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Fig. 1. The velocity in the z direction.
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Fig. 2. The velocity in the y direction.
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AR m = {a;, b} HA T FEARVE R BAESE,
Xof o A REAS FEAT B H — 1.

F 1 BRIEENE

Table 1.  Model construction phase.

S H T BPAZE RS R I o ) L iR 2 M

a =la1,a2,a3,  ,a;i, + ,am],i=1,2,---m
HiA: b=[b1,ba, b3, - ,bi, - by, i=1,2,---m
t=[t1,t2,¢3, - ,ti, - ,tm],t =1,2,---m
Wi Bi1: BPAALE A B B
01: 5k
02:  SIEBT BTG
03: Kl
m <« {a=[a1,a2,a3, - ,a4, -+ ,am],
04: b=[b1,b2,b3, - ,bs, -+ ,bm],
t=[t1,t2,t3, ,ti,  ,tm]}
05: Kl —1k
06: m<—m
07: for c=1, ¢e<10,c++
08: M 1= /qF s+ c T RRBZ BP0
09: BP0 25 4550
10: end for
11: end

4.2 EBENZMER

mFE 2 /0w, X w e (0,1),b€ (0,1),a €
(0,1), A€ (0,1), o € (0, 1) FEHLIAIME, [FImfi ik
AL = 3000, p=0.001. f58 HIBEHL I B VI 25
BRI 25 M I ZE AR AT U 2, AR5 P4
X R AT AT TSN 2855 7K T A% IR D 28 Bof
B[R] 25 19 R S OE VTS pR B B L, A
(12) 2. B I Bh R 20 R 22 AMEAR Y . AR5 TTIG
X iR 26 A M I 2 AT ISR, Rl 2R i A B A2
T, SRIEIB 2G5 IE I Ak, B3
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A7 i HZ A ZERI T 2 iR 22, PRI DR 22
S L4 It (20) XL (21) AEH AR AT
AR AN BI(E. [ R AT iZad i EL 3 L i AUk
FAFEAFILINGR, BB HIRZEAMER S HULF A
PR AL I A3 — N R IR ZEAME AT HAS
WERERER (Y BP 1232 R0 25 I [R] AP AR Y .

2 BRI B
Table 2.  Model training stage.

FrB2: BPMIZEAALYI R Be
01: B IR

02: FER VIR 2%

03: SRR

04: BEMLIEE w € (0,1),b € (0,1), a € (0,1),
x e (0,1), o €(0,1)

05: r=3000, p = 0.001

06: create f(z), P

07: m S YINZREE R AR

08: start training

09: for all {t;,a;,b;} € m do

10: if (E>p)do

11: w, b PHEH wl(;-),bgl) according to

Eq. (20) and Eq. (21)

12: end if

13: end for

14: g

15: end

4.3 =BT R

R 3 P, AT By B BRSBTS
P 2% 38 B AR R 25, B E/NTF B R 22 p i,
T3 — AN R A AN AR A . el I 4 X6

F 3 BAIHHRTEL
Table 3.  Model prediction stage.

rBE3: BPMI4 i

01 JFhA

02: B

03: M55 JE AR, BATLAF
04: if (E<p)do

05: 512

06: 2T

07: A [ait1,biy1] to J
08: B (@41, bit)

09: end if

10: end

JIEATEUN | e fe AR RS R 25 2 R A 15 )
B2 i + IR S8 ai, b A TP, 8
1 A B b [ AL S BMEAE (@41, Dia )

5 K& HERHN

A SCA# ] python 1 7, pycharm T &
BE, 80T B I TA) 52 2% B S B R0 R A 4 L S e A
R — A SO R R SEE SRS LA TE
BRZEFE ANy SO B, A B R iR 2=
ST BT KR AR B B ] 2P 1R 22 M B RICR
SEE T ASCRER S TSHL 5k | MM-syncl® 5
. MU-syncl® S5 75 [R20K B2 FIEGR A SCREAE DT
AT LA HT.

51 HERBERESNT

I [8) 52 23 B R i — N AA Y B R A, ARy
FEE T HET BP M W 2GRN b [R] 2D R 25 5
. AR SCIRR A0 2 XV 4% 14 T ) A R AR 22 1)
PR AN {ELAR 23 117 16 155 R I R] S AR A
O(n), B2 R InAERR B [ 2 28 O(m). B
SCRERI RIS AR O (n?) .

5.2 SLIGGHE
AT SIS A S S BONZ 4 FR.

*4 LRBH

Table 4. Experimental parameter setting.

R e e 3R Hfy
TEFRT A N 2

Y A B X 8 /m3 0 400 x 400 x 400
W3 A A 1 R m 200
HEAREL r 3000
IENAEST A ¥ X 0.01
i e At IS o 0.03
Fagi R . 0.6
s ¢ 0.4

52.1 ALHRAZXMHMESER TS
AR VR B 18] 69 4R £ X Eb AT
N T H#E BP R0 9 45 s ] 2B 5 22 A2 1Y
BOR, BRI G SR X S SOt A 7
R 22 AMEE B8 [ I A SRR B X m ZH 1 2k
FEARIEA T4
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H & 6 AT RS REAE 0.001 BHLFEA AR, [FIEEAS SCATT T 10 A REART 2 28I ZRbf i) A M

PH R FH BP it 28 I 45 455 50 119 A MM RIUR T LF- S
HERF R —2, A T A ) BP #MESUR 516450
FMEBSCR I DO, B K 1005, FFHIRES BP s
W28 iR 2E R TERMPLE, BT RIS S50
BEORREHLEE. S S EERE] 5 B, BP 2K
KB AMERCR B B AL TS 2 S EGR
£ 90 B, BP #1258 X 2% 19 152 25 A MEROR AH L T4k
PERLA M L8

30
28 |

26 M”WMWWH“%%WM
24
22

20 |
18

or o

I]
r — RS
12 — BPHIZM%

1 ! ! ! ! ! ! ! ! !

0 20 40 60 80 100 120 140 160 180 200
FeA

/102

K6 2N AT

Fig. 6. Error comparison and analysis.
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Fig. 7. BP neural network prediction.
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Fig. 8. Linear fitting prediction.

BN AR A VEXT EL T, X He AT 22 [l g2
%,

W 7 RS BER, i IF G B AL,
T B ZRUF 1 BP 22 R 45154 25 H M 10 il
TEGENEAN G S8 T 5 LA, i B 5
AT 7 (R 07 IR R? = 0.6972, 4] 8 [y 5 i
25 R* = 0.9116. [LATA, {1 BP filt 28 X 45 i 4
[ A 5% 25 MR AR R R 125 T AR

5.2.2 AL H k5 AR R FH ke atk
DT

AR AT Bt ) ARG B AR SCRERE, KA
RS TSHLM B 3 | MU-syncll 5 3% | MM-
syncl® BT L SR 4T

&9 K 10 20 IS 8850 o 1158 22 B
W7 RS Bl R AR A A B AS b 22
BT 5 8% S R A AR AR B

0.015
—o- AR
o MU-sync
MM-sync }S-’
E -# TSHL g
Z o010} T
R i
= a”
= i
i
N— - — PSR R i el i

1.0 1.5 20 25 30 35 40 45
TRBEIEE/ (ms1)

B9 I Bh AU 5 O 22 BE Y SR B A2 £k
Fig. 9. The variation of clock-frequency offset calculation

deviation with node move.

0.015
—e AR
o MU-sync ;
9 MM-sync ;‘5)
= -a- TSHL
il s
;H;;g 0.010 .
}Eﬁ F e
= s
-
h==1 -
b o
g _"'
0.005 L e, ot TSR S Y [

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
AT/ (m-s—1)

P10 Pl RS T O 22 B Y R AR S A L

Fig. 10. The clock drift calculation deviation changes with

the node movement.
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P 9 TN, AR SO R B 22 B /N T A
B, 403 e TSHL 85 | MU-syncl 3% | MM-
syncl Bk AR 37.42%, 17.29% Al 21.86%. KN
BE 2 Y 5 B RE K, T TSHL 200 7735 i #% 3
PEIR) S, A )25 A (B (B 0 o AR, R
PR I KA AR, GRS K], TSHL
[R5 2% 23 % B 5. MU-sync 51 6115 S 8 301k
Pe i R, B2 TR E, SR S E &
TFE S, TR FH LML A 25 BR AT R B AL RE I 4E A
TSRAS B BEEAS , Y B BH B 1GR3k 2Rt
55 . MM-sync B AERZEAME T BRI s
SIHGZ B, T R T, 1R 2 AMERCR
AR SCH I T BP 48 R0 265 1) st 4 ] A 150 2 M
B, 2 R T s R s St 1 s 4B [ R[] s 2
it BP 128 W 2% 2 2 A B — A KE A v R
ZERMERIAY,

H 10 ATRAE A SCRE I AL T HAR =
PR, 24797 s R R, IR 22 L ANFE R A AR L,
Az Sl FvEs Sh SR S N & S B, I ELI i )
ARG A =, R 22 4.

B 1145 AR SCE L L MU-syncl Bk | MM-
syncl® Bk TSHLI Bk e e M 2 5, A8 Hubst
B R 2 R E

50
45 b -2 TSHL
# MU-sync

40 - MM-sync

351 AR o

30 .

i@ 25 .

20 F 2 g

15+ AT

0k B
N o -

5+ B PN - o
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[ 5 B i 1)

P 1L g ) 25 5 A i i 2 10 Kt 3 ts Ak
Fig. 11. The increasing trend of local clock error changes

after clock synchronization.

F ] 11 AT, AR SO R 25 B /N T A
B A BIREAR 47.12%, 31.37% Fil 12.89%. HiAth
TR IRZE RN T ZU R R TSHL P Bis M 4%
RSN, X F S FEOE R FI PR 25 MU-
syne {5 FH PR R 6P 1] 051 8 Ak 3 s B 331 s 11 A
R AR R B — 56 TH B 28 0 3 I AL A B A8 S —
I, B REAE R I ) R —E AL R I AE , X 2%

SHOE KRR %2 MM-sync 595 BAR % &Y
S EE, EURAERZEAGTHIT B, 19 s SRS
ALY UL SR S, AR 2% B A
b, B PERE M BE 2 T R ik = A I
225 JE A HE RIS ST A A B A RE , 3R
ZERR. A i 5 | AR A T ) 2
SR R T AL E I AR, B A
BP M 28 NSk, 733 — iR ZE M AR
S %

12 g5 I A SO S R =R AR AR [F] 2
35 YO 7 A BB A SR, DAL Sk 7 A B 41 SC
REAEAY .

Il MU-sync
250 | [ TSHL
[ MM-sync
200 | CO ASCHL
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2
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CiERVS

Bl12 RS Bl oc A fe

Fig. 12. Changes in synchronization times and datagram.

H ] 12 R AR SCRA AR RERE T 1E > T LA
SRR 0L A A = AR T 37.46%,
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PR R S D B TR 25 OB 3G, TSHL 55
AR FZE T BRI S o B B S 2 R
ST — OB B s R S se e, FHOR T i
. MU-sync 53 038 R B S RS B2, @ 3 7
XS ] BRSO AS e R B, T B0 R AL U
I, B AR SCE PO . MM-sync 75 542 et
A TR BOR TR B B, S ECBR RS THAER.

6 & %

KRR M2 AR Bk | REFEABR | Rt
SEFNFEHLSNAS I IEHE AT, 283K P AL IR AR M 2
T Pl ] 2B R FLOR B AS SCRIFT I g Hh A
1 BP iz R4 3 o ) 5 iR 22 b kb, AT
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Abstract

Error compensation is an important guarantee method to ensure the accuracy of clock synchronization in
underwater sensor networks. Existing research methods mainly use linear fitting and least square method to
compensate for clock synchronization parameters. Underwater wireless sensor network nodes are mobile, which
leads the network nodes to be always in a time-varying state. In the process of synchronous forwarding, the
position where the node sends and receives data packets will change, resulting in a relative moving distance,
leading the dynamic delay to an increase in. In this way, as the number of forwarding nodes increases, the error
of the clock gradually increases, causing the synchronization accuracy of the underwater sensor wireless network
to gradually decrease. The existing underwater wireless sensor network clock synchronization algorithm does not
fully consider the dynamic time delay caused by the movement of the node with the ocean current. It only uses
the time stamp mechanism to solve the clock synchronization parameters, and then uses the traditional linear
fitting to refine the synchronization parameters. The accurate solution of dynamic time delay is a key factor of
synchronization accuracy. The use of traditional optimization algorithms to refine the synchronization
parameters can easily fall into a local optimum, which makes the synchronization accuracy not high. Therefore,
the existing traditional research on clock synchronization algorithms cannot well solve the problem of clock
synchronization accuracy caused by node mobility. However this type of method does not consider the clock
synchronization accuracy of node movement affected by ocean currents. To solve this problem, this paper
proposes a clock synchronization error compensation algorithm based on BP neural network model. First, the
deep-sea Lagrangian ocean current model is used to describe the movement of underwater nodes and simulate
the movement speed of underwater nodes, and then a clock synchronization parameter model is established, and
finally a BP neural network clock synchronization error compensation model is build, which conforms to the
underwater environment, and the excitation function is defined, and regular term factor and compensatory
factor are introduced to avoid model over-fitting. The BP neural network model clock synchronization error
compensation algorithm is established for error back propagation. Simulation experiments show that compared
with the comparison algorithm TSHL, MM-sync, and MU-sync, the accuracy of clock synchronization, namely
the error between clock synchronization time and standard time, increased by 37.42%, 17.29% and 21.86%, and

the mean square error is significantly reduced.

Keywords: error compensation, underwater sensor network, BP neural network, clock synchronization
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