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Abstract The GOCE Earth's gravitational field complete up to degree and order 250 is recovered
based on the time-space-wise-approach associated with Kaula regularization in order to study the

influences of satellite gravity gradiometry on the accuracy of medium-high frequency Earth’s
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gravitational field recovery. The simulated results show: Firstly, the time-space-wise-approach is
an effective way to accurately and rapidly determine the high-degree Earth's gravitational field;
Secondly, the Kaula regularization is one of the key processes to reduce ill condition of normal
matrix; Thirdly, the large-scale linear system of equations is solved quickly using the improved
pre-conditioned conjugate-gradient iterative approach, and the computing speed can be improved
at least 1000 times as compared to the direct least-squares approach; Fourthly, at the degree 250,
cumulative geoid height and gravity anomaly errors are 9. 295 cm and 0. 204 mGal with orbital
error 1 cm and gravity gradient error 3 X107 /s”, respectively. Finally, the complementarity of

high-accuracy and high-resolution Earth’ s gravitational field recovery between international

GRACE and GOCE missions is demonstrated.
Keywords
Earth's gravitational field
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determination using time-space-wise-approach

N 2 %% 3K ry oy ey Fl e GOCE TLRLHUIE {7
Tor, Flrs Z I8 6 I AE A2 % BRI E ik & 4
FEEAT Y 5] WS R 43 5 55 — AR B S 2 Bk A ]
FFET #it iP5 th DR E Sy A, IR T = e 4 (E
ARG R D AEPE LR TR E B A (B85
55 = TR BILGE AR SR A TR I Oy AR (3D, A
N EPLA BRG] 70 R E (D
2.2 DEEFENHERNEREMN

FE SR il RIS LR ME 5 RE 4L (3D B Ty B SR M J2
O, BRI 30 d(d 8 REO ) GOCE T
B Ak R EEL A RAE R PR Bt 5 s, 2
S L=250 fr Bk E S0t o 92X 30X 24X
3600/5=4665600 17 Fl L* = 62500 5| iy J7 140
P LR Ty, BRI FOAE il B0 R ME. S T = A
JEE TR M A T« AS SOBE T 38 Sy WAR K] 53
HilE Lo, ZHEIRE M T, bR 30 5 My 1
FIH B Ay B BRI Ts 4 A3 b A7 40 A i A

y=UTs Ty I +TI¢) * x. 4

2.2.1 ZE2EHAMEMER 5
TRLEE B R RS ) B9 I D7 RE R R T
yo =1TI¢ * x, (3

Hp, x 78 EGM2008 #th 2R F J) S 45 AL 1) 51 4
FE yo FRAEMIN S5 BRI A% 25 EoRAF I E )
o BEAEL . T 3R WA 0] 43 B
BT T AL T A O A S ) A S R B
I B EIE A B E % T AR R (R R I B R O
A CPU 2} 2.0 GHz, NA7 & 1 Gb ) PC #Lf# 8
KT 1409 250 By (I TE] D 30 d RISRFEEIFE N 5 s
)4k E AR EEE AR 20 6 . T ik Bk
FER A e s s A SC LR AL BN - 55—, DL HB.O A BR
O TEFE 4 AEERIEE H AL (9 2 2% Bk i CBE O e i
Z: 2% PR 2 A2 6583 km, BRI A] 2 30 km) ,
AR BRI 1% I PR = S8 (3607/2048) X
25 BE (180°/1024) 47 13 57 W A& X 735 5% — 1 T
Legendre pREX P, (cos®) B3 J&FE I 4 2 38 47
PR a0 7 A U0 2 2 R T b A IR ) 45 R T4 ]
B 6 (1024 D) o 38 2o A7 R0 328 4 2 24 24 el e 3 1
B P, (cos®) s FFHETHIR 45 A7 it DA% I T8 1 5 5
=LA r MR O, FIH FET #4518 0 15
Z: 25 BRI b A 42 5K g B LI (R 5k 2 i B
JFE R A 32 2 R A
2.2.2 BEENBEZ GG
TR R R B = A A A Wy R R R
n=1"I "y, (6)



134 B S I T R 2 ORI Kaula 1F )46 RS % LB A% 2 GOCE MR T 145 17

Hrpr, yy FoR7E LR PLE L B AT )55 0 AL bR &R
(LNF) (42K 1 85 06 A, TR 45 b & 19 5
FALT TR BTG Xoae Sl 4T b Y e Bl 45 17 74
Zie S Xowe Yo B A T3 CANEL 2 B 7R 5
TR 4 A FUN S 2 Bk R 500 510 8 E
= B (B T P A o B 0 T

WE 3 frs A SCR A = 4e G E 2 10
JOAE Y 4° =64 Ak i )R R = R (15 B
PP AR =ASH R R TEYUE BiY 1 A~E
JIRBPEAH. FRITHE 11950 BRI B & (0. 1757) X
Z5 BE (0. 1757) X 42 7] (30 km).

BT TR E )BT 2 H 4 AR 2% 5k i

z

Xior &
Zio }‘
3 '
N i 1/ Xiwr
)
[/
Yinr
Nord-————-—-= PA GOCE
0 4\ 3
ARl
X

&2 TR R & (LNF)FI
TR HLE R (LOF) /R & A
Fig. 2 Local North-stabilized Frame(LLNF) and
Local Orbit Frame(LOF)

(4,1,1)

(1,1,1)

Bl 3 fiF 4 NSHERMA SGG =i {E 50k T
Fig. 3 Unit grid of SGG three-dimensional interpolation

on the four reference spherical surfaces

HE R T EHEL, HIA SCH 9 B Runge-
Kutta M BB E4E4 12 By Adams-Cowell £k 1E%£
B BE R A B T GOCE A M L iE 1 &
M. PUBBEBLEI S B3 1 R LT
FRILFERT 8 b,

&1 GOCE IEHEHEBSH
Table 1 Simulative parameters of GOCE orbit

Z H EiT
EEg & EGM2008
Ui 250 km
U3 96. 5°

L7 BER= R 0.001
0L} i) 30 d
R[] B 5 s

2.2.3 DLEEFENMELIFHR
TR R B A R B e O Ty R R R
Ye =TIk * y1» 7
Horpr, ye FORALT TR RFPUIE A2 bR R (LOF) (1 42
SREE R, TR PUE AR RSN T A
Y BT 0> » X por FHlHE 1] T2 52 W3 B 52 B35 04 7 1 Y or il 4
] TR BRI OB A 10 Zior S Xoor W Yior
WA A TR CNE 1 TR s Tk 2 5 ) B
i LNF #:4#3] LOF fif %% 6. 56 14
2,24 REEFAMESEREF
LR R B A3 e e PR LI O FE SRR IR
ys = Is * yr» (8)
Horbr, T's R8T M6 B2 73 B WO L £ B2 I L ys 3R
LT LOF iy 4K m LA 435 0 55 7006 B UL «
yo =

Me O 0 0 0 0 0 0 07[V.]
0O 7 O 0 0 0 0 0 0]V,
0 0 5 0 0 0 0 0 0]V,
0 0 0 5 O 0 0 0 0}V,
00 0 0 g 0 0 0 0]V,
00 0 0 0 5 0 0 0|V,
o 0 0 0 0 0 g 0 0|V,
o 0 0 0 0 0 0 75 0]V,
Lo 0 0 0 0 0 0 0 pJLlV.]
€©)

Hrp AETRE MR 9 Ao atp iR L2 5 5t
PRSI 9 = L RZ g = 0, = z.y.2).
2.3 DEEHNHENNHENKE

TR UL Ty R (3D J R TR M e AR L TR U



18 H Bk ¥ B % R (Chinese J. Geophys. ) 54 %

BOA A o i . 2R B/ 3. 7E 7 B [ ofe
I'E'1%
I''E'y=TI"E''T'-x, (10)
Hrp, E = DCy) 7m0 786 B WL I A8 M 75 /Y By 7
ZEHEME D R8Ty 2. AR SCTERLILN PR LA
A7 & R R ) B (B TR AT (B
oy T REE % L R 3G m . TU T 1 e 25 1k SR 3
S5 T T 52 W) 1 35K 5 7 37 S R R S PRL G T U Ak b
PRE N G, AR R REAR I T AR S . A
SCRAT Kaula 104k
K= KK, (1D
Her, K, /8 Kaula IEW LS8 AR T 20k &
TRLER S M S 250 By GOCE M3k F135. K, =
2 X 107" s Ky R 1IE Ak bR 4K
K, = 8,0 (D), (12)
o, 6, Fn Kronecker £55, (D) F R i 17 (H))
Xof 1 5 | 3 A6 22 B0 K
FESRIN 5 FE QO H A Kaula 15 WAL 5 AT 205

I'E'y= I"E'T+K) - x, (13)
A G=I"E 'y, N=TI'"E 'T+K, 5372
G, = N, * X1 (14

I RAD P F P, 15
PG, =P N, *X.. (15)

Forr s P, 78 TUAL BRI

[, J2— P R J7 6 B A7 6 o o TR i
9 YA T DR O L 928 A7 e 52 B i 1E B 75
Noyow BEET oo, Fi/N THZ IR HHAT DR 22
KRR N (L) 12 Gb). @i 4 iR, N,

400 600 800
Row

B4 IEMLTTEE Nooo BBRXT A & U R (0= 30D

o bR A 2R B T B 1Y KN AR AR AT LA 10 IR I 4 3R R
Fig. 4 Block-diagonally dominant characteristics of N, (/=30)

The value of matrix elements are represented by color intensity, and

values of color bar are denoted by denary logarithm.

s — B b7 O 0 B S e ST R AR S 3% ARR i
i e B AL T R SR A

i b B B R B 2 AR 2 (PCCG) 2 H Al K i K
RLMETBANMARTEZ — FHREBENT 5
— R RR S BT IE . BB
WORE B2 1k 565 = B — 25 3R AR O 1) e R DA R 25 B
N ) 5 5 = T sl A /N 3 A IV L B SR
i 3 76 PR kAR SR A EAET . R PCCG SR fif ol
LA ATEHEAAM N, MR Q%
900 Mb [y N F£ 25 8], PCCG fix K 1B 4 J& P,
MR AR EIN T 55—, P, 5 N BBy,
PRAUE T RIS PR RO B 58—, Pl &)
Fbo P T R R My R ALR R R . AR SC
TEHL N, (O 1358 534 O BUAL BRI 08 Y P,
A X M B B m HES) BRI R 0 ik
XF A 5 BE A B AU B T N, 19 32 BRRAE
MH P, 8N 5Tk, B E Z .58 Y e B
A B W BT A% A HiL U 2 PCCG SRR 51 10 2 80P 16
AT OB 38 B B /D R T B iR
#1000 f5. A% 303 F Bk 9 PCCGR i i T 250
Fr GOCE i3k & J1 45, &3t 65 2Bk, Bt FERT
46 h.

3 4 R

AL 4 B — B Tikhonov 1F W 4k /2 i T
250 By GOCE M3k 8 Jy 37 o 5 SCHRE35 1 my 15 40l 45
A G BT DT B8 IR T AR SCORE R B0k 1 AT R
BIS RN Gt 658 kA0, 3 Fod & HOR A& %M H
TREEHHE RNV, V,, V.. V.44 KaulailE

8

107

RG] 0 R it 2
Geopotential coefficients degree error

0 50 100 150 200 250
ift 4 Degree

Bl 5 T TR )8R oyt B R 5| ) n R BORS B
Fig. 5 Geopotential coefficients degree errors based

on the components of SGG tensor



134 B S I T R 2 ORI Kaula 1F )46 RS % LB A% 2 GOCE MR T 145 19

WAL B 250 B GOCE $t 3R 51 71 45 7 K A B2 (e
B P HUGERZE N 1 em, TR E M EIRE
Jy3X1071 /8" 7 250 Birdb . ROE L ER G| T3 A0 R 5L
ARG BE g 8. 402X 10 1 (55 65 IR A0 . 7E & Bir db 1)
GEIAR IR 2 .
% 2 ET Kaula IEN R & GOCE Bk E /115
BEESMANRITER
Table 2  Statistics of the accuracies of GOCE Earth’s

gravitational field using Kaula regularization

W%

50 [ 100 By 150 By

5 ¥

=z

200 By 250 By

BRG] 7 R B
(10~ 1)
ATt Rtk
(10 ?m)

RIFE Sy e
(107" m/s*)

4.301  2.421 2.699  6.554  8.402

1.163  2.253  2.916  4.864  9.295

0.976  2.698  4.189  9.064 20.372

PEIE 5 A1 2 Al . (D FE s ER 8 13 KB o
(2<<L<<50) , Mk 51 J1 7 R B0 RS AR th F
TRLE )RR BRG] A B 5 AR
RS W AR v e — i R B R TR E 1
(kS BE B AT DLl oF GRACE 50K BE 94 U dh sk
FIGRE R R AN R 5 (2) 76 MR 5 7 3 vh K U
53 (50<<L<C110) , M Bk 51 7 Ao Z8 B80S RS JiE 38 i 4
15 Ut FH B R R 5 R B, T EE T R R
N b 2R T 7 4 1 USRI (3 FE ML ER T 1 3
g R A (110<<L<C250) , #h 3Kk 51 7 1 2 $ie 2%
BR, R R T 3L F TR E B = RS
P 2 () 43 S R v g At Bk R S B A A .
1A I F Kaula 1F W] A6 A1 SCHK [35] 3 F — By
Tikhonov iF W4k 38 GOCE Hb 3k 5 J7 % 45 B (1 %F
Fe AT Kaula 1 J0] 4k 2 B AR T A1 R s 25 P 1 A 2
Iy k.

WA 6 Frn . SEE AR 26 40 i /R TE 2R 65 b ik
PRAL BT DR E N E (V. V,,, VL, V.,
FI ] Kaula 1F WAL 2 38 250 By GOCE 23 K Hi 7k
HE TR B2 R R TT 8 ) SR ORE B 7E 250 Brad, Bt
R bR T A R ) S R BE 433 R 9. 295 em I
2.037X107° m/s" , FEA B AL GETT 25 5 gk 2 .

WNE 7 B i 26 287 75 [ b 2 0F 53 b0 (GEZ)
NI 120 By EIGEN-GRACE02S Bk 5 77 3 i 75
8 S5 0K BE L 7E 120 B Ak B8 3 R b 7K o T A B2 Dy
18. 938 cm; JEZk Fm B T B 25 HUR A 3% FIH Kaula
TENAE R i 250 By GOCE 3k 5 1 3% (1 B 00KS 32
GRACE #il GOCE TL & T /E7E A [F] i Bk 5 71 & 18

107

¢ BRI /mes?

Kb HE T SRR 2 /m
Cumulative geoid height error
(=]

CIWAE
Cumulative gravity anomaly error

10° . . : 10°
0 50 100 150 200 250
[fr i Degree
&l 6 B TR F )R B At SO K i K o T A
EIRE BRR2E

Fig. 6 Errors of cumulative geoid height and gravity

anomaly based on the components of SGG tensor

0

10
------ EIGEN-GRACE02S (GFZ)
“E —— GOCE
ES
T
:_.5 o=
ne 2
=g
o
=2
=3
= E
e
L [ g
"“ i L i L
0 50 100 150 200 250

B % Degree

Bl 7  GRACE Hil GOCE bk 11 AR 1% 22 X Hp
Fig. 7 A comparison of cumulative geoid height errors

between GRACE and GOCE

WAL eSS AEA AR EERN . BT GRACE
T RGURT K P b Bk 5 Ty (2<<L<T80 By, il
GOCE TR U T b Ji e s 3k 2 5 375 (80X L. <250
), &t GRACE #1 GOCE T &2+ %K &40 7 3%
G, T B S LA BRI SR i A 0 L £ AT
ST (R A E i S ] 3 B AR R0 4 A B ) 3K ) 3.

4zt B

(DA T v ARt Bk 5| 7757 B 1o 5 AR 8 DR800 » T2
) B R R B I s R 51 T 07 1 B K
A T G R S I M ER T S S 0

(2) g 2 K B 0 R S i B e S B T s AR SC
W5 EL 008 by RS T 3 R A o = A e (AR AR G 40
W R 0 B R B R I D A 432061 T 0 A A B

(3) 3 33 A% 3CH T Kaula 1F W) 46 F0 Sk [35 ] 3



20 Bk 4 # 2 4R (Chinese J. Geophys. )

54 &

T —Br Tikhonov IE Nk K GOCE Hi Bk & 71 &7k
JE B0 AT AT, Kaula 1 30 A2 R AR IE B B 95 25 1
(7GR . B PCCG 2 H B R i A A 2 1 )y
FRL WA RO 22— 3 25 18 BT A 34 I ] A KR
JEHu > PCCG SR A5 157 R B PGP AR AL

()BT 28 SR A A R LR & )8 o
(V. V., V.. V. O 44 Kaula 1IE ML T GOCE
M ERTE 137, 7E 250 Brib . ROE BRG] T3 07 R A B
TR b 7K Y TET A 2R ) S RS B 4 0y 8. 402X
107'.9.295 em F1 0. 204 mGal.

(5t F GRACE il GOCE 43 31| Sk F o K- i
b FE O, DRI S SR A Y TR O K
I8 T S e R T o S (] O3 B RS RN A A B Y b R
11%.

IR RS S T SR SR R N o 7 B
e B R B Xk A SO S B 8% O S TR) R
(ESA#4E T GOCE T & By A E %k

£ & 3k (References)

L1] WEE, kS, Rad. PEEDIE ST ERE. b
ERYH 24, 1994, 37(S1): 339~352
Xu H Z, Wang Q S, Chen Y H. The progress of the gravity
survey and research in China. Chinese J. Geophys. (in
Chinese) , 1994, 37(S1). 339~352

2] vFEaE, sk, R E K T 5 A R B o2 E g . stk
PIFAEAR, 1997, 40(S1): 192~205
Xu H Z, Zhang C J. Development of the studies on geodetic
gravity and earth tides in China. Chinese J.
Chinese) , 1997, 40(S1): 192~205

[3] X i, UFERE, 80 B, EFRE ) TR E R AL
Heok TR AR, MR, 2010, 35(1):5~9
Zheng W, Xu H Z, Zhong M, et al.

Geophys. (in

Research progress in

international gravity satellites and future satellite gravity

measurement program in China. Science of Surveying and
Mapping (in Chinese), 2010, 35(1):5~9

L4l 38 6, WrERE, 8 5. EERTEE )R &R0
kR, MLARF, 2010, 35(2); 57~61
Zheng W, Xu H Z, Zhong M, et al. Study progress in

international satellite gravity gradiometry programs. Science
of Surveying and Mapping (in Chinese), 2010, 35(2) .57~
61

[ 5] Klees R, Koop R, Visser P, et al. Efficient gravity field

recovery from GOCE gravity gradient observations. Journal
of Geodesy ., 2000, 74. 561~571

[6] Visser P, van den IJssel ]J. GPS-based precise orbit
determination of the very low earth-orbiting gravity mission
GOCE. Journal of Geodesy, 2000, 74(7) :590~602

[ 7] Pail R, Wermuth M. GOCE SGG and SST quick-look gravity

field analysis. Adwvances in Geosciences, 2003,1:5~9

[8]

9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

(171

[18]

[19]

[20]

[21]

THA . PEA, Bokar. TURTE J B B BOE T TR 1L b R
BRI, HIE TR, 2002, 4(7).23~28

Ning ] S, Luo Z C, Chen Y Q. Application of satellite
gravity gradiometry data to the refinement of the Earth’s
gravity field. Engineering Science (in Chinese), 2002,4(7) .
23~28
Reguzzoni M. From the time-wise to space-wise GOCE
observables. Adwvances in Geosciences, 2003,1:137~142
Sneeuw N. Space-wise, time-wise, torus and rosborough
representations in gravity field modelling. Space Science
Reviews, 2003,108(1) :37~46

Migliaccio F, Reguzzoni M, Sanso F. Space-wise approach to
satellite gravity field determination in the presence of coloured
noise. Journal of Geodesy, 2004, 78(4):304~313

Sneeuw N, van den IJssel J, Koop R, et al. Validation of fast
pre-mission error analysis of the GOCE gradiometry mission by a
full gravity field recovery simulation. Journal of Geodynamics ,
2002,33(1) :43~52

Arsov K, Pail R. Assessment of two methods for gravity field
recovery from GOCE GPS-SST orbit solutions,

Geosciences s 2003,1:121~126

Adwvances in
Bouman J, Koop R, Tscherning C C. et al. Calibration of
GOCE SGG data using high-low SST, terrestrial gravity data
and global gravity field models. Journal of Geodesy ,2004,78
(1):124~137

W, VFERE, 2 . )0 B g R = i B 0 5 4y
Mr. HbERP) =40, 2005,48(4) :807~811

Shen Y Z, Xu H Z, Wu B. Simulation of recovery of the
geopotential model based on intersatellite acceleration data in
the low-low satellite to satellite tracking gravity mission.
Chinese J. Geophys. (in Chinese), 2005, 48(4) :807~811
Zheng W, Lu X L, Xu H Z, et al.

gravitational field recovery from GRACE using the energy

Simulation of Earth's

balance approach. Progress in Natural Science, 2005, 15
(7):596~601

R B, VPR, HUBRE ) 3 Wk 52 v Y AL e 2T
£, 2006, 49(1):93~98
Cheng L Y. Xu H Z.

. HbERH)

The rotation of the gravity potential on
the Earth's gravity field recovery. Chinese J. Geophys. (in
Chinese) , 2006, 49(1): 93~98

oA, BRELHI, B R, BT - TR R LI B R A g
AT E K S M R 3 Y B A L 5. b Bk B AR
2006, 49(3).712~717

Zheng W, Shao C G, Luo J, et al. Numerical simulation of
Earth's gravitational field recovery from SST based on the
energy conservation principle. Chinese J. Geophys. (in Chinese) ,
2006, 49(3).712~717

Xu P L. Position and velocity perturbations for the determination
of geopotential from space geodetic measurements. Celestial
Mechanics and Dynamical Astronomy, 2008, 100(3):231~249
Zheng W, Shao C G, Luo J, et al. Improving the accuracy of
GRACE Earth's gravitational field using the combination of
different inclinations. Progress in Natural Science, 2008,18
(5):555~561

K, VRIREEL B B BT R BT IR A ORI DR A T



14

M AL BTt oS BOR A 2R Kaula 1F 46K 5 F0 b % GOCE Bk & 135 21

[22]

[23]

[24]

[26]

[27]

(28]

[29]

[30]

GRACE £ 3R J1 5 (1 4 .
1704~1710
Zheng W, Xu H Z, Zhong M, et al.

i ER ) B2 4. 2008, 51(6) .

Efficient and rapid
estimation of the accuracy of GRACE global gravitational
field using the semi-analytical method. Chinese J. Geophys.
(in Chinese), 2008, 51(6):1704~1710

Zheng W, Xu H Z, Zhong M, et al. Physical explanation on
designing three axes as different resolution indexes from
GRACE satellite-borne accelerometer. Chinese Physics Letters ,
2008, 25(12) :4482~4485

* M, VPR, B #%. GRACE & R HI SuperSTAR il
T JSE T 0 5 T R L M BR T ) A R R T Bk B
#4%, 2009,52(6):1465~1473

Zheng W, Xu H Z, Zhong M, et al. Influence of the adjusted
accuracy of center of mass between GRACE satellite and
SuperSTAR accelerometer on the accuracy of Earth's gravitational
field. Chinese J. Geophys. (in Chinese), 2009, 52(6) :1465~1473
Hof, WERE, B 84, GRACE TR 52 I 84 4 24k
BRI BR T 7 b D A% B MR B2 4R, 2009,52(8):
1966~1975

Zheng W, Xu H Z, Zhong M, et al. Effective process of
measured data from GRACE key payloads and accurate
determination of Earth' s gravitational field. Chinese J.
Geophys. (in Chinese), 2009, 52(8):1966~1975

oM VPR, B S, TR R BR DRI R R R AR
T T i IR R A 2 PR AR AR i L BB . Bk Ay B
1, 2009, 52(11):2712~2720

Zheng W, Xu H Z, Zhong M, et al. Demonstration on the
optimal design of resolution indexes of high and low sensitive
axes from space-borne accelerometer in the satellite-to-
satellite tracking model. Chinese J. Geophys. (in Chinese) .
2009, 52(11).2712~2720

Zheng W, Xu H Z, Zhong M, et al. Physical explanation of
influence of twin and three satellites formation mode on the
accuracy of Earth' s gravitational field. Chinese Physics
Letters, 2009, 26(2):029101-1~029101-4

Zheng W, Xu H Z, Zhong M, et al. Accurate and rapid error
estimation on global gravitational field from current GRACE
and future GRACE Follow-On missions. Chinese Physics B,
2009, 18(8):3597~3604

AR TR, B BUSE. - OB R R 2 P G v
M AL P K I 4 5 b R Bl 01 2%, 2009,29(2) 100 ~
105

Zheng W, Xu H Z, Zhong M, et al. Optimal design of orbital
altitude in satellite-to-satellite tracking model. Journal of
Geodesy and Geodynamics (in Chinese), 2009,29(2).:100~
105

Ko s YRR, B R PIB GRACE Mk T 15
TR ik IR S, Kb i 5 bk Bl )2 . 2009,29(5) :89~93

Zheng W, Xu H Z, Zhong M, et al. Verification of two
methods on evaluating the accuracy of GRACE Earth' s
gravitational field. Journal of Geodesy and Geodynamics (in

Chinese) , 2009,29(5).89~93
A MR B SR R AR BT A ROCHR A R ok

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

GRACE Follow-On Mi R 1 7 IRTBE. ML ERA) B~ 4l , 2010,
53(4): 796~806

Zheng W, Xu H Z, Zhong M, et al. Efficient and rapid
estimation of the accuracy of future GRACE Follow-On
Earth's gravitational field using the analytic method. Chinese
J. Geophys. (in Chinese), 2010, 53(4) :796~806

oA FREE MBS DR TEE T PUE S8
Wi R AT RIS, 2010, 51(1):65~74

Zheng W, Xu H Z, Zhong M, et al. Requirement analysis of

0

orbit parameters in the satellite-to-satellite tracking model.
Chinese Astronomy and Astrophysics (in Chinese), 51(1):
65~74

oM. UPERE Bh % Tmproved-GRACE 1L & J1 3Ll %
BARALBESE. Ol i 5 ERZy g4 . 2010, 30(2) :43~48
Zheng W, Xu H Z, Zhong M, et al. Research on optimal
selection of orbital parameters in the Improved-GRACE
satellite gravity measurement mission. Journal of Geodesy
and Geodynamics (in Chinese), 2010, 30(2) :43~48

oM. PR, B BUAE. MR EE O 3 BRI 5 A R A
R RIS 3Bk Sy, 2010, 30(4) :83~91

Zheng W, Xu H Z, Zhong M, et al. Progress and present
status of the research on Earth's gravitational field models.
Journal o f Geodesy and Geodynamics (in Chinese), 2010,30
(4): 83~91

Zheng W, Xu H Z, Zhong M, et al. Efficient calibration on
measured non-conservative force of space-borne accelerometer
from GRACE twin satellites.

Society for Aeronautical and Space Sciences, 2011, 54(184)

Transactions of the Japan

(in Press)

Ditmar P, Klees R, Kostenko F. Fast and accurate
computation of spherical harmonic coefficients from satellite
gravity gradiometry data. Jowrnal of Geodesy, 2003,76:690 ~
705

AR BT IR R A s R b Y RS R vk
CH s3], R AR R, 2007, 1~135

Zheng W. Theory and methodology of Earth's gravitational
field recovery based on satellite gravity measurement[ Ph. D.

Thesis |.  Wuhan;
Technology, 2007. 1~135

Huazhong University of Science and

Overhauser A W. Analytic definition of curves and surfaces
by parabolic blending. Tech rep SL.68-40, Scientific research
staff publication. Ford Motor Company, Detroit, 196

Xu P L, Fukuda Y, Liu Y M. Multiple parameter
regularization; numerical solutions and applications to the
determination of geopotential from precise satellite orbits.
Journal of Geodesy, 2006, 80(1) .17~27

Hestenes M R, Stiefel E. Methods of conjugate gradients for
solving linear systems. Journal of Research of the National
Bureau of Standards ., 1952,49:409~438

Schuh W D. Taylored numerical solution strategies for the
Earth’ s field,
Mitteilungen geod. Inst. TU Graz, no. 81, Graz Univ. of

global determination of the gravity

Technology, Graz, 1996

ORI R TR



