5048 1 DR e R CfF BB a2 i) Vol.50 No.1
20254F 1 H Geomatics and Information Science of Wuhan University Jan. 2025

51308 SRIETE, 0k, 7k SO, A5 VH ST i T el T N o T ) BR[O R A R (5 BB ) L 2025, 50(1):
30-41.DOI:10.13203/j.whugis20220429

Citation: ZHANG Feifei, WANG Hao,ZHANG Yimi, et al. Accuracy Analysis of Satellite Altimetry Gravity Data in the Western
Pacific Area[J].Geomatics and Information Science of Wuhan University,2025,50(1):30-41.DO1:10.13203/j.whugis20220429

VG O 1= 8 T3 A 000 v o T s 2 o B

KIEE E O OKXE B KT EHFAN
1 KGR TR S B BV PE4,710054
2 W T AR S SRS T IR R, 266071
3 WA IR E R TRV L, dE s, 100028
4 hEFRREBOE T G I LR E IR F B ,266071

i EHFRERILEINZETIHABAREMN ST SFRESHME ERTRASL B XL2FFTEEINT S ZEA,
HIFERHMALEMNZEARBERERGKERE ABEDTKTFEEBRARA LR FARARAG T EZN ST HHKE
(SSV24.1.SSV29.1.DTUL0.DTUI5.GETECH), #) /8 1:200 000 A8 # & / # % 5+ T 2 3 & F 23 - e 4 F 3 F 1% &
Mo PMEREN SHEZEZNZEARBEEAREARESEERMX BELAHEELZAL BREHAERLLING
EABYPEZM AR EL—-80XI0~—75X107" m/s’Z 8, A FSSV2.1 L EZMHEAREMHERT LT EZNHE
HEYE AREEAHTSIXI0 " m/s*. I A RABREAXKELZENZETARXBZRAXBEAMLGF S, IINER T
ZRAKEG—TERR AT E ;RSN T AR RRLEZMNZEARBORESAFIE, KRR Db FET ENT
ENGEARERTRFENLE RS TEZENSZEARBEHE, FREREAN, —AERED B F ERGHER AR
GoE AR ERFERNTERAZGLEN LB EARERLEZMNZ T ARBAOFTEARE  ROBEHE, BT *
MEER T AEES, THS EAELESMERN ST AT RGO RIBEATE LA T, BA S Bk 2 A%,
KBR:ZENGEARKE AN BRE A RE R kw50 KR F 5B

hESES . P228 XEEARIRAD A W fs B 8 :2023-02-12
DOI:10.13203/j.whugis20220429 XEHS1671-8860(2025)01-0030-12

Accuracy Analysis of Satellite Altimetry Gravity Data in the Western Pacific

Area

ZHANG Feifei "** WANG Hao' ZHANG Yimi' HAN Bo® WANG Wanyin'**

1 School of Geological Engineering and Geomatics, Chang’an University, Xi'an 710054, China
2 Qingdao Institute of Marine Geology, China Geological Survey, Qingdao 266071, China
3 National Engineering Research Center of Offshore Oil and Gas Exploration, Beijing 100028, China
4 Key Laboratory of Marine Geology &. Environment, Chinese Academy of Sciences, Qingdao 266071, China

Abstract: Objective: Since the 1970s, the advent of satellite altimetry has provided an effective database
for determining the marine gravity field, effectively filling the gaps of shipborne gravity data. In recent
years, the accuracy of satellite altimetry gravity data has improved significantly with the continuous im-
provement of satellite altimetry techniques. In order to evaluate the quality of the latest satellite altimetry
gravity data in deep sea area, the download satellite altimetry gravity data in versions SS V24.1, SS
V29.1, DTU10, DUT15, GETECH are comparative analyzed with the shipborne gravity data with the
scale of 1 @ 200 000 in the Western Pacific Area. Methods: The accuracies of five different versions of satel-
lite altimetry gravity data are externally checked by using shipborne gravity line-type data and the corre-
sponding grid data separately. The correlation coefficient, mean deviation, root mean square error and stan-

dard deviation between every satellite altimetry gravity data and the shipborne gravity data are calculated to
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compare and analyze. Based on comparative analysis results, the linear regression method is used to re-
move the system deviation between the satellite altimetry gravity data and the shipborne gravity data, and
the minimum curvature filtering method is used to suppress the noise in the satellite altimetry gravity data to
improve the data accuracy. Results: The results show that: (1) Five versions of satellite altimetry gravity da-
ta are highly linearly correlated with shipborne gravity data, but there are system deviation between them.
The accuracies of SS V29.1, V24.1 and DTUI1S5 are high, and the standard deviation between them and
shipborne gravity data are 1.51 X107 m/s*, 1.67X107° m/s”* and 1.66 X 107" m/s” respectively, which is
better than the comparison results obtained by previous scholars. (2) The linear regression method can help
to figure out the relationship between the satellite altimetry gravity data and the shipborne gravity data,
which can eliminate system deviation between the satellite altimetry gravity data and shipborne gravity data.
After regression calculation, the average difference beteween the satellite altimetry gravity and the ship-
borne gravity data decreased to O, and the root mean square error is greatly reduced, ranging from 1.50 X
107° m/s” to 2.20X107° m/s*.(3) The minimum curvature filtering method can effectively suppress the
noise of shipborne gravity data and altimetry gravity data, and make the distribution features of satellite al-

timetry gravity data more clear and improve the accuracy of satellite altimetry gravity data . After noise sup-

>

pression, the root mean square error and standard deviation are equal, ranging from 0.97X107° m/s* to
1.48X107° m/s’, among which the standard deviation between SS V29.1 and shipborne gravity data is the
smallest, 0.97 X 107" m/s*. Conclusions: According to the comparative analysis, the accuracy of the latest
five versions of satellite altimetry gravity data are better than their former versions and can meet the needs
of marine gravity research on scales around 1 : 500 000 to 1 : 1 000 000. The linear regression method and
minimum curvature filtering method can be used efficiently and easily in improving the accuracy analysis of
satellite altimetry gravity data in the Western Pacific area, which can lead to better applications of the satel-
lite altimetry gravity data and deserve to be promoted.

Key words: satellite altimetric gravity data; accuracy analysis; shipborne gravity data; linear regression;

the minimum curvature ; the Western Pacific area
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Table 3 Accuracy Analysis Results Between Satellite Altimetry Gravity Data After Regression Calculation and
Shipborne Gravity Line Data/(107° m-s~?)
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Table 4 Accuracy Analysis Results Between Satellite Altimetry Gravity Data After Regression Calculation and
Shipborne Gravity Grid Data/(107° m-s~?)

Bl I i 0 3 e VR iy 5 S VR 5 L Ewn Erus Es
Ssvad.l —16.56~64.40 —23.78~55.19 —0.000 60 1.66 1.66
SSV29.1 —16.28~66.91 —23.708~58.41 0.000 56 1.51 1.51

DTU10 —24.95~66.10 —18.02~59.79 —26.332~52.48 —0.000 38 2.20 2.20

DTU15 —16.08~63.19 —24.401~56.04 —0.000 28 1.68 1.68

GETECH —17.16~59.67 —25.297~53.20 —0.000 29 2.16 2.16




38 R 2 (B2 1)

202541 H

42 FRARMHEREEFAEZRSHERE

TR s R 2 TR BB YL Rk
UZ X UL T BE R B A DA A SR T R
P10 804 A A M P 7 TR e Al s 1
ik A T A D8 R L BR T RS A3 1 W S R
i (H R A5 3 A TR D B PR A
IS SRR (e EAs AUMER= R P AR € L)
G HE A i 22 W o A B O R R R Y T AR
B 2 AR AT 28005 1 R AT I AR TR
il o 7S SR FH d /0 i R T 3 0 TR N s ) B
Y EAT M P T il Ak P

S YR T H 3 Aol AN [ oA T A TR I g g K Al

x/km
(c) DTU15 T i /)
AT A B Y ol SRR

x/km
(e) GETECH T2 B U vy 58y W 75 /3 A

(SS V29.1.DTUI15 #1 GETECH) #F 17 M 75 JE i
b B, A3 AT A ] ok TR ESHE 0 R 7S 4 A R BORG
B E9(a) (B 9(e) M 9(e) by filf H &/ il %
J7 1 B2 BT 3] B M S RN o3 A 0, R B R
SS V29.1 T8 A Il = 5 7 B e 75 S B0 G 0 R
At Ak, oo A f fif 5 TR BLIE A 56, i
DTU15 T I & & 5 Al GETECH T2 Il 75 &
F3 B0 W LAAG AR 1) R b P [ R 3 W o A
F 58 X PN 49 2 ) — B0, 2R MRS R, AR
o 7 B3CHE v R AR TS R S B TR AR A R R
{5 BAF BN T S RO B, Jm 0 55 8 20 i 58 i v
B (& 9(b) . 9(d) .9(1)) o

10° m's?)

50 100 150 20 250 300 350 400 450 500 550
x/km

(b) M7 ] J5 SS V29.1 BRI &5 5 /g
‘ &
-

050 100 150 200 250 300 350 400 450 500 550
x/km

(f) 75 151 J5 GETECH I 2 il 5 1 )

PO LA ey o g WA 3 AT T MR S o LR g A S T
Fig. 9 Noise Distribution Maps and Satellite Altimeter Gravity Maps After Noise Suppression

W MR T A S TR v R T B S #
BRI TAEEXT . it A g (£S5
AL 3D ORI s ) BOHE S M R ) B e
RMS Fl STD #5 1] 05 31 55 45 5 47 B F B, 1T 030 45
BT 0.97X107°~1.48X107° m/s* Z [d] , 3% Ui
W A /0N T 56 M TS ] TR A R e T TR

B RS

PR SRR TR N R T |
SS V29.1 T B Wl = 8 77 H e A B oy , 22 [l 3
SRR S RS, S AR B Z [ MD R
[ 3 —0.000 69X 107" m/s*, STD F [ & 0.97 X
10~° m/s%,



%50 &5 14

TR AEAE A« 7Y IRV TR N o ) A B A T 39

®5 BEEHTEIENSENERBENRNIEEE
RS R/(10 "ms™)
Table 5 Accuracy Analysis Results Between Satellite
Altimetry Gravity Data Before and After Noise Suppres-
sion and the Shipborne Gravity Grid Data/(107 m-s~?)

Bl I I 75 b 3 Evi Exws  Esm
M 7 3] i 0.000 56 1.51 1.51
SSV29.1 L
B TERE —0.000 69 0.97 0.97
BE IR —0.000 28 1.68 1.68
DTU15 L
W4 75 1 1 —0.000 16 1.12 1.12
BE G —0.000 29 2.16 2.16
GETECH L
W 5 e i) i —0.000 25 1.48 1.48
\E S
5 2:5 Ta

ORI = T R & R R AR AR 4 Bk [
PN R RS B T ) BOHE SR A T LA PP AN R ) b X T
S0 e T B RS B AR O AR e TR T
K BE 0 T, #4900 AL BN i R B e T A
Bilt o AR SCIE BRI 3 & A 1) 3 B AN TR R U 5 b A )
J A B T2 L I v g R R P R 3 B
1:200 000 fifs 2k 5 Iy B4 6k T w5 5 ) Bodi ks
JEHEAT T AN R . R FH — ST 4 1A U ik R
e /N il R Ty 2 43 Bt R v B h RO R AT T
VA B I M P R o 4 R e TV I it AT e 6% 1R
U b 42 v TR v ) BCHR RS B . L ST
FASEILLTE 3500

1) H7— 40 TR D s 5 ) B B AL T A AT
AR o A A8 T ) O R S S AR B TR T v R
JIEUIE 5 B O HAEE RG22, 3 2%
MD 7E —8.0X 10 °~—7.5X10"" m/s*Z i] , STD
T 1.5X107°~2.1X 107" m/s* Z [l . K5 B 20 #r
g5 R, SS V29.1. DTU15,.SS V24.1 LA T
B a5 ) BRI RS B AR L O T DTUL0 AN
GETECH £l i A B2 .

2) R — ek M A vk H# S T PR
7 B0HE 5 M A E ) RE Z A 1 H oG R 2 Gl
I o005 58 RT DA G b Y B DR 0 R EE O O
SnEE D BRZ B0 R 2, HE R TR G
B 5 M EE )R Z M MD & 0. 1%
LR R AN VEER R ) AT E I VA NGBS
AT e ) B AR QR B, Sy TR N e ) AR
i A6 VY ROF PR SN R L T &%

3) dre /)N i 238 07 1k B A A 280 T A 2k ) 8K
Pt 1) gl AR 22 0 TR = T ) S R R SRR
e KRR B R b B i ) 15 8 . i i
FERRAE X H A5 2SS V29,1 TR I T 7 K3 e

AETEPUEA L, ZLERALE 8 F£;3DTULS
TR E J) S GETECH T A I &5 5 ) 45040 M
7 DX R 3 O 1 A G, AR AR ) R P4 1] D
Foo MR E R AL B, TR I v ) R
2] AR MR, i SS V29.1 TR )
K0 H 5 i 28 g Ml 2 R o 22 R/, O 0.97 X
107° m/s%. # ISRl 10 B2 0 vy 6 O AR I Xk
PR AT W P T o], Dok 20 W 7P X S0 Ak B O e %
H fige T ) B2 00

Z £ x #

(1] &Mk, m . 79RTF Ve TR & 3% 5 ek

Bh SRR LT ] RS 5 U 20 5, 2001, 21
(1):1-6.
JIN Xianglong, GAO Jinyao. The Satellite Altime-
try Gravity Field and the Geodynamic Feature in the
West Pacific[J]. Marine Geology & Quaternary Geo-
logy, 2001, 21(1):1-6.

(2] SR, WA, E, % . Ml A s E

SRR AR KA A R L] sl DR AR R (fF BBk 2
ML), 2002, 27(4): 343-347.
CHAO Dingbo, YAO Yunsheng, LI Jiancheng, et
al. Interpretaion on the Tectonics and Characteris-
tics of Altimeter-Derived Gravity Anomalies in the
South China Sea [J]. Geomatics and Information
Science of Wuhan University, 2002, 27 (4) :
343-347.

[3] #¥w JRE .86k, sl TAEE MG

BEAGLTY. i 7 M 55 5 DU 22 i B, 2002, 22(4)
67-71.
DAI Qinfeng, ZHOU Liangyong, WEI Helong. Satel-
lite Gravity Field and Tectonic Evolution of the
South Yellow SealJ]. Marine Geology & Quaterna-
ry Geology,2002,22(4) :67-71.

(4] VP8P, X004, M4, & . TR E ) 5k

R HAR v B b R R LT ] 35 bR 424 4
(L ERFLE ) L 2003,33(3):368-371.
XU Huiping, LIU Wansong, ZHOU Yunxuan, et
al. Altimetry Gravity and Its Applications in South
China Sea [J]. Jowrnal of Jilin University (Earth
Science Edition) , 2003, 33(3):368-371.

(5] Zdmesth, EOTE, Ahm AR, % . F A 58 BORMIE R

PO b g B Eh A A R LT, sk Wy 3~ e
2019,62(4):1502-1514.
JI Xiaolin, WANG Wanyin, DU Xiangdong, et al.
Tectonic Division by Gravity and Magnetic Data of
Salt-Bearing Basins, South—-Central Section of West
Africal[J]. Chinese Journal of Geophysics, 2019, 62
(4):1502-1514.



40

BOBR 2 (R

ISR Y

202541 H

[6]

[7]

[9]

[10]

BT L WA, AL ) TR AR B GPS
K 2 BT BB R 2 R (fF BB )
2008, 33(8): 810-814.

ZHAO Qile, SHI Chuang, LIU Xianglin, et al. De-
termination of Precise Orbit Using Onboard GPS Da-
ta for Gravity Modeling Oriented Satellites[J]. Geo-
matics and Information Science of Wuhan Universi-
ty, 2008, 33(8): 810-814.

THA, EIEW, BAEEY . FRH TR E KT
M RIAFFE SR SR (7], RDUR 244 (f5 SR
S0, 2016, 41(1): 1-8.

NING Jinsheng, WANG Zhengtao, CHAO Neng-
fang. Research Status and Progress in International

Next-Generation Satellite  Gravity Measurement

Missions [J]. Geomatics and Information Science of

Wuhan University, 2016, 41(1): 1-8.

VG, ZERoi, E8k, &L TR S R E 1
PRSP S BT 7] o D R 2 (A AR
FHEM) L 2017, 47(6) :87-94.

SUN Yang, JIANG Xiaodian, WANG Yi, et al.
Application of Gravity Inversion from Satellite Al-
timeter Data in the West Pacific [J].
Ocean University of China, 2017, 47(6) :87-94.
BEA, B, AN, S A IR D
HhERE Sy R A k(7] BRI (R R
M), 2022, 47(10): 1713-1727.

LUO Zhicai, ZHONG Bo, ZHOU Hao, et al.
Progress in Determining the Earth’s Gravity Field
Model by Satellite Gravimetry [J]. Geomatics and
Information Science of Wuhan University, 2022, 47
(10):1713-1727.

SANDWELL D T, SMITH W H F. Marine Gravi-
ty Anomaly from Geosat and ERS1 Satellite Altime-
try [J]. Jownal of Geophysical Research: Solid
FEarth, 1997, 102(B5) :10039-10054.
SANDWELL D T, SMITH W H F. Retracking
ESR-1 Altimeter Waveforms for Optimal Gravity
Field Recovery[J]. Geophysical Journal International
2005, 163(1):79-89.

SANDWELL D T, SMITH W H F. Global Ma-
rine Gravity from Retracked Geosat and ERS-1 Al-
timetry : Ridge Segmentation Versus Spreading Rate
[J]. Journal of Geophysical Research: Solid Earth,
2009, 114(B1):B01411.

SANDWELL D T, GARICIA E, SOOFI K, et
al. Toward 1 mGal Global Marine Gravity from
CryoSat-2, Envisat, and Jason-1[J]. The Leading
Edge, 2013, 32(8):892-899.

SANDWELL D T, MULLER R D, SMITH W H
F, et al. New Global Marine Gravity Model from

Periodical of

[17]

[18]

[19]

[20]

[22]

GryoSat-2 and Jason—1 Reveals Buried Tectonic
Structure[ J]. Science, 2014, 346(6205) :65-67.
Scripps Institute of Oceanography. Global Gravity
(1-minute Grid) , 2014 [EB/OL]. (2016-01-01)
[2022-01-01]. https://topex. ucsd. edu/cgi—bin/get _
data. cgi.

ANDERSEN O B,KUNDSEN P. The Role of Satel-
lite Altimetry in Gravity Field Modelling in Coastal
Areas[J]. Physics and Chemistry of the Earth Part A
Solid Eaarth and Geodesy, 2000, 25(1):17-24.
ANDERSEN O B,KNUDSEN P,BERRY P A M.
The DNSCO8GRA Global Marine Gravity Field
from Double Retracked Satellite[ J]. Journal of Geo-
desy, 2010, 84(3):191-199.

DTU Space. GRAVSOFT ASC I gzip, 2014 [EB/
OL]. (2016-01-01) [2022-01-01]. http://www.
space. dtu. dk/english/Research/Scientific_data_and _
models/downloaddata.

FAIRHEAD J D, GREEN C M, ODEGARD M
E. Satellite-Derived Gravity Having Animpact on
Marine Exploration [J]. The Leading Edge, 2001,
20:873-876.

W4 K, TR Bk, 55 . B A0 7 5 5 g 18] ik
Je STy S ST T e [T ] M Bk B A O
2015,30(3):1070-1077.

YANG lJinyu, TIAN Zhenxing, HAN Bo, et al.
Progress of Gravity Anomaly Calculation, Correc-
tion and Map Compilation[J]. Progress in Geophys-
ics, 2015, 30(3):1070-1077.

SRR, sk g . IR TR D T ) S o e
G3HT KA VE IR A b g N LT]. MRS AR
2005, 29(4):295-298.

ZHANG Minghua, ZHANG Jiagiang. Resolution of
Modern Satellite Altimetric Gravity Anomaly and Its
Geo-
physical and Geochemical exploration, 2005, 29
(4):295-298.

PHE, 2T, il 5. PEXESST TAE
F1 S BEARDRE B o 7 [J]. a0 2 24 4 (fF BBl 2
f), 2006, 31(3): 199-202.

LUO Jia, JIANG Weiping, WANG Haihong, et
al. Precision Analysis of SST Gravity Field Model

Application to Marine Geological Survey [J].

in China[J]. Geomatics and Information Science of
Wuhan University, 2006, 31(3):199-202.

B E, il AR, & N HZMOokIRE T
S G ) e T VR By B 40 X 7S () 2 ) S R e )
Gif e [J]. HhERY) BLAE 4, 2014, 57(12) : 3920~
3931.

YANG Jinyu, ZHANG Xunhua, ZHANG Feifei,

et al. Preparation of the Free-Air Gravity Anomaly



%50 &5 14

TR AEAE A« 7Y IRV TR N o ) A B A T 41

—
Do
w1

[

[27]

[28]

[29]

[30]

[32]

Map in the Land and Seas of China and Adjacent

Areas Using Multi-source Gravity Data and Interpre-

tation of the Gravity Field [J]. Chinese Journal of

Geophysics, 2014, 57(12) :3920-3931.

TWRE, W, BT, AL LR DR e R
T1 G BERORS JE t B oy A LT ). W R 2%, 2021, 41
(5):1-5.

FAN Diao, LI Shanshan, MENG Shuyu, et al.
Comparing and Analyzing the Accuracy of Several
Satellite Altimetry Maring Gravity Field Models[J].
Hydrographic surveying and Charting, 2021, 41
(5):1-5.

FERENG, RN, BB, AF T ORT I AL
T SRR RS RS BEVEA (7). RN, 2017,
37(6):1-4.

WANG Hubiao, KE Xiaoping, WU Lin, et al.
Gravity Anomaly and Its Accuracy Assessment from
Multi—source Altimetry Data in the Western Pacific
Area [J]. Hydrographic Surveying and Charting,
2017, 37(6) : 1-4.

BRIGGS 1. Machine Contouring Using Minimum
Curvature[ J]. Geophysics, 1974, 39(1):39-48.
SWAIN C J. A Fortran [V Program for Interpolating
Irregularly Spaced Data Using the Difference Equa-
tions for Minimum Curvature [J].
Geoscience, 1976(1) : 231-240.
SMITH W H F, WESSEL P. Gridding with Con-
tinuous Curvature Splines in Tension [J]. Geophysics,
1990, 55(3):293-305.

ETTWR, M2 — R 1AL B ) 5
ACTTIEE T T]. HER Y B2 HERE L 2011, 26(6) -
2003-2010.

WANG Wanyin, QIU Zhiyun. The Research to a
Stable Minimum Curvature Gridding Method in Po-

Computer and

tential Field Data Processing[J]. Progress in Geo-
physics, 2011, 26(6) :2003-2010.

FETR 2 AL X 422 A RLS O A 2 i dR
NIRRT A AN RS (D] Bk F A R
2009, 24(4):1327-1338.

WANG Wanyin, QIU Zhiyun, LIU Jinlan, et al.
The Research to the Extending Edge and Interpola-
tion Based on the Minimum Curvature Method in Po-
tential Field Data Processing[J]. Progress in Geo-
physics, 2009, 24(4):1327-1338.

MICKUS K L, AIKEN C L. V, KENNEDY W D.
Regional-Residual Gravity Anomaly Separation Using
the Minimum~-Curvature Technique[J]. Geophysics,
1991, 56(2):279-283.

MR, TOTH, 2= . BN RO 55 ik

[33]

[34]

[35]

[36]

[38]

[39]

[40]

WEELT]. MRk B 244, 2015, 58(3):1042-1058.
JI Xiaolin, WANG Wanyin, QIU Zhiyun. The Re-
search to the Minimum Curvature Technique for Po-
tential Field Data Separation[J]. Chinese Journal of
Geophysics, 2015, 58(3):1042-1058.

WIEHE, FR, Bz . S/l ig o8 ok
SREFR AR T T]. MR B 2019, 34
(4):1441-1452.

JI Xiaolin, WANG Wanyin, QIU Zhiyun. Parame-
ter Choose Experimental Research to the Minimum
Curvature Technique Potential Field Data Separa-
tion Method [J]. Progress in Geophysic, 2019, 34
(4) : 1441-1452.

FAHAE . 22 U TR v [ v X L AR S T S
WM S AR (D] EH R E Ak,
2012.

WANG Lijuan. The Inversion of the Gravity Anoma-
lies and the Assessment of Its Accuracy Based on
Multi-satellite Altimeter Data in China Sea and Its
Vicinity [D]. Qingdao: China University of Petro-
leum, 2012.

KEATING P, PINET N. Comparison of Surface
and Ship Bome Gravity Data with Satellite-Altime-
ter Gravity Data in Hudson Bay [J]. The Leading
Edge, 2013, 32(4):450-458.

B, BYLsE, BRI KR, 45 e O I E
NHBE AP TR LT]. RS (F B R
2R, 2022, 47(10) : 1635-1650.
HUANG Motao, DENG Kailiang,
Yongzhong, et al. Development and Study in Ma-

OUYANG

rine and Airborne Gravimetry and Its Application
[J]. Geomatics and Information Science of Wuhan
University, 2022, 47(10) : 1635-1650.
BreeF M) mEd . BeEF ML dbal s S H
A A, 1979.

Writing Group of Mathematical Directory. Mathe-
matical Directory [M].
Press, 1979.

A, B 22 A (M. b st P2 i
MAE, 1983.

YU Zongchou, LU Lincheng. Foundation of Mea-

Beijing: Higher Education

surement Adjustment [M]. Beijing: Surveying and

Mapping Press, 1983.

IRAE D . WY oA AR SE A [M. b9 - 19N
Rk, 1984.

ZHENG Deru. Regression Analysis and Correlation
Analysis [M]. Shanghai: Shanghai People’ s Pub-
lishing House, 1984.

WG, WAGE . N IR Y PR ) W

(F#%5 5251)



