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Content @

e The GENESIS mission

* How does the use of GENESIS, in combination with other satellites,
improve the estimation of the geocenter?

 What is the best orbit for GENESIS (60°, 95°, other...)

* Geometric Analysis based on DOP computed having an ideal observer at
the center of Earth

* A more realistic analysis taking into account the performances of the SLR
stations

e Estimation of Geocenter solving for the navigation equation as done for
GNSS

e Results
 Conclusions
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The GOAL of GGOS

Built a Geodetic Reference Frame at level of accuracy of 1 mm and a
long time stability of 0.1 mm/yr; scale accuracy to 0.1 ppb and stable to

0.01 ppb/yr

the importance of “the
investments of MS in

developing satellite missions for
positioning and Remote
Sensing of the Earth, to improve
our understanding of the Earth
\_ system and underpin decision-
making[....]

The General Assembly of the
United Nations (UN) adopted a
resolution on 26 February 2015:
“A global geodetic reference

frame for sustainable
development”. In this
resolution the UN recognize:

The full societal benefits of
these investments are realized
only if they are referenced to a

common global geodetic
reference frame.

Thus UN “invite Member States
to engage in multilateral
cooperation that addresses
infrastructure gaps and
duplication towards the
development of a more
sustainable global geodetic
reference frame

Global Geodetic
Observing System

Geokinematics

Reference
frames




From here ESA GENESIS Mission
GENESIS!

&

A full calibrated satellite based platform where:

» co-locate the 4 main geodetic techniques: SLR-GNSS-VLBI-DORIS
* Ildentify and reduce the systematic errors
« Determine if the error source are due to terrestrial ties or from the space geodetic estimates

Improve geocenter and scale for refinement of ITRF: Crucial for the Earth Observations and Global Change studies
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The SLR constellation

Satellite h [km] a [km] e i[°] Q[ o [] M, [°]
LAGEOS-1 5900 12270 0.004 109.8 126°/yr 0 Random
LAGEOS-2 5900 12270 0.014 52.6 227°/yr 0 Random

LARES-2 5930 12300 0.002 70.0 ~126°/yr 0 Random
GENESIS 60 6000 12370 0.00 60° -182°/yr 0 Random
GENESIS 95 6000 12370 0.00 95 31.7°/yr 0 Random
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ldeal Case: a SLR station on the Geocenter! \;D
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The matrix (H'H) ™1 represents the purely

geometric contribution to the estimation
uncertainty

GDOP = \/ Cox + Cyy + Cpy + ot

PDOP = \/ Cox + Cyy + Cyy

HDOP = /cxx +Cy,

VDOP = ./C,, 7




More Realistic Approach

 We associate to each satellite the
closest SLR station at its Nadir
point on the ground

* We weight each satellite with the
inverse of station rms in the
following fashion:

C,, = (HTWH)

Wy, = 1/rms, - Sec|¢,]
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SLR Network
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Station |Lat. |Long. |6 (mm)
WPOL 32.78| -105.82 18.10
ILREL -16.47| -71.49 7.50
BADL 51.77 102.24 1.90
BEIL 39.61| 115.89 2.10
BORL 52.28| 17.07 18.60
ICHAL 43.79| 125.44 1.40
IGLSL 50.36] 30.50 5.00
IGODL 39.02| -76.83 1.60
IGRSM 43.75 6.92 15.80
IGRZL 47.07] 1549 5.10
HAAT 20.71| -156.26 1.50
HARL -25.89| 27.69 10.00
HERL 50.87 0.34] 12.20
IRKL 52.22| 104.32 3.00
1711 26.30 -16.51 6.00
IFNL 30.52| 114.49 6.70
KTZL 44,39 33.97 9.60
KUN2 25.03| 102.80 11.50
MATM 40.65| 16.70 4.30
MDVS 56.03| 37.22 2.80
MONL 32.89| -116.42 1.50
POT3 52.38] 13.06 11.00
RIGL 56.95| 24.06 3.20
ISFEL 3647 -6.21 23.20
ISHAZ 31.10] 121.19 5.40
ISIML 44,411 33.99 27.70
ISISL 33.58| 135.94| 16.20
ISOSW 49.14| 12.88 10.90
ISTL3 -35.32( 149.01 8.50
ISVEL 60.53| 29.78 1.80
ITHTL -17.58| -149.61 2.00
ITKBL 36.07 140.13 0.90
IYARL -29.05| 115.35 1.50
IYEBL 40.52| -3.09 5.50
IFELL 43.79| 41.57 7.20
ZIML 46.88 T.47 13.00




Quality of ranging data

Matera
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Localization of Nadir Point and SLR stationsﬁ :SD
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Daily Plot:GDOP & WGDOP @
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Results for Monthly computation

Mean Minimum

geom. weighted [geom. weighted
GDOP60
PDOP60 18.944| 10.506 3.165 0.936
VOP60 13.936 7.761 1.252 0.351
coPos |OIGOA NG00SO ONE08
PDOP95 10.555 5.774 2.235 0.795
VDOP95 4.936 2.691 1.095 0.400
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Monthly Situation With and without GENES@

WGDOP WDOP WVDOP
Conf. Mean |[Minimum Mean |Minimum|Mean |Minimum
No GENESIS 15.61 2.82| 14.33 1.56 8.41 1.12
GENESIS 60° 10.59 0.96| 10.51 0.94 7.76 0.35
GENESIS 95° 5.80 0.81 5.77 0.79 2.69 0.40




Geometrical Direct Estimation of Geocenter o
without Geocenter!

GPS Satellite 2 GPS Satellite 3
X,Y,7, XY, 7,

i, ’ _E..ﬂz .

GPS Satellite 1 - " GPS Satellite 4
XY, 2, XY, 7y

Receiver Clock Error 1 Receiver Coordinates
dr, | U, U,

ETS
|

GPS Réceiver

s T N T N2, 7 T 2 .
po= XU )+ (Y U Y+ (Zy- Uy Y+ e@T,,)

P2 =\ U V¥ 0 Uy Y4+ (- U, 4+ (dT,)

"= (
pa= \/(‘\}- U Vo (Y Uy Vo (Zs- U, Yo e(d ;) p u — r+ A r+

P =X U P (Y U) 5 (- U V4 e(dT, )

Ar= Range Bias + Orbital Errors
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I=95° -12275.561 -2.485 0.032 -0.169 19.167] 14.397

Gecentererrori =60 °

Results

24/09/2026

Gecentererrori =95°
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Conclusions @

The Geometrical Analysis based on DOP show that an inclination of the GENESIS orbit of
95° is more favourable than 60° one;

This is understandable because, at an inclination of 60°, GENESIS is nearly coEIanar with
most LAGEOS-type satellites which are primarily dedicated to fundamental physics

(butterfly configuration with LAGEOS |; i.e. Inclinations between 52° and 70°).
The impact of GENESIS in the estimate of GC is meaningful,

A new purely geometric method in Point Positioning mode to estimate the GC is
proposed;

The performed simulation confirm that GC estimation with GENESIS at /=95° is
preferable

A more refined treatment of the uncertainties is needed. The SLR range bias is just
included in our analysis but it is crucial analyze the effect of harmonic draconitic terms
(bad modeling of SRP effects);

Next step: Use Real Data!
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