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Downward Continuation Method Using Equivalent Source

Technique with Full-Parameter Joint Estimation
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Abstract The performance of underwater geomagnetic navigation depends
critically on high-precision geomagnetic reference maps. Obtaining underwater
magnetic field information from aeromagnetic or sea-surface magnetic survey data
through downward continuation is the most economical and feasible approach.
Traditional downward continuation methods are based on the assumption of fixed
equivalent-source locations, and this prior constraint is intrinsically inconsistent
with the true distribution of complex geological structures. To address this problem,
an equivalent-source downward continuation method based on full-parameter joint

estimation is proposed. By jointly optimizing equivalent-source locations and
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magnetic moments, the method enables the equivalent-source distribution to adapt
to the characteristics of the true field sources. Magnetic dipoles are adopted as the
basic elements, automatic differentiation is used to compute complex gradients, and
an adaptive optimization algorithm is employed to iteratively solve for the optimal
configuration. Simulation results show that, compared with the single-layer
fixed-source method and the double-layer fixed-source method, the proposed
method improves downward continuation accuracy by more than one order of
magnitude. This method provides a new technical pathway for generating
high-precision geomagnetic reference maps.

Key words equivalent source method; potential field continuation; joint

parameter estimation; geomagnetic navigation; downward continuation
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-5 20%20 368 15.36
-10 20%20 380 5.50
-20 20%20 365 3.48
-30 20%20 364 483
-40 20%20 376 8.27

KRHERER, FROREREN-20 km WMilGIRER/N (3.48nT) , &% (-Skm) =
R (-40km) HRBEHSEIREZEZREA. ZARTEEERALSFRERERIARLY
BRPRER, MERESKL, REEEEKR, JUITKERREHREE. Fit, XMA-20 km
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EARIARE.
ERERNRER, #—SNHNEREENEREENT W, EEREH-20kn, Mg
HAEI 20x20 F B A ZE 60x60, FERIFE 2,
R BENEERE#BRTFHERLE
Table 2 Configurations of different numbers of dipoles for the single-layer grid method

B (km) BB F 3R TTE A8 (s) %5 & RMSE(nT)
20 20%20 365 3.48
20 30*30 793 2.44
20 40*40 1452 1.91
20 50*50 2287 1.55
20 60*60 3338 1.34

MER2 TR, BEMEZEIEM, USHEEELRTT, BAbRERR. M 20720 FE
30x30 BHFEERTT 1.42 1%, MM 50x50 ZE 6060 RHXIZF 1.16 1%, FRt, HHEAZE
BN, M 365 sIBE 3338 s, K91 MF, X—IMRRM T ENMEMBART, SUBRILIEM
SHBERURBIETRESEMNIRZE, STMBEIBM. RE-20 km, RNIZHE 60x60 A
BRFDMmInE 1 frr, HESDRENERBEENSR 3 .

R BEMNEERRELEHRN=72RMSEX L
Table 3 Comparison of three-component RMSE at different continuation depths for the single-layer grid

method
AR R E (km) B, RMSE(nT) B, RMSE(nT) B, RMSE(nT)
-12 1.39 1.69 1.02
32 1.93 2.37 1.50
-5.2 3.36 3.90 2.95

wy| /AYB Ten

Bl BE#HERTVNE (Ee) SUNSME (4Ee) 2HhE
Fig.11 Distribution of the single-layer magnetic dipole positions (blue) and observation points (red)
BT AXIERRGRIMNA D #ERTSEST-10 km, AFRIEXNESREA LTS, &
BEMIGEZ EH#—D NHEMUER DB E, FRRERTVNESE, HFS5HESEHT



14

Bafti. SRR, sSINSEFLEY, —EXREEPHIE-—#ERTFHNSERTH

FT-10 km, WZBPL&IEfLfe. BT ERRE, THEIRBRFUENHNE 12 REXNK

e TEAERNFR 4. ARATUEL, MUEBSEHTRAMNE, =ADTEERTHRE
ALH9 RMSE P9 Bl (LB 8 R A" —F RN, FIRERER 41.2%.
=4 BEMIBLAAERSRELERN=2ERMSEXLL

Table 4 Comparison of three-component RMSE at different continuation depths after position optimization of

the single-layer grid method

TR (km) B, RMSE(nT) B, RMSE(nT) B, RMSE(nT)
-1.2 0.63 0.76 0.51
-3.2 1.02 1.22 0.84
-5.2 2.24 2.86 1.74
T

wy /3B ten

< N
- NS

[

==
= =
~F

12 BEAHMEREBRTNE (Ee) SUANNE (4e) 26
Fig.12 Distribution of magnetic dipole positions after position optimization of the single-layer method (blue)

and observation point positions (red)

2272 MBI

AR ZEMBERERGATNIRT, BINREMEESRENERRENER, X
AN EEICRRFTIELSEL . SEI M B Z-20 km, 50x50 £ 2500 MERFHECE A E A,
e B EESMEINZ] 1100 MBIR T, 23X AMHS O RKE: R —RRFLEED.
¥k EMIENNZZE 60x60 3£ 3600 MBIRF;, E-2ERHEHLE-20 km, 50x50 7%, BER
RGN 33x33 f4%, 21T 3589 MBIRT, 5 60x60 FLE B2, BIIXT L mAREEH
EWRBE, TUEETHEERERSEMET, KEMESEESEEBHTH.

=MREREEEMNISGELS RMSE 2232 -30 km A 1.47 nT. -50 km A 1.49 nT,
-80 km A 1.52 nT, FEREREIZIEERE T, EBERR). XRERKA, EREX
B 50x50 MIEAREMEHT, FINSINRE 33x33 MIEHMNEERE, ERBERRTER
60x60 FLEE T T, XIRAESSHMEREN, ZERENRANEEKFEINEHN
TWHRE A EE. DURERE-50 km (9EMIEE LG, HBEBRFOHENE 13 ik, &
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REMEABENR S Fios.
xS WEMIREZRELERN =2 ERMSEXtE
Table 5 Comparison of three-component RMSE at different continuation depths for the double-layer grid

method
TR (km) B, RMSE(nT) B, RMSE(nT) B, RMSE(nT)
-1.2 1.57 1.87 1.24
3.2 222 2.72 1.79
-5.2 3.86 4.60 3.40
P I

wy /A8 ten

4
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- NS

o
=
= F
~F

B3 WEHERTFNE (Ee) SUNANE (48) 2HE
Fig.13 Distribution of the double-layer magnetic dipole positions (blue) and observation points (red)
R, ARIENEMEES A TTENS ILEA —BNARE S, XAEBMNTI 4
S WEMITEN AL BEHITHAN, RIBRFAEDHOE 14 Frr, B TERERNZRE 6 Fr
o MRS 5RO TN, MUNESEE, FHRERRA 49.7%,
x=6 WEMBRRMALEEERELEHRN=5ERMSEX LL
Table 6 Comparison of three-component RMSE at different continuation depths after position optimization of

the double-layer grid method

AR R E (km) B, RMSE(nT) B, RMSE(nT) B, RMSE(nT)
12 0.64 0.77 0.49
32 1.05 1.21 0.80

-5.2 2.30 2.81 1.64




16
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B4 WERCNEFHBERTVNE (EE) SUNSME (48) 2HE

Fig.14 Distribution of magnetic dipole positions after position optimization of the double-layer method (blue)

and observation point positions (red)

BFEURNE, XARERBHTSEARFFSINERFERHNE. E£AIZT
ENENREATRIEEEBARERT, MANESHNHESTREENRS. mXT
LA ARMALEE, WEMEESEMNARLAKE, NESESERT Talk
LR, BEARSEMARNER A,

RE, AU EARSENTERZINIEXRES, AELZIA—HE =08REY
# ERMSE(B,) < RMSE(By) < RMSE(By). &1, AXSELARNITERE 5.2 km RELL
WBIs, BIB, = 0.5902 nTHE A TB, = 0.5802 nT., Hith, FIAREHEEHATTT SRR,
RURESETARNER TR EIEE TR R EIEINRMSE(B,) > RMSE(B )RR . iX TJ
BERA T HEMAEIBIRFERNEIN LR, BEEZRRENIEIN, SHERE D #IBR
FHRIEZREENLTT, BERYHERENENGEZERO TR, B4+ 7 RAENI
Ko

3 it

ARG F R E P EFRORMER A5 BV RERE AR TERTNIRE
MAREE, RH—METESHKAMEITNRIBR T FERRRTTE. LR REHR T
ESUBGE—MNEB—RUER, BEEFIHXASESHNEXABETE, FXAAE
AR TR B —BAERIERIE, EEURD MR BEREARTEEN AEEEE
IREEESN=EME, MAONMENEARERORFHIRE. ETHHRENHRXRSR
B, RITEERBRRESCENEBRER TEHR. #—PHNHLSEHLEEXRER &
HRERNERE S 7R ESEELAR T, (K AEE M E Mg BT ERSBIEE DUBRR L
ARESINNRGIRE, RIETEMVNEARSRACHBENIBER.

[F%: TR T o) EAMRNEIR Tt —PRF T ERR, FEEXFih RS HEN
FRREETEVRTERESVRURKR, RFREMT/BEENSNEE R GV EE
AR S XES D BIREXN EREROTM, DIESNZIEE#E SIS R RN
MIENA.
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