5050 % 5 1 DR e R CfF BB a2 i) Vol.50 No.1
20254 1 Geomatics and Information Science of Wuhan University Jan. 2025

SI3cag st AR gE B AT, 45 . T ) DG 05 A0 S PR AR A £ IR R A A 2 AT [0 ], DU 2 24 4 (5 R 1), 2025, 50(1):
& aS*GZ.DOIle.13203/].whug1520220389
Citation: XI Menghan, WU Lin, LI Qianqian, et al. Feature Extraction and Suitability Analysis of Gravity Matching Navigation
% Reference Map[J].Geomatics and Information Science of Wuhan University,2025,50(1):53-62.DO1:10.13203/j.whugis20220389

o)) VEAC S0 A 1 P e AIE 4 B B adh R P 23

FAEEY R OE' FEF' #FEKY PfF?
1w E R GRS I R 5 R QU E g B, W BRI, 430077
2 P EEBERER S, J s, 100049

W E.EHRBRMYFMRGEEHESMATRBGE NG5 H EAX, B b FAuE R 6 BT RS E ) T -F AT

HREEXTE, ARGHELENSAREETAGERHIE, A A 2R ER T E & EHZG KT FER, SR
JE0E N FAUK Bt AT S A E R IES AT, #E’«#}H%m»f“%!cfrﬁ%%ﬁ%ﬁﬁ&aB#%k}%s%véy\é& FRT %K E0iEF

ézjyma%ﬂm RRER,FEPEGEABRKFEERPHAT AR FAGARIE, SHEREREN, FRERK

FBAZH ZRRAGEARESRGFHRLEHELSG ., R FMRERRK GHIERA L ENA SRS E B 6 ITEE A

A BT ACAS B LA S0 R K e — B

KEWF . EHERHYFR;EREIN; FRAER; EH B IERI

hE 422 .P223 XERARIRAD : A Y 75 B #9 . 2023-04-19

DOI:10.13203/j.whugis20220389 X EHE.1671-8860(2025)01-0053-10

Feature Extraction and Suitability Analysis of Gravity Matching Navigation
Reference Map

XI Menghan'?* WU Lin' LI Qiangian' BAO Lifeng'? SUN Heping '’
1 Innovation Academy for Precision Measurement Science and Technology, Chinese Academy of Sciences, Wuhan 430077, China
2 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Objectives: Gravity matching aided navigation has gradually become a research hotspot in the
field of underwater integrated navigation. Its positioning accuracy is closely related to the gravity variation
characteristics of the navigation area, so the selection of navigation suitable matching area is very important
to ensure the performance of gravity matching aided navigation. In the selection of matching areas for gravi-
ty navigation, the previous methods mainly focus on small-scale local simulation data, and the differences
in gravity field characteristics between different sea areas are not fully considered. We select high—precision
satellite altimetry global ocean gravity field model data to conduct multi-parameter characteristics analysis
of gravity navigation reference maps at different scales. Methods: We analyze the multi-parameter charac-
teristics of gravity navigation reference maps at different scales for the global sea area, the South China Sea
and the Western Pacific Ocean. The global sea area was divided into 23 areas, and the South China Sea and
the Western Pacific Ocean into 20 areas. By calculating multiple characteristic parameters of each area, the
global sea area large—scale and local sea area gravity matching navigation suitable matching areas were graded.
A multi-parameter marine gravity matching navigation matching area was selected, and the matching navi-
gation simulation was carried out in the South China Sea and the Western Pacific Ocean. The selection of
suitable matching areas for marine gravity matching navigation is based on evaluating the strength of local

gravity field variation. By comparing the matching navigation test results of different navigation suitable
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matching areas, the corresponding relationship between the local gravity field variation of the area and the
matching navigation performance is established. Specific steps are as follows: (1) Gravity matching naviga-
tion sea area partition. (2) Calculation of local characteristics and assessment of information richness.
(3) Sorting, grading and selection of navigation matching area. (4) Performance verification of matching navi-
gation and positioning. Results: The test results show that the higher the level of navigation matching area,
the higher the average positioning accuracy of gravity matching navigation in this area. There is a significant
correlation and consistency between the gravity matching navigation and positioning accuracy in different areas
and the variation trend of local gravity field characteristic parameters. The results of navigation matching area
selection of gravity field characteristic parameters have high reliability, and the selected higher level naviga-
tion matching area can generally obtain higher accuracy of matching navigation and positioning. Therefore,
the partition and selection results of navigation matching areas can clearly and reliably reflect the matching
navigation and positioning effects of different areas, so as to provide an important reference for ocean tests
and route planning. Conclusions: Improvement and elaboration of marine/underwater gravity matching navi-
gation reference map and accurate assessment of gravity navigation reference map will further enhance the
accuracy and reliability of the matching area selection for gravity matching navigation. At the same time, it
will also significantly improve the stability and robustness of the underwater gravity matching aided naviga-
tion system, and provide a more solid technical support for the passive underwater long endurance autono-
mous navigation positioning.

Key words: gravity matching aided navigation; suitability analysis; navigation reference map; feature ex-

traction of gravity field

O A A5 ST TR TG B g B, AR I R
A IR IR B AR I By 22 4 A 22 A AR, R 3a U
5 2 I PYL I R JEE K R SR LB AR . FAT,
KR W AR A E O 3 A S SRR R
SEBL 5 B BT Bk A8 AR A B I ]
BURAG TR 2 UTAF Ok, T 7 DT BC Al B 5 A
KT A TR BT 5 A AR i B
s 7K T HARAE AT o AR v A 1 AR ) A
e AR IBUHE g 7 A f 52 £ S U R L
F14 5 L 6 v P B50HIE T A7 X EE R DR R E A7 55
BB AR VE A B BRI R R
FIHE R Gy T R R R 7R B 545 B,
We A 1] 20 555 5 WA 5 E AR AN A5 S, R
7 DT P A B S AT A 52 BROK R JC TR F 3R S A
R F Bz 1 ) DL B S E
7 (9 e — A B O AT X B T
FRAE , 75 B 7 3 78 AR 20 Rk B I 9 X I AT
N, g DG G A I S 00 R R A B R Y A R R A
SAF B RS E M s AR Rl (R T ) AR B e T
77 3 R AE A X Gk 2 (0 X8R, DG 5 0 0 R ARG B
2 AR, B A N R IC T ol T AN (] DX Y
NG R AE S A AN [R] DRI 5 AT T X A 38 6 )
PR B D JE S0 19 1 B 28 G E B, M O IR SE B I
AT AR R Bt E RS AR, 2
S TR T X R BT TR T IR AEST R T

PATR PIET7  « (1) FHT SRS 5 2 M0 47 8 i
TS X, X RRHIE S B B A E S b i
2 VE Y MR L CE T G 0E B A O AR R
SR (2) ZANFHIE S B G 1 SIS IE X IR B,
Rl 7 U BRI 218 AR I £5 5 VA 5 108 4%
FRAESEOIAT EAL, EEMEE SN T EA £
SR 3 AT 2 AT AT IR R £ T A s R
EFETAE O (BB Ty AR R AT R ) SIS I X
VeI, 22 51 3 /I RUBE 4 J=) 38 47 R 0T e k52
R FE3 5 BN [ 13 80 2 18] 8 1 AR A 22 5

AR SCAE SO 5 0 HE Al -, R A ] o3 HE R
UL B A B DN oo o SR, 3 3ol B %) 42 Bk
g 3o v R T Y K Y- P ST A 2 TS X
VR FE o A 4= BRI B 23 1 23 4> 0 IX, A [ e
T 2 PG V- W 38300 73 B 20 443 X 3l e T A%
A3 DXCHY Z2 AR AE 2 80, 0k 40 B 8OR RUBEE Ry
T T J88 R BE Y R g DC R AE TE X R AT T AE R
) 73, I e [ g T P RSP A S A T X B
SR EAT T DL S AL O L S S E .

1 ENBHIESH

Ly VC E 5 A0 A9 5 6085 B2 5 AT AT DX I8 o
ik 53 A3 B VA ¢, 16 3 77 3 28 A e 35 i X
HRE S B E A W E RS B . O AR IE S R



%50 &5 14

Ji A5 FE A+ 7 G T S U0 o R 4R TR T PR S AT 55

T E T A DX ) 3 7 Ak ) B R R e )
URIEEERE., FHNENSBIES A E
TiGbi e B MR E (R 5 E B
AR AR E ) 3 A 3 S SR X SR S
F1 5 AR RRAE Ot v AR AN B BT AR AN TR JE
HEAT RAE  REUE I R B 1 5 B E R
B, R B — B 2 AN T ) 3 REAE T AR O 5 0
DX 36 BB A7 850 B o M A I Ak X I v TR
G0 KN R m X on Cm Ry B AT, n R A0 E)
g (i, j) M A b (7, 7) kb B9 T8 3 5 KU, 4 4R 1E 2
BB .

D) E S bn e 22 o Ar ol 25 2 B0 B AR o 4%
BOE 5 H P BE Y 2287 T B9 5 R 7 ¥ 80
TR B R B R A B R B . ) S b
Z ot AR

1 o .
”‘/M2]2<g<w> g ()
Hr,

=Sl (2)

mn = 4

2)F I Y RUBE BE o MRS I 2 JH R 48 38 R 3
DX 3l FE g 4 ) S 24 ' T R T R 5 2 i A A
Bl g Jg 8 A AR, A AR, 58 B g 3 72 e i
o I HBEE A0

R e @)
e S =gl 1] @)

n(m—1) ==

mm“f1;:§¥guﬂgu+LpJ@>
K, r N S RS FE v, S 2 7 T LR B2 5 o
V7 RS

3 S YE B . AR B 2 S B R AL
ENCEEINIOR VR Vo = = Sl 1 O R N e
PR 23 B, R (A S R . BRI, A R AR
KRB EBmR R EERERS. EhY
SR H A AR

Hz—iiP,j log, P, (6)
EW%RZTé&Q—ﬁg@ﬂEEﬁ%Zﬁ
ZZ?@A
L

HEFGMKR . MRRBR W TR
H 18] A4 A S, BRSO, U B 500 ) A 5%
P 22, 32 RO DX A g 37 2 A R s R 2 5 T

2, BB T 1, Ul W R0 8] A9 R OC 1k o
R X N A B 2% . KR S
Wi

e RER, g
2
Y S
g (nl_l)”gz
S lgti)—gllglit 1i)—g )
(8)
Ro—_ 1
¢ (n—1)mo’
S Tgli)—g)lglij+1D—g])
(9)

P RN G AR KRB R, A 1 AH K R
5) ¥ AR, FEH A T E SR
AH AR A% 2 0] 55 ) S 6 2508 97 4 (8, L (E
K, Ul W X Sl 5y A8 A e W B . S ) AR Ak
AMIEAX R
22"@' ZZ%

n(m—1)
2
Ao oy =|g (i) = g(ij+1) [ w,=| g(i.j) —
(i 1.7) | 5 508 ey i 1l 40 A 60 1] ) 5
L

6) T S B . HER T 4 SR I I
R AR AR, (LR A, 156 ) 2 A
Ao PR s R AR

m(n—1)

A= (10)

s=JS.2+ S, (11)
m—9n—9
> > T
S: k=1 1[=1 12
! (m*9)(n*9) (12)
T, =
k+8 [+8 1
{dHglit1j+ 1) +g(it1,))+
i=k+1j=1+1 6
gli+1j—1)—gli—1,j+1)—
g(r—lJ)—g(r—lJ—l)]} (13)
—9n—9
> 2T
S: k=1 (=1 14
" = 9)(n—9) ()
T,=
k+8 [+8 1
{Zlg(i—1j+1)+g(ij+r1)+
Syt 6



56

VRN O NI S S

202541 H

glit1j+1)—g(i—1,;-1)—

g(ij—1)—g(i+1,—1)1} (15
P T S 5 S, S 2 BE T I M5 S,
A8 Iy [

=4 7s RN 1R, ml R E WA i —
(T AR AS A fe o P 22 T = 3
FRAEAS A e oA e 2 4 IR X (1) ~ (15) 23] i 5
3 Kb I E S Gy R AR SR SR R R Al
VAF i, 6 Bl Ak 2 H0RR 0] LA AS S ket A ] A2

ASCHEEL T 3 A, L T 3 50 A i) 4k AR Y IX 38k 5 S 34 A
TEemE B A ]
1‘: 4°N [ J 6| 24°N b
- - 2
A N &
22°N ’*\ :
v ’\‘ ‘}..
1 ] = A .'\A -’ ‘-
° °N . I 20°N .
130°E 132°E 134°E 140°E 142°E 144°E 140°E 142°E 144°E
[ | [ |
=50 0 50 100 150 -10 0 10 20 30 40 50 60 -300 -200 -100 0 100 200
#H 7] 5% /mGal ) 55 /mGal /7 5% /mGal
60 200
C’J; g 40 ‘ T g 100
b £ "R SNy, W Z
= o AN 8 100
= Rowkwrwwq =
""E'H NN
5 B 200
15°N 50151)
5 =300 o
\/45 E 140°F \/25 N
10°N 130°E 0°N 140°E 145°E 20°N
(a) IR — (b) i — (c) I =
B 1 A [E] R Y 0 A [/

Fig.1 Distribution of Gravity Field in Different Sea Areas
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Fig. 2 Matching Area Extraction for Marine Gravity Matching Navigation
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Table 2 Characteristic Parameters of Gravity Field and
Classification Results of Matching Area in Each Test Area

of Global Ocean
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Table 3 Characteristic Parameters of Gravity Field and
Classification Results of Matching Area in Each Test Area
of the South China Sea and the Western Pacific Ocean
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Table 4 Average Positioning Accuracy of Matching
Navigation in Each Test Area of the South China Sea and

the Western Pacific Ocean
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Fig. 7 Characteristic Parameters of Gravity Field and Matching Positioning Accuracy in Navigation Matching Area of the

South China Sea and the Western Pacific Ocean
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