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Offshore Pollution Source Localization in Static Water Using

Wireless Sensor Networks

LUO Xu' CHAI Li' YANG Jun'

Abstract In water environments such as water reservoirs and lakes, the diffusion of pollutants is affected by boundaries.
Firstly, the offshore plume source diffusion in static water is analysed and a piecewise concentration model is proposed.
The localization of the pollution source near an impervious boundary is studied. It is shown that unknown parameters
include not only the source position but also the mass flow rate and the initial diffusion time. To estimate the unknown
parameters, we provide three algorithms, which are respectively based on a general model, an approximation function
and the unscented Kalman filter (UKF). The first two algorithms employ the original concentration model and piecewise
concentration model respectively, and estimate the parameters by solving the constrained nonlinear least squares problem.
By using the general model based algorithm, source parameters can be acquired promptly. The algorithm based on the
approximation function is more robust compared with that on the general model, although it can only be executed for
sufficient samples. Considering the diffusion process, the algorithm based on UKF achieves a good tradeoff between the
computation complexity and the estimation accuracy. The simulation data are generated by MODFLOW, which is a
standard software for the hydrological simulation of source diffusion. Three proposed algorithms are tested by simulation
data, and the results demonstrate their advantages and disadvantages.
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Fig.4 The concentration field at the 2nd hour
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# 1 WA SIS (SEFR{E (0.95, 5.55, 0,100))

Table 1

Comparison between the algorithm based on the general model and the algorithm based on the approximation

function (actual value (0.95, 5.55, 0, 100))

EAC/ Y ARG B (20, Do, Lo, Mo) LR B E (20, Do, Lo, Mo)
1h (1.04, 5.64, 0.73, 25.24
1~6h (1.01, 5.65, 0.85, 39.98 (0.94, 5.61, 1.00, 50.98)
1~10h (0.99, 5.63, 0.85, 47.35 (0.90, 5.60, 1.00, 61.13)
1~12h (0.98, 5.62, 0.86, 51.48 (0.89, 5.58, 1.00, 67.32)
1~14h (0.97, 5.61, 0.86, 54.74 (0.87, 5.57, 1.00, 72.21)
1~18h (0.96, 5.61, 0.86, 58.57 (0.85, 5.57, 1.00, 77.84)
1~20h (0.94, 5.59. 0.87, 61.67 (0.85, 5.57, 1.00, 82.44)
1~22h (0.94, 5.59, 0.87, 64.34 (0.84, 5.56, 1.00, 86.41)
1~26h (0.94, 5.59, 0.87, 67.19 (0.83, 5.56, 1.00, 90.62)
1~30h (0.93, 5.59, 0.87, 70.03 (0.83, 5.55, 1.00, 94.80)

WPl s (11) 530 (17), HEDUOREA )5
SR, SRR B L ) 52 45 s I BT 5]
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2) & 2, ZHAL TR 4GS BN [ A TR
A, 2 WIHERT 14 B0 A A AR IS TR) o) BEAE I I AR AR
RIGS (RSN 0h) Z AT

3) ML 10 A1 11 AT, I pRE0E (1) S 06 4
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ELinsk 3 .

TESEYR 3, TP HFER A Cholesky 43 572
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ERE A T .

N TEEE R R 2 g AT S HUb T,
LA 2 RPN IR KRBT I, R 1 5
% 3, FHLE T3 oL ok $ivk 5 00 A AL, IEANREAE 1
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() S B50Ak V1 7 V2 (0 0 52 2% B A O BRI, AN 75 A7 A
) SEAS SR B 220 PR LI B A, AN 06 AE R AN AL
KL ZIBEAT 8 I AE 5

ARSCANAES 3.1 ST 50 N T SE, b
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RO 4. BT MEERFERE A 2h, HET 1~35h
(W, HcHE = (13), D7 IRSER: 1 IR AR L
O A BBV I E. EARRS ST (KIE6E



5 BN T A W 2 T A KA A (K3 v Qe e A 859

2 YIRS TR R (SEPRE (0.95, 5.55,0,100))

Table 2

Results varing with different initial values (actual value (0.95,5.55,0,100))

WA (Zo, o, o, Mo)

RIS Y (20, Do, fo, Mo)

MEL R SOE R HHE (Bo, o, fo, Mo)

(2, 7.50, 1, 90
2, 7.50, 1, 10
2, 7.50, 1, 60
2, 7.50, 5, 60

)
( )
( )
( )
(2, 4.50, 5, 90)
(2, 4.50, 1, 70)
(2, 4.50, 1, 20)
(0, 6.50, 0, 90)
(0, 6.50, 0, 20)
(1, 1000, 5, 20)

(0.93, 5.59, 0.87, 70.03)
(0, 2.94, —0.42, 200.00)
(0.93, 5.59, 0.87, 70.03)
(0.93, 5.58, 0.87, 70.03)
(2.18, 5.21, 0.95, 68.50)
(2.18, 5.21, 0.95, 68.50)
(0, 2.94, —0.42, 200.00)
(0.93. 5.89, 0.87.70.03)
0.93, 5.59, 0.87, 70.03)

(1000, 1, 5, 20)

(
(2.18, 5.21, 0.95, 68.53)
(0.93, 5.59, 0.87, 70.03)

(0.83, 5.55, 1.00, 94.29)
(0.83, 5.55, 1.00, 94.29)
(0.83, 5.55, 1.00, 94.29)
(0.83, 5.55, 1.00, 94.29)

(2.16, 5.21, —1.00, 63.84)
(2.16, 5.21, —1.00, 63.84)
(2.16, 5.21, —1.00, 63.84)

0.83, 5.55, 1.00, 94.29
0.83, 5.55, 1.00, 94.29
0.83, 5.55, 1.00, 94.29

0.83, 5.55, 1.00, 94.29

)
)
)
)

£ 3 LI RIKSIEWAG VI EH (SEBRE (0.95,5.55,0,100))
Results of the algorithm based on UKF (actual value (0.95,5.55,0, 100))

Table 3

U VIR (2, 4.50, 5, 90) YL (0, 6.50, 0, 90) YA (2, 7.50, 1, 10)

6h (1.90, 4.75, —2.23, 89.25) (0.37, 5.76, —3.42, 90.46) (0.01, 5.01, 0.38, 26.40)
10h (0.65, 5.17, 0.28, 100.25) (0.78, 5.29, —0.72, 88.74) (0.83, 5.06, 4.66, 67.62)
12h (0.50, 5.36, 1.62, 100.09) (i) (1.14, 5.32, 1.17, 91.10) (0.95, 5.40, 4.02, 70.09)
14h (0.46, 5.80, 1.00, 91.31) (0.97, 5.61, 4.13, 70.43) (%frth)
18h (0.83, 5.52, 0.21, 96.24)

20h (0.91, 5.55, 0.32, 96.11) (%)

* 4
Table 4

ANTFIFE SR Al v

Results in different scenarios

UKF i (0, 9o, fo, Mo)

WA (20, Do, fo, Mo)

UM BEAS Y (R0, o, fo, Mo)  SEBRE (20, Yo, to, Mo)

(1.59, 5.58, 0.70, 87.47)
(2.24, 6.20, 4.51, 92.94)

(1.86, 5.84, 0.91, 53.02)
(0, 4.75, —1.00, 200.00)
(0.93, 5.59, 0.87, 70.03)
(0.93, 5.58, 0.87, 70.03)
(2.18, 5.21, 0.95, 68.50)

(1.08, 4.83, 1.97, 72.58)
(3.50, 5.08, —0.42, 65.50)
(2.72, 4.93, 1.55, 57.95)

(1.83, 5.85, 1.00, 56.81) (2.05, 5.65, 0, 100)

(0.95,5.15, —1.00, 200.00) (255, 5.65, 0, 90)
(1.04, 5.72, 0.00, 58.20) (1.05, 5.65, 0, 80)
(3.63, 5.73, 1.00, 134.96) (3.05, 5.65, 0, 100)

(4.09, 5.63, —1.00, 69.87) (4.05, 5.65, 0, 70)

FIANAZ, A S A8 AN AR) K v 45 Rt sk 4 Py
7.

CEE AR 4 FIG 0L, =R 7R B 38 E ARG
JEAE 1m LA, o, UKFE dE-F 358 AR 2
0.83 m, JHH] o B V-2 52 ARG 2 0.64 m, JTALL
PR EGR K1 20 ARG EE D 0.53 .
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At T ECR P AR o Bk 5 o B i AR DA IR
iF, R UKF S HERE, JR 5 AL e A B 3K

4 PBEE5RE

BRI RS Gy, ASSCE e T O
P, R T 0 BLY RS, XA, SR T =Rk ek
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