F39% 2 M
2017 4 4 f

/IS B A NI S
JOURNAL OF NATIONAL UNIVERSITY OF DEFENSE TECHNOLOGY

Vol. 39 No.2
Apr. 2017

doi:10. 11887/j. ¢n. 201702017

http://journal. nudt. edu. cn

BREKFRKPEZHIRTMRET
KoM R

(PEMBAETRAN]FHL—OFAH, #d B8 443003)

BRI TR RER A A A B R R i AR LR AR 5 Ty R4, S B2 H AR AR IR 7 s i i it
DR R BE I 5/ N R X I 45 SR AT UG e S AR Y 3 3o R R = B X T R AT I A
BRI BRI AR BES (RN 20 B 224> FU AR 7 L, fifp 5545 SR O B TG T H R MR s RIA T ik e 2 e
BET A EAR, BARD RO Z 7 (R 2R 5 (5 16 A , 73 B R UG BEB o, i 22 /) 5 e i i U045 R 05

IR GBI T IERE A AR i F AR5 (L BRERRS BE

KRR : 22 HARTT 005 LIS RKIT 2R s R 7R 2RI ; fe/h ek s 1 1k T

HESTHES TNILL. T AR ERS A

NXEHHS 1001 —2486(2017)02 - 114 - 06

Method of direction of arrival tracking for multiple targets under

water with single vector hydrophone

ZHANG Wei, SHANG Ling
(Yichang Research Institute of Testing Technology, Yichang 443003, China)

Abstract; The direction of arrival ( DOA) of multiple targets was acquired by solving non-liner correlation equations involving acoustic

pressure and particle velocity with quantum particle swarm algorithm. In order to improve the precision, the DOA tracks of multiple targets were

fitted with the method of least squares, the prediction model was found and then the DOA tracks were optimized by Kalman filter. The results

indicate that the DOA of multiple targets can be resolved with the single vector hydrophone and the results should be expressed by statistic

characteristics. The maximum number of unknown sources is 7. As the number increases, the DOA error is more serious. When the signal to noise

ratio is higher, the resolution ratio and precision are also higher and the deviation is smaller. More importantly, the precision of DOA can be

improved effectively by the method of data fitting and the Kalman filter.

Key words: direction of arrival of multiple targets; single vector hydrophone ; Kalman filter; method of least squares; quantum particle swarm

FAAS IR 7K W 45 BB ] IR 47 BBOAS T AR i it i i
FELTE A% 1) [ MR R SR P B R A
2R BRI R T LAt H
PRIEATRE ) o SR, X T 24~ HAR, HHRHIEL g o
TR RN B A [R] — AT A G IR G BRI, - 2 R i
for IR AN FEIE o SCHERL6 -7 JUE R A A 5
MR R BE ORI — 7 FE Y 2 A T
PR SCHRE S ] IA D 24 1 W L A vy, SUANAA R 4%
FIAREAERFAE , 7870 A 75 T -5 4 58 AR 5C 1 5
P, XA AR T 7 IR, BEOE EOR R H AR BORT ik
74

RS PEBIE 0 F H B 5 Kalman T 1960
AR I — P p Ak B T A B A 3 AR
X iR DR DR I3 2 BRI AR g B
BRBEAMN. B3Ok, £ 2400805 2]

«  Yrfs HHE5:2015 -09 - 08

EE£W B EFRHEELS XTI H (9140A05020514CB40014 )

ZHRIH T FEE A W SClk R T P LR
TR W g AT 2 HAR T REAG THINS, #R B &
— BN 1] A A 7 (L e 2 SR A AL SRR . X T
ERAG M LE ARG OO , B i I i) BE 25 fE L8 5 15
ANBRRZE . — Bk, 7K o H bR 977 (2 98
SR, A A BB L. Pl IR YE H
IR 4 2R S S TN AR R, X6 24 i A 2 £ O
DEIEAT TN, SR 5 2R R 7K 2 U8 IO H ARy (i
AR TOUACAL BE, SR R 22 H AR5 A7 B R
R

AR SOR i TR F R A DA B R A
P R 2o 4R 2 S ) Y B R IR S T
A, RE[FIT RS 2 HARI T 0L, i R B LA 48
JiE G B — B N 22 B AR IRl At
BT e HE BB AR P b T (67 i 5 2 K 1)

EZE RN KE(1984—) 5 WHEAHE N, W G LRI , {1, E-mail : zhangwei667 @ 163. com



42 4

KA, A5 B E KT AR K P 22 HAR T LR R T 1 - 15 -

R, A R PR R N i X — B[R] P4 1 5
i BUS R A e B VAN EOS IR L I A
AT RIR S UEB I T7 1%, %07 1k RE S A RN
ST RIAGTERIER 22 , 4 R DL ER B R L

1 ZEERAUMGETEZ

H1 A AR TS 1 HAR A 5 BRI
&5 H s, AKFIT LN 0,, T HR T XA ] F
HbRo TR0, B kr>1 k S8, r K
PR, R AL Tl B B R T p 5K D7 T
AR R IRE 0, 0, 3500 -

Z:Is (t) +n,(1)

N

v, = s(t)cosﬁ/(pc) +n, (1)

=

v, = s(t)51n0/(pc) +n (1)

y

SN o F R, o, SR 75 5
54 il ¢ ST A T ISR 7
5 PR 7 A T 7 R 4 A
WRER . (5 5 e T W I, T B
R 2 P T DA {5
DL B 4 B W 2 i 10 A 56 39, M T 3K 7
(1) ~ (14,
G0 0.0) = Lot/ (o) (1)
(0,0, = 3 sind/(pe)  (2)

<vx(t),vj(t)> = Z{Iisinﬁicos&-/ (pc)2 (3)
(.0 0.(0) = 300/ (pe) (4)
(o, (1) ,v,(1)) = Z{Ii sin’0,/ (pe)®  (5)

20p(0) (D) = (P (1) = X1

6

2<p(t> 20 p(2) v, (1)) = (p* (1) ,p(0)v, ((t)>)
= 21cosa/(pc) (7
2<p(t),p(t>><p(t) v, (1)) = (p*(1) ,p()v, (1))
= zlsmﬁ/(pc) (8)

2p(t) v, (1)) {p(t) w, (1)) = P*() v, (v, (1))

N
= Y [Esing,cos6,/ (pc)’ 9)
=

2<p(t> v, (1)) = (p* (1) ,07(1))

21 sin’6,/ (pe)’ (10)
2<p(t> v, (£)) <o, (0,0, (8)) = (p(t)v,(8) 2 (1))
= zlsme cos’6,/ (pe)’ (11)
2<p<t) v, (1)) (v, (8) 0, (1)) = {p()v, (1) v ()
= 21 sin’@,cos6,/ (pc)’ (12)
2<v (1) 0, (1)) v, (8) 0, (1)) = (3(2) o, (D)v, (1))
= lem@ cos’0,/ (pe)* (13)
i 2<v (1) 0, (1)) = (wp (1) o (1))

212 sin’, cos’0,/ (pe)* (14)

Hrp <> HRARAFS 1, = (s, (1) ,5,(1) ) R 45
HirfE o ae s, BRI A G180 IS H
Ff R 5 R, AT RAERH , — AR DO
HulRed 14 MRS TR B FREAF
UEAT 2 ASRJNE BY 1A 0, 2 00 H AR A FOR
7 A R RS TR (S (1) ~ (14) ) 7EHE
1 E ARG 4 H AR R 5 K 5 i . B
AFAEVU YRR L b 07 R4 (E R fhy TR e
FETE R SR AR AL R SN 2%, DN L w5 00 R AR
ML AR 7 AL BARY . TR
TR AR R A B b A R
Lok AL R D i TR i . 5
HA P EIEA e, 5 TR T HEE A 2RIk RE
S WCHGE B AR AR T,
PIZ T A R 5 AR AR A AR AL B

LA cost = ;(eli —e) MENIRM RS o,
e ZNE L DRI AL e TR | TR
1, 77 TR B AN BT LUAR B H R B9 A BOHE AT R R
K R R HE A 22 A eR B Fe/ME
A DR B SR/ IMELET BT X 7 1 H A 77 (0 7 5 D
R il

2 FREBIEHK

— AN B EAE R 0 R T ] A MR R
KHIR

X(k) =A - X(k-1) +B - UCk) + W(k) (15)
M {E R -

Z(k) =H - X(k) +V(k) (16)

Hrp: X(k) 2 k2 RGARE ;UK &k

B 200 R G FE ] ) 1 A T B 2 RAESEL AT

ZERRIRG, CATAME M Z (k) & kB2 5 ) &



<116 - B BE K 2= 2 i

%39 &

fHH 2 RGNS N F2E RS ,H R
FERE s W (k) 1V (k) 437 2 2ok A8 A0 D0 8 19 oo 34
HMR, Jr 22000 @ FI R,

TENE R R 2 08 B, 1 e 4l R 4 1 3o
BRI R G T R RIAE R RGR
B2 kR R G, W DT RGe E—Ik
AT T AR RS

X(klk-1)=A +X(k-1|k-1) +B - U(k)

(17)
X (17) o Xk [ B = 1) A —AR AT i 25
B Xk =11k -1) 2 E—REmAM A4S

P(k -1 |k-1)F P (k|k=-1)% i &
X(k=11k=1)F1 X (k |k -1) % B #9307 % 22,
s 12

P(klk-1) =A -P(k-1lk-1) A’+Q (18)

TEA T ARG HIPRS Z )G , 456 I (i rT
DATS RIBUR S T B A X (kL k)
X(k|k)=X(k|k-1) +Kg(k) [Z(k) -H - X(k|k-1)]

(19)
ot K R ARSI 25 1 2
Plklk-1) H
Kg(h) = PUlE=1) (20)

"[H-P(k|lk-1) H +R]
R T ERIRZ IR A WHB T L5, Wb 250k}
P(k|k) AT
P(k|k) =[I1-Kg(k) - HIP(k|lk-1) (21)
Hop 1 B 56 R
K (17) ~ (21) FRAE R R R 2 U8 i 3o 7 iy 2
AHhR

3 HiEniE

FREWREANIEL 1 Fras o e RS A
0 A Jo AR A 5 S S A U A B K S T A
A, SRR TR R B AR Lt Oy R 4L, 5 5
FARTT LRI AT 45 2R . i T I%05 ik A S 46
KA IR —E B GETH R L o0 A (1 )5 SCH 20 i)
AE M BRI, AT BEAE A A2 BLECR

HIEES
B’ B bip E
) = VR fi % 2
18 | i i i
NI A I AR
1 N NG N BN [ N
imab e anal't Anak A
Bl ¥ ET I A
wEES A (B 4 | B 4
] - C R

K1 Bk
Fig. 1 Algorithm flow

R NI, Rl R /N 3 A H AR Lk 247
A F X 24 i s 20 1) 7 57 4T B0, K 3 T
(ERER A £5 N R R VA IR K (EVIRIN
A8 i) A R S R AT R R 2 U, RE A 2 H
PROT AL A S R o e OB i 5 B 5
Hr, UL R IR S U8 B PERE S 1A

4 FEEH

4.1 ZBEHRAAEMITIERE

B3 AN HART 5350 2 50°,90° i1 250°, 75
WEREAA o 3 H BRI AL T[] — 17 58 A, 7E 5
s b TGk gy BE, b R 4 G0 Ol 9975 Hz,
999 Hz,1000 Hz, i Alid A, ul FH— e 4 B piy o
WifE SR, HEWE 4]0 3 dB F16 dB i,
B (L) ~ (6) RIS 1A prid 7 ikoxt B inJr
FEEAT 100 YAG T, SR A 2 oo J7 (Sl
ARG R 1,

30

25
20+
s
g 15]
ﬁ ‘
AT I
i
|
5 l |
l \
| |
0 _ l@m =&, W
=50 0 50 100 150 200 250 300 350 400
TR
(a) {5MELLA 3 dB B4,
(a) Result for 3 dB SNR
40
351
301
a5t
i
g 201
£
& 15}
10F
5 - I‘
i il i i :
0 50 100 150 200 250 300 350 400

FALFI°)
(b) {5MELE R 6 dB I H45 R
(b) Result for 6 dB SNR

B2 Jifcfaftitas e o Kl

Fig.2 Histogram of DOA estimation results



42 4

KA, A5 B E KT AR K P 22 HAR T LR R T 1 - 17 -

x1 AURBBITEREITHFGE

Tab. 1 Statistic characteristics DOA estimation results
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/(%) dB (*) (*) *)
3 49.41  4.25 10. 24
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6 50.10 2.0l 5.04
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6 90. 05 1.20 3.62
3 248.72  6.70 12.43
250
6 249.90  1.06 3.87
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