2021 4 6 H
25 39 B4 3 1

[ DA N e 3

Journal of Northwestern Polytechnical University

June 2021
Vol.39 No.3

https.//doi.org/10.1051/jnwpu/20213930471

—METHER-AUFENBERREMTE

kA, B, AmHE, B4

(P Tl R2: fii2a B, BEVE PE% 710072)

W E.AAKTAARRBFTRIAGKEINILZ ST B RERAA LS, XRLLEFHK
BRI BAG, 5T XAZMBARNE LR RAAKFTAARTGZ LS, AR ET —
Rty A BARRAL T ik, AT LIRS AR 945 AR R M E T BB -7 LBk e F 3, M
M T FRGAATRHEFAETT BARGER LA, RE TR T FRIEIE, EREN ATHHEE
K05 A FE B - AR AAAE T AR A R E Ik B R R A T R LML B AR AL,

x g
i E 4525 TB566 MEKAREFD A

INCSE A AR AL AR B SR W i )
PRI R GE 2 i1, B RE S AL 22 L IC 5 1 Il 75 v
SAEERE Y R BARGLE IR B A AT,
R, KAZ B iR BE S A FH [ BE AN 1.4 em AL
HakF L5 HER R . —H LUK, R Z R
NGB T g 0 [ 67 HLE R B 5, 1993 4E,
James A Simmons & 1} T 3% A 56 S 25 H ( SCAT) #t
R B AR B Z T 3 A0, A 2 KRR,
2012 4F, Buck it F B SE 5 2 5 S48 10 1 3l 0 75
R4 B ) (BA AT AT HE B A T

ARSCHE T —Fh 3T B -5 i B A S H
BB 7 i, RS AR 0 2R G S0 T/ INFLAR =k
FER H AR E N, w] R A3 3 A B LA B i AR AR H
BRI A 5 K A B

1 [ERIESHHRERRIE

1.1 EEE-FHEKEFH
BEF M D J& M x N 4R, =5 )it d, FR
HFIEF NFID =1d e R, ||d, || =1,1<
< N| , ZIERRGES R P I —MES x = [x,,7,,
x|, x TEFRDN I D TR LIRS
x =Da (1)

%5 B #9:2020-08-19

R A7 A AR AR AL SR B - A
MEHHS :1000-2758(2021)03-0471-06

L i o HES x FEF D NI B R IA R
M e FAUAEAE KA LR B AR HEIE KT 0 HK<M,
MFRAE S x JETT RS SE £ 78 D T 2 K- #ibi
(1), BRI H B ]

PR BT T, 5| ARRBE R, B 3 S0 &R
G 1 B A5 5 1T e AN [ B S v 3%
WS [l e e ks i B

E(t) = Z e(t,,0,) = ZAijs(ri,aj) (2)
ot FEIAE 1, = 21 /vsr, R BE 88 ;0 P A,
PRI BRI 30, R TTBL;s(r,,0,) FREERE r,,
i 6, AbHy I —Ak Ik

R AR ) B 8 K Ao - 2 i 38 %) o [ 0 g
R - A DR

[s,(1,6,) 0 5,(1,60,) 0
: 5,(1,0,) : 5,(1,60,)
51(n,0,) : s1(n,0y) :
: 5,(n,0,) : s,(n,0y)
D = 5,(1,0,) : 5,(1,0,) :
: 5,(1,0,) : 5,(1,60y)
s,(n,0,) : s,(n,0y) :
0 5,(n,0,) 0 s, (n,0y)
0 0 0 0

(3)

HE&W B FFRARPFR4S (61771398,61971354) % B

EFE N KA (1978—) , PEHL T R = BIHdR , T2 FK T E S 515 BAL S 07 £ RE RN



C 472 . iode Tk K

¥ 5 39 &

Ay LABETCNE, N 5 R8s, (i,6,) 5 |
ANEETC(1 < < L) FEBEES r, 07 6, AbH20 R B
FRIETE s,(r,0,) B i DEHE(1 < i< n). ¥AR
FEoCH SN B 10 s, (r,0,) B RAHIE IS —fe kb
HE Ry s(r,0,) . FERAIAL 6, T, @b s(r,0,)
B R S SN SR R LA S S A S AW S U
TEJGHEA c/f,(c AP f, JREERIR) | H4b kDT
B A2 R R R 507 0, 85 S (r + k x o/f.) b A
PRI

(1) 2B (2) AT, H AR AT R8N

E(1)= Y e(t;,0,)= 2 Ays(r,,0,) =Da (4)

K. a BN E(r) 77 D i Ris 24
MR A, RICH @ BITCER 8K A HH Y @ AT HE
B HAREE R ALEE
12 BEE-AMABEEFHRMHBE

WFFE 2B, Kb i i o] 7 5 {5 R AR LR
PR PRSI I 55 AL, v AR R A

mw=2ﬂw (5)

K, (1) ﬁﬁf)ﬁjﬁm{}u /EZTE o ARSI

AAE S FAL & R IR U AR 5, e F U

BT X KA W I8 & S5 5 AT AL, &l 1 P
No
Lo | |
z i ]
§OMM”M1W“J”ﬁ$ w
~10/! 'l
) 04 08 2.0
ETIE'.I/lo %
150¢ a) HHEE
>
<100
= \ A
E 50 M
0 03 10 T3 70
$i% /10°Hz
b)  HE

K1 e

i BEHIL I 370 7 [ 0 R el B iR T, 15 e
AR5 i AR | T R S R DRRE 32 9 S
B AR RS T LA SR XU 5 AL B 51 A6
LTV SN BT S QE PN U S S S N
GRRISF- 1 S5 R I W) J 16 v DR b 3 A B vk
X gL LR S AT A . X T —A 15x 15 (43
B, 1 8 A~ K TuLH A FEAILIE 81 ot AL B A
Je AR % BE AL BE 5 W P 2a) BE s, [ ] G ]

-7

y/em
y/em
f=}

-7 0 7
x/cm x/cm
a)  FRBEHELEES] b) RIS

K2 Fssat

1.3 FHEMPETHRIESH
TESR AR A (4) Brs 9 X E J7 R, REAR oK
HH I — R R , AN DU TS5 AR B | 14K

U A T o R 2 A A T4 A
FRe T UM PR G 2w, Bl
_,LL” My o My Mln—
Moy Moyttt Moyttt Mo,
| Gl=I D"+D| =
M My ot Myt My,
_Mnl l"LnZ o lu’ni e /"Lnn_
(6)

Ko,y =) (dd) | FR R R
fy s

R RO R 0 <p < 1.
< AR R P AR 00 7 e A T
HIFIESS i # 0 e, = 0, B HIIBALRE G
SR,

ST U B B LI 91 R U 29 51 e 0K
SRR T4 5 BE 5~ 7 G 4 1
PEP, SR BIANPE 3 FIEE 4 B, AT T2
TR BRI 07 e, 3T BUFG 34 51 91
FHUA T T 5 LS

4 1.0

Y - 7 fL /10
] [9%)
Soo
N 0

— N WA UV QOO
<
w

Soocoooooor

% 5 4
S - Jifs /10
a) PR TR b) -3 dB&EELE

K3 XU i R ALEG 57




MR 5 — PR T B -7 S O A F s E (07 15 - 473 -

5530

1.0 1.0
0.9 0.9
0.8 g Yo 0.8
0.7 3 P 0.7
0s = A OE
0.4 ! .
£ 0.4
|
0.1 # -
R B

SRR - Ji i /10

a) PR TR b) -3 dBE&ELE

B4 XU S
2 EE-AUBKEMEIT

2.1 HiEHR

RIET x TEF L D P RIRG R B R a 1Y
AT I A BTAT AT RERO AR BT ) i @ PR B0 5 R
T /DY a kS, RIFREI LI 0- JuduR/ME R
14 fit

min || @ || , subjecttox =Da, « =0 (7)

K, e, FR a PAEFITTERNEL

WFFERM] TR Y B 26 T, 0- Yu it/ Mb l
AT LU i 3 5 A6 R B AT A (R ME— A i £ -
TUHIR/ Mk ]

min || @ | , subjecttox =D, « =0 (8)

T T8 (|, = 3 | a, | 2B, B BT

A S T AR 2 R 1) 5k A fife DR i 2 3K [
BV, SR A 1) B o AR, AT LLEEHT(8) 2OoRA
B DEALER (7) o T - B A AT o
BT LA e Al 20 H R A, OF Ho 2 R

(0°2.394 4m,0.979 25)

(0°,2.394 4 m,0.891 12)

1.0
08
g 0.6
04
0.2
0
2 0
by | 0 )
'%"“/,I] 0°-40 jﬁ&ﬂ'lk

a) Ry =-5dB

KI5 RURG B BEALIE 51 9 g~ 7 6 5 Al T

b)  Rg=-15dB

M5 K 6 m 5 M U, H AR B9 R 25 -
DR A A T R BEZ A 22 R T BTG 2
)R, PEAH [R5 M LU R, A BE T XU it FEAIL A 511, 3L
g 21 ) B 5 1) F AR i £ 0 IR ELR R

N T R SEBRAF AL, AR oA R 2 R
i
x=Da + 1 (9)
PRI L3R (R AT Ak oy

1
min| ) Ix=Da i+ lal, |, a=0(10)

O — i AR AR TR, W] LA AR E A N i
SKARPAZIANE, FRA 1, - B/ ME T SR
1 et 55 HARIIEES XOT A5 B, X,y > 0 WIE
WA S K, e S BN B AU G J5 i A i 1) 8 A
JE BB AT T OF B R TS SR H AR S A

WG y BEERENO <y <y, = I D'x 1l .,
EIREa VA
y =o2lg(p) (11)

K, o MR 2% p B,

y (HAERE SEWR A O, FE R G LU AT
y (B /0N, I HL R A MR 7S B3 Iy (8t R A
AR,
2.2 BEFINHEITIERE RO RN

I FH 2 LR 5 B AL R 51 LA B U i 320 5 [ 31
JIT e B IR S — O A R B i AE A M
-5 dBFI-15 dB 4514 F, 58 ML (0°,2.394 4 m) 4b
A HARAIE B - S B A Al 1T (e =146 0 m/s, 2R
FENIL % f = 500 kHz, BE &5 20 K H 10 x o/f, =
0.029 2 m, HAs BYFE B 55 83 AN HE B, HJ 82 x
0.029 2 m=2.394 4 m) , 25 R anE 5 FE 6 s, H
H&l 5a) FIIEL Sb) B9 i A5 MR L 230 o 25.2 dB Fil
13.4 dB, & 6a) FIE 6b) 1% 15 M 114 51 K
19.6 dBFi1 3.8 dB,

(0°,2.394 4 m,910 59) (0°,2.394 4 m,0.679 34)

a) Rgy="5dB

Kl 6 XUR R4 ST BE 81 i B~ 7 Lk S Al T

b)  Re=-15dB

YL, L BGIE T XU 6 B AL R 5 10 FI ek
2.3 MR

h T B UE T BB, 7E 5 M L O 25 ~
=5 dB HUZRAF T XA H AR S R R I% S5 5, YME



L,

L
&3

2 %39 %

.« 474 . iode Tk K
M5 220 7 s
2 26 800 08
3 HARLE (5 £ ( :
LR (5%, | =X HAROLE 57 | 2
0 23944m) 2R 4000 23044m P4 E
R st a = Jifii
e BRI 1.8 0 o BRI
25 -5 = 25 = S
RNR/dB RNR/d’B
a) #HE b) i
7 ARG R BB -7 Ak A A

ZER R FEEME LR T% T -18 dB i B

AR TE(E S B 50 H bR & — 2, [R5
T AT T 253978 0, X Uk B XU i BE AL 5] 7
PE B — 5 67 3K G 5 M A] RS B A6 T B bR G BE 2R
Jifi .

R B B A 3k T R (W - 10 dB M
-15 dB BT BT REYE B o -30° ~ 30° 5 Ko
5o BARSEAT IR B - Jr Al a5 R aniEl 8 R, Al
AL FEARAE R O, B ARER 2Ry Ak T Y S
S B —F, R TR SEEAE I R 8
UF ABT R AT IE T 32 5 L A T R 2 S B
R A

30w py=104B L0 R =104B 331 —= Ry=10dB L0 e p =104B
o —— Ry =15dB 0.6r —*Rsn=15dB 3.0F —— Ry =15dB 0.6r —® Rsn=15dB
< o - ) E X:-25 ’
- oo = 2 B ool
ﬂ, R dzl —a—a—a—naaanaana ﬂ % | & o on on on on on on o o o o]
& _jol NR 4z —0.2F 5 2.0 i —0.2
R -0.6 25 -0.6f
5 . . . -10 . . . 10 ‘ . . -1.0 . . .
=10 10 30 30 10 1o 30 30 10 i 30 30 10 10 30
Hiskhfe /(%) Hidhde /() Hishhr/(°) BARHAL /()
a) HALHME b) FHiK%E o) BEEHME d) BEEF%E
K8 A R -7 et

24 ZHErMIT

R T 2D B R A TSR RS M L
—10 dB WZRAET , FH2E T 05U i BE ML I 19 7 et &2
A BRI TR B - AL A A T, ik 3 S HARY
FEFLO M, rhac AT S b b Al TS SR A 9 K
1R, R 4 A BAR AL 22 M), e A 0

(-30°,2.336 m,0.901 96) (1992.3652m, (20°,2.3944m,

Lob \(3292.3944m,092236) o 0.90343) ] 0.942 13)
0.8 (-3192.3652m,0.91252) 08 (2152423 6 m,

0.6 0.6 0.925 84)
04 04
0.2 0.2
0 0

0 0

1 0 1 0
g /m 040 gipr /(o) BB /m 0740 Spgy /(0)
a)  HLZEN b) LA

(-0°,2.394 4 m,0.920 44)
(-1°2.423 6 m,
0.948 07)
(1°,2.3652 m,
0.924 75)

1 0
R /m 0740 gegy /(o)
o

K9 34> HAREEE-Jr e At

K dbh At R s 10 &3 2 FiR,

SEAE 9 E 10,58 1 Kk 2 n g, K 525
Bt b A B O A AR S R L - 10 dB
FITEBL T, BEXTARAE 09 3 A~ B AR B 4 A~ B ARiEFT1fE
BB 8~ A A AR SR i e

(2152.423 6 m,0.922 09)
(19°,2.365 2 m,0.890 26)
20°,2.394 4 m,
0.950 02)

(-29°,2.336 m,0.912 24)
(-31°2.394 4 m,0.903 85)
-30°,2.365 2 m,0.909 29)
(-32°,2.423 6 m,

1.0/(2222 4528 m;
0.8 0.928 98)

06 0.900 37) 06
0.4 04
02 02

0 0

0
40 Ffr /()
ES |

1 0 1
BB /m 0-40 Fhr /() BEE /m 0
a) oz b)

(-2°,2.423 6 m,0.917 42)
(-152.394 4 m,0.941 42)
(0°,2.365 2 m,
0.949 32)
(152336 m,
0.910 13)

1 0
R /m 0740 Segy /(o)
¢

F 10 4 A4S EAREE B - hi B &1t



%31 W S — R I TR R - (IR 5 A B AR e Ly i <475 -
x1 ZBHREE-FUHBEEMHIT x2 MBHREE-AFUBESMHIT
= H#bz = HFiE it & M H bR SR 7 A R A=S
(-32°,2.423 6 m) (-32°,2.423 6 m)
(-32°,2.394 4 m) (-32°,2.394 4 m) s (=31° 2,394 4 m) (—31° 2,394 4 m)
qnZefll (-31°,2.3652m)  (-31°,2.365 2 m) - " - "
ZE) (-30°,2.365 2 m) (-30°,2.365 2 m)
(-30°,2.336 0 m) (-30°,2.336 0 m)
(=29°,2.336 0 m) (-29°,2.336 0 m)
(-2°,2.423 6 m) (-2°,2.423 6 m)
(-1°,2.423 6 m) (-1°,2.423 6 m)
. h (-1°, 2394 4 m) (-1°, 2.394 4 m)
Hol (0°,2.394 4 m) (0°,2.394 4 m) )
L (0°,2.3652m) (0°, 2.3652 m)
(1°,2.365 2 m) (1°,2.365 2 m)
(1°,2.336 0m) (1°,2.336 0 m)
(19°,2. 365 2m) (19°,2. 3652 m)
(19°,2.3652 m) (19°,2.3652 m) s (20° 2398 4 m) (20°.2.394 4 m)
Fb A (20°,2.394 4 m) (20°,2.394 4 m) - " - "
aRiLl (21°,2.423 6 m) (21°,2.423 6 m)
(21°,2.423 6 m) (21°,2.423 6 m)
(22°,2. 452 8 m) (22°,2.452 8 m)
S 235 DR B 3 T OURR i B AL B4 271 11 B 8 — T o7 B
3 & i A MBS HER AL T B AR IR R A S B I

A AU e OUH AL, 08 07 2 20 I (5, B
— IR T

T

HA B A PO AR A, R, X TAHERAY 3 4
o 4 A EBR, %7 A RE AT MEA Y BE S -7 A1 K
ahiit,

7 S8 W e ) ] 7 s S AL A, A SCH OUR it Bt AL

=05 5 M 0 A AR E AL TT I

SEH .

(1]

(2]

[3]

(4]

(5]

(6]

(7]

(8]

(9]

SIMMONS J A, DEAR S P, FERRAGAMO M ], et al. Representation of perceptual dimensions of insect prey during terminal
pursuit by echolocating bats[ J ]. Biological Bulletin, 1996, 191(1); 109-121

SAILLANT P A, SIMMONS J A, DEAR S P, et al. A computational model of echo processing and acoustic imaging in frequen-
cymodulated echolocating bats: the spectrogram correlation and transfor-mation receiver[ J]. Journal of the Acoustical Society of
America, 1998, 94(5) . 2691-2712

HAGUE D A, BUCK J R, BILIK I. A deterministic compressive sensing model for bat biosonar[ J]. Journal of the Acoustical
Society of America, 2012, 132(6) ;4041

B, RECIR ) GRar. JETBE By —Jr (0 B 0y A 7 i S 1 A B[ € /2018 AR A2 K2y, dbat,
YANG Changsheng, SONG Bingbing, LIANG Hong. Processing of complex reflections based on range-azimuth dictionary using a

2018

bionic sonar system[ C] //China National Acoustics Conference, Beijing, 2018 (in Chinese)
BATES M E, SIMMONS J A, ZORIKOV T V. Bats use echo harmonic structure to distinguish their targets from back-ground
clut-ter[ J]. Science, 2011, 333(6042) : 627-630
YANG Changsheng, HU Liping, LIANG Hong. Bionic compressing sensing using sparse random array[ C] // International Con-
ference on Marine Robotics in Ocean Exploration, Saint-Petersburg, 2019

ARICIE. OB BENLEE BT S HAR SR TR SE [ D] 7522 . P Tk K%, 2019
SONG Binghing. Research on bionic sparse random array design and target parameter estimation[ D]. Xi’an: Northwestern Poly-
technical University,2019 (in Chinese)
TROPP J A. Greed is good: algorithmic results for sparse approximation[ J]. IEEE Trans on Information Theory, 2004, 50
(10) .2231-2242
CHEN S S,DONOHO D L,SAUNDERS M A. Atomic decomposition by basic pursuit[ J]. SIAM J Sci Comput, 1999, 20(1) .

33-61

[10] KIM S J, MEMBER. An interior-point method for large-scale 1-regularized least squares[ J]. IEEE Journal of Selected Topics in



- 476 - W odb T ok ko E R

##
&
gl

Signal Processing, 2008, 1(4) : 606-617

Bionic target localization method based on range-azimuth joint dictionary

YANG Changsheng, LI Hangbo, HU Liping, LIANG Hong

(School of Marine Science and Technology, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The traditional underwater sonar system usually achieve high angle resolution by increasing array
aperture and the number of array elements, but this method will inevitably lead to complex system and high cost.
Given that big brown bats have obtained surprisingly high resolution using a simple system, this paper proposes a
bionic target localization method. First, a range-azimuth joint dictionary was constructed based on the bionic system
of multi-harmonic emission and double random array reception. Then, the coherence characteristic of the dictionary
was analyzed and the range and azimuth of the target were estimated, and at last the experimental verification was
completed. The results show that the bionic range-azimuth joint estimation based on sparse signal representation can

achieve high-precision target localization under the condition of echo high aliasing.
Keywords: bionic;sparse signal representation ;target localization; range-azimuth joint dictionary
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