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A novel underwater geomagnetic/acoustic/inertial
fusion navigation algorithm
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Abstract: As the existing geomagnetic matching algorithms still face the problems of low positioning ac-
curacy and high false match rate in underwater applications, a novel underwater geomagnetic/acoustic/in-
ertial fusion navigation algorithm is proposed to further improve the underwater positioning accuracy of
geomagnetic matching. First, the inertial navigation indication trajectory is rigidly transformed by
regularly updated acoustic range information to obtain a coarse matching trajectory. Then, the improved
genetic algorithm and taboo search algorithm are used to reconstruct and update the trajectory, and the
Kalman filter is used for fusion and correction to obtain a precise matching trajectory. The simula-
tion results show that the proposed algorithm can effectively improve the positioning accuracy
compared to the traditional ICCP algorithm and genetic algorithm, and further reduce the
algorithm complexity compared to the traditional ICCP algorithm. The support of acoustic range
information can play a role in improving the positioning accuracy and calculation speed in the pro-

posed algorithm.
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Fig. 1 Overall framework of geomagnetic/acoustic/inertial fusion navigation algorithm
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Fig. 2 Schematic diagram of acoustic

ranging coarse matching
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Fig. 3 Structure of initialized population
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Fig. 4 Process of trajectory reconstruction

HLVEBCHLIE

By

Xt R LA KT S AU SRR U AT B A 2
WA AR A% SR A ) A A O B R R R
R ] P9 BP9 494 o R 9 0N 19 B0, T P Il
PR A Rk . HAR e B 0 AN SO A AT A B A Y
A E FUR RS T AR B b i S S Y . ol i i
ol 38 A T LA BRI b B R A B O R R 19 1R
FiLAE JEE 5 LS A 805 A 8 A 0 (L F) DE P LI

T A A 1 35S Bl A Wi AL L B2
R A T MR DT TG 3 1 R R AT A AN
LA SEL s L v P IO L ) i O i
BRSSP M R AR 1) -5 00 Y M R (L 27 A TR 22
FI b e (03 107 32 R e/ RIS 25 80038 B9 A 1) -5 151
AR B A HOAT A o i 22 P2 38 I 1 AT
1713 285 58— SR A A i 725 00 B 52 T A 2 394 Jonn 0 B
TSI, BAAGE VL R £ FTROR O



54 TAUE £ 5 R

202545 A

n—1

>0, 0, 2”’1 10,
n R — (91*51" . —R ‘ —R‘
- S T e Y . —9. |- [1e cul 18 -
f ; ‘B, B, H‘ —1 u[ 17271 _GJ u(max‘ﬂ, 5,‘ B+ R u( R IC\J 9

Horps w (o) RoRBrEReq 5, 22 &R T 0 i HAR
LRI 050 S AH QB R A A5 Z 18] B9 1) A sa N
I K FRVF 1Y 400 1] s 22 5 8 A d K A 7 19 BRL U Ao
] it 22 5 0 R 55 — A SR AE 055 B T R 2 1R A IR 5k
N R FuVE O B BE B A o> . A0 2ROK R AT &R R
FE 75 Y 7 55 0 B P9 7 2 DU R A RO AT A )4
FRAEST I 0, g i AH >4 T {7 FH 3t 02 R0 58 44 2 A7 e
BT, TR Y X B b R B DL K b
R R g TIH e, R EDNER
T8 IV RE PREICIE , 2 A Ao 19 2 BU(E B A8 T 0K
2 3N IE VL E PR AR I (L L LA IR I X b B A Ak e st
T RG] T,

TE VT 58 B8 oK EUR L K AR 8 AL 58 1O RS 3 R mg
TEBEA R IEAZE SUR T, BIVOR B2 38 1R o 55 {E 35 /)N
) m ASASRNY . FESS SCER T 5k S 5E Sk Bl
PLIEFEAC A FBEA FF AR 4 g A fk EREAL 2 32
S Z 1B B B AT AL s 7 AR B R TR B0 i A
T, ARSI, 8 T BEAL AP 4K A8 S ik, (i A A v
TEAS AR BEDIL L DA 8 A7 & A 578, X 7 A b i AL
s> [ ] AN AL A% SRS, [ ] RORR
M R R,

N i — 2 TR 1Y SRy AR A 2R BE )L B AR DT
w2 EBRMBF LR EMAZ SR, oK
S — i UL B Jm TR R B B T AR A R
T A A & WAL AL o F A Fe A R B A g o i R T
RAFMEAEAE R b It WA 2K LB 1k 55002 b AT
TS X T AR I [ — A Bl AL S R L E
FEA& A A AR PN A7 48 2R L ) A X
Wi AA 5 e Ry 45 30 D i (E ) AR bR E AT B 4. ARG M
I HE AR A2 9 AN B 3 vh BB g ARIEAT A2 L 78
ARHIZHE A AR AL A 25 9l 5 ok R E A B R4 R B
W, SRR R N

Q, = —a,Al+a
Q,=[L}—a,L]+a]

(10)
=0, X0.) NM
s.t. 1 & T
X! %X,G,X?:argmin‘g(x,-)*B,-‘ (1D
X €n
T—TU{i} (12)
T—>T—15,} (13)

Horp . s 10) KR USSR T b A9 2 [H 3

A 0 HAB I P B BT A% A2 A R X8 2 .a
FoRERXWNK,Q, RELEHREH,Q, 18
FLLFE I R M AR 3 bR 35 o 1R T A D A A
G D) R a7 5 KR AL 1 AL b X B e
Sy A s e Sy 42 30T M O B AR AR X LB (X))
TR b4 L M L A AR bR X, X 4 b AR
K A2) B iy IR AL 2R X (13) IR
PO WA g FRPYFERIER AL, AR 2R iRk, W
THAZFR AT IR BT A A Y ) — i P &R o7 4 47 Ak 3L
AT DL PR T ey S e A0 A 5 R) BSOS 23 B A TE A
T . AR R AE R AE O 5 Bk T R R FORS B 4
KI5 i — D3R T B i AR
2.2.2 RIRSUEW
ORI o B O M Y 2R R B

ANTT 2R X B A R S AR TR, T2
FAF &AL S0 br R AE 5 Ak B A 4
F et 5t A% B 9k A5 B 1 B0 4T AT BE AF AE A B ™
i 25 55 B 1] B A B AT R R R 2 0 I )
1A% 0 1 A B A B HE AT LG, DB E 3 B e 2
M R RGNS G A AR R A
fi] L ) R AR AR A e ol A AR 1 B B B
Hh IR 28 25 B AR BR AT A U8 IR A 0 UL B, DR 2 R
FUULI 77 72 53 51

Y, =®Y,  +w,, 14

X¢=HY, , +n,, a5
Hop Y, = [Ap Ly sobsop 153 FL, 53503855 & A
SREE ARG RE o) T o SRR b AR A,
TEZERE 7 1) b RNER B 7 1) b p sk BE 5 X Ros e s
RPAF BRI SRS £ S RAE AR @ FIL H 535

1 0 ¢t O

. . 1 0 ¢
RS R [ R0 L0 K 5, @ = JH =

0O 0 1 O

0 0 0 1

1 O ' O SEREN K N 3o e —

D7 2256 Qsny SN 75, Py 2556 B e
V., AT OGS R 5 ) M s Ty 25 AR 2

T E AR RN B MR R3S T R R AT e Bl
B Y, R A6 ~ XA KRB LR
EW I 2P, cRIREWE K, JE AT — B 220 Y,



5% 3

—FiHT B KR H R/ A R B S A 55

UG R 22 0 TJ5 22 Py DL 55 A SRR AT B
B AT B B L A5 b A SRR S AR B Y,
5 — AT RIS — A7 .

P, =®P, ®" +Q (16)
K,=P,H'[HP,H" +V]' an
Y, =Y, +K,(X{ —HY,) (18)

P, =U—KH)P, (19)

2.3 EESE

25 LRTIR  HRE /7R 2 /15 R S S R
RS A Bl an i 5 figk 1 iR,

SRRy M MLVC B FURS VU AE 2 S BE . e KL
VCHC B B =85 5 Rl A S0 00 2 7 2 IR A
R NI R AR R AT P A L aT L 4 /) H
1 DT T IX B 3kt B P 52 2% B 45 e 1 TCCP B33k 5 7
KEUVCRC R B, E B2 5 Rl 5 ALY 2 H % %5 40 s
PEAR B 238 5 el i 35t 1% 550k R R 20k Uk, XL
A SRAFE SGHEAT T S 4 B D C , AT i — A0 48 5
NG .

[
ARG R EE

Witk . FF% Wi, X, A

RIS e ekt HRIE
A AR
WG ALFhRE FIRB N
TG AL 1

B A

I

/ﬁ?tﬂ: ﬂ%@ﬁﬂﬁ‘ﬁ/
45

Bs5 tu/AFE/RERASMERRRE

Fig. 5 Flow of geomagnetic/acoustic/inertial

fusion navigation algorithm
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Tab. 2 Parameters of underwater vehicles and INS
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Tab.3 Parameters of improved genetic algorithm
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Fig. 6 Matching trajectories under six algorithms
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Fig. 7 Positioning errors under six algorithms
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Tab. 4 Statistical results of average positioning error
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