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Abstract: Field source boundary identification is an essential task for interpreting field data, and normalized magnetic
source strength (NSS) has become the main method for interpreting magnetic data because it is not affected by
magnetization direction. This paper addresses issues related to near-field boundary identification, the divergent effects
of single and multiple magnetic source boundary recognition, and the challenges of identifying the geometric boundaries
of magnetic sources that are far apart and experiencing mutual coupling during multiple magnetic source boundary
identification. A new magnetic target boundary identification method has been proposed, which uses second-order
partial derivatives in the inclined angle boundary identification method and introduces NSS. This method is applied to
the boundary identification of a single rectangular magnetic source, three rectangular magnetic sources in the same
plane. as well as boundaries of deep and shallow anomalies. The simulation results indicate that the method proposed in
this paper not only leverages the advantage of NSS in reducing the coupling effects between magnetic sources and the
insensitivity of depth to inclination angle, but also allows the recognized magnetic source boundaries to converge more
effectively by using second-order partial derivatives.

Keywords: boundary recognition;normalized magnetic source strength;inclination angle; multiple magnetic sources

51

o 0 Bl R 5 9 R 7 A € ) T Rt R ) P
Tz ERA R RS 2 B R R
T DM 5t 0 B e A G 2 Y Rl e AR A B 0
X 3 B KT A R R B LA 3 SR AT T AL 1R
TG ORI T FE AN TR 25 DU IT 7 AR 390 25 %52
U P 9 A R TR M S R U A I I
i ] N T B A TG R A R A T < T R S RO A . H

il

W H 199 :2025-09-15
* BT H . B R EH S &R (2021 YFC2202402) T H 5% B

¢« 58 o

Rl T 32 B R REAL 3 TR LR W R S N LA R W R 2 2 i
RIZE 0 S0, % T 1 5 5 B0 4 R A7 3 VR 09 i R 0
FEAF AR AR IR 22 RS B 2 P o B O o o A b R
P5 A B TE IR L8 0 5 T Il 80— 1 R G A R AR Hh i R
TNET,

B A BT EH R A3 30 R 0 T iR R S A RO S
TR SPBOTHPIES . L SRR B R EE
MBI —2 ik, Ik A M H 5 8 (vertical
derivative, VD). & 7K F 5 % (total horizontal derivative,



JA &R R F IMNSStilt B ik 09 5% R i1 97 7

%12

THD) . f##r 15 5 P& 1§ Canalytic signal amplitude, ASM) %
3 FhIEATr ¥ AR (tile angles TA)  Theta [ Wi fl 2
A AR VR Hf I 3502 7R X 5 R or ik g LAl bk R R Sk
Mo V25T 8050 0930 SO0 Jr 1 O 8 0 H T 4t it 25
FHEI . AT 05 5 B0k 22 Wi A D 1) B Wi AN AR S 2 8
TEHR RS WA LK . B4R} AR 3 T LA/ N30 B 25 X6 T 34
SRR G CR 05, AT DL B8 T S S I 5 T [+ B R
SR A [T 0 B U AR 2 AR R Ak R . T — 1k
T 5 58 ¥ (normalized source strength, NSS)J& i w4 {5t +
) B A T R A 4 3 o P T e S AR o, % O T DA O
ARG T B4 R ) L 32 A VR M R B A R T AR
SEEU R e Tk B R RO 5 A B AR AT A S LA Pk AT
BRI MR TR L BT A R R R R L B R i B
SRS BE . RS AF 4 R &k SRR AR (B T vk b AT 0
TR 5 A 56 N BN T O A RO IR AR A R
AR R P R 5K A% A o Bk R R R iR AT I B
U L I 38 2o fee O Ak J7 9 S 2 T R R 3 B T g g
GUUR S A UGB E TR R R R A SR
A b A N A5 i B R AT i LT R R A T R R U )
PRALATAT I vk . T AF SR VR B 2% X I 4R R P T M Bk 4 2 4R
B, FEHAED R T T A O BT 4 (GAND RK S
AICAZ (LSTMD Wy se#E T-1 g AT AL, 3% 07 ik o 2 32 7t
WEBCE B b, 2BV TR T YOLOVS Bl
A TE R R BE RN B W R T R AR, AR
TAIA, SIS SE 32 A B i) YOLOVS ™ 4%
TR Xof Yl 0 ke s LA A7 R TR L 4R s T A TR B L
AAEGE RN TRTEAES T MKW IR %, Liu
AR R L 7 SR g FL B R B s 1) R U-Net #4142 )
2RI 7k B TR X B TR BB TR AR R A RS
SRS RE R ZE WKL G TR TWE, kKR
SFUU R PFD-Net 94 FF 81 FUR 0 KRB 5 1 3900 kG
BE L XE D R U-Net 28 834028 ™ 45 FH T35 591
T JIC R S 2570 I D7 T 7 A58 v G 2% 1) TRUOA) A R NG
. Cheng %™ 8 i F il U-Net [ 4% Xt 21 1 25 b Hb 7% 57
HARARHEAT T SRR B UE T % 07 B A R

B g ] i SN T 2 LR B O TR O 40 3, (HLAE
PRI 2 R TR A e W B i 0 AT I AR SR T
BN FORNE R SR, MR I HFEME RS
T BT LA AR B HE TN 2R W & I 2R AR R 2 HOTE B AR
AT

IR 4 SCHR s — o i) R 80850 SR O kL T £
i U TR P ER A R TR TR 340 5 R IR TR A8E L K NSS 51 A
SR £ rf R TR AR} Ak 4 /DS 1 U TR G R T, O i
JH B 03 T LA AR T 300 SR W 802 3 5 B 8 1 52 o A5 284 %)
LA AT T AR SO VR R TLFR 48 30 5 vk I ROR 1 R TixoT i
X SR A e 7 e i VR T A R AN RN 1 B e O
[ SR 7 e

THD fc I g i T3 ) 58 f e b, Ja ok 8 a4 vk 5=
7S N IR B T SR T TR SRR RN . 1%
W KA AR E G S8 T 5 e Rk =y

IAT\ * IAT\*

THD:J<31> +(ay) (D
K. AT N BRI EE, 0AT /92 T IAT /9y 4351 K4
SRR AR KT 7 1) AR L

ASM SRR BB R i k2O BB T LG R KR
5 3 1) S A0 OB Sl AR . 5 THD kM
6L ) AR A ok B 7 i B, LRk 5 Kh

E] NE NE :

ASM:J< QAIT) +(73AyT) + QAZT) 2
K. AT M B #S M B R AE, 0AT/dx IAT /9y 1
INT /9= 4330 i 6 g g 15 & 78 3 A il 1IE 22 5 a1 b 1) A

Theta Bl JEHE T ASM #2093 LR B R .

THD

Y T ASM
A THD 2 2k F 3 %0, ASM @ 7 {5 5 3% 18 , Theta
Pk ) BBV BBl ol 0~ 1, I ELAR {8 ) o7 B 520

Tl 0 B B B 7T DL — A B A R RN

dB, JB. 9B,
dr  dy Iz
aB, aB, 9B,
I (’)y> 9z
JB. JdB. JB.
L dx (73) Iz |
X .G HEMEKRE, B.(G = x.y.2) AW =1m5E,
BylaB = xsy,2) NGBS KR M 9 A4, 765 %
rf R B K R B T DA AR AR U 5 AN ke dm A
oo AiAz Ay TR G BIRHIEAE LV, .V, BV, &5 FRIE(E R
N R AE ] 72, W G AT H

Sur &uy L v | A v, ] !
8 8y 8y | — |Us A 2 U3
Coo o e Vs As | [v;

(5)

q%‘?ﬁﬁiﬁ/@/lelu/\szlll *12 =0, ;H\:'T'? ‘Al ‘2

LA I 12 =130 1A = A, =204 P R, A, FI
Ay 43 A B /N RV R R AR, A — ARG JR R BE e 3Ry

(3)

p= ==X, (6)

T AR A 1 UF — e 1 W R 38 A TR PR R T (1 3RR R
3C..m

/1:7“7%‘4 7

A C, ABRMAE BN R .C, =
WA 52— 10 g S U555 0L i

10" H/msm N A%

« 50 .



9549 % W a

T # K

T JEE S S A (30 3 vh 8 A R R R M T . R AL
Y WOKF-5 %05 3 1) S B0 P fELE LT B0RE f  HEER K
E WS

du/dz )
(Qu/Ix)* 4 (u/Iy)®)

Horp, w B8, du/dx Ju/dy du/dz R FR
u 3 ARNIERS ) B S A W R AR — R
A 2 B {E Y T 5 A AR AR FE WA b Dy IR AR AR FAL K
0 TEWMRSN A GAE . XF TR AR IR, R & 9 2 BB B A
KO8 BE AR AR IS EL 9 25 19 LU ABLATS 4R S AR DK, T Lk 3 Vst 1
RSO AT LA () B R A (7] 9% 5 58 B ) 0 R R )
ZA> B 3 far i,

H2 Tile AR} A ik — A 1 35 il o502 B A6 7 1) )
Bk, BRARTT IR — s AR o] LIRS KR N 24 B R
F18 43 A FIEC S H P 50 X3 2 32 20 1 Ak J7 1) 19 5 e O i
B R Tk RS R NSS X Ak 7 1) AS Bk T
PLul/ Nk B G ST IR B T B Uk NSS 51 A S i A} A ik
o, A5 3 — Fb ek ik 09 i 8 /8 (normalized source strength
tilt, NSStilt) :

NSStilt =

tilt = arctan( (8)

dJu/dz )
(Qu/dx)* 4+ Qu/dy)* + (Ju/dz)*) "

Horp, 9u/ox M du/dy 4351278 NSS 1E = Fl y Jrlnl
FY 7K PS8, AT 7R &S ] R A R 22 20 T3S 9w /92 AT AE
AR R L AR AT H

XoF 7 1) 7K P3O0 v Y BORT LA — 2D B s A
LRI 43 B SR 0 AE R A 3 S b il BL AR IE D) bR Y
SEHE AT DL AP bR 2 AR i % . B T X A A AR i
PEAA 52 1 28 S R o) 2 B2 5 X 62 3 o A RO B4 s 2k
PES W RRAE 09 R 5 B8 1, A SCHR T B #E Y NSSdilt
(improved normalized source strength tilt, IMNSStilt) {H 5l
I

XoFF 22 4 DR VRN B0 R Ui, TR DX 38 4 B e Ak T 1)
) 5 B T 00 25, 7 05 — P 1 T e T LAl /D (0 A} 40 A o %
A6 T75 AN BRURR Sy T80 ok 1 I VR 22 1 A AE B G o
SUASMEARHff b, 5 bE AT N S AOE SO AR
it AT 055 5 IR R R 42 v 00 SR P 23 R 30, O T 4 v ARG 1
SyRER Al B ROk B NSStile, [ RS RE B SIA
PG, B k4B R 0, 8 R R FE 1 RS, A

(D)

arctan (

AL
NSStiltl =
azu
822
arctan (10

azu 2 azu 2 azu 2
\/(8192) + (93}82) T (E) Tk
TEXTEBEM GBI mREN T/ ERZRETHELE L
HEAT I, AN ] A S (42 A% Ak 7 =0 B BRI B AR TR, 03

. 60 o

— A FHCR RN T R IEY R R AR e T B R
53 X A LR AT AN b B, A B T 38 A 3 T R s A I
AcAr B R AR i S RU il IE B e BEE O BRI T LR
Al DL PR HE E BRRIE IR A R s arctanh PRELHN arctan MK
SEHR AR AN 1.2 Prom B SOBUH E BT BB S T A BT A A,
WAL~ A PR,

sinh m e" —e”

z = tanh m = coshm & Feo” (@R
m = tanh 'z = 0. 51nli_z (12)
IMNSStilt =
2°u
dz?
tanh™' (13)

azu 2 azu 2 (’}Zu 2
Kb w N NSS, & N T, du® /=" NI G 5
Ju’/Ixdz du’/dydz NI — B FEAE « .y TT I DR .

15

2 1.0

05

0
05
5 -1.0
0 0 -15
5 s My

B

Re[arctanh(z)]

P 1 arctanh pRECSE B4 ME

Fig. 1 Real part characteristics of the arctanh function

15
, 10
-1 05
T
R 0
o
)
g1 -0.5
2
= s M0
0
e ey "
K 2 arctan pRECSEE R

Fig. 2 Real part characteristics of the arctan function

AR SR FARE S8 i R 22 Fax i RO ROR #E 4T E
AT B R R 22 N 1D FR

e=W—-W)/W, 14
AP W bR B RE B bR B SERE W SEBR Y R B AR A T
TR, 2 W0 I, U6 B A5 58 19 G B b 98 R A X T L S G



JA &R R F IMNSStilt B ik 09 5% R i1 97 7 o512 1]
TR 0 5 i 24 o Uk B AT S b .

AR T LS R H AR AR BN

R T TR M PE R I OR A 3 R 25 R Y TR B
W51 A3 Hausdorff B2 KX BIBOR #1794, £
Hausdor!f 2§ /& —Fh il KM /NI RS, Tk H iR 4 sl SR 2
[] R AR ARV R B, 2% % 3] 28 it Hausdorff B B 2% 5 52 21| 41358
T, FEHUHAERAFERRREZE, A HTY
Hausdorff % .

dun(A.B) = max{d,(A.B).d,(B,A)} (15)
Hrr,

1 .
d,(A,B) —mgr&l’{l la—0l (16)

N yep «€n

KA B ARMADAERAE N, FRAEA PRAN
/l\ﬁ;i\][s %%/Q%B EFE"J}?—IT\E/‘J/I\ﬁo

2 (HEXE

KT 5 R Y U 0 R ROR AR S T
COMSOL # 37 =24 K Iy R i IR AL, (i LS 8 & 1 fr
-1 ASM.THD, Theta,NSS,NSStilt 3X 5 Ffi{ii 3 &
YU 7 3 %k 21 A B AT B T X BL A A AS [ i SR
T X B R IR 0 BRI BE 7 DL KR AR R VR A S E
X 5rHE T .

R1 ZHBEWHESH

Table 1 3D target simulation parameters

FL A WAL E/ (Aem ) A Bk A/ (O A £/ () Wi /n T BEEK/N/m
A B iR 1

% B A5 AH R T 6 3 30 60 50 000 40X 70X 10
Z H IR iR% 5 3

2.1 BAKFEEIEBLRIRE

Xof AN AR R AT 20 R A0 I ST TT R R DR
[EIBE 15 m, % B A< T M R 1 3 SR R dn &1 3~ 8
iR, WRBICR AT E X TR FESHEALLS
TP R me B BRASE T, S B0 S Y 3 RO AR S
Wil B 6 AR B A W A, BB AR SC AT iR
IMNSStilt J5 ¥ 38 i 2650 2 v sesE — Bt 5 40 i 45
RS, R 8 FiZe 2 W] LIFE H . IMNSStilt J5 ¥ A
LAl 5 i) ik 100 SR s S, B ok W S B L A

? Ii 100
¢ 80

50 20

0 50 100 150 200 250 300 350 400
x/m

B 3 THD i1 i1 5]

Fig. 3 Boundary identification using the THD

2.2 3AKAEERFERRIEZ

XF 3 AT A AH TR T AT B 3 A K T R R
8 B A B 43 SR (100,200, 30) L (200, 200, 30) ., (300,
200,300 ,3 DREWE A HE 100 m, I EG I #E 15 m, L FJ2

350

300

250

200

150

100

0 50 100 150 200 250 300 350 400
x/m

B4 ASM 1 7R
Fig. 4 ASM for boundary identification

0 50 100 150 200 250 300 350 400
Xx/m

& 5  Theta [ 58251

Fig.5 Boundary identification using Theta diagram method

e 61



949 B 2 F o

T # K

3500
3000
2 500
@ 2 000
1 500
1 000
500
0 50 100 150 200 250 300 350 400
x/m
K6 NSS i F gl
Fig. 6 NSS for boundary identification
0.6
0.4
0.2
0
-0.2
-0.4
-0.6
0 50 100 150 200 250 300 350 400
x/m
B 7 NSStilt 1 51 50
Fig. 7 NSStilt boundary recognition
400
350 0.6
300 0.4
250 0.2
£ 200 | 0
150 {8 02
100 -0.4
-0.6

0 50 100 150 200 250 300 350 400

x/m

K8 IMNSStilt 71 535 51
Fig. 8 IMNSStilt boundary recognition

AN TR] 20 AR T3 % X B S A A BRSO . U OR
WA 9~14 s . MIEL9 AT LU T, THD A] LU G iR 51
WG i B 5 R N S B R R L B R W A
THD R AE K Pl RE Bl 5 30 5 X LI 9 28058 mT LA
Bl ORMEE PRSP S . ASM 2 F) JH AR fE
e e WU A NE 10 W DL M O A 43 7 AE SE B i
SR EJE AL THD J7 354 B B #. Theta 18] 3%

. 62 o

*2 BEAMESBRIAFEREI L
Table 2 Comparison of the error in boundary identification

methods for a single magnetic source
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Fig. 9 Boundary identification using the THD
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Table 4 Comparison of errors in boundary identification

methods for multiple magnetic source depth anomalies
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