GRACE Mission

Science Goals

High resolution, mean & time
variable gravity field mapping
for Earth System Science
applications.

Mission Systems
Instruments
24 & 32 GHz *KBR (JPL/SSL)
Crosslink sACC (ONERA}
«SCA (DTU)
«GPS (JPL)
Satellite (JPL/DSS)
Launcher (DLR/Eurockot)
Operations (DLR/GS0C)
Science (CSR/IPL/GFZ)

NASA Stations orbit
LEOP & Contingencyg Launch: March 2002
i e, Altitude: 485 km
Poker Flat™ & o Sovizbergen Inclination : 89 deg

Eccentricity: ~0.001

-
Raw Data Centre - .
{DLR-DFD) Lifetime: 5 years

Non-Repeat Ground Track
Science Data System ission Control ; b o \ » Earth Pointed, 3-Axis Stable
(CSR/IPL/GFZ) Y (DLR-GS0C) MWeillheim (¥ “"'*:&,'\

Lo 4 4

¥ Neustrelitz ., ...

News: lancé le 17 mars 2002 a 9h21mn TUC depuis Plesetsk sur une orbite a 500 km d’altitude
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Microwave ranging system

o
o o
1 | Wms
1 1 .I.%D..
1 m (7]
| =
| — i pi-
1 1
| 1
| 1
I I
| |
~1 |
N |- _______ I
T
@)
@\l
onN
~
<
%
~
~
N
T
@)
4
@\
N~
N ___
LI
oo
A
EELs
X
]




Dual one-way ranging principle
[llustration of the oscillator noise reduction
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Dual one-way ranging formulation

Transmit phase: QD;(I HAL, — ‘L’j) (pf(f t AI:)
IssT1 | *|ssT2
Receiving phase: l @:(f +At,)) (P:(f + At - I';) l
) + +
Differential phase: (p;(z + At J,) PO“ 5(1 4 At, )
o(t)

Dual one —way ranging phase measurement :

O(t)=@ (t+At)+@)(t+At,) t:nominal reception time, At : time tag error
=0 (t+At,)- o, (t +At, — 1] ) +0,(t+At,) -0, (t +At, — 1, ) reference frequency
+ 80, (t+At) - 80, (t+ At, — 72 )+ 80, (¢ + At,) - 8, (t + At, — 7))  phase error
+(N}+Ny)+(I} +1,)+(d +d,)+(€] +&,) integer ambiguities, iono phase shift,

instrument offset, multipath, noise
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Phases and phase errors can be linearized as follows:
P.(t+At)=o,(t)+o,0) At =@,(t)+ 1, A,
Ble+a, —7)=3,()+5,(0) A, -5,(0) T =B, (0)+ £, At~ 1, 7
5¢i(t+Ati)z 5¢i(t)+ J,; A,
60, + At 7' )= 80,() + &, At, - &, T

They cancel after combining the two phase signals and the dual one-way ranging phase
measurement becomes a function of the time-of-flight and other error terms:

o(1)=firs+ £,7 )+ (&7 + 577
+(f1 _fz)(Atl _Atz)"'(@q _5f2)(At1 _Atz)
(NS +N,)+ (1] +1,)+(d] +d,)+(& +&)

The time-of-flight T (<1ms) corresponding to the instantaneous inter-satellite range at nominal
time t is then computed by algorithm introducing an instantaneous range correction :

(het+ £z )= (f, + ) T = Ay (0)

The inter-satellite biased range is the computed from the dual one-way phase by multiplying
the speed of light and by dividing the sum of the two carrier frequencies:

_cOt) _ . @q éfz
=50 = pl) - pyy (e Tt 2o

N +N1 1 +Il+ d’ +a’§Jr el +&)
f1+fz f1+fz h+f Lt/
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Instantaneous range correction

SST2(1)
SSTI(t-1)) pJV
o—F: ; _____i.-——-—O SST2(1- 77
4 pH)=ct p; =cT,

SST Ifi) .//

Since the estimation equations utilize the instantaneous range, it is necessary to convert the
. 2 1. :
phase-derived range PO, and 0, into the instantaneous range:

(fzs+ fuz2)=(f, + £,) T = 2O, (0)

_ @pl _ T A _f1_f2 T A
ApTOF(t)—Cfl_l_f2 (AI Az) €12 T/ (AZ'eIZ)

~N ~N

W _ 5 1 T 2 _ T
with: r—r,=pe, , p,=p-Aie, , p=p-Ae,
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Measurement errors

Oscillator noise :

it depends on the oscillator characteristics (quartz crystal
oscillator with an Allan variance close to 10-13) and on
the dual one-way filter (function of frequency offset,
carrier frequency and separation distance).

System noise :

it comes from the receiver subsystem (white noise for the
range constant to 1 pm) and from the time-tag error (less
than 70 ps when using GPS time-tag corrections).

Multipath noise :

it 1s due to the indirect microwave signals which are
reflected around the antenna horn. It depends on the
reflectivity of the front surface and of the satellite
attitude (< 0.3 mrad).

the SuperSTAR accelerometer (Onera) has a
specification noise of 10-'° m/s?/Hz"? along R and T and
of 10 m/s?>/Hz"? along N. Attitude and misalignment
errors may be as much as 0.3 mrad.
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Pre-processing procedure (JPL)
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GPS Grownd

GRACE products and data flow
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Exemple d ’équations d’observation pour GRACE

=

2 L
n2= |-l

observables § L A B
fip = —n).dy , (G =ny/17)

Glerre V12= fphase - (Phase mes.) + ambiguité (par ensemble de mes. cont.)
obs calc

Distance = 1y —Hp = dhjy=uy,.(dr, —dn)

. . . A . 5N ]i _I/% _I;' MA . .

mesuréese- > de ’intég num. N2
i}
d'”ﬂa 2lS A(PInt!) + 2l A(PExt
e )= Zf@(PInf) (Pinti) Zka(PEx) (PEXE)

pour larc { i} Eq. aux variations

(intég. num.)



Expected cumulative geoid error
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