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Abstract ; The vision position and SBL position are applied to underwater docking of UUV, and thus, an adaptive
data fusion method for vision and SBL was proposed for position precision improvements. Firstly, SBL, vision posi-
tion system and their principles were introduced. Next, abnormal value eliminating and denoising methods were de-
scribed and an adaptive online method based on change rate of data was proposed to eliminate the abnormal value.
A soft threshold wavelet filtering method was also proposed for denoising. Taking into consideration the lack of prior
knowledge for fusion by using Kalman filter, an adaptive online Kalman filter fusion method based on fuzzy logic
was proposed. Covariance matrix of noise was adjusted online for fusion of the two types of position data. Finally,
the resulis of underwater docking in pool tests show that most abnormal values and noise were eliminated remark-
ably. The resulis also indicate the position precision was improved by data fusion of vision and SBL position, which
prove the proposed method was effective.

Keywords ; unmanned underwater vehicle; underwater docking; vision position; SBL position; data fusion

A % H AR B R KGR UUV (unmanned underwater
vehicle) BETR ) V2 DL — LSRR . AR T 10 3
i, UUV iy [m] e BEAR K. B, 1tk 5 B UUV &
BHRARBRREN T & &K BT,
IS H EA:2013-01-16.  PI4& H At B #A7 :2013-04-09.

E&TH : BR A AR RSB E (51179038) ; p R REAR

Bk 45 2% % 095E & 9% By H (HEUCF041323) .
BE(EE  BE¥%. E-mail ; chentao_7777@ 163. com.

H¥LISEH UUV & A shEBO SRR B! . AR08t
T —FFRIFAK T4 B 3 E Ik UUV #rR. 72X
FrR, UUV BB —E W E M55 kiR Bl
UUV 538 Mt J7 T fIAR A2 B, AT E i A B
KT IS . ST T 48K T Bk UUV S
ERST ARG, R T I8 T B E 1 R
fir RGEFNE B TR SR 0 AL B0 2B B R



F2H

B, % . UUV K T ECR RS AR E MRS - 157 -

%. BT 2 BN AR FEAEE T B8 EM
WEEAR, AT UUV 8BRS R E2mERS
AT R B, A SCE SR T AR L MR
UUV /KT B AP B e AR5 07 % , HFE Itk i ik g
BIE T Brif ik AR

1 UUVATHKEMZZRLREE

UUV B BGOSR R— = R R sh, T E'E
B 4 4 B B B Yl B e A .
UUV FFaaRE AKX B 55 J5 , F B 38
AT ETHILRE R B9 A8 745 46 S B, AN el 1 BT,
UUV IS 460 B K7 B AL 2] 18] 0 fe 9 OF |
77, RS R B SR 1] , AR5 T VR BB IS A0
TR EEIE 107, 3 T ORI AR UUV BRI
], B REVE 2 B S A b UUV BE B8 fe 4 m
PAFE RE 7 45 B 22, SBL 52 v 46 /i 5 BE B A I,
SBL i & L E X, MR E M R w5
BRI PSEmt 2 MR SAK.

B1 UUVATERAR
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Fig.2 SBL position system for UUV underwater docking
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Fig.3 SBL position system coordinate and principle
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Fig.4 Vision position system for UUV underwater docking
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Fig. 10 Vision and SBL position fusion in X axis



F2H

B, % . UUV K T ECR RS AR E MRS - 161 -

* G Al
% SBL

. , , x10°
3.5 4.0 4.5 50 55 6.0
t/s

B 11 W5 SBL A Y iRECME
Fig. 11 Vision and SBL position fusion in Y axis
0.3~ I
LGRS
* SBL

» UL

-0.2 .
3.0 35

4,.0 4;5 5.0

/s

B 12 %M SBLjY Z HREMRE

Fig. 12 Vision and SBL position fusion in Z axis

BREHAR I T UUV 723546 B 7218 T FEd
PR, it Y, X A Y Bl 9 SBLL LG 2
PBEREA R TAE FECE LR,
7 Z 771 LREE UUV BErHEGES A, SBL i E Ak
Bk (BRS S E M R IR AR, H
KRB, NSEBR B HBURE , 6828 UUV B[R]
W B BT SR B SE o SRR TR

5 HEiE

AT UUV BB R g 24 e i &
G, X HK T Bl P B E A BT R A, AR R E ALHY
FEBE. B SO A B 36 DL B (R R AR BB/ N R 5
T7 ke (R BEAT AL, AR5 A B 3 DA
BB TR AT RE LR A KM Ee R, s A B
4 R EHE R A B B R RSCRI B, B2 /5 1
PR T BAE RN AR RE , B UUV i
KT Bl SR SE i B E (o R IR

SEM:

[1]#EE, RFIL. AUV KT XEBBEABIELT]. L
A, 2007, 29(3) : 267-273.
YAN Kuichen, WU Lihong. A survey on the key technolo-
gies for underwater AUV docking[ J]. Robot, 2007, 29
(3): 267-273.

[2]RKZ, FAX%E, Hlk. KTEZEEMRERHNA

[J]. #HEM%. 2003, 23(4) ; 18-21.

WU Yongting, ZHOU Xinghua, YANG Long. Underwater
acoustic positioning system and its application[ J]. Oceanic
Topography, 2003, 23(4) . 18-21.

(31434, Hi/DER. —FFET GPS i Abs vh BIBR EFE Y
BT PER AR, 2006, 8(2) : 27-30.

ZHU Rongsheng, SHI Xiaocheng. Method of rejecting outli-
ers in the data process of GPS[ J]. Journal of Chinese Iner-
tial Technology, 2006, 8(2) : 27-30.

(4]15KkiA, /Sig. BENHUEHE Kalman B [T]. BHLSE
H=R, 2007, 11(2) ; 188-195.

ZHANG Fan, LU Zheng. Robust Kalman filter for outliers
suppression| J]. Electric Machines and Control, 2007, 11
(2). 188-195.

[S]ohaEZ. /Ngat BB LM . 63 AU Tl Rt
2005: 6-8.

[6] DONOHO D L. De-oising by Soft-threhoding[ J]. IEEE
Trans on Info Theory, 1995, 5(41) ; 613-627.

[7]DONG C Y, YUAN Q. A combined wavelet analysis-fuzzy
adaptive algorithm for rada/infrared data fusion[J]. Expert
Systems with Aplications, 2010, 37(3) : 2563-2570.

[8]ZWtE. FEBEHARIM]. b HB Tkt hgtt,
1996: 1-5.

[91XBE. FEREREEIBEREMA[M]. BRE: S
BT K22 H AL, 2007 10-13.

[10]RiR%E, M. ET2EBRBMEHNKTHISEAR
ALARG[T]. BOTENMES, 2008, 24(2) : 240-241.
SONG Zhenhua, ZHAN Xingqun. Autonomous navigation of
underwater vehicle based on multi-sensor fusion technology
[J]. Microcomputer Information, 2008, 24(2) ; 240-241.

EEMEAN:

B, 5,1969 F4£, B R TEIF,

FEBFSTT I A B SRR, RRF

ARIEICE 10 5.

BEE, &, 1974 A BIEF, TR
BrgEo7 i AR B R B A,
RFEARWI3 AL

Wive, 55,1983 4R 4 PHW, EEBT
FHFAAKTRBABATHREA, RRE
ARIBIC10 RE.




	1
	2
	3
	4
	5
	6

