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Satellite Geodesy as a Parameter
Estimation Problem

Satellite observations Transform raw data into
observations
r} (t) — r; (t) + Ar;} (t) l Corrections for signal
Preprocessing propagation, time, relativity,
l ambiguities, normal points

Numerical analysis, Geodesy,
Orbital mechanics,
Coordinate transformations

Computed values
from observations

Station coordinates,
Gravity field coefficients,
v Satellite positions,
Polar motion, Earth rotation,
Ocean and solid Earth tides,

Geodynamic parameters,

Atmospheric parameters
Observation biases

Parameter estimation

A 4
Estimation of accuracy Statistics, Reliability,
and reliability Accuracy measures

Functional scheme for the use of satellite observations
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— Earth based techniques (ground station — satellite),
— satellite based techniques (satellite — ground station).
— 1nter-satellite techniques (satellite — satellite).
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ultraviolet visible light
A[m] 107'6 107'* 10712 10710 10_;\ /1?)‘6 107 1072 10° 10° 10* 10°
cosmic |[gamma| B micro- radio audio
X-rays infrared
rays rays waves waves  |waves

f[Hz] 3-10%

| / | 3-102

Wavelength 4 Frequency f

Notation

Extremely high frequency (EHF) 0.1-1 cm
Super high frequency (SHF) 1-10 cm
Ultra high frequency (UHF) 10-100 cm
Very high frequency (VHF) I-10 m
High frequency (HF) 10-100 m
Medium frequency (MF) 0.1-1 km
Low frequency (LF) 1-10 km
Very low frequency (VLF) 10-100 km

direction of

300-30 GHz
30-3 GHz
3-0.3 GHz
300-30 MHz
30-3 MHz Band f [GHz]
3-0.3 MHz K 265-18
300-30 kHz Ku 18-12.4
30-3 kHz X 124-8
C 34
S 4-2
L 2-1
circular polarization

(right-handed)

propagation
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Vertical structure of the electron density of the
ionosphere (right) in comparison with the neutral atmo-
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TEC = [ n.(h) dh

700
600 7 Ray path
500 *"'Nlagnelic
field B
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200 Refraction
100
12 Log n, (m:g)

Scheme of transionospheric radio wave propaga-

tion at two frequencies f; and f> in the presence of the
geomagnetic field B
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Time delay at L1 (ns)
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Local time (h)

Ilustration of the Klobuchar GPS correction
model
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P, .(sing)=sing -(2m+1)-

Ab+2;aJ\

12
B, =2 (a ;-cosat +b ;-sinat,)
4 k=0
27
o, = —
A«

P .. (sin @) =2n-D)N1-(sing)?)"?
Prn (5N
Pon(Sing) = ((2n-Dsing P, (sing) ~(N+M-1P, , , (sing))/(n—-m) 34t

BDSSH A & #& REIR A IR (Bh2: TECuw) -
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¥ ®Sio| 1o 2. 3. 4- 5. <
WSk nfm, .| 300 31 3/10 3/20 32, | L
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VTEC(¢,S):iIZEIm (sing)cos(ms a,m+ii Pim (sing)sin(ms) A,

=1 m=1 =1 m=1

_[[An] [A21 Azz] [Au A"]:I |:|:[Bll] [821 Bzz] [Bll BII]:|:| [Co Cl Cnﬂ

\

X:[[[an] [a21 azz] [all an]] [[:311] [ﬁ21 ﬂzz] [ﬂll ﬂu]:l [70 Yoo 7/n]JT

(A, = Pin (sin ¢)cos(ms)
B,, = Pm (sin¢)sin(ms)
\C, =P, (sin ¢)
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Legendre polynomials &%
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Mesosphere allsiln
Stratopause ------------------------------ 50 km — 6
N =(n—1)10
40 km —
Stratosphere

N = Ngq + N,

Tropopause ------------------ S - 10 km ~ The dry component,or
Troposphere hydrostatic component,
6040200 20 accounts for about 90% of
the total effect .

Api(El) = tgmg(El) 4+ Twme, (El)




Marini and Murray{&=3!

Ap — f(A) y A+ B
LPre = f(¢,H) I B/(A+ B)
7" siny +001

A =0.002357P +0.000141W,

-8 2
B =1.084x10°® x PxT x K 4 23 4'734X101 i h(4) <0650 ot | 0080528
Tx(@--) 2 A
K
7.5x(T —27315) L
W f (¢, H) =1—0.00260s 2 —3.1x10~" H

W S Y 611X 10 237.3+(T-27315)
' 100

K =1.163-0.00968cos 2¢ — 0.00104T + 0.00001435P



a
(El) 1 _l_ 1+ 1-E|)—c:
m — a
sin(El) + BT —
Sln(El)—i_sin(EE)—l—c
Fian L
= [1.2320+0.0130cos ¢ — 0.0209H; a = [0.583 —0.011cos ¢ — 0.052H,
+0.00215(T, — Ty)] x 1072 +0.0014(T,s — Tp)] x 1072
= [3.1612—-0.1600cos ¢ —0.0331H, b = [1.402+ 0.102cos¢ — 0.101H,
40.00206(T — Tp)] x 1073 40.0020(Ts — Tp)] x 107
= |71.244 — 4.293 cos ¢ — 0.149H c = [45.85—1.91cos¢ — 1.29H,

—0.0021(T, — Ty)] x 1073 +0.015(T, — Tp)] x 1072
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GM; = gravitational parameter for the Moon (j = 2)
or the Sun (j = 3),
GMs = gravitational parameter for the Earth,
f?j, R; = unit vector from the geocenter to Moon or Sun and
the magnitude of that vector,
R. = Earth’s equatorial radius,
r,r = unit vector from the geocenter to the station and
the magnitude of that vector,
ho nominal degree 2 Love number,

nominal degree 2 Shida number.

3
- GM;R? 5 4 .4 3. 15 - . 3.
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(OCEAN LOADING
COEFFCIENT) , #6Xx 111,
LLIERS2010#ZFRIBLQIS K
Fh&.

7EIERS2010h, #EFREHHIEE
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#, {(BEEFIERS201073$EH, =
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Model code

Schwiderski

CSR3.0, CSR4.0
TPXO5

TPX06.2

TPX07.0, TPXOT.1
FES94.1

FES95.2

FES98

FES99

FES2004

GOT99.2b, GOT00.2
GOT47

EOT08a

AGO06a

NAO.99b

Reference Input

Schwiderski (1980) Tide gauge

Eanes (1994) TOPEX /Poseidon altim.
Eanes and Bettadpur (1995)  T/P + Le Provost loading
Egbert et al. (1994) inverse hydrodyn. solution

from T/P altim.
Egbert et al. (2002), see <&  idem

idem idem

Le Provost et al. (1994) numerical model

Le Provost et al. (1998) num. model + assim. altim.

Lefevre et al. (2000) num. model + assim. tide gauges

Lefevre et al. (2002) numerical model 4 assim.
tide gauges and altim.

Letellier (2004) numerical model

Ray (1999) T/P

idem idem

Saveenko et al. (2008) Multi-mission altimetry

Andersen (2006) Multi-mission altimetry

Matsumoto et al. (2000) num. + T/P assim.

Resolution

1°x1°
1°x1°
0.5° x 0.5°

256 x 512
0.25° x 0.25°
idem

0.5° x 0.5°
0.5° x 0.5°
0.25° x 0.25°
0.25° x 0.25°

0.125° x 0.125°
0.5° x 0.5°
idem

0.125° x 0.125°
0.5° x 0.5°
0.5° x 0.5°

B rE R &R
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- SCHW, TPXO.5

o All FES models SCHW
"FES94.1 TPXO.5

FES95.2 .

Yy
The coloured areas are missing |
in the ocean tide models |

SCHW, NAO.9Gb

Figure 1: Water areas that are missing in the ocean tide models
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