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A Self-Localization Algorithm with Adaptive and Dynamic Observation
Period for Mobile Underwater Acoustic Networks
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(1. School of Information Engineering, Chang’an University, Xi’an 710064, China;
2. School of Marine Science and Technology, Northwestern Polytechnical University,
Xi’an 710072, China)

Abstract: In order to resolve the conflicts between the communication traffic and the localization accuracy,
a self-localization algorithm with adaptive and dynamic observation period for mobile underwater acoustic
networks ( MUANSs) was proposed to improve the localization performance. First, an adaptive and
dynamic observation period selection scheme was designed, which could generate a non-uniform
observation period vector according to the residual change. Then, based on the non-uniform observation
period vector, a self-localization algorithm was proposed, which could precisely predict the trajectory of
each mobile node in the network. The simulation results show that the proposed algorithm, which could
balance the tradeoff between the localization accuracy and the communication cost, is more suitable for the
underwater environment.
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rithm for MUANSs

3 {(nEMEESH

15— 5 K 389 B BL A M= 10 A~ 4§ 15 23 A
N'=20 A8 58 35 4 41 = 2k (05 3K 7 B 2
O LA, 0 IR 5 10 6 8
8 R

B3 W) b 43 A i #0455
Fig. 3 [Initial topology of MUANSs

3.1 BHEFRBHNSHIERE

PHES AT S RGEEFEARF S E o g . &
R G (o) HRMIN T () ZEHSCER  IF4E L
Sy JE 393 PR 1 R RS B3 38 1Y 280 o T g SR PRAIESE {7
R 55 38 45 T 9 18] /9 -

(D BEZSE o WEAT g [N AN T o 1)

BB a B HNEE e = 10° Fla = 10° HER
A BH g4 10,1520 Fl 25 BF L EE R Gi k2 e
HEWHET o Z AL RWE 4 FioR. fE 4T,
L o RFFAE RS 7T L)L 3 12 5 A )
LR Gk 25T TR PR TR B R
V5 T2 R ) S A7 SR I T R A B IR e AR R Y A R
W05 B . TR AEAH TR B8 o F 5 0] LASE 3 16 4 AN [
B8 g R ARAF AR RE 7 5% 22 T AR W) B8 A AR 1 4
JEVIAR Bt A S0 g B AR Y 5 JE 0 AR i JE 1A
5 P e MG R L R B 1 AR 38 50 R AT A R0 N S r
JIT e B3 A F Y EL ) e e 2 0 45 2 60 A B A7 AF —
SE TR P I BRA s 25 B85 g B/ s AR ¥ 5 JEl AR 1Y)
285 U A SRR /0N 5 /D B R ) Al 25 T DA v
PR BE AR RIS 5 1A T K it 3 A5 7 8. PR m] A3
o B AR AR X A R A AR i R B R L P i A 25 A
I 5 VA 5 38 15 TF 4 1 B

(2) [5E S q, WA o [HXT BT o 1
AU

g 2R 15,10 o 3 B Hle = 10", 107, 10°
W, B R G hk 22 e SR T o Z R A 5
Jros. BB S AT A R g (NS L Bl S8 o 3
T JEL 0T R 8 B KA AR AR (HL &) 30 R o B 2



1662 E EH X @&

bax
X
X

e 55 56 %

(a) =100 I (B T 1k

(b) a=105 XSS FIR 721

4 B BRI TE g (HT 003 25 8 39 1 R 50 b i 2k

Fig. 4 Changing curves of proposed dynamic function for periodic factor at a fixed « and different ¢ values

5 B g=15 R ORI o 05 B T
B o 2
Fig. 5 Changing curves of proposed dynamic function for

periodic factor at g=15 and different « values

BRI TR BE (0 R 98 s I BB 80 o 8K I 7 1R
B CRE 3 i 6T N 1 3R G B 22 o i K. BT Ut 7 A (R
Z8q F T DGl I B S A o R R B 25 N
R G JE I B AR R A o (HEKR W R G753
Bk 2 ] 1) ] 30 DXL 722 Ak 3 T K A5 2 o7 3 15 TF
B A BRI o AR B BEAIR T K B A o H AR
JIN U] 22 B8 A 25 /0N B 2 ) g ) 0 IR 8 A 3R T R L Al
1928 LS FE A BT 4R o AR 38 KT Ao 3 A R A
I EEE RIS Y o (ER T R F7E AN TR R 48
3 F R R A - SN B T | o R DB D0 el A i
ERSEEEERIE AR

R bR 53 A a] 0 A8 SRR N b, R EEAR A
PRGBGSR XS o Fl g HIHFATLEAH IR, EHEGIE
1) o Fllg {8, RAFIE Y 1 2 8 R A 797 e 5 B 5
b2 DRUE X 26 8 60 K B 55 38 15 JF 5 0] 09 SF- 55 . AE AR
L A3 RIE O « = 10°,q = 15.
3.2 EMRBESH

DR DAL — 3L 38 T e A — A B ][] B P S Bl

55 H S i 2 45 R AN 6 ff k.

25 RAE ALY S A TR R AR AR g SR R 7
TR HRAE AR AR A (SP) A s 28 R B T w . 7] L3R
15485 2h 1 i AR 3 5 A7 JR AR ik

AR 4645 350 b I 220 1) 5 57 RS A TP O 225k
TR RGEN K E G0, Hop AT 8 5 76 ki
200 e AR EAG T T 2k

1500

— TR HSEHE
R E AT

1000
w

500

0
—200

6 WP — 3 3T A 7E — I R] T B P A % 3 20 3
55 % Al 145
Fig. 6 Trajectory and estimation results of one mobile

node in the network within a certain time

151

0 10 20 30 40 50 60
SP

B 7 2% R SR 3 3 R IR AR 4k
Fig. 7 Variation of dynamic periodic factor at

each sampling point



55 12 ) BEFEF AERSHSAMTHSHKERL O R E 1663

P, = E([X] =X} )0X] — X} ") =
(I—K:HHP! =
(I—KH)DFPT(FHT+0H (13)

A X5 R 5 R LE R IR 20 B L A 5 X
g SN G OBAE kR4 L E K. HY L F
Q! AR (1) ~ () Wy e I A A 5.

R (13) K3 (7)) ~ () A J1, W 4%y 5 AE & I}
20 09 58 BRI O7 22 AR AL b — B 2 A i 22
A6 e 5 5 A 300 0 0 L O M 7 S R R 7
Sy A A K. AE WS AP A — 5 BB R L R T RT AR A
AT AR A 2R G R 2 1 3 R 0 Bl 2 T S 6 R 40 L R e
T A A PR A S 35 TS Ao i — 52 9 SRS 2

5 A SCH A O R 3 25 R T 938 3ok R )
o 19 (3L TN B 9k 5 A 1 U D o 0 A L AR
P T A I O 7 B k1 T I SRR A T
() + B0 30 PR 8 o7 3o A o 5 AR A R 4 1
PRI AW F 0=1 1 w="5 AT IE kL & L. W
SN AR AT 10 AT 5 5 20 AN 3 I A 2 R
1000 %K 5% 4% ¥ 52 0 J5 1) 5 1 245 S #l 8 ~ 10
i 775

M B R 25y 2K 3. R[] SR AE AR &
PEMIRZE (O R S Fix. hiE 8 a8 . 4
SCH B R R E LR 2 S RN A o = 1 IR
EMEEREMERK . HWENT o = 5 B i
W 5 3L 4

O 4% 4 R A5 R A T B AR 2 07 25 1l 1
INEE 10 DU R [0 B 45 2% 07 2% (%) F i 47 B A IR
2 RN 9 7R,

Fh O T A I 0 45 2 (1 L A i O
9742039 1 o7 A 45 2% 0 I 2 B fE AR SC AR 1 g
35 07 30 785 5 300 5 A0 48 v o W B AR 2% 7 25 /N

80r

704!
;l e 138 A SR ) S

60 1 o =1 HH] I R

50

1

E 40p

*

30t

- =5 W51 JE IR E Lk

LN

B8 TRIA]SRAE AT 09 007 8 Al 1 22 L 3
Fig. 8 Comparison of position estimates at dif-

ferent sampling points

25r

20+ *’,,r”‘—”

ISE__ar” " e A {5 (0
E o= YA R
S ol =5 MY AR E R

B9 ASIRII B 35 25 7 25 T 09 060 B A 11O 25 LA
Fig. 9 Comparison of position estimates at differ-

ent range error variances

B 2 00 % 22 S L A B A IR B —E R T
. TR Hhy T 24 0 R R 22 O 22 B/ N E A T A 1
PR 15 8 2 BE A 5 T 0 S0 36 1) 5 A 8 A o A 7 J 40 T
i 1 2 SR AFUBOR. AT ab 4 0 I 5 2 /N ] 300 e 4
(18 7 A X S 674 JEE 14 53 T B KL DTG 5 7 Al
R 22 A — TR L AT R (ERAR LA AR SCHR
LR M R T /N 0 = 198 B 5E 757
P HIE N T 0 = 5 A U8 I 0 5k

A PR I 28 7 R RO 7 L PR R 2 FR ) T

S IE 43 BT BT 0 O D 45 RS E 0 B i
5 85 E R LK
C= AN (v

7 FLIEH M I 45 v A s R B 30, YT R
JE 20 V044N ZE 60 06 . UG 4 g % B A5 00 B A 1 2R
22 R AN 10 Frzs. f Bl 10 I A5, Bl 45 4 19
W JEE BRI 5 A3 2R 8 PN AT B A oML 22 L I
I3 T b R A R 1 P 255 0 A TR 22 A
WA (ELAR ) 2 PR R AR SCHR A B TR BR 22 (T SR s R T

251
R - (SIS ) 4
oINS o= AR E £ 5
\ N - =S B SRS E
15+
g
S
10
5 -
O 1 L 1 il
20 30 40 50 60

10 AN [ 5 35 85 B B9 o A i 22 LE %5
Fig. 10  Comparison of position estimates at dif-

ferent anchor node densities



1664 E EH X @&

X F F

556 &

B /NEI 0= 1 I 8 8 B A 5 HIE /N T w=5
I £ 0 90 S o SRk

i 8 ~10 M5 B LB AT AR 7E 8 RS T
T AR SCHRE S 1 B8 45 0 e /N R 0 = 1 B 19 08 5
FENLAYE B /N w="5 I 0 38 3 E AL 5k i R
— 2 Y ) 24 2 A FE K
3.3 BiEFESW

B8 i B 4 B F A B A R R S Bl KR
26 A g LA AT 38 AF T A 0 . 38 AR O B AR 4l e
67 B3 T PR R S A AR v A 9 B SO B R ke s
rgeit o M. P e AR S B30 1) S B /R L i
25 W TH B AR Sk a1 11~13 fif s,

Bl 11, ik v ID S B 369 s 1D (%
N Ib(M+N) . M+ N 2y [ 25 37 s B850 5 15 &
Ay S e AT B i SC S BB B S (1 bit) .
T[] 266 B9 5 %8 o7 114 B804k e S o il an k.

(D) @A TH B AR SC. B 12 v i ] R R &k
TH 2 BB 210 (28 bit) s v B /R 14 B R 2 S0 E
= H.(30 bit).

(2) JRHE B . 13 A Bl 1D i B
LT S IDCE A 1b MD 5 A W 32 R sh 28 8 128
HEBE T o(FEN b o).

JIT 5 5 AL FR 45 e ARV T 1 T 2 4 SR =R S A
iR 3 AN T B L ST R R A5 2SO
FE T I 58 M 45 1) 5 6 AR L BRAS AE T A e i
(O). Wiz 38 15 FF 85 55 8 8 R AE TR T 8 ik e 7 35
T3 {5 T A A E g, 5 R E] 14 s

FH P 14 ] A U A v A A R A T T /s
T i/ o=1 BB HE AR, HYS =5 i
R DB S 5 SR A 3 o 8 A0 R L T I SR A R IE

Kk 1D | BRI

LICEI8'

Fig. 11

Fig. 13

K11

AL AR SO X

2.0r

Cx1074/bit
s o

o
wn
T

0.

FIE

=5

o=1H
P14 AR T8 oA
Fig. 14 Comparison of communication traffic
ALK B2 1 [R] ok HE 3815 T 5 T8 A I 4
3.4 LREMEELLR
H1 T8 Bl K 75 0 25 1 7 28 G2 T AR PR AIE SE (LR
JEE 1 [R) B 3 AU 15 FF 85 LS i 38 45 O 4 15 5 1o 4
V& Z T 2 I B LK G LR B 5 08 A T 8 P
RES BT 476 LA I WO TR B0k 1 5 P g
P L5 s RLVERE 0 Rm S IH — AL B Al TR 22
5 H A A5 T8 Z AL LLGE— N [ 1 R 4 A 8] 14
7 5 Al
b= S (15)

max E = max C
KA. g Moo, SRR LR B O B A TR 22
HE {5 JF 44 s max E Fl max C 43l /R Fr A7 B 1L Bk
A 2H I A B A TR 22 1] R N E A T A A Y B
KAH.

GG AL RE Y LR A R A 15 R LB g
FIORVERBFE L Coor PN e 3 0 R 2 B Y H — 1L
B AR 22 5 H s E I Bk 4s 2R, K 15
AT 5 ET SO AT — B BT TR R B A Y
Sl A A A AT O 5 A7 ) A T R i R B Y

Message format for localization procedure

I i) DAL

B2 g R

Fig. 12 Message for localization

Helios 1D JE4A

K13 BN B AR

Message for localization period

1.5r Ly - Py Ay
W 35 RS A e fL Rk
B =1 R3] RN R o 51
O w=>5 M35 EMIER E A5 g ]
1.0F —
S
0.5F
. i
Cnor Cnor
15 SEfLPERESR & gL
Fig. 15  Comprehensive comparison of positio-

ning performance



12

B S B A AN THHHAS RS B E Tk

1665

[e Hsf 365 244 9 /N s 7 £ 5 5 T AR IR G £ T 4
AR T 4 A E LTS 8 A5 T A L5 R 28 FE AL
B Z 18 I AT A B 2545 5 VR RE DR A  BE
T T I AE T A R OELDRS L R Y K R R 45 3R
K.

4 Z5iE

-]

BEXE RS Bl oK R 4 8 RE L P I A T A FE (74
J&E Z T B I 4 Y — Bl 5 3 N 3h A5 T )T 1 #S Bh
KPS A E AL RS T B RS R ARG
TS I SR 2 1] 1 5% 22 AR Ak, B A I D Y 31 A
Ji 0 e AL ) ARAT AR 25 5 B 5 A R S 8 L A g
ifh L i T AR B A %E A A 300 64 B Bl A E 7 T
IG5 S ST AR S SO0 B A5 A S I R
KB T E ARG BE 5 3E 1R T8 18] 647 G 5 v RE 1
HACH n A% BT iR 55 BEORUIE T 6 3l K P 0 2% 1
(LR TR R SO0/ 1 TUAR A5 T4 . SE 8 1A PR i
{5 T8 A RS B2 0 2% 2 o7« S0 FH TR 2 285K i
HL i A5 4 58 A BR K T BRI .

S & Lk

C1] MmZHE. HAR. BRa. 5. TOR MR B 0 /N A K =
2% 45 i AR B E LT R FEFE M. 2020, 45(4):
486-496.

FENG Yixuan, XIAO Dong, CHEN Yan, etal. Rel-
ative self-positioning method for small-scale underwa-
ter acoustic network nodes without precise synchroni-
zation[ J ]. ACTA ACUSTICA, 2020, 45(4);: 486-
496.

J5 Bl K AR 2 oK T B 2l 3 R 4 A 2
P FsR D] AL . WL K, 2019.

FANG Guocan.

L2]

Distributed positioning method of

mobile nodes in underwater acoustic networks[ D].

[7]

[9]

[10]

Hangzhou: Zhejiang University, 2019.
TOKY A, SINGH R P, DAS S. Localization
schemes for underwater acoustic sensor networks—A
review[ ] ]. Ad Hoc Networks, 2020, 37 1-18.
SAEED N, CELIK A, Al NAFFOURI T Y. et al.
Underwater optical wireless communications, net-
working, and localization: A survey[]J]. Ad Hoc Net-
works, 2018: 32-41.
JIA T, HO K C, WANG H. Localization of a mov-
ing object with sensors in motion by time delays and
doppler shifts[J]. IEEE Transactions on Signal Pro-
cessing, 2020, 68: 5824-5841.
SUN S, QIN S, HAO Y. Underwater acoustic local-
ization of the black box based on generalized second-
order time difference of arrival (GSTDOA)[J]. IEEE
Transactions on Geoscience and Remote Sensing, 2020,
99. 1-11.
SUN S, ZHANG X. ZHENG C. Underwater Acous-
tical localization of the black box utilizing single au-
tonomous underwater vehicle based on the second-or-
der time difference of arrival[J]. IEEE Journal of
Oceanic Engineering, 2020, 45(4) . 1268-1279.
CHOIJ. SHIN J, YI'Y. Information source localiza-
tion with protector diffusion in networks[ J]. Journal
of Communications and Networks. 2019, 21(2): 136-
147.
HUANG Y, ZHANG Y, XU B, et al. A new adap-
tive extended Kalman filter for cooperative localiza-
tion[ J]. IEEE Transactions on Aerospace and Elec-
tronic Systems, 2018, 54(1). 353-368.
SOARES C, GOME J, FERRERIA B, e al.
LocDyn: Robust distributed localization for mobile
underwater networks [ J]. IEEE Journal of Oceanic
Engineering, 2017, 42(4). 1063-1074.
(ALBmHE.Z—1)



