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Research status and prospects of underwater unexploded ordnance
detection using unmanned electromagnetic systems
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Abstract: To address the urgent need to clear underwater unexploded ordnance (UXO), which may detonate or
leak after years of deployment or abandonment and thus pose fatal hazards, this paper investigates key technologies
for the development of unmanned electromagnetic detection systems for underwater UXO. Passive magnetic detec-
tion offers a wide detection range and is suitable for rapid, large-area searches; however, it lacks sensitivity to non-
ferromagnetic targets and has limited capability for identifying small objects. In contrast, active magnetic detection
enables target discrimination but suffers from a short detection range and low survey speed. Currently, unmanned
detection of small underwater targets remains constrained by platform-induced magnetic interference, obstacle
avoidance and endurance limitations, and insufficient real-time intelligent data processing capabilities. Future re-
search should focus on developing high-sensitivity, low-noise magnetic detection payloads and integrating deep
learning with multi-source data fusion to establish an unmanned, closed-loop workflow for underwater UXO clear-
ance, encompassing detection, localization, identification, and disposal.

Keywords: underwater unexploded ordnance; unmanned underwater vehicle system; magnetic anomaly detec-
tion; aeromagnetic compensation; active magnetic detection; unmanned equipment; buried target; target
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Fig. 1 Unexploded ordnance detection process
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Fig. 2 ROV-based magnetic gradient detection system
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Table 1 Detection capability of submarine passive detection systems
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Table 2 Comparison of aeromagnetic compensation algorithms

ik PLH it 2L A )
S8 P T_1 R 2 Jy e ) KelE TS 0 i R A WY BRGSO R A T-L AR vh JC L AR 1Y

TGS , I B BEA T MR A

FRLAERE T AL

K T-LASE R i 7 18] A% SR MR S b 2 I R 9K Sl 5 vk T R Y o AR
SEFHLERA T BRIk s > A S s K BRI N R b 2, LA T M, XA M L e 8

FTHHMEGE L,

TR G| T A 2 T 4%
ﬁ%mw

BT ARLRAE TR U, TRy T-L 7 S S AR A AR L T R L i
Yy BB A SRR K s o AT BRACIE AN EB 2 s ECrb I A ML R g AR 2ok
WP IR A  EAT F A ) R it

1.3 BR&ENEZ

FETE SRR IEAGIN T 125 (4 A S B e T
H A A LE TEAS AR | ) e OC B AS TN 5t T By B A
AFAE o Horr, e SO BY A 3008 02 6 T 1E 52 Bk ok 8K
(orthogonal basis functions, OBF) [ VT it & i 58 15
OBF A6 I 5312 44 WA A 1E TR ASE B -t Ry 312
) 5 RES, W 5 B A5 5 T DRI S 34 Stk lr HL
B IE ST Ak pR B A AR RE M B A4 I ) A
RS S5, >R F I 8l g 04 O XO0T IR Salomds 0l e 97 164 7
TR B AR A X g A 7] B A A R (I

OBF S5 7 M P 250 7T RAIK I e A i)
E Y, SR 52 R 07 v e 7 oh A8 AR 18 52 B 1770
A T B S AT A AR S i,
TR A SO T R FIR B0 AR5 A5 3
s Ak, ) O3 BA S 5 5 A IS B . Wang
AESTHR N T T4 IE A HE SRR (2-D-OBF) g X A5 41
R RN ) B S LR RE R . %7 IR
10 nT AYEICHE MR P KT i (5005 2 AR 5 3803 o
0.34 m 1 1. 9%, i F—4E OBF Jri%.

PLOBF 5532 AU 0945 5 4 il A I 05 12 &
TG BT B H bR 5 % B R X 3 R e I A S
Felu B 20 T HARAERC S AR IR #9 N H]
FET MRS GV TR ARSI J7 kB AZ e ARl M P 1Y)
SRR TR I . Sheinker 27 LU EI B it &

FEAEAS & T 55 B 28 SO A P 43092 (high-order zero-
crossing detector, HOC) o 7 B {H B2, M5 FRFE
ARG 7 R e 0 P R P 5 ARG Bk L A
AT R A A ST, G DN REAS T ke R
DL b5 1 28 n] T AR il e i S0 it 2R A4 i A
EETRllRE s

1534 THLAS 2 T BOR B S0, HE B 1T 8 0 K
W4V 1 &% R, Claire 25 0SR T —Fh e W B AL 2%
2 J5 vk AR TS N AL R A B0 w0 s e B T
UXO R A Bz 187~ X 3, S 25 R R B, R # kG
I T AT AR5 F b, RE B 1 DR R
T 75%,

Wl 5 A5 5 e DRAR DR, R 4R vh T R I B
A3 -5 AR T 5 S5 M P TR 7 ) TR L, 6 ML A
I v 22 DA R T R P O BRE SER $ 1 o RS
BRI AT RS ISR AN, S i 22 50 R B
TR (4 SRAL 3 Ak ORI 3 SR B 1 A Ak 3
HUE T R AR S T4 (L A RS T4k BE
2O H BR84S A BORY | %o 5 St e
Y A3 AR AR5 A, (A5 T A BT 125 A R0 e
PR Bl A RS B Z R . W TG
BAIMEAL AR GE, VT FL AR IR P B RS AR Y R g i
a3 IO A R ) Ak B AR v T o R P R e A DU
JIBYREE . H BRI X L e 3 Bs

®3 BIEKRUEEXLE

Table 3 Comparison of target detection algorithms
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Table 4 Comparison of target localization algorithms
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Fig. 3 Principles of active electromagnetic detection and
frequency response of target secondary field in
frequency-domain electromagnetic method
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Fig. 5 Schematic principle of time-domain electromag-
netic detection method
2.2.2  AE A E B BRI £ 4%

20 20 30 4K, B [ 3ok Hi 8 0 25 6 fc 1 F
THFINE . 25 E Teledyne 23 7319 TSS £ 51K
THRERE R 5 R ROV S-S a3 n0 bR vE
TSS440 SR FH B 358 L e B R0 7 12, an P&l 6 fros , T
PABC G TSS350fd H , b T4 RE J1 5 i fig 1458 1
BT FEEH T KT HARY A0 e~ T
fE. FEN R, Rl | Won Fld sk HirtE
XFF ROV AL E, 8 T 0 2R 18 7E 1 DR s HE 0 R
BE o BT A SO S E TR TR R R A1,
PR 1 TSS440 7 ff FH At 75 B HEA TS B0 (i v ™, LA
1.5 m DA ASERINEE 25X BLAR R T4 T 10 em (1 BAR
HAWUHENHE ST o Boskalis Hirdes A7 & T
— Pl H 25 5 TEM 4 &4 (SubTEM ROV) . %A%
TR EL A B 0TV P 1 A R A 5 24 R T g
I3, HARXT T TSS440 R 8K, HATHE Z 8L L
FRAG T 57 10 G 0 18 ] R 52 B g 14 2 [R] 43 B R
Seaview Systems 23 7T HE T AT A ERE M AL
ST 7 0 AR BE 5 T SR R S
Flex-EM 3D EM Array. 1% £ Gt 75 IR A1 )7 #1558
SR AR JEE 45 cm DL R, HARAE 60~155 mm
KB FR . Tobias 2% Kk F T TSS440 5 SubTEM-
ROV 7 [A] —#Ld7 (1A) 800 25 5L, SubTEM-ROV &3] %]
T2 TSS440 K A I /INRT 75 Bbs, HoA 5
FIERINBE 1 S FE%

TSS £ F1) B $5 81 fR AR & TSS 660E, % Ky /)N Al
ROV BT, I 56 2% i RS Ry 2% 4808 1, 5 13 IS
HFRAEGE— N E/Amieh, BEED TR
GEr) L e o M AR AL 28 AL /] K
T REGEIN P AR T TSS R A T S )N,
{EAR AT [ AT SR Ak T Se o o AR 2 iy MT-98 71
AUV = 3l HREFR I B4 51 4 X B M 25 19 3 %) &

S =W R Z A 18, P R A T RS 9 A7 e
PN AR IR 5 5 4

TSS350

TSS440 =

6 KBUK T E)E FB #E IR M 22 48 TSS440

Fig. 6 Large underwater time-domain electromagnetic
detection system TSS440
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