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Dimension Reduced Fourth-Order Cumulant Near-Field Source Localization Method
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(1. Faculty of Electronic and Information Engineering, Xi’an Jiaotong University, Xi’an 710049, China; 2. Information and
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Abstract: For the problems of low degree of freedom and low accuracy in near-field source localization, a
localization algorithm based on fourth-order cumulant matrix is proposed. Firstly, a high-dimensional
virtual covariance matrix is constructed, where the equivalent steering vector contains both direction of
arrival (DOA) and distance information. In angle estimation, a one-dimensional search method based on
rank deficiency to search the reciprocal of the minimum singular value is proposed, where the
computational burden is reduced. The degrees of freedom are increased and the characteristic that the
high-order cumulant of Gaussian noise is zero is exploited to improve the estimation performance at low
signal-to-noise ratio. In the estimation of distance, the distance information contained in the singular vector
obtained by singular value decomposition in angle estimation can be directly exploited without additional
calculation, and the distance is estimated by the least square method. Simulation results show that the
method estimates the angle and distance information of the near-field source through the one-dimensional
search only in a high-order cumulant matrix, which reduces the computational burden and improves the
accuracy of the estimation compared with the existing algorithms. Moreover, the proposed method has
twice as many degrees of freedom as the reduced-dimension MUSIC method.

Key words: array signal processing; near-field source; fourth-order cumulant; one-dimensional search; least

square method

HEEWE MR [ RBF#IE4(62171364); [H M B2 75 45 fi F1 48 @ RBHE 30 B (5226 X T190006)
5 B #3:2022-11-08; 81T H #1:2023-03-21



1258

51

[l

R E B L Journal of Data Acquisition and Processing Vol. 38, No. 6, 2023

W 3] 455 5 b B 3 {5 40 1) 7R 9T 5 1S, 38 1) (Direction of arrival, DOA) A 314 o
EE S AT NS T A I L AR R ST B A D R T — R A
T AT A e T k. B S S A T R TR R KO B B RO T 2 A
e L Al T O7 0 T Je vk BT, SCk (12 ]88 1 T —Fh T4 £ H {5 5 43 28 (Two-dimensional
multiple signal classification, 2D-MUSIC ) 5.3 , (H & i+ 5 52 4 BEAR o SCHRL 13 1R I Bt 8 ¥l /b
IR DOA SR 5 FI AL 98 — 448 R AL rE I Eg o Sk [ 14 DR U By 32 4 5 (K Bk Toeplitz 5 B 5 44
Mgk A, 8 it S 500 XS B A 5 A DOA FIUEES o SCRik[ 15 156 T RIS I i 2o 2 i 17588
HARALTr o DL B A SR T R AR T B ORI, SCER [ 16-18 14 Hh 14 [ 4 4 kg T 4
5 WS Y 7 2O 3 AU A AR B BT TR A VE AR S s ) dl o AR A ROk IH R DOA 5

o Hoh SCHRL 16 J7E TH 5 0 A B e 5 — 4R 48 R T 5 1 0 A B X L A0 B e 5 SRR 17 D 3z 37 IR R
BB TIREG W, XTI i % AL 58 1) £ 5 15 45 5325 (Multiple signal classification, MUSIC) 77 % , #] FH &

oy i 75 22 50 5 1 7 SR B T AR B R R A B D7 220 4R TR G 5 P S AR IR Al R R 5 3
Wik [ 18 1 FH 3 37 B3 05 22 90 [ 02 Toeplitz i B (9 5 1 , AR B 22 0 1 D7 d6 eldst 1T (5 6 o SCk[ 19 ]
RS B9 H 5 BEO0E A R R AT A 8 /s 3R vk o B AT A O A v AR R LR S B B
AT LLTE B AR T 55 5 B AT 4R R 38 85 2D-MUSTC A ] ) EAf 2, (E2 76 5 e LB B S B 2 1 LT
PEREAN U 4, ELTETT 55 J3E I J0 12 [ I 45 300 B 8 1) b, 5 BOH O AG T A A B AR X R 2 AT SR 3
B R

B

TR . MAEAE 2N + LA EE T, SCHR[16-19 135 B NAS [y BE S DL b Oy ik A7 7 1 il B AR
£ I L, T EL 25 5 5 S e 2, BV AL T i R AT AR T HE IR BB LN, T

W P 2 ] 5/ PR BE L 2
UTAF SR, O T 3% AT A T 05 DA S A B DL B AR v v P 2 2 TR 1 18] 07 3 L T D SR
WEeh BT — RO 15 I AL Rk R T R S AT AL AR . SCERL 21 142 ¢ T —Fh
A 2B BEAT B OB IR R B JR ET  Ah vE oh ek B N o SCEk [ 22 /R I iR S AT,
Fa 3 1 WA R AR 0 0l TH S BT AT A5 IR DOA MG 8 (B T HR0 52 2% s Tin ELA 3 A B2 i R 2 1 %)
PRI TC L A5 S Al T R ik RO ] T SR A G 2 AR, S BOE S TE A O8 4r o SCHER 23 JRE ST 9
TG E AL AR JRAE A TH DOA IR B I 3 55 25 R R TH R B8R

(APANE

ASCHR T — BB 8L (5 RS E . BB SCE 221 R DA T I By B,
F1% 45 2% 3 1) O B[R] I 5 T 0 DR AR R B AR R o AR SOR o il o —

AN A
— A A R R REE B AE B8 ] i A 3 A TR 2, O R MR S s 8] S BE R I Y S AR Ol R RO I
IR IE B AR R A A [n) AT SRR SR IR O R A A EF S TE R RBUE R S R AT BT

AMER RS
— PR, P T — b a1 R AR/ A S RO R R EDR A T DOA M A R —
AR RRAR TR 2R L i ELAE AR B A T b R DL I A B S A AR B Ok e, 2 AR R RN
B E BB , AN EARSCRRL 19 | — e AT AU B TE B, 7 e SR Al b R X b oA O R A e R
AR . 7RG A R BE RS AG TR AR, T L 2D B Y R AT RS S L S R R A

S A, BARREN T T3 B (H R nT DUA R e A A MERR I o 5 SCHRT 19 THR bE L 48 1 i S ek B A

B A MR 5 2 000 B0F Al 711 BE W1 4R o o 30 MR A A R B R A R O X — AR R
H B 7 i LA i A B0 MR R RE D, A IR R LU I R A B A T fE

R

€. SOCHER[ 22 TR L, 42 i i J7 1% T
PATE FUM B — A~ 340 40 e 09 5 £ 8 A T2 W MR 5 42 3045 8 18 B 5 4 i Al 31 ROR | TR I AR 17 5



Fwll F HEHONETREGEREALT E 1259

1 REER

ik KA 15 5 A G 80 a0 & 1 7 09 X BR 35 &) 2k B 40 L, P B 9 vty e 528 0, B T R B0
2N A4 1, 4B M JC Rl BE Ry o, (0, r ) IREREE AANE S A S
2nd nd?

MBS, EXw,=— . sinf,, ¢, = s cos?0,.
75 20 S L1 A 5 0T AR ik D X
x(1)=As(t)+ n(1) (1) -~ 2 10 1 2 N
R es()=s,(2),5,(2), s ()" AE S8 5n()= BT R 5 A
[non(2)nogoy (2), o ny (2) I AR SR M S 8 43, o Fig.1  Array model
A=lalw, ¢)),alw,, ¢;), -, alwy ¢,), -, alwk, ¢i) ] (2)

ot alw,, ¢p)=[ N TIN Qo VT DT RN G ent g0 ] gilent g0 L el RN T
XA G S S M TN LR RS (D) BT AR SR g Al i R E AN AR Ok

R A PR BE AL AR 5 (2) B AL AR A A T (A Ik R O LR S {5 065 (3) dég,

fRIRH K< 2N,

2 EBEIREE AT

H A5 5 2 3 A v T ST B AL A i PR A

vy m=n=p=g=F
cum{ﬁ'm(l),.\':(t),5;([),5[1([)}: ;M m nﬁﬁf q (3)

KA s HASTE T smonp.g€l 1, K ey y=cum {s,(2),5,(2),5,(2),5,(¢) } R MG TH B {A -
SE X DYy 2 o
Ci(m—n+2N+1,p—qg+2N+ 1):cum{x,,,(!),Jrfv([),xz(l),JTN(l)}:

K
264”{’6“(”1 N)w, +(m* NZW”G H(p— N)a,+(p— N2 g,)
k=1

m=—N,—N+1,-,Nyn=N; p=—N, —N+1,---,N; g=N (4)
Colm—n+2N+1,p—g)=cum{x, (1), 23 (1), 2\ (), 2,(1)} =

K
Z CthEj{(m*N)cul,f(m’)f3V2)¢,:)efj((N7q)w,:+(;\’37q2)¢/:)
k=1

m=—N,—N+1,.Ns n=N; p=N; g=N—1,N— 2, -, =N (5)
Cg(7n*n,p*q+2]\/+1):cum{xN(Z),x:(Z),x;(lf),IN(f)}:
i s kej(("\v*”)”’/’ } (N*—,f)qmefjupfN)wk F(p*— N%) g}
=
m=N;n=N—1,N—2,--, —N; p=—N,—N+1,---,N; g=N (6)
C4(m—n,p—q)=Cum{IN(l‘),x;(l‘),x;(t),x,[(t)}z

K

J{CN — NZ—n? —i{(N— L(NZ— %),
ECLL./@GJ((N n)w;,+( n )¢/‘>€ HIN=—q)o,+(N )il
=1

m=N;n=N—1,N—2,-+,—N; p=N; g=N—1,N— 2, -, —N (7)



1260 R E B L Journal of Data Acquisition and Processing Vol. 38, No. 6, 2023

A LA B A SEFEAE 3 — A (AN + 1) X (AN + D4E T C

(o Cz} "
C= =DC, D (8)
[Q C, b8

i C4,s:diag{f4,1’f4,27"',54,k»"'a54,}<}j711@é1\; m@l;’iéli{n L,\E/JXTﬁKiF #xﬁl%ﬁ%%fﬁl‘?
LA IR N

D:[d(wl»(ﬁl)’d(wl»(ﬁl)’"',d<wk,¢k),"'yd(wK’(ﬁK)J (9)
A
d w, ¢k):[ej[ 2Nw, +{(—=N ) — N*} ¢,] j[( 2N+ Doy +{(N+1° =N} ¢, .
ej\ No,+{(0 B ej[ N+ Do, +{(1) Yl eJ\(7N+2mﬁ((2>f—w2>¢Am
ej[o)w, {(N) N->¢k] Pl(Dw,+{(NP—(N 1>—>¢b]ej[<z>wku<m-‘ (N=27} ¢ .,
eJ[(ZV D, +{(N) —(=N+17)} mej[<2N>w/,-(<,‘w>2f(a\")¥>m]]T (10)
2 (8) TT ARt € J — A~ AT SE G0 XS FRARME (07 W , X C AT 1 (8 53 i T LA 75 5
C: U.VASU.\‘H + U/IAIIUi:-l (11)

A, BN AN + 1 — KASFRAE R L SOR A1 B, Xof 7 B4 R AiE [6] 5 20 B e 75 723 18] U, th 123 0]
SETATH A5 5 s () 5 R A 728 ) IE A2, X (12) s
ny{d(wk»@):ou\rﬂ K)x 1 (12)
1T 18] K i d ( cu,,(]ﬁk ) o ) B A A A R R B 8 e, AN AE 2K (13) v (o P A% 8 i e 8 R Bk T
WETE AR B YRR B A AT AR R IR R
1

P(0,r)= (13)
Y A (0 g ULU d w,. §1)

T BT S AR SR Y — AR A B B U7 o o d (wy, ) TR O3 R PN S SR R A JE X

,ej[ 2Nw, | O O O O O _ 1 ~
0 e 0 0 0 0 || diteNt1r-Ng,
0 0 ¢™ 0 0 0
0 0 0 0 0 SO N4,
1 0] 0 0 0 0 ! )
) eﬂ(o) — N%} ¢,
dlw,d)=| 0 0 0 el 0 0N v (14)
! ! ! 0 (3 Pl (N (N =27} ¢
0 0 0 0 0 le @
0 0 0 0 0
0 0 0 ej(ZsV*l)wf 0 0 ((V —(1F)
o (N —(01) ¢y
eJZNw/: O O O O O S i
) - W ()
Qlw,)

K QN —MHEGES AP MAA KM (AN + 1)X (2N -+ 1)4ERE 4 W ok 5 BEFIIE B 34 56 (2N +
D)X 143 a4, Rk N

W=[1,c NN HOP =N} g, HOF—N*}g, JUNP—(N—17}g,

e, e e 3
ej<<;\r>27(s\172>>’>¢b’ ., ej<(;\/)27<1>2>¢/.’ ej((A\")Zf(O)’))(m]T (15)

FE S
Einii—kxenin= U, Q (16)

W C12) Al Lk s 2y
EW =04y:1-x1 (17)



Fwll F HEHONETREGEREALT E 1261

4 ffy AR B O E S A R, (17 AT A AE — A FF ROy FR AL, Ko E S REUE R, W ok figt )
i, i WSS R AT — e AN SR ) e, BT DA TR IR O R — A E D — AR R I AR O B Y B
— 5 /INT AR B B

rank( E)<<2N +1 (18)

M55 A B 03548 [—90°, 90° [N Bl M E AL 55 A B O, B E R BRBE 0 9 AS W] & A2 22 4k,
DR T DL R A B e AT R AR E & AR B E A B/ Na S A O s, X 17 ) £ 55 B R TE A DO A

PR Shy 30 S 155 50 T A7 A6 R 7 R 2, 214 H 30 0E 0 A 3 IsF 6 B ) Bk — B R 2 LI Rl | (F B S Bl
25 S Bl R A Ot 2 BB 4223 T O WO (B . O L AT DA Pk o A0 S ik A A= o 22 b R e/ 2 7 M
A L OE I AR B kT TE S 26 2 RO AR SR E Y O (D) R B E W /N SE A BEIEG () R E Y
R ASFE S RN S HAE .

2o 5 BT 2 PO LA AR [R) 158 25, R I A AR SO S5 A o ) 8 R AT S (A BB O iR A
it DOA, B

1
P(0)= v (19)
Ko Vo B E 1 5 /INET SR 6 PEAT — 43 048 2R fe K KA 05 6 0L 1Y) o B2 B Sk 30T 35 £ TR 1Y
DOA. XFH(13,19) 7 LU H, FFH A8 048 3R R e Bk =7 i, S B T A8 B 1 43 5, 1 3 R 5 1Y
TSN R AR T AT AR AR B YA T I — A R KRR TR E M

EHAAA TS, Y U, WAEUNT 2N+ 1, T8 275 0 1E 50 A 5 A0 1 B BB /N T R A48,
B I 336 A 7 v T I R R 2 ) B S BR T4 T 2N+ 1L BE BN EUN T2 T 2N, SCEk[ 19 1F] R
DIy 2 11 W P 1 s ) R A T A A R i ) R SR 1 O R R DOA, 45 5 AN B0 i
NBF B AL R B RS Ne b n] L A SC BLAT 245 F SCmk[ 19 /Y F i .

3 EBEIRES M

M TAE 5 R BE B 5 B & A W DR AS B0 00 B ) — IR AR SR TS i g ) i Wb i T A TR

EE WIEE"E SN X R A FRAE 1) 2 o

ERR 7)) 0 LSRR — AN FF R o, Wl R AR R i . B E LA A EIRAE T,
A F 2B FEC A, BT TR 2E TR, S B Ty R 0 Bk BN ECIE A9 5F O R Al MATLAB
Xof HE AT SRARTE 3, RS B B M . Pt — R S R A 1 Y ik B AR T, W
JE—AN 2N A 14EH) ), IE BT JC R M BLE Y 1, BT LIS 3

|W | =2N+1 (20)

1 F 3 (17) T 46 X6 1l 37, A 2 ] DA 2 20U 323 F 57 kO B, B R A U A s B R /0N, st
] % A R KBV | EW | = WHEVEWAE|W | = 2N+ 1205 F BUEi/ME 10 W o Rk 19 H T
Bk

L=W"E'EW +pu(2N-+1— W"W) (21)
Xof SR A
aL(W, 1)
=2E"EW — 2uW A0 22
aw M (22)
A
E"EW =uw (23)

B AT UL, 02 BT E R AR AR, W ok OGS o7 (4 R AAE 1) o
|EW "= W"E"EW=W"uW=pu(2N+ 1) (24)



1262 R E B L Journal of Data Acquisition and Processing Vol. 38, No. 6, 2023

IRt BT | EW HZB&X%%/J\{E,#%ﬁEHE%/J\# FEAR, XF I (8 WAy S5/ VR AE A G I 1) R[] 6
TEEE
E" E e /INERAEAED IV 1) R 1] 2t A0 500 2 40 M E 1) fe /N A SR R 1 A A S e et P T R AT R
(B3 fif A+ DOA B AT L[] B 45 21 A7 55 1] 2, PR 0 78 552 B 3 980 I 86 Wsf A 5 S 0 A7 0 A/ 194 R e A 3 0
TEAE 3 it o ¥ BV E e/ INFRAE (B IV 16 R AIE 1) 8t sl J2: 1) S5 /N2 S (B0 I 1) A7 4 7 1) oA e
a,= angle(u,)=[0, {( N+ 1P =N}y, e, {0 =N} by, +o-,

(N —=(N—=1P}¢p -, ((NF—(0)} ¢, ] (25)
E SR I
Yu_[l 1 1 Lo o 1 1 }T (26)
0 (“N+1P—=N? -« (0F—N? o (NP—(N—1)7 - (N}E—(0)

2

WA

0
T|:¢§ﬁ:| &k

o
— B3 R I Jttﬁ?’ﬂ“:ij%}ﬁ,ﬂlﬂ[(;}ﬂu A (27)Kk 15 .
k

0 .
”?E%/J\{HE"J[J},,H\EP SMURIRESH ¢ MEREEWATHE. BT T2

3
F

b
55 B —— X B B B e AT LR

5
[A"}zT "6, =(T"T ) 'T"4, (27)

Fp= M{Z cos’0, (28)

A,

W7 3 T R S5 TE T A B P S R A TR) — O B8 A M P R SR R ORI, R T BRI B N T A
B B T L AT S8 4 A R DA IR B A 3 A e e, DR AE A 3 DOA o 88 b [R] B 45 210568 1z 9 T 5
PR A i . SCHR[ 19 A TH03 AR B A 2 v T vk B AR 3% A IR B 5 B0y ) i, 75 B0 Al 0 A AR
NS B SR S R AT R AR o 1 SCRR [ 22 ) R O IR AR R T A R TR L ) AR — A U o SR A R
AREREyS =R ST TN S F 3 2l N

ARSI AT RSB

(1) AT

O % Bk M REFHERE C, . Cy\ Cyy Cy 4 HAR () 1977 X 2H WU B Cs

QOXF CHEATFRIEAE 4 i , A5 B F 25 M) U,

QB AT K it d e IR (14) 04T 43 THRH E

@XtF E #4787 S A8 70 i, R (19) 8 & ik fi]ﬁ]r

(2) BE B AT

O W TAEM AR T 2X E AT T 4 S8 20, BT LUAT DL B 42 48 21 1E 8 A B2 BT %t bz (9 6 /4 E 1Y
FaRa R LI

O s FE(26) , R (27,28) TR H FE R .

4 HEER

B AR SCHRE B DOA A THRR R 42 04 7 v 5% SCER D19 T 3R s I ik B 4 2 AR 5 i 28
(Reduced-dimension MUSIC, RD-MUSIC) ; ¥ SCH#k [22| = H W T iE R I B2 &G 5 o2k
(Two-stage MUSIC, TS-MUSIC) . A 3C4j5 B 1 4t 75 vk 09 il D Ak 11 56 DL K2 19 75 i 58 2% (Root mean




Fwll F HEHONETREGEREALT E 1263

square error, RMSE) , I 5 HAWAR C 5 vk AT XF e o 0 B o i A5 5 2 Oy — R 0 AR RS s 445 5, B
A ITIEAE AR JE S R R R 017 A R )RR, 53R R I S8 B I B Oy 500 W, R fE R L
(Signal-tonoise ratio, SNR) & X A

1
SNR = 101g(2) (29)
o

o R B G AR LA TR

4.1 EERIhEITEEER
Y, B A B 0T R BB S 3 0, 0% 14
SEIESCAE 0, N 2 ME S B A Y EARS R Th R R T TS . EMC R 2N + 1=
9, 7E 2 000 A 1 £ 18 F U5 B 1 BT AL THAE S5 55 15 M b 9 G 3R L b 24N 30 3 TR 1 R B RILIE 5 43 0 Sy
(20°,1.80) F1(22°,24)

305 v BT A M 3 B A W L AR A A 2 BTN o NI 2 0T DA M AR 3P O iR MR i I R
B R RRIR AR A E R R E . AEWR IS B RN &R S s 1
IR . X H A RD-MUSIC FEFE 2 DOA By L 2 A R T 56 B A 380, M s s ok, il HL s
[E1] 3% 0018 B Ay AR g S 248 A5 B S 0 e o IR . FE R ZBUIE B M A5 5 B B i A
V) B I 3k T IR 90 B 3 0 1 R LA B AL DOA , 220 43 B 2 /N3 06 5 06 — A B s 00, 5 1 A
TFRCR . TS-MUSIC 532 1 £ B2 2 7 3R 5 40 B vl 3 A% 58 MUSIC Bk S 2000, s B R T
XFFR B TC i U5 5, 1 B i DOA AR BE4E B JAT (2N + 1) X (2N + 1), S EERE A B 47 i
PRI E R T RS S A L I B T (AN + 1)XAN+ D4R FE CiFE DOA {5 53 H
AR, A T TS-MUSIC HA 5 2 ) M -2 ], DRI % i 45l 2R 80, 76 155 5 EL A AR (A 3k 1) i L
AR R T A SR O R PR L B 34 T S IR 2 A [0 AR R AR B g e S
{51 Lol 8 dB L 2 000 FR-HA , 3T 37 1 B2 Sk 20°F0 22°

B 75 T8 2 09 2 3 0 A0 O 9 48 R i KIE(H , RD-MUSIC fil TS-MUSIC J5 ¥ 18 &R e /D& H , X J2 i
AT Jr i AR B s 1 o e 1B 3 AT, ) AR J2 R % 04 48 2R OK A 1T DOA, $2 1 9 5 1 B8 X 43 tH A £
JE ) B 8N 0 45 5, O B AE AT A A B B Al B R 25 50 L o B b i 5Bt DOA, RD-MUSIC Al
TS-MUSIC P17 76 A0 B 3 e & I (14 18] 8, 52 BTG 1 8 Ak 1 (R T 2R ST $8 07 76 19 HE A 14

100
—=— R E"Jﬁ& 80+
—— TS-MUSIC

80 | —>— RD-MUSIC L 60 [
X 40
> 8
3 60 = 20
B BT
’_1: E’ 0 freas
= L H -k
&I 40 20 .. K
R i
= & 40 -‘,‘_A‘ L}

20 -60 W R

M7 === TS-MUSIC
-80 | e RD-MUSIC
0 P : E = —-100 : . : ! ! . :
0 2 4 6 8 10 12 14 16 0 5 10 15 20 25 30 35 40
{5 / dB HE /()
L2 BT T A 56 i £ MR L A kit £¢ &3 ANIE 5 s i

Fig.2  Curves of successful probability with SNR Fig.3 Angular spatial spectrum of different methods



1264 R E B L Journal of Data Acquisition and Processing Vol. 38, No. 6, 2023

4.2 EEHHARIRE
& X EFIEE B i RMSE 23 91 4

RMSE(4 =/ ij} (6, — 0, (30)
I k=1[=1
1 K L

RMSE(r /KZZ Fu— (31)

A K (5 TR LR 52 R S KB 0, R 45 LU S 3 T 45 A 3 VR G K 7 TR A L5 0, R 8 A
15 VRIS T ) 1 LS 5 7 R B J USRS R A TR B B S A T s R S AR TR B R B . FE
X H I B v A SO e i G A A LT TR e 8 A ep O S O T sk HE, e AR 4 4
P O I RR R BEA 1, SCiik [ 16-18 ] 4 3¢ b il A 9 % 58 MUSIC Sk o ik 2,

HHEX ORI, 24 ASHE S R 00T AR 2=, b A B AR S 40 00 o (07, 1.8A) Fi (207, 24), K4
5435 E7R T AEPAAECH 2 0002 A5 5 B A 6] 7 1% 1 14 07 8 15 2 B A5 W L A8 fR A 100 o DA D B 1]
R LA L RE TR EE B A T BE N A0 SRR 2, 0 R Bk L AR X4 R RE R AR 48 1)
o E PR RIIE R L MR 2R TR S A ) S AR R R s ) Y 0 A M O i e R A
PEES PR e R R 2 W I O 2 R R AT R PR R R R, 5
b it b Rl DUE L Y AR S B R A B 20° LR AR 08 K i, RD-MUSIC B35 4K 4R
M LLFE (5 W L A A 38 B A A I A 1k o Bl T Ll 9 388, o R ORI B 58 2 XA IR I s/ | f R L
REE 2 dB B, AR A E R 2Z O/ TR B A I AR B RO 55k 2 A B B AR, Ht
AL BV AE AR 5 8 B A B B0, RD-MUSIC A7 3k DL 7E {5 W L 5 A B 52 B ME A 3. TS-MUSIC
%%ﬁ@ﬁafiﬁ%ﬁkﬂ?&mﬁ%ﬁﬂ%wﬁntﬂﬂ%ﬁﬂk X2 PR 7R ST A B IR R A 1 o R
R A A 1 ) 3 R v SURI R T R R I ST R WA S L T LR R R R RO N . BRI o o IR R 22
T TIE RSO H R TS MUSIL%/&‘W%W&Z/\MJI?;%% AR AT B — 1 B 4 AR
ok m A A R AR B RA BRI AR R . e it b SR R A B R O
B 25 B 3 2 DR A A BB A i R A R R R B T A R T A L (R R R S 34 A AR B
B OME LA B A v v o b L T L AR R A % v A 2 ™ T R e R S T 25 R H W fE e e FE — 8 dB
I A K 010 F B 15 2 2 fo HL R B A 0 s B ™ o A A R

B A5 S A B 3] A4S A AR RS 4 9 (07, 1.84),(20%, 24),(30%, 2.54),(50°, 34), B iEE M
S YT RN 9 AR EUCR AR, B 43k 3 T RD-MUSIC #& KESHHE 5 %0, K6 H 705 B

—— TS MUSIC )

—— RD-MUSIC 10'F —— TS-MUSIC
~ g —>— RD-MUSIC
" #

?ﬁ 1 00 B ’mi( 1 00 &
b B
& E ]
= %
R 107
10"F ‘ . . ‘ ‘ 102k . . ‘ ‘ ‘ ‘ 3
-8 -6 -4 2 2 4 6 -8 -6 -4 -2 0 2 4 6
F”@El:t/dB {5M:EL / dB

P4 245 5 I AR RE 28 7 AR 22 I 1 e LE 22 Al it 42 PS5 247 5 I BE B 18 5 AR 22 I 1 Mk LG I Al it 22
Fig.4 Curves of angle RMSE with SNR for two signals Fig.5 Curves of distance RMSE with SNR for two signals



Fwll F HEHONETREGEREALT E 1265

THHECHR 2 000 4 MF S50 AR IR 22 BE M LA fb i £k . &SR LLE ) EE S 2 8 44D
Jei A 7 B P B N B R, 7E B E AR ST L BE S R M L 3G N, JC I8 AR B B L 4R
R EE R /NB TR 25 B AE 2 000 PRFA T, 7 M b ik £ 25 dB 33X Fh i 5 M F i, RD-MUSITC 4750 LA 52 38
£ BE W HERR AT T, O FLBE & 15 W H g 38, 15 25 A B B T Rt 3 . A O B R ep 3 A A 4R A
8] B& A 10°LA & 20°, RD-MUSIC 7E {5 M Lt A 5 dB I, 500 Y% 52 45 15 1 05 B A2 78 — 21 A U B0 B 04 %L
HAFERAE, SRR H DOA . XUl W EME RS FH ki B b B AR 8 N H 2 45 A H
B W 23 () A BRI, W R 2 1) R A% o i S BOR) FH OE S8 PR35 DOA B P BE R R ™
AL AT L 7 M5 S AN B 2 i, GRS B0k 1R J2 B0k 2 M Lo T oAt SCik i 05 75 48 LA e /N 34 5 AR iR
2 HP R 1 ERVE FE R , (ER A, I B R B 0 i & R RN . Bk 2 YA O A
HVTH 3 7 2206 I 2 U RIE B UL T LAZE A 08 . 7R 2 b, oh 1 O A DU B B8 o A I
TREL0 e ST S B B i ST R A B (AR AP 25 W DR I P O 2 6 B ) A RO 23 BR A BT 4R O ik
B B ARSR AT LR B 2N/ A R RE o i SCHR L 19 ] H A9 ik A R R0 B R 0 R A B 28 JE TP 3R AR Y
£ B R B A T T 2 T R SRS, S ECH B R N X TS-MUSIC Jr sk, i F R FE T H T 1Y
Br SR K T A R IR (S S B E B 2, A A T R X A, U FR T S Tk n)
AR FE R 25 H RD-MUSIC /)y {H 2 85 23R 22 {75 SR S8 e K o

10'
\ b n
] I —__*\m\*/l
> —e— R g 107
iy —— TS-MUSI S o— R R
4 —— RD-MUSIC 4 > S
iy g '\e\
i R 107 = '
- S
—a— HiEl
e —v— Hik2 v
- —— TS-MUSIC
) i 1 102 —— RD-MUSIC ;
5 10 15 20 25 5 10 15 20 25
{5t / dB {5HELL / dB

16 455 I B 28 7 AR R 22 BE A T be A2 il 2k P74 5 I 2 7 AR i 22 B A e e A2 Ak il 2
Fig.6 Curves of angle RMSE with SNR for four signals Fig.7 Curves of distance RMSE with SNR for four signals
4.3 BEEWBEHE

T BUEASCRE R R Al R 8 L T BTN R = 2N + 1= 3, B N = 19 £ JE 25 [1]
TR M R R BB AL VT A5 S ROV 20 BEE 2 E IR 90
FAEE RN BE 85 43 90 D (07, 22), (207, 2.52) , {5 M Lk 10 dB, TR
R 000, AT LA Y 78 34N FE T, #2 A4 J7 1 BE A 1
Bl i 245 5 B I e B T 7 A B IE B

5 H5RIE

AR SO T — Bl ORT B3 5 A5 DR A B AR S A 5
VA T — A DY B 5 g g R B AT LS S A R R 0 A
e FEMEAG PR T R TR BT R

0 -80 -60 —40 -20 0 20 40 60 80

/N S 0 R KA A8 7 1%, 3% 53k mT DLAE A R B ) FIE/(°)
I A7 1 5 1] Ok b Sl e — 4R 4R Al T DOA K — B8 255 i1 B 2 ] %

48 R A — 4e 48 R R UE IRy B AT PEGEA ] Fig.8  Angular spatial spectrum for two signals



1266 R E B L Journal of Data Acquisition and Processing Vol. 38, No. 6, 2023

BREAR 7B A . W T — R3S A B B R R R B 7 i O A d b TR Al T S A
JE ——Xf BB BE RS G T SR i AR . 4R A 5 i A el B SCHRT 19 107 g 24, OF ELIE SR TR
FPERE  AE 9 BRI 4RSI M BEAS TR T 1 ~2 DR A R R IR 2 WO R/ . 5
BRL22 VAL, 32 1 B8 D7 vk 7E B B Al v RV (T 5905 1, v B 2 1A RO oy B i, W R AL 48
MUSIC J5 i , BARSE I 7 3H 54 (B3 R A0 1 — 4> v AR, O ELIE B Al 3 0 RS B 2 A 30 2 i
G PR T 5 FLAT R UE T AS S B AT SR R AR AL

S E 3k

(1]

[13]

[14]

[16]

[17]

(18]

[19]

WRoR e B TR/ & B T DRESPA T BRI Tl ) P S e A St — 4k DO AT ] FERUBLZS AR 241, 2021, 53(1): 130-135.
CHEN Weiyang, XU Le, ZHANG Xiaofei. Two-dimensional DOA estimation algorithm for acoustic vector-sensor array via
fast PARAFAC decomposition method[J]. Journal of Nanjing University of Aeronautics &. Astronautics, 2021, 53(1): 130-135.
SHI Junpeng, HU Guoping, ZHANG Xiaofei, et al. Generalized co-prime MIMO radar for DOA estimation with enhanced
degree of freedom[J]. IEEE Sensors Journal, 2018, 18(3): 1203-1212.

CONG lJingyu, WANG Xianpeng, HUANG Mengxing, et al. Robust DOA estimation method for MIMO radar via deep
neural networks[J]. IEEE Sensors Journal, 2021, 21(6): 7498-7507.

WEI Zhenyu, WANG Wei, DONG Fuwang, et al. Gridless one-bit direction-of-arrival estimation via atomic norm denoising
[J]. IEEE Communications Letters, 2020, 24(10): 2177-2181.

WU Fan, CAO Fei, ZHANG Xurong, et al. DOA estimation of the quasi-stationary signal using sparse reconstruction[J]. IET
Radar Sonar and Navigation, 2022, 16(4): 603-757.

WANG Huafei, WAN Liangtian, DONG Mianxiong, et al. Assistant vehicle localization based on three collaborative base
stations via SBL-based robust DOA estimation[J]. IEEE Internet Things Journal, 2019, 6(3): 5766-5777.

OB TN TR T . B R M — R TR AERE B DOA AT B (7] B R 45 5 A HE, 2019, 34(6): 992-1001.
LIN Xinping, ZHANG Xiaofei, SHEN Jinqing. DOA estimation algorithm based on conjugate augmentation for coprime linear
array[J]. Journal of Data Acquisition and Processing, 2019, 34(6): 992-1001.

JOHNNY M, AREF M R. A MSWF root-MUSIC based on pseudo-noise resampling technique[J]. Electronics Letters, 2021,
57(17): 675-678.

GAN Lu, LUO Xiaoyu. Direction of arrival estimation for uncorrelated and coherent signals in the presence of multipath
propagation[J]. IET Microwaves Antennas and Propagation, 2013, 7(9): 746-753.

TIAN Ye, GAO Xinyu, LIU Wei, et al. Phase compensation-based localization of mixed far-field and near-field sources[J].
IEEE Wireless Communications Letters, 2021, 11(3): 598-601.

WANG Yinsheng, CUI Weijia, BA Bin, et al. Symmetric flipped nested array for mixed near-field and far-field non-circular
source localization[J]. IET Radar Sonar and Navigation, 2022, 16(11): 1752-1760.

HUANG Y, BARKAT M. Near-field multiple source localization by passive sensor array[J]. IEEE Transactions Antennas and
Propagation, 1991, 39(7): 968-975.

WU Xiaohuan, YAN Jun. A second-order statistics-based mixed sources localization method with symmetric sparse arrays[J].
IEEE Communication Letters, 2020, 24(8): 1695-1699.

WU Xiaohuan, YAN Jun. Gridless mixed sources localization based on low-rank matrix reconstruction[J]. IEEE Wireless
Communication Letters, 2020, 9(10): 1748-1752.

B — AR R AR T RO I AR 1S S R IR R A Dk (0] T S R B, 2021, 43(11): 3105-3110.

JIN Yi, XU Changzhi, JING Tao, et al. Off-grid sparse representation based localization method for near-field sources[J]. Jour-
nal of Electronics &. Information Technology, 2021, 43(11): 3105-3110.

ZHI Wanjun, CHIA M. Near-field source localization via symmetric subarrays[J]. IEEE Signal Processing Letters, 2007, 14
(6): 409-412.

LIU Guohong, SUN Xiaoying. Efficient method of passive localization for mixed far-field and near-field sources[J]. IEEE
Antennas and Wireless Propagation Letters, 2013, 12: 902-905.

LIU Guohong, SUN Xiaoying. Spatial differencing method for mixed far-field and near-field sources localization[J]. TEEE
Signal Processing Letters, 2014, 21(11): 1331-1335.

ZHANG Xiaofei, CHEN Weiyang, ZHENG Wang, et al. Localization of near-field sources: A reduced-dimension MUSIC



Fulh F . HEENOR R BASLR AT & 1267

algorithm[J]. IEEE Communications Letters, 2018, 22(7): 1422-1425.

[20] XIE Jian, TAO Haihong, RAO Xuan, et al. Comments on “near-field source localization via symmetric subarrays”[J]. IEEE
Signal Processing Letters, 2015,22(5): 643-644.

[21] DOGAN M, MENDEL J. Applications of cumulants to array processing | : Aperture extension and array calibration[J]. IEEE
Transactions on Signal Processing, 1995, 43(5): 1200-1216.

[22] LIANG Junli, LIU Ding. Passive localization of mixed near-field and far-field sources using two-stage MUSIC algorithm[J].
IEEE Transactions on Signal Processing, 2010, 58(1): 108-120.

[23] ZHENG Zhi, FU Mingcheng, WANG Wenqin, et al. Symmetric displaced coprime array configurations for mixed near- and
far-field source localization[J]. IEEE Transactions on Antennas and Propagation, 2021, 69(1): 465-477.

(24] ZE<F44 , PNGERT, X T . H T P 05 22 2245 B3 5 U508 (3 i Al 3+ [T]. d 724, 2021, 49(1): 177-182.
QIN Yudi, SUN Xiaoying, LIU Guohong. Passive localization for near-field sources based on covariance difference[J]. Acta
Electronica Sinica, 2021, 49(1): 177-182.

(25] ak¥tik . BUARME S b BEIM.2 BT . b st 3 48 K2 At 2002: 263-285.
ZHANG Xianda. Modern signal processing[M . 2nd ed. Beijing: Tsinghua University Press, 2002: 263-285.

[26] WANG Yunfei, SHEN Jinging, ZHANG Xiaofei, et al. Non-circular signals for nested array: Sum-difference co-array and
direction of arrival estimation algorithm[J]. IET Radar, Sonar and Navigation, 2020, 14(1): 27-35.

fEE WA

25 18 (1998) , % , i+ BF
G SO I < B A
Q¥R TR fE , E-mail: li-

wanru@stu.xjtu.edu.cn,

B A (1978) BIEEH,
R Sran L e T
WESETT 1 < B 90 5 5 Ak 2
Pl i N E ) o T

E-mail: denke@stu. xjtu.

B #ll (1950-) , 1, # 4%,
Tl A U, WS D5 1 A
ShbE AR KL Lk R
&A% M %%, E-mail: qyy-

in@mail.xjtu.edu.cn,

edu.cn,
KIE(1979-) 2, R TR
Ui, BIF 58 T7 T A S AL B
W OfE M 4, E-mail:

nowed@sohu.com,

(% %5 . TR 38 )



