch




New coordinates for ...

Z1TIES0O0L DADL :: Sims=mzto (1] at reference epoch: 622 .5 (Z00L1/DB/26])

o
—
8 DEEL{7d] [=] DEEL{7d] [m/a] SLEEZDDE [m] SLEFZ0O0E [mfal delez [m] delea [=mfa
i 5 -2E222EE . 2424 +- D.00%D | O.00SO00 +- O.D02L0 | -2EZZIEE.2ZS5 +- p.oDiz2 | O.DDLSS +- D.DDDLZE | D_DlEEE =0, D024s
F! W ZELLZEZ _STEZ +- D.00ST | O0.01Z21 +- OD.DDSE4 | ZE0L3E2 _SEQZ +- D001z | D.0DBOT +- O.0DDLE | 0.0o0i%4 | -0.0021%
o = ZS0TSTE.1062 +— 00038 | -0.0042% +- O.00403 | 250T75T3_10ED +- .00l | -D.0DD45 +— O.0O0DLZ | 0.00LEG | 0.00374
(@]
- F1TTEI00L OADE -: Simosato (2] at refersnce epoch: 1EZ6.5 (Z005/01/01)
&D DEEL{7d] [m] DEEL{7d] [msfa] SLEEZO0E [m] SLEFZ0O0E [mfa] delta [m] delea [mfa
) H: -2EZTZEE _2ZET +- D_0ODZE | O.0DZE2 +- O.DODBZE | -ZEZZEZEE_21T7Z +- D_ODDE | O.0DLSS +- O.DODDLZ | pD.0ioS2 | -0.0DL3E
v ¥ ZECLZET 5074 +— 00032 | O.00TSD +- DO.0DLOT | ZELLIET _E03E +- D_ooDS | D.00BOT +- O.00DLE | 0.00&823 | 0. 00LET
@ = ZE0TETE_0TS5S +— D.0030 | -D.00EZ1 +- O_.DDOSE | ZE0TETE.0EOS +- D_o0D7T | -D.00045 +- O_00DLZ | 000545 | 0. 00771
2 Z1TI6E300L DRADZ :: Jimosato (2] at reference epoch: 452F.5 (Z012/705/20]
0 DEEL{7d] [m] DEEL{7d] [msal SLEEZODE [m] SLEFZ0O0E [mifal delta [m] delta [mfa
; 5 -2EIT2EE 2226 +- D002 | -0.00Z5T +- O.DOSOO0 | 2 -2EZZIEE._20SE +- p.ooiz | O.0DLSS +- O.DODDLE | D.0ZTEZ | 0. 00212
< ¥ 2600262 _EI0E +— D.0025 | -D.00TES +- D.0DLZT | 2600262 _ETLD +- D.o0iz | OQ.00BOT +- O.DDDLE | D.02144 | 0.0LEE2
= 2E0TETE.0E5TE +— D.002E | -0.00%268 +— D.0D25Z | ZE0TETE.07TTE +- p.o0il | -D.00D45 +- O.DDDLZ | 0.01558 | 0. 00217

——>» new reference epoch for Simc=ato (1)
——» new jump due to Tohoku Earthouake (Aprill0ll) introduced
——» new reference epoch for Simc=ato (2]
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® DGFI(7d) === S|RF2008 === new coord. @ DGFI (7d) — SLRF2008




(90)
i
o
o
i
=
o)
o
0d
c
=
)
)
=
=
<<

- mean(DGFI) Y [m] - mean(DGFI) X [m] - mean(DGFI)

Arkhyz (12373S001)
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Baikonur
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Svetloe
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Zelenchuksaya
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Wettzell Lageos receiver test
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weekly range bias [cm)]

Wettzell bias test weekly biases rec. dependend
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University of Texas
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Need for Change to System
Configuration Tracking

1) Must track changes to prevent discontinuities
and errors in data and data products

2) Without tracking system changes, our data will
not be competitive with other space geodesy
techniques

3) Few stations posted changes in old SCH/SCI
formats

4) Some stations found requirements confusing
5) SCI (system baseline) is redundant with site log

November 9-15, 2013 Ricklefs DF&P WG Fujiyoshida 2



New System Configuration Tracking
Procedure

1) Keep the site log up-to-date
2) Keep CRD configuration records up-to-date

3) Submit an email with the entire history log and
new entries to ILRS at EDC whenever there is a
significant change to the system

4) Follow quarantine procedures when a
significant change to the measurement path is
made

See http://ilrs.gsfc.nasa.gov/network/site _procedures/configuration_files.html

November 9-15, 2013 Ricklefs DF&P WG Fujiyoshida 3



Implementing New Procedure

1) one time: Convert SCH file to history log, removing
sequence number (which was rarely up to date) and
adding subsystem ID (from site log)

2) One time: Discard SCH, SCI files and the CRD
“60” (compatibility) record holding the SCH and SCI
values.

3) When there is a change: Email entire change history
log in email body or as an attachment to EDC every
time there is a significant change — this could be
automated at the station

November 9-15, 2013 Ricklefs DF&P WG Fujiyoshida 4



Fields in New Change History Log

- Site Occupation Designator (SOD)

- Year, Day of Year, Hour and Minutes when change
became active

- Estimated Chance of Data Impact: O=none,...,3=needs
guarantine

- Subsystem number of changed component from site log
(or 99 for those not in site log)

- Text — to the end of the line describing change so that
station and analyst can locate and identify

November 9-15, 2013 Ricklefs DF&P WG Fujiyoshida 5



New Normal Point Definition

1) Allows high rep-rate systems to move to a new target once they have
“‘enough” data, even if in much shorter time than the normal point bin size.

2) Allows station to more effectively interleave passes, with the attendant
Increase in data yield

3) Mainly pertains to high (HEO) and the LAGEOS satellites, which have long
normal point bins

4) Went into effect May 2012

5) Possibly implemented at 13+ stations

Graz — real-time feedback, 1000 points/npt

Herstmonceux — real-time feedback on precision

6) Chart on next page shows the number of stations with > 1000 returns/npt. There is
much potential for better interleaving with the new npt definition

November 9-15, 2013 Ricklefs DF&P WG Fujiyoshida 6



New Normal Point Definition

High Return NPs — Sept 2013

Station SOD Mean # of
returns per
NP
ALTL 18799401 1,743.18
ARKL 18869601 1,265.75
BAIL 18879701 1,492.46
CHAL 72371901 6,529.10
CONL 74057904 1,356.45
GRZL 78393402 13,647.98
HERL 78403501 4,570.26
KOML 18685901 1,574.04
MATM 79417701 1,023.56
POT3 78418701 2,793.18
SHA2 78212801 3,861.12
SVEL 18889801 1,028.00
ZIML 78106801 1,180.67

By Justin Woo, Excelis

Median #
of
returns
per NP

1,600.00
1,117.50
1,303.50
3,919.00
1,239.50
9,336.00

3,075.50
1,417.00

1,023.00
2,125.00
2,740.50
1,028.00
1,186.50

MAX # of
returns per
NP

4,572.00
1,788.00
3,103.00
51,337.00
2,189.00
113,981.00

22,600.00
3,047.00

1,070.00
10,397.00
15,630.00

1,028.00

1,406.00

# NP's with Total # of

>=1000
returns

87.00
4.00
28.00
1,067.00
44.00
755.00

554.00
25.00

9.00
308.00
166.00

1.00
472.00

NPs

289.00
287.00
901.00
1,496.00
876.00
857.00

1,164.00
88.00

2,116.00
1,056.00
257.00
83.00
2,221.00

Percent
of NP's
with >=
1000

returns

30%
1%
3%

71%
5%

88%

48%

28%

0%
29%
65%

1%
21%

Number
of
Passes
with 1-
1000
returns
14
3
19
194
13
76
76
10
7
43
42
1
73

Total

Number

of

Passes

(TP)

31
49
105
223
80
77

110
16

249
70
49
14

165

Percent
of
Passes
with
>=1000
returns

45%

6%
18%
87%
16%
99%

69%
63%

3%
61%
86%

7%
44%

- Many stations have a high enough return rate to implement the new npt definition
Ricklefs DF&P WG Fujiyoshida
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Npt range (sec)

Recent Example of Interleaving Passes (Graz)
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Software Library

1) Software is listed on new ILRS web site under the Technology
menu

2) Would like to include Eurostat software. Contacting AlUB.

3) Do not yet have a normal point program, which would be useful
for new stations

4) Have mount model fit program, but must replace a routine it
uses from a copyrighted book

3) Concern about software licenses on new deposits on ILRS web
site and any NASA constraints

November 9-15, 2013 Ricklefs DF&P WG Fujiyoshida 9



System Change History Tracking

Backup Slides

from presentations in Frascati

November 9-15, 2013 Ricklefs DF&P WG Fujiyoshida 10



System Change Reporting - |

® System change and station log files are needed by analysts
to locate origin of data issues

® Problem: Stations are not updating their System CHange
indicators and/or files (SCH):

® Only 11 stations have updated their “sch” configuration file since
2003 and only 6 since 2008

® Of 31 stations recently checked, 10 did not have “sch” files on
CDDIS, 12 did not have SCH in CRD data, and 5 had SCH in CRD
file that did not match “sch” file, and only 7 had it “right”

® Station log files are not up-to-date

RNovenel9-15, 2013 RicklefsLBF&R WG Ujiyoshida 11 1



System Change Reporting - |l

® Stations find current method of tracking station changes
confusing and complex

® |LRS needs to find a better method of tracking changes. e.qg.
«  Simplify
« Possibly upload station maintenance files regularly

» Possibly add software, meteorological, and other subsystems to
CRD configuration section

* Frequently remind stations to update information

® A proposal will be circulated to the ILRS N&E W/G soon

Nowemben®15, 2013 RicklefdIR{&F My Uijiyoshida 12 12



Configuration and Change Primer -l

. Need to track station changes and configuration so analysts can easily locate
sources of changes in station performance

. SCH (System CHange) : indicator + description

— This indicator is incremented whenever there is a “significant” change to the station's
measurement chain

. SCI (System Conflguration) : indicator + description

— The indicator and file entry are different for each standard operating configuration

— Indicator implies changes in data characteristics

. The indicators are available in the old cstg format and the new CRD format

. Indicators and descriptions are kept in separate files on the ILRS web site for each
monument/pad ID

. Station log and CRD configuration records contain much of the change information
organized by sub-subsystem

NovenbeV8-15, 2013 RicRiefo MRS fyostiida 13 13



Configuration and Change Primer -I|

. When a station makes a change, according the to ILRS web site, in addition to
possible requirement to quarantine and validate data, they must

- Change the SCH indicator in normal points/full rate files

- Add the new SCH and description to ILRS data base for via an email message
- Change the SCI indicator in normal points/full rate files (if baseline changes)
- Add the new SCI and description to ILRS data base for via an email message
- Change CRD configuration records (if needed)

- Update the station log (if needed)

. "It is up to the judgement of the station what should be included in this baseline
description of the system, and what constitutes a significant change to the system.”

. There is confusion at some stations about these files

MNovemnsber9-15, 2013 RicRiefo MRS fyostiida 14 14



Issues

® Stations are not updating their system configuration
indicators or files (SCH):

— Only 11 stations have updated their “sch” change file since
2003 and only 6 since 2008

— Of 31 stations checked,

- 10 did not have “sch” files on CDDIS;

- 12 did not have SCH in CRD data (record 60);

- 5 had SCH in CRD file that did not match “sch”
file; and

- only 7 had all information available and in sync

NovenbeV8-15, 2013 RicRiefo MRS fyostiida 15
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SCH/SCI in CRD

® Format was intended to end need for SCI/SCH by adding
configuration records, but provided a location for indicators

("60" record); not fully implemented

® SCI: (alternate configurations) can, in principle, be handled
properly by CRD configuration records

® SCH:

— Some sub-systems are not in configuration records, like
meteorological sensors and software (add?)

— Some types of station changes can not be recorded in CRD or
system log (e.g., cable changes, mirror recoating)

— May not need SCH in CRD format if there is a way to deal with
changes inserted and removed for testing

November 9-15, 2013 RicRefor MR G fyostiida 16
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What do we do now?

® Remind stations to follow existing procedures, including use of
CRD SCH/SCI ("60") record?

® Abandon SCI/SCH in favor of station log and CRD
configuration records? (Loose some changes)

® Augment subsystems in CRD configuration records (e.g., met
systems, telescope/mount, software, personnel :-) )?

® Abandon CRD SCH/SCI record in favor of CRD configuration
records; require SCH file update?

NovenbbeV8-15, 2013 RicklefoBM&RIWSFujiyostida 17 17



An early example of interleaving
passes — from Zimmerwald

ZIMMERWALD PASS INTERLEAVING (01-Jun-2005 03:18-04:08)
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Workshop on Laser Ranging, Japan, Nov 2013, Florent.Deleflie@imcce.fr

Quality assessment of SLR data-related products

Florent Deleflie!, Jean-Michel Lemoine 2,

Franck Reinquin?, and David Coulot3!

1 Institut de Mécanique Céleste et de Calcul des Ephémérides, GRGS /Paris
2 Centre National d'Etudes Spatiales, GRGS /Toulouse
3 IGN/LAREG/GRGS, Université Paris Diderot, Paris

9th Nov. 2013



18th Workshop on Laser Ranging, Japan, Nov 2013, Florent.Deleflie@imcce.fr

GRGS AC status

/9

m fully operational
m New website: http://vo.imcce.fr/slr-ac/
m operational solution
m reanalyses
m test: change the weight of stations to evaluate the impact.
Impact very small except for LOD.
m Updates:

m reanalysis in view of ITRF2013
m on time for most of tasks
m still to be done: SP3c format, data prior to 1992 period



18th Workshop on Laser Ranging, Japan, Nov 2013, Florent.Deleflie@imcce.fr

2/9

LAG1 post fit residual level

Onrbit of LAGI
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18th Workshop on Laser Ranging, Japan, Nov 2013, Florent.Deleflie@imcce.fr

ITRF2008 feature

Station 7308 : Koganei (Domes 217045002 )
v35-pondl vs v35, from 2004 to 2014
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18th Workshop on Laser Ranging, Japan, Nov 2013, Florent.Deleflie@imcce.fr

ITRF2008 feature

Station 7403 : Arequipa (Domes 42202M003 )
v35-pondl vs v35, from 2004 to 2014
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th Workshop on Laser Ranging, Japan, Nov 2013, Florent.Deleflie@imcce.fr

ITRF2008 feature

Station 7405 : Concepcion (Domes 417 19M001 )
v35-pondl vs v35, from 2004 to 2014

02—

01

Coordinates (m)
o

0.1 f=

Dicactary Biude (c) FD/GRCS, gmnerated Wed Naw 6 20.00.32 CET 2013

A/Q

1 |
02
2004 2005 2006 2007 2008 2009

2010

2011

2012

|
2013

2014



18th Workshop on Laser Ranging, Japan, Nov 2013, Florent.Deleflie@imcce.fr

ITRF2008 feature

Station 7406 : San Juan (Domes 415085003 )
v35-pondl vs v35, from 2004 to 2014
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18th Workshop on Laser Ranging, Japan, Nov 2013, Florent.Deleflie@imcce.fr

ITRF2008 feature

Station 7825 : Mount Stro (Domes 501 195003 )
v35-pondl vs v35, from 2004 to 2014
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JCET AC/CC REPORTS

Erricos C. Pavlis
GEST/UMBC
Magda Kuzmicz-Cieslak, Keith Evans and Daniel Konig
GEST/UMBC

ILRS AWG Meeting at 18t ILW, Fujiyoshida, Japan
Nov. 9, 2013




Activities since last AWG

Analysis products submitted for DAILY (v135) & WEEKLY (v35)
series

Combination products for corresponding DAILY & WEEKLY
series continues with no major issues

Site information updates:
— SCH-SCI database — NOW HISTORICAL !!!

— We have a new data base which incorporates the historical
information from the SCH-SCI database & continues seamlessly with
the new records as provided since last month

— We are working on incorporating the information in a visual manner
on our webpages that display the products from each AC and CC, to
help correlate the events with any anomalies in the data

We evaluated new coordinate solutions for a number of sites




Activities since last AWG (cont.)

e Station coordinate evaluation for ASI and DGFI solutions for
several sites that required updates in SLRF2008, testing both
over the period 1.1.2013 to present

* We need to agree here TODAY on which of these should be
adopted so that SLRF2008 can be updated prior to the
reanalysis for the ITRF2013 contribution

— NGSLR co-location data were evaluated and a separate
talk during the workshop will cover that successful story

— Yarragadee (7090) — Height change (~1 cm) in early 2010
seems to be more complex than earlier thought, showing a
variety of different levels over significant amounts of time,
without a clear explanation available from the local tests




Ocean Loading for SLR Sites

e GSFC’'s GOT4.7 tide model used

e New file can be downloaded from:

— http://geodesy.jcet.umbc.edu/
OLOAD 4 220 SLR sites.got4p?/.iers.gz

— Need to be maintained as new sites show up (e.g.
Daedeok, Korea - 7359).

 Same info available in Geodyn format also

— http://geodesy.jcet.umbc.edu/
OLOAD 4 220 SLR sites.gotd4p7.2dyn.gz




Activities since last AWG (cont.)

 We have invested significant effort in looking into the issues
associated with LARES’ response to ranging in the early days
after launch, especially from kHz systems

Compared almost all available kHz FR data to NPs from the same
stations

Graz FR data are not available at EDC, so these cannot be checked, and
we are still working on the Changchun data due to the huge amounts
compared to all other sites

So far, none of the stations checked has revealed a different response
(range bias) at the same period as the satellite rotation (or any other
period for that matter)

We would like to arrange with Graz to obtain some of their data, in
part from just after the launch, a few passes a couple of months later
and some in the recent months (if the entire data set is unavailable)




JCET QC Viewer

 The QC reports from each of the contributing ACs are in
general formatted in a very tailored manner, containing
different information, in different order, units, etc.

— The information in these reports should be easily compared across AC,
satellites, stations, evaluation metrics, etc., for these to be useful to
the teams managing the various stations

— In the past, the Graz team had devised a PC-based plottin§ package
that was tailored to work with the UT/CSR reports, the only ones
available at the time

* JCET’s MATLAB-based QC viewer works with ALL reports from
DGFI, HITU, MCC, JCET, SHAO and (legacy) UT/CSR

— The package will run on Mac*, Linux and Windows environments and
it will be distributed with examples, a historical QC report data base
(up to a certain date) and a simple user’s manual (see poster at 18ILW)

*Needs some work to make it possible for all Mac OS X flavors
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RMS of Orbital Arc Fit — LAGEOS 1
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RMS of Orbital Arc Fit — LAGEQOS 2
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Proposed Selection of Solutions for Update

STATION SLRF2008 | _ASl Solution | DGFI Solution_

Altay 1879 X
Arkhyz 1886 X
Baikonur 1887 X
Svetloe 1888 X
Zelenchukskaya 1889 X
Badary 1890

Koganei 7308 X

Tanegashima 7358 X

Concepcion 7405 X

San Juan 7406 X
Kunming 7820

Shanghai 7821

Simosato 7838
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SLRF2008
Position and Velocity Updates

Magda Kuzmicz-Cieslak and Erricos C. Pavlis
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RMS of Orbital Arc Fit — LAGEQOS 2
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RMS of Fit by Station — LAGEOS 1
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RMS of Fit by Station — LAGEOS 2
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Station Solutions Which are Updated
mm

Altay 1879

Arkhyz 1886 X
Baikonur 1887 X
Svetloe 1888 X
Zelenchukskaya 1889 X
Badary 1890 X

Koganei 7308 X

Tanegashima 7358 X

Concepcion 7405 X

San Juan 7406 X
Kunming 7820 X
Shanghai 7821 X
Simosato 7838 X
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Statistics — retro-reflectors and observatories

Time span 1970-2013

Lunokhod 2
Apollo 11 3%
10%

Lunokhod 1
< <1%

Apollo 14
10%

Apollo 15
7%

Matera
<1%

McDonald 2.7m

MLRS1
4%

Grasse
52%
MLRS2
15%

APOLLO
9%

Haleakala ... and a few lunar
tracks from
about 18,100 » Orroral
* Wettzell

normal points
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Statistics — observatories 2013

Normal points 2012 2013

APOLLO 201 0* Ve Mo
McDonald 17 15

Grasse 351 296

Matera 28 23

In total 597 334

Grasse
89%

*APOLLO data of last year
not released yet




Status, perspective at the LLR sites

= McDonald - lunar tracking at low level
= Matera re-started in spring 2010 - lunar tracking at low level

= APOLLO - good LLR data until end of 2010 (new detector
required refined processing - reduced accuracy, i.e. cm
instead of mm level, problem fixed in 2012), pre-processing
and release of 2013 data delayed

= Grasse re-started by end of 2009, good performance since
end of 2011, more publications needed

= Wettzell LLR tracking is still pending

“Ife)




Statistics — retro-reflectors 2013

Normal points 2072 2013 o
ApO”O 11 89 55 < 1%\ Lunzl;/?om

Apollo 11

Apollo 14 84 39
Apollo 15 383 224

Lunokhod 1 22 13 Apollo 14
Lunokhod2 19 3

In total 597 334

Apollo 15
67%




Number of normal points

1970 - 2013: ca.18,100 normal points
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Major LLR-related activities

= Comparison of LLR software ongoing work between CfA
(PEP)*, Paris (INPOP) and Hannover

* LLR part on ILRS website shall be updated

= Some debate about correctness of Lunokhod 2 range data
(see next three slides)

= Data screening, homogenization of archived LLR data is
still in progress

= Many LLR-related talks (IAG, EGU, GR20 ....) and papers
(CQG, IAG symposia series, Brumberg book ...) in the past
years

/Ife ) *collaborating with INFN-LNF, Italy
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Retro-reflectors on the Moon
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Study on Lunokhod 2 orientation by T.Murphy
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Study on Lunokhod 2 orientation by T.Murphy

Lunar Returns 100 ps bins

o0
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array, azimuth offset
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Residuals of APOLLO

Residuals APOLLO 2010 - 2012
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Weighted annual residuals

weighted residuals (observed - computed
s Earth-Moon distance), annually averaged [—1oss-2012
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