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Introduction Aerodynamic accelerations

Sentinel-3:

Density model Horizontal wind model Earth model Radiation model SEUMETSAT, Darmstadt, Germany

e Sentinel-3A (launched on February 16, 2016) and -3B (expected AIUB | DTM2013 (Bruinsmal et al.,, 2003) | HWM14 (Hedin et al., 1996) éll\%Bs gﬂd 9 5O % 2£50 %‘REi (V\fe?ci g’é )al., 1996) 7 Insitut fﬁ{ Astronomische und Physikalische Geodasie, Technische Uni-

launch in April 2018), Sun-synchronous, near polar orbits at around CNES | MSIS-86 (Picone et al., 2002) None ng sggme? 5 nocxe et al., versitdt Miinchen, Munich, Germany

: CPOD | MSISE-90 HWM93 CPOD | Grid 5° x 5 CERES
815 km altitude :
DLR NRLMSISE-00 None DLR Ring segments | CERES, approx.

e Measure sea surface topography in the frame of the Copernicus EUM | MSISE-90 HWMO93 EUM | Grid 5° x 5° CERES SLR validation

ocean and land observation services, synthetic aperture radar (SAR) TUM | MSISE-90 None TUM | Grid 10° x 10° | CERES

The same December 2017

altimeter — precise and accurate orbit information crucial . .
Sentinel-3A orbits of all agen-

Table 1: Modeling details of the different QWG members w.r.t. aerodynamic accelerations. Table 5: Modeling details of the different QWG members regarding PRP accelerations. “Ring

e Precise Orbit Determination (POD) with GPS and DORIS instru-  All groups except EUM and TUM model aerodynamic lift accelerations. segments” stands for concentric rings with sectors around satellite foot point (3rings with 4, ¢jeg  were validated by SLR. Mean value Std. dev.
t Sophid s delli ; A oy 8, and 12 sectors for DLR and 15 rings with 15 sectors for CNES). “CERES, approx.” means 2972 SLR ob y £ 10 AIUB  -0.33 10.97
RtEl L : O it .e prode : g, O .non—graw % 1on.a. SLESET0 _ hcodamcaR_ poodnameaccT perodynamicace N that a 2nd order polynomial in latitude and a periodic function in time is used to approximate . O. Serva 1.()IIS © CNES +1.02 13.57
to avoid degradation of orbit solutions due to empirical parameters s s , ﬁ | sl ; the CERES grid values. hlgh-pel."formmg stations of jche CPOD  —0.03 19.70
. . . | S EA AR AR AR \ A & * International ~ Laser ~Ranging DLR  —3.65 10.91
e Copernicus POD Quality Working Group (QWG): Ditferent insti- J Y v Y v Y v L B AViRT e " e e S Service network were used to EUM  —2.05 19.04
tutions deliver orbit solutions for cross-comparison and validation | o} ] oo g of 7 | ! compute SLR residuals, i.e TUM 199 11.39
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N Hap U/\\\{ V;/”"*N \ VV%\\X L HAVE \ o YiaYAY) ) 13 @\\ AN W A differences between measured
fop g WA N Y ¢ i 1 <4 and modeled ranges. Station Table 8: SLR residual statistics for December
CNES CPOD DLR EUM TUM 05 50 100 ‘150 200 250 300 350 85 50 100 -1"50 200 250 300 30 0o 50 100 .150 200 250 300 350 d° . d d 2017 Values 1n mm.
Goal. R +0.011+0.088 +0.0194+0.184 +0.014+0.176 +0.021+£0.290 +0.022+0.328 e e eRR e oo oo COOr lnates were lntro uce
* AIUB T —0.4084+0.281 —0.140+0.235 —0.330+£0.269 —1.3784+0.571 —0.624+0.207 1
N  —0.02940.047  +0.00040.243  —0.02440.194  —0.00140.337  —0.02740.354 accordmg to SLRF2014.
CNES CPOD DLR EUM TUM
e Compare modeled non-gravitational accelerations from 6 different oNES 1 B ORAitiors CA eatstcitr ety (R o et et A P bt G e T o metomes o teeiiiae romiiieer  Toocetiiie Titiiiaoi o : : :
mem‘bers Of the POD QWG, N +0.0294+0.254 +0.00540.206 +0.0284+0.351 +0.002+0.365 AIUB T +0.001+0.327 —0.013+£0.315 +0.0194+0.414 —0.013+£0.315 —0.061 £ 1.776 In addltlon’ RTN Orblt Offsets were eStlmated from the SLR reSldualS
. R 0.004-40.012 10.00340.106 40.004-40.144 N  40.36640.500 +0.0584+0.431 —0.294+0.449 +0.05840.431 —0.264 + 1.147 (AI’HOld et al., 2017)
Acenc POD Software CPOD T —0.189i0.262 —1.238i0.620 —0.483i0.149 R +0.690+0.859  —4.926+1.578  +0.690+0.859  —3.758 + 3.269
N ~0.024+0.055  —0.001£0.104  —0.027+0.114 CNES T —0.013+0.335  +0.018+0.489  —0.013+0.335  —0.062 £ 1.842
sENCY - T e N —0.30740.235  —0.659+0.789  —0.307+0.235  —0.630 % 1.540 AR AT AN Mean value  Std. dev.
Astronomical Institute, University of Bern AIUB Bernese GNSS S/W DLR T CLO9£0.522  ~0.204%0.259 R ~5.61741.753  40.00040.002  —4.448 + 3.336 AIUB  -04+£06 +38+07 +544+0.7 —0.04 10.43
. . N +0.02310.148 —0.004x0.162 CPOD T 4+0.0324+0.371 +0.000+0.001 —0.049 + 1.731
Centre National d’Etudes Spatiales CNES Zoom ° 0,001 40.038 N 0.35240.686  +0.00040.001  —0.322 % 1.440 CNES +19x06 -79+£07 +29+07 +0.33 12.82
Copernicus POD Service CPOD NAPEOS EUM T tg-gggig-gifﬁ B iggé;iéggf +1.169 ji: 2505 CPOD +40.14+£06 —-1.3+£0.7 +5.5 0.7 +0.19 12.32
: ' ' ' ' ' ' DLR —-6.2+06 +3.1x+0.7 —1.7x+0.7 +0.16 10.66
German Space Operations Center DLR GHOST N 0352250686 0080 = 0.977
. . : : . R —4.448 + 3.337 — — _
EUMETSAT EUM NAPEOS Table 2: Aerodynamic acceleration differences in R, T, N for day 16/085. For each direction EUM T _0.049 + 1.731 EUM 1.0 +0.6 17.2+0.7  +104 0.7 0.04 15.77
Technical University of Munich TUM Bernese GNSS'S/W the smallest and largest absolute mean differences and standard deviations are indicated in N —0.322 + 1.441 UM —23x06 +1.4x07 —2.0x0.7 +0.10 11.30

green and red, respectively. Values in nm/s?.

Table 9: Orbit offsets and formal errors estimated from SLR residuals of 10 SLR stations in
December 2017, as well as residual statistics after adjustment. Values in mm.

Table 6: PRP acceleration differences in R, T, N for day 16/085. For each direction the small-
est and largest absolute mean differences and standard deviations are indicated in green and
red, respectively. Values in nm/s?.

e Check impact of differences on orbit solutions
e EUM and TUM do not model lift, hence their smaller accelerations

Methods: in R and N.

e Again, no clear correlation between acceleration differences and SLR

residuals or orbit offsets can be observed. Possible exception: Radial
offset of DLR and TUM orbits.

e EFach member used their POD software to compute the follow- o CPOD and EUM seem to have identical PRP modeling.

ing non-gravitational accelerations along a fixed Sentinel-3 orbit
for three days in 2016 in the inertial and satellite-fixed coordinate

e EUM acceleration in T rather different than for other groups.

e TUM accelerations show the largest amplitudes, the accelerations
seem “noisy”.

Solar Radiation Pressure

frames: Conclusions
e The radial DLR and TUM accelerations are larger than for the other
— Aerodynamic acceleration ATUB ]éflﬂl rzodel ihaqovif mode] gtm. refr gtm. abs. groeups. oV aceclerations are farge e e There is a large variation of employed models and details for non-
. L ate onica 0 0 tati i i

— Direct Solar Radiation Pressure (SRP) CNES | Oblated Conical Ve No gravitational accelerations between the different QWG members.
— Emitted and reflected Planetary Radiation Pressure (PRP) CPOD | Spherical Conical No Yes Orbit differences e The most obvious differences between different QWG members con-
o Direct comparison of accelerations: DLR Spherical Conical No No . . . o . . cern aerodynamic accelerations in R for EUM and TUM (no lift), the
P ' EUM | Spherical Conical No No ome agencies have changed their non-gravitational modeling details aerodynamic acceleration in T for EUM (considerably smaller), the
1. Transform delivered accelerations into the radial (R), tangential TUM | Spherical Cylindrical No No since they computed the 2016 Sentinel-3A orbits. To compare orbits that SRP accelerations for TUM (largest amplitudes), the PRP accelera-

have been produced based on the models and settings of Tables 1, 3 and 5,
an inter-agency comparison of December 2017 orbits was performed (sim-
ilar beta angles and orbital altitudes as for the 2016 period):

tions of TUM (large amplitudes and scatter), and the (largest) PRI
accelerations of DLR in R direction.

(T), normal (N) orbit frame realized by one reduced-dynamic

orbit Table 3: Modeling details of the different QWG members regarding SRP accelerations

2. Fit accelerations with linear splines to overcome different and

SRP acc. R SRPacc. T SRP acc. N
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, . , N A A N A s CNES CPOD DLR EUM TUM
non—umform Samphng Of acceleratlons et (- ‘ f‘ £ | ﬁ ﬁ ﬁ /) Er | ‘ R —1.22 4+ 8.23 —0.10 + 8.93 +5.48 4+ 4.49 4+1.25 + 11.66 40.74 + 5.65 Refe rences
. . . \ Vo ﬂ ol / / / ~§2 | AIUB T +5.27 4+ 16.39 4+0.30 4+ 14.82 —0.11 4+ 9.29 +6.16 + 23.11 4+4.52 + 6.13 Lo . .
3. Compare interpolated accelerations at a sampling of 10 s YEks! v | VARE I /\&/\‘ A N  12.86 & 7.48 05 £ 9 51 1753 % 6.16 U307 £ 14.15  146.97 + 3.92 Arnold, D, Mon.tenbruck,.O., Hackel, S., an<.i So§n1ca, K. (2017). Satellite .l.aser ranging to
| oo -/ -/ ) N RN RN R R 11.12 + 6.78 16.70 & 9.37 1247 + 11.86  +1.96 & 8.20 low earth orbiters - orbit and network validation. Journal of Geodesy, doi:10.1007/s00190-
: : ; . 5 w0 i a0 a0 w0 @0 00 8 o o 20 a0 a0 @0 Oc 8 10 1o 20 20 a0 5% CNES T —4.97 £15.20  —5.38 £17.93  40.89 £24.22  —0.75+ 15.85 018-1140-4.
® Minute of day 16/085 Minute of day 16/085 Minute of day 16/085 N —3.39 £ 9. 4.67 £ 9. —5.94 £ 16. 41 £ 7.7 . e11- . . .
Compqte orbit d1:.fferences,. perform Satellite Las.er Ranging (SLR) o Ji908.ee 15 ES i z 2? +f 25 . if (1)2 Ii 81 " 5: Bruinsma, S., Thuillier, G., and Barlier, F. (2003). The DTM-2000 empirical thermosphere
validation and estimate orbit offsets from SLR residuals CPOD T —0.41 £ 14.00  +5.85 £ 22.55  +4.22 + 14.61 model with new data assimilation and constraints at lower boundary: accuracy and prop-
CNES CPOD DLR EUM TUM N +8.06=£11.05  —2.55+15.60  46.79 +10.06 erties. Journal of atmospheric and solar-terrestrial physics, 65(9):1053-1070.

. R +1.567+2.441  +0.1854+1.370  +2.45744.285  —0.0104+1.296  +8.385 + 13.738 N jrg_'gg’ ji s e ;i:g; I o Hedin, A. E., Fleming, E., Manson, A., Schmidlin, F.,, Avery, S., Clark, R., Franke, S., Fraser,
Satelhte Macro mOdel AE L ;8;22?1[;;3;3 :?:g;gi:;gg igjigjijg;‘ :?jggfijggg 12;3;2 i o N —10.60£15.67  —1.26  7.64 G., Tsuda, T., Vial, F, et al. (1996). Empirical wind model for the upper, middle and lower

. . R _1.38142.507  40.89142.184  —1.57642.621  16.819 4+ 11.485 R —0.51 £ 13.96 atmosphere. Journal of atmospheric and terrestrial physics, 58(13):1421-1447.
e Satellite shape and surface properties: 8-plate macro model, two oNes 1 00341678 £0.070%3.102 001742402 $0.047 % 16,448 RN Coeat 1aes Knocke, P, Ries, ., and Tapley, B. (1988). Earth radiation pressure effects on satellites. In

plates (front and back of solar panel) are movable N b 27344904 019541 881 15900 & 15545  Astrodynamics Conference, page 4292. N
. crop. T 10-046:88.804  —0.04252.876  40.029 o 17.404 Table 7: Orbit differences in R, T, N for December 2017. For each direction the smallestand ~ Ticone, J., Hedin, A., Drob, D. T, and Aikin, A. (2002). NRLMSISE-00 empirical model of the
e No self—shadowmg i, PV  —— largest absolute mean differences and standard deviations are indicated in green and red, gtmosllj)}l?er'e: Sltg;l(ilfg)l comparisons and scientific issues. Journal of Geophysical Research:

DLR T —0.0874+3.639  —0.019 + 13.940 respectively. Values in mm. opace Iiysics, - . . .
e Satellite mass: mass hiStOI'y file (1 129.6 kg at start, 1122.3 kg at end N —4.565+3.429  +5.498 £ 4.170 . . . . Wielicki, B. A., Barkstrom, B. R., Harrison, E E, Lee III, R. B., Louis Smith, G., and Cooper,
of 2017) comt X o bes PP e The DLR orbits show a radial offset w.r.t. the other solutions. This J. E. (1996). Clouds and the earth’s radiant energy system (ceres): An earth observing
N +10.063 & 7.108 system experiment. Bulletin of the American Meteorological Society, 77(5):853-868.

might partly be related to the offset in the modeled radial PRP accel-
erations, but it has to be noted that, for the POD, the modeled non-
gravitational accelerations are rescaled by estimated scaling factors
and that all groups also estimate empirical accelerations on top.

e CNES and DLR model thermal re-emission Table 4: SRP acceleration differences in R, T, N for day 16/085. For each direction the smallest

and largest absolute mean differences and standard deviations are indicated in green and
red, respectively. Values in nm/s?.
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e Drag and, if applied, lift coefficients are modeled. CNES employs
Cook theory, the other groups Sentman theory.

AIUDB

, . e No other clear correlations can be observed.
Poster compiled by Daniel Amold, April 2018 uw e The TUM accelerations show the largest amplitudes.

Astronomical Institute, University of Bern, Bern
daniel.arnold@aiub.unibe.ch

They are
markedly scaled w.r.t. the accelerations of the other groups.
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