VY=Y doio AFM oY 0jlods OF )93 clab 5 ey &5 55 dlna

3 GRACE &)lsalz 55 o (obakols (dly slaosls bl Sla o o 208 3,50
GPS Silaaliv bl y KBRLIB-X (gla b sl (gl duns A 55

*YQ\Y:J e:y)'T uﬂl&)\JLA‘f ‘;A.JLA‘J,M&

Ol el olils o 18 (SlodSCiils sy o st iilyans b allis 5 (6,10 i podigo dad o 6,10 il pvdigo 09,5 4550857 (5150 "c};p;‘;j/o’
d&g/u/].g,l‘a[f;b‘b ‘5:.4 sloasiils SR el Cv/}.w L %Zu; &;bﬁu@'ww s 44“5)/.)};4.;1.&3#% o;,ﬁ’)éw'ijbr

AV ales Gl ABATY sl o)

oS>

5lealo 295 o ddls Ol M| 9w GRACE (dlojlgale (omiw 1S Cujgale )3 ppe (Shalie lacuss I (SO
Gy e 5S> Slaliv CaeS pl (605,84 .l o)lsale 93y Juolg dluiel jy GRACE-2 4 GRACE-1 oxiw JI,S
busgio U obgS (clazge Jsb zumo 3591y jokate 4y 1) (giowd)) SleMbl cipoj (SIS i (cladlaio 5 e (6jlw Jde ,
asgole (Bly slodls 3l oalial b gjye 831> cpl g5 polite 4 & el S (So amd g Cawd & (o) Dl e
dasd o 1y py ol s oebl JlEe lgse a5 cul p ojlgale 93 o Aol wunl L5 GRACE (slo)lsale s 1,5
cswlol e cp g,"l_mu;n Jae jd poleel bl deg .cély KBRLIB-X & pawge (b Ll dcgezs o ¢ Slialin
Ol gg9e (il d5die (U 0)lsalozs) (am (phialols Clinlie 3 B pleol SISl & cand @S iy (gjye B (6565,
90 Cusdys Iy slaadie ol 5l Slialis dasd > p duwlw 4 j9ome |y GRACE (ghojlgale o l)S (Blg (slrodly
sokaie 4y (oolpiudiy ((SU3u8 (50555 (S0 ylake e 13 0dds Db (g0 53D Cuodl 4y dgi b cluwlwe (] 1> LS oo 0)lsnls
LByme 4 giie 45 o &8l GPS &ilob (slacs pSoslnl jl oslizul b p o Slaalie e ;5 polaal Lobl cilaye oy yieS 3yl

D9 oo &S Y bl )le @)lgnle 93 (obalols (slaodly sl (g A5

56 pla) epolest Lol KBRLIB-X o lgalo 53y Aols GRACE «slojlsnle ot 1,5 15 lS slae3ly

L east square estimation of the bias of the measured distance between the two
GRACE satellites and production of a new KBRL1B-X files versions based on
GPS observations

Hashemi-Farahani, H'. and Ardalan, A. A%

'Ph.D. student of Geodesy, Department of Surveying and Geomatics Engineering, Center of Excellence in Surveying
Engineering and Disaster Prevention, University of Tehran, Iran
?Associate Professor, Department of Surveying and Geomatics Engineering, Center of Excellence in Surveying
Engineering and Disaster Prevention, University of Tehran, Iran

(Received: 26 Feb 2007 , Accepted: 23 Sep 2008)

Abstract

Gravity Recovery and Climate Experiment (GRACE) satellite gravimetry mission
launched in March 2002 based on its twin gravimetric satellites makes application of both
High-Low (HL) and Law-Low (LL) gravimetric techniques possible. The LL is based on
Satellite-to-Satellite Tracking (SST) via the one way two frequencies K-Band-Ranging
between the two GRACE satellites. As a result of combination of LL and HL structures
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via geodesy community following gravity observables are developed: (1) Potential
Difference between the two GRACE satellites based on Line of Sight (LOS) velocity
using energy integral method. (2) Projection of the gravitational acceleration difference of
the two GRACE satellites along the LOS, using LOS acceleration. The latter observable
which can provide finer details is one of the important observation quantities of the
GRACE mission. Application of this observable as a boundary data for local and regional
modeling of the Earth’s gravity field provides valuable information about short and
medium wavelength spectrums of the field. One of the necessary parameters for the
production of this boundary data from the GRACE satellite gravimetry mission is the
“inter-satellite range p” with the bias py,, which can be obtained from KBRL1B-X data
files with 0.2 Hz rate. The unknown bias of p, caused by phase ambiguity of the observed
distance between the two GRACE satellites, is the main problem facing the application of
the aforementioned information as boundary data. This issue has forced the GRACE data
user’s community to compute p at its epoch of observations from the position vectors of
the two satellites, which off course has much less accuracy than the K-band measuring
distance instrument. Considering the importance of the range measurement p as boundary
data for the gravimetric boundary value problems, in this paper we have offered a least
squares based method for the estimation of the unknown bias p, based on onboard GPS
measurements.

Our method is based on the following steps: (1) Application of LL-SST data of
GRACE mission and removal of the associated systematic errors. (2) Computation of the
bias of the inter-satellite range and its accuracy via the difference between measured
biased distance p and the distance computed from GPS derived position vectors of the
two satellites. (3) Detection of the occurred cycle slips within the inter-satellite range p
from the jumps in the computed biases for the consequent epochs of observations, and
determination of time spans without cycle slip. (4) Computation of the range biases from
the weighted mean of the computed bias for every time span without cycle slip. (5)
Computation of bias free distances for every KBR observation epoch using the estimated
bias from the previous step. (6) Replacing the computed bias free ranges in the original
KBRL1B-X data files. Our numerical computations show that the computed bias free
range based on our aforementioned method is much more accurate than direct application
of the GPS derived position vectors. Besides the longer the time span without cycle slip
the more accurate estimation of bias can be obtained. Finally, using the proposed method
in this paper a new version of KBRL1B-X file bias free inter-satellite range observations
for the time period 2002-2006 is computed.

KBRLI1B-X,

Key words: Satellite gravimetry, GRACE, Inter-satellite distance,

Unknown bias, Ambiguity resolution
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