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Study of an offshore submerged oil chained multi-node sensor detection array
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Abstract: Submerged oil is a type of oil spill that remains suspended and drifting in seawater for extended periods. Existing detection
methods find it difficult to obtain the essential information of submerged oil over a considerable range, including concentration, type,
composition, distribution, and boundary, making it difficult to conduct in-depth studies on its source tracking, tracking, and prediction.
To this end, a chain-type multi-node sensor array for detecting submerged oil in marine environments was developed, consisting of
alternating main and auxiliary nodes. The main nodes employ a high-sensitivity underwater detection device based on laser-induced time-
resolved fluorescence spectroscopy to obtain information such as oil type, concentration, and composition, while the auxiliary nodes
utilize low-cost six-electrode conductivity sensors to measure concentration, distribution, and boundary. The six-electrode sensor is
composed of six annular electrodes arranged in a specific geometric configuration. By measuring the voltage between multiple pairs of
electrodes, local resistivity data are obtained, based on which a regression model relating resistivity to the concentration of submerged oil
is constructed. Finally, experimental validation demonstrated that the model exhibits strong generalization capability and high

measurement accuracy, with coefficients of determination of 0.95 and 0. 96 for the calibration and validation sets, respectively. This
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study provides a novel chain-type sensor array and concentration calculation method for large-profile, three-dimensional detection of

submerged oil at sea, effectively addressing the measurement requirements for the fundamental parameters in such detection.

Keywords : oil spill; submerged oil; resistivity; six-electrode conductivity sensor; chained multi-node sensor detection array
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(a) Composition structure of offshore submerged oilchain multi-node sensor detection array
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Fig. 1 Offshore submerged oil chained multi-node sensor detection array
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Fig. 2 Auxiliary node sensor composition
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Fig.3 Physical diagram of six-electrode conductivity sensor
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Fig.4 Schematic diagram of concentration measurement

by six-electrode conductivity sensor
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Fig.5 Concentration measurement system for submerged oil

HIPE 5l UL, 2 9 e B 00 e R 4 2l — 4> )
1 mx1 mx0.3 m (525 EFZH AR BEFE AR kA
T8 7N A R S AR AL A U 5 A T A B R R R
ERGLL L PC AFFR A, Horb, i 5 {5 A B
AL LR ST R 15 308 50 A FL B RMS-DC Fe ik
e V/F Betas K 24 VOB R IRAERIE T O A I
PR BERSE AR HL IR, T A S A T e, LU S
SRR R S A P TR, fE R GUR R R e R o 0
SA T YRS 2 A A PR AR B Rl KR S
8 2P, i T S B A AT e, 7S a5



- 38 - LSRR R e o

539 &

AL SR R 2 TR I 1) R B S AT S I 0 ) B R R R
MSERAR & 6 25 R 4R 56, I % h PC AT 0B
Fiti

ARSI i F 2 v iR Al 5 TR K TR AT
P+ S EER FR 4 ( sodium dodecyl sulfate, SDS) E K
SIER, DA A R K b i PR G RN A R
TSP 08I B SE PR AR AS o DA MR BE S 50% 112
TRIREAS g fai], FEEARL RN . 1) [ 2545 h i A TS 1
F IR TR K T BEFE IR 0. 13 m;2) [0 25 4% Hhom
A—E 1 SDS, B 5 I a8 0 oK g ik, i 2
I3 EOR S8 R AR 1 50 20 A T KR 3) TEFRF SR 4%
PER 3B 2545 G208 NI A LI, 48 1 Y 1 v B 24 4
fE0. 13 m, JEF RS PER], BlAs DL &) EOH R
FERIF T K B ZOE R B A

BT Bk AR SCHIAE T 10 FOAS [R] v FE 14 2 1
R, LA o S 30 T 5 T I B B IXCTR] 2% i 11 LA
Be b S Hn gz 1 Fos , 0I5 S iR A8 vk re it 5 ok
S AR A B TR A S SRR

F1 KEHMERRRE

Table 1 Experimental oil solution concentrations

FEA HePZ/ % AR W/ %
1 2 6 25
2 5 7 30
3 10 8 35
4 15 9 40
5 20 10 50
2.2 BIEFRE

H S 58 0t RS A B, £l SR 4 R v s A L
AT AN T DR [ 7 5, e i 7ol ) o 05 2 A O 4 A%
JEES | TORE AT AR ADL AR 4 M0 A% IR B AR K TR RS B i
SEBRIE L, PRI I AR A L R SR
A A 23 S L A (B AR A L R S B S, X ek
{55 HZMIEE S RERGHAT R R, I8 i B
Ot 2 PC AT — DA PR S A, B S 3 2k ot
PC RN RS (55 AT R 25 M S0 A5 b 3, T
AAFMAKIRAR AR T 097G 25 B S 000 | by s 57 FL B %
Loy T v B 2 () ) e O R AR SRR

FESER L R o | Bk BE A Fi BH 3R R A B[] 2415 5
30 s, RAEBR N 32 Hz, DR IERCHE 09 i 5ok 540 3
e, AFHBE & i bR AR (M, 1M, M, Al
M, ) 530 A5 P TR AH H SR 25 R 3% 2 i
2.3 HRASW

2% 2 v UL BE R R B 3G I, e R TR
AHFLBH 685 2 LBH b R A 3 B 0 il ) 5 R 1 i

SN TR FE b 3 R BEL R A 4 i
JERT TUF, b F Ui A B A 22 AR X /N HLT T B
RIS e T, AT, S TR A SR A D) R
&, FLBHAGEOR , 33X — LA 5 3l K TR 5 1 09 0 B 1k A
—5,

®2 ARKEL THERNGHREEEERE
Table 2 Multiphase resistivity values measured at
upstream and downstream electrodes at

different concentrations

W%  FRAREZRE/(Q - m)  FUFRMHAMHZE/ (Q - m)
2 5.81 9.64
5 6.16 9.94
10 6.61 10. 28
15 7.71 11. 10
20 8.90 11.92
25 10.34 12.86
30 11.89 13.79
35 13. 89 14.91
40 16. 04 16. 03
50 22.18 18. 86

AN TE A P T, 43 30 T i i Al 9 i L
IR AR J i B T A AR L B A3
SRR (9) HA 1

N

k=3.60
R (10)
b=-19.78

P (10) ARA S (4) o, AT A5 24 W v ke B oAb
By,

y =3.60x — 19.78 (11)

TEATR] LB AR Z5 T 24 T il e B 1) S5 U A 5 A 4
(1) THEAT B B SN AE AT X b, AR 6
FR o

HI 1l 6 FT LA Hh, 7S H A H S 23 A% i T A5 A F L
SR R TV B A 1S i R R S TR oA R
Y Z R BAG B i 3 AR et . X U H B
RERRE AR Wk B e A, E— 20
BEAT UL | 242 i vk BEAIR T 10% B, A5 il {8 5 52 B
VR B 22 TR P i 25 AE D 98K, PT E A2 B B 2% A T dih ok
IR AR BAF S 40 HER BRGNS 0w, T 259 B 3k
BN 109% I BRI I 8w e e e S P H
e (85 S BB B8] -~ AR R 2240 6. 06% , 3X —
SEIRMY, FTAs) £ i) r BH 58— B ] )R A v g I
YL N B R0y AR BE AN TN 7, Rl ol g b
TP P J32 A 00 i AR P g 1 S 0 S

Ry 9 U AR Tk B AR Y (R0 AL RE T, AR SR
JH Kennard-Stone fHAEE X 10 NSAS[E] R B B9 2 1800



5113

T 12 2 S AR R R I B B 5 -39 -

60
—=— SEfRE
so b WEME

WRE/%
(9%}
S
T

0 1 L 1
6 10 15 20

TRAH L A/(Q-m)
K6 AN[A] L BT B2 B S PRy 0 e
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corresponding to different resistivities
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values in the calibration and validation sets

PP 7 ] UL i St S 0 R A > P o R AR T T
Wi 7B AR AR, PE R R i R UL
FER SR AR, FLUE ISRy 0~ 1, B E MR 1,
P WIS Xk 552 B K Al 11 4015 7 R iy | OO0 AR
ARSCR A [ 50 5325 K Sl A 2 A PR A A B A

BSUESE AP E R 0.95 F10.96,, Uit e i —
SRS AU AR Y B 8% A5 o b F e v vk B 5 v
BH R 2 [B] Ay 2 56 2, i HL 3 BA H 7 o DL 408 1 i 1o
PERERIRE T 58 | HAT 509 09372 AL E S AR T 1

3 & it

AR MR — B B N A R A A A EAE B A
SCWFE T —Ff b 224> 2l 5ORH [ 2 R A e b vl
HEA Y AR R S, Horp WP R R e
7 LG P S A AR A A B B AR A R TR
SRS A SCTESE S S PRE TR T2l ik BRI B R 4
HITRE T RGN T, LR ERFZ I, RIStk
P S R A R R AR 1) R B R B, 5 e [l U 5 0
SR LAY A fE SR MRS b 0 DR E R K
HIIKE] 0.95 F10. 96, /s H AR R HL 45 g Y HUL A 1L
MREFATIPERE ,  FRESRE— P RAE 1T B ik 4l B
T g A SRS A P e JRE U v ) R R S S,
S22 AR S LT b 2 W B Rk AR A B B
FE TSR SR LA S e S
£ Sk
[1] YANGJ, WAN J, MA Y, et al. Research on object-

oriented decision fusion for oil spill detection on sea
surface [ C]. IEEE International Geoscience and Remote
Sensing Symposium, 2019.

[ 2] PASHNA M, YUSO R, ISMAIL Z H, et al. Autonomous
multi-robot tracking system for oil spills on sea surface
based on hybrid fuzzy distribution and potential field
approach [ J]. Ocean Engineering, 2020, 207.107238.

(3] 24, 5is i, m e e, 2. R 1] P LI AR 25 15 45 1A

FACKIERIFE[T]. ALGALR M, 2023, 44(12) :88-
100.
PENG W, LI'Y ZH, GAO Y B, et al. Research on the
systematization of  China’s  marine  observation
instrumentation system [ J]. Chinese Journal of Scientific
Instrument, 2023, 44(12) . 88-100.

[4] FANG S, MU L, JIA S, et al. Combining artificial
intelligence and laboratory experiments to explore
behavior process of sunken and submerged oil; A typical
oil drift and diffusion detection technology [ J]. Journal
of Cleaner Production, 2022,367:133026.

[5] FANGS, MU L, JIA S, et al. Research on sunken &
submerged oil detection and its behavior process under the
action of breaking waves based on YOLOv4 algorithm [ J].
Marine Pollution Bulletin, 2022, 179.113682.



- 40 - e R = I O 9539 4

[ 6] MASSARO A, LAY-EKUALILLE A, CARATELLI D, et sea [ D]. Dalian; Dalian Maritime University, 2015.
al. Optical performance evaluation of oil spill detection [14] FLAEAH  BEMERE  fP3E &5 3LF TSFS G5 &= Mok &
methods: Thickness and extent [ J]. IEEE Transactions FHIESE U B 1Y i K 2 AP 2R 5 [T, i
on Instrumentation and Measurement, 2012, 61 (12) . 5565381, 2023, 43( 1) :62-69.

3332-3339. KONG DM, CUL'Y Y, ZHONG M Y, et al. Research

[ 7] FIAC RMGE, LM, 55 g9t ARE & on the identification of semi-submersible oil types in
AREHR 25 SRR R R A I B s e [T ). BT seawater based on TSFS combined with high-order tensor
& S A 4], 2022, 36(1) :62-69. feature extraction methods [ J ]. Spectroscopy and
CHENG P F, ZHU Y P, PAN J Y, et al. Detection of Spectral Analysis, 2023, 43(1) : 62-69.
pollutants in finished oil products using three-dimensional [15] JACKETTI M, BEEGLE-KRAUSE C, ENGLEHARDT J
fluorescence spectroscopy technology combined with the D. A review on the sinking mechanisms for oil and
alternating residual trilinearization algorithm [ J]. Journal successful response technologies [ J]. Marine Pollution
of Electronic Measurement and Instrumentation, 2022, Bulletin, 2020, 160, 111626.

36(1) :62-69. [16] YUE Y U, GAO Y L, XUE Z, et al. A laboratory study

[ 8] Z=U8 BRAS, SRINAE. G UALAR T 3K 1 1A vk v 4 B on the effect of suspended particulate matter concentration
HERE[T]. 515 B2A, 2019, 41(3) : 751-762. on the submerging and sinking process of oil spill [J].
LI Y, CHEN J, ZHANG Y ZH. Research progress on Chinese Journal of Marine Environmental Science, 2017,
synthetic aperture radar detection of oil spills on the sea 36(6) . 858-863.
surface [ J]. Journal of Electronics and Information [17] FEER,B—Ng W8, 5. BT BT U0 il I i) 45
Technology, 2019, 41(3) : 751-762. R[] BMEEE, 2020, 41(2) :36-42.

[9] R—4 MWk, Rerm, 5%, 5+ KFCM FsiH CV WANG Y, ZHAO Y M, PAN CH, et al. Exploration of
RV T U6 T SAR BR A EI[ )] ALERAL R 24, laser radar for submerged oil detection [ J]. Remote
2012, 33(12) .2812-2818. Sensing and Remote Control, 2020, 41(2) :36-42.
WUY Q, HAO Y B, WU SH Y, et al. SAR image [18] SHAFFER F, SAVA O, LEE K, et al. Determining the
segmentation of marine oil spills based on KFCM and discharge rate from a submerged oil leak jet using ROV
improved CV models [ J]. Chinese Journal of Scientific video [ J]. Flow Measurement & Instrumentation, 2015,
Instrument, 2012, 33(12) . 2812-2818. 43.34-46.

[10]  BEPA:, FT R RSB AN, 2. 2 T/ 20 A iy e B =X (197 LAWY, ER M, BRI X, 55, B T HOG T S0 ) 43 9
Fe O T T T VAR S RE T [0 ). ot A, 2020, PGB IR TR B IR SE[ 1], THE2ER,
40(17) :207-213. 2025, 46(7) :967-975.

XUE Q SH, TIAN ZH T, HAO X J, et al. Analysis of KONG D M, WANG ZH W, CHEN X Y, et al
oil spill thickness on the sea surface using snapshot Research on a semi-submersible oil detection device
hyperspectral imaging based on wavelet analysis [ J]. based on laser-induced time-resolved fluorescence
Acta Optica Sinica, 2020, 40(17) . 207-213. spectroscopy [ J ]. Acta Metrologica Sinica, 2025,

[11] HANSEN K A, GUIDROZ L, HAZEL B, et al. Sunken 46(7) :967-975.
oil recovery system recommendations [ C ]. International [20] JURGEN S. A towed CTD chain for two-dimensional high
Oil Spill Conference Proceedings. American Petroleum resolution hydrography [ J]. Deep Sea Research Part I
Institute, 2014( 1) ; 2014-2023. Oceanographic Research, 1997, 44(1) .147-165.

[12] LIJ, AN W, XU C, et al. Sunken oil detection and [21]  PIARE, IO JRTh 2 7K S 4 A% B 1tk fB 1 b 52
classification using MBES backscatter data [ J]. Marine WFE [ J]. MO AR 2R ), 2022, 36(8):
Pollution Bulletin, 2022, 180.113795. 97-104.

[13] 2RIk, BB RO RS RS PR R XUk [ D . SUN J H, XIE L R. Experimental study on performance

K& KR, 2015.
LI'Y Q. Prediction model and risk assessment for oil drift

from submerged and Bottom-sitting oil spills in the bohai

optimization of crude oil water content measurement
sensors [ J]. Journal of Electronic Measurement and

Instrumentation, 2022, 36(8) :97-104.



5113

T 12 2 S AR R R I B B 5 - 41 -

EEE N

REER 2004 4 T LR R A L
A7, 2010 AF TG R A A b2 o, B
R AT, EEHTIETT [ O REAE R
bR FRBER S5 B N T T i T A

E-mail ; peiliangwu@ ysu. edu. cn

Wu Peiliang received his B. Sc. degree
from Yanshan university in 2004, and Ph. D. degree from
Yanshan university in 2010, respectively. Now he is a professor
in Yanshan university. His main research interests include
intelligent information processing, home service robots, and

marine oil spill detection.

FLEBA CHAR IR ) , 2007 4F TR
2EARAF 22, 2015 AFE T AL RS i K
REFAAHE LA, BRI R H,
BT FETT ) O RE £ B AL B T 3
7,

E-mail ; demingkong@ ysu. edu. cn

Kong Deming ( Corresponding author) received his B. Sc.
degree from Yanshan university in 2007, and Ph. D. degree from
Beijing University of Aeronautics and Astronautics in 2015,
respectively. Now he is a professor in Yanshan university. His
main research interests include intelligent information processing,

and marine oil spill detection.



