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Estimation of wideband coherent source number

based on two-element array

QIU Yue-Yang » HE Pei-Yu, CUI Ao, XU Zi-Li
(College of Electronics and Information Engineering, Sichuan University, Chengdu 610064, China)

Abstract: The estimation of wideband coherent sources number with different noises is a challenging
problem in array signal processing. Aiming at the characteristics of wideband signals, a novel method is
proposed based on two-element array, which employs virtual array extension technique to virtualize the
different frequencies of incident signals into varying interval virtual elements. Additionally, the correla-
tion among incident sources can be weakened by spatial smoothing technique. However, the noise eigen-
values of the virtual array covariance matrix is seriously divergent due to the non-strictly flat noise power
spectrum, which neutralizes classical information methods. In this paper, a new loading value based on
diagonal loading is proposed, which can effectively smooth the noise eigenvalues. Furthermore, the ratio
criterion is applied to improve the information methods in this paper. Simulations demonstrate this im-
proved method can achieve better performance than conventional Gerschgorin disk estimator with white
and colored noises.
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L L
Jef. RY = S 3VRIRY = - SR SR
=1 =1

Je 1) 25 18] 1 ) B 5 64 P 07 28 3 RT VR 0 X
F 5 L A>T B B 15 5 22 R I

Xt B[] 25 (8] - 1 05 i AEFFOU R K — €
HREHE T K/ 2 A5 5. B R ) 2 8] S
PATE— 25 ¥ 5] 20 [ Ak AR T (55 B RE T - 45 B ) 25
[R]85 7 35 A0 B AR MR OC R K — € B i 17 25 1]

AT AL ZR AR B

3.3 MEMERHMGITAE

HRISTIERA S — MR GEE Rk
PRIERI L (k) I BRI P (k) A4 Y.

J(k) = L(k) + P(k) (14)
Wt LCk) P (k) IS [R] 3 580 a] LA 2 7] 19
HEN] L ATC #E T, MDL ¥ U 7T L2675
AIC(E) = 2L(M — B)InA(k) + 2k(2M — k)

MDL (k) = L(M —k)InA(k) +0.5k(2M — k) InL

Y

s

Hr, Ak = Mv,kz‘;l

[ Ao

i=kt1

GNP 7 22506 B (W RRAEAE s L oA BRAIEG MRy 0T
Bk TR TR ME R AL

W Uh 7 2256 B R I FRAE (8 42 % )57 HEB o A s

Az dpadpir sttt s Ane R EVIR TR T L RLAR bR BRI

ACk) RFFAEAH I 5 AR T 3 5 LT F 2 09 Lo (8 7E

FRARE LT o B P Jr 2 56 P 1) KRR AE 450 5 X g

TSR B T /N REAE A A A, BT

MEFE TR, B A = = Z2p Z=Apr =Apig e =

D AULEK R R A Sk B

Av=c"+ o NMEFEIR AFRIBTTIEIERETX—
Ff A AT LAMER A T S S DR

SEPRr T PR R AR IR L B BR 2 45 R
BB /INREAE F P 8 1 P D) AR/ NZE AT I Bl AN S A 22
PN NS

A <o’ £, i=P+1,P+2,-- .M (15
X, e —MR/PE K /N T 60 NI fE PRI
ORI M LU — 2 A% PRI B Bl 7 2 A 1) 42
ANFFAEAELAN AR 45 (5 B T7 IR AR R A Rl IR
H.

B A SR A B B4 ] UL B L B HE U DT RY
P WORAE 2 S8 A5 5 B A T A il o TR
D AGE AR M - 35 WA 7R S [ 1 ) ) RN T
S BB U024 Bl 75 2 R 6T O 194 M P AR AL (™
KA AP L (15D 15 BB T R L.

23 (6] V- H AR AE XHE 5 24T A0 Ak 2 Y [R]
I AL REAE — i e HE bV 1 e P R AR AR L EL LR ) 2
A7 BRI Xy o 28 A 2o R A (AT A8 IE
AR T e P AR R 4 A TR BE L 7

R =R +xpl (16)

A, R IR 9 M 50 Up 7 2256 0 5 T o S g6
Wes Ao MR B v, I R BVREEAE . A 0 R i
FRAEAE . 20 i 2 fff R B RRAEE AR L. 7, = A0 +
Apr » AN 22 B2 HRRAIE [1]

TN A8 e B S S — A MR L R R 2 5 MR IR 1R
FOT B3 (9 PR R 5 /N UL AN B SF- 9 I8 75 4 i £, SC
MRL7 5 T (M7 3 S i 1 — Ao gk, 4n =X

M
AL = /2/\; a7
im1

M — e A T AT IS,
FEARAE M L M B A 22, BLXE ATC o W Sk wd A7 48
NI — A N A S0 - 0 M RS AR (R 2
T T R A A 2 R AN R — A [ A T
SEARIE R AR A 0 R 38 5 22 10424k 55« A FRAEAE N
HaH ..

;= y/var(A) , i=1,2,+,K (18)
Hr Ay =T Ao X L RRAEMH A HE BT HED
var( % ) 3R 7 22 8 AE . N85 AR IEE Y v, =
A beg MR RRAE AR 22 S B IRE  Xof o7 o 28K o gl A8
Ko 25 S B0/ IV X8 I 2 e b /) L Ot i 28 i BB A AR
- T e P REAE A

Sy Al A HE B L s iR ATC DN HE — Bk
At A e i, I Ll S8 ) — 2048 TR AR Be k.



498 Wl K FROERAFF IR

%55 %

e _  CAIC(R)
RL = AICK) = Gx1c G+ 1
B __CMDL (k)
RL ~ MDL (k) = quesm et 19

Hrr, CAIC, CMDL & X} & 1E J& 1Y 4% fiF {8
AIC.MDL 0] (1 45 5, RL-AIC .RL-MDL 3} [t %
U IR B J7 . SRR RL-AIC 8¢ RL-MDL & X
() kBRI A 15 IR EH .

4 FEZK

BT R RIS BE T Y 52 BRI S L X6 58
AT ASHE S HEAT R I. BT A (R 5 B A
W HE . RO 4 Oy 2 GHz, 4 58 400 MHz, B AH
XK 0. 2 A5 S HEHEE R c=3X10"m/s.

KU 1 PR STRESAL T2 A A A T R

6 A~ B 1 A TR 5, o By 4 i Sl — 307,
—15°,0°,15°,30°,45°, AGHE5 M 1 M m= 6
A 5 B 5 LS B B 1Y) 5 A B T {5 e e 380k 10 dB,
PRATIECR 1024 8 0B 1) 5271 5 5 20 43k 22 A4

SN BRI LB Ad = A0 BB

R Lo XK AR SO R L RS ) 28 (8]
WA TFREAE 9 N ERIFE T, YT 300 Ik
Monte Carlo {f EL5ZK . 45 R & 3 i .

100

80

€
M 60
2
= —%— RL-AIC
= 40 —8— RL-MDL
= —6—GDE h
= —#— AIC ,
- &— MDL
20
D
R e ~EEE & b
1 2 3 4 5 6
e AT IR AR

B3 #HehELELREEHXZ
Fig. 3 Probability of correct detection versus number

of source

i1 3 AT LUA AT P R 0 R P00 R I Y
SIS TR IR H - ATC #EI MDL o ] 58 4 2% 24
RL-AIC J5 % \RL-MDL J5 ¥ J i [RGB J5 25 24 g Al
TR TR A5 S B i oA R AR . Y
AGHE T 4 DU Bk PR RE T B

15 BB 7 1 R 28002 T M FULRE 51 by 5 22 1 1
W 7 RS AR {EL R # & B, RL-AIC J7 3% il RL-MDL

J5 38 a0 W P R AR A AT bR U 22 18 1 A — i R
JE LV T MRS R 5 TR Ay AN A A
P B8 A 20 40 10 o 0 R 5 IR ik R R 36
AR X R AEAE 04 BR 2 AT 15 IR B A AR B
FROIEAE A5 2 B0RT UG S5 b A7 A 3

W2 B LARRR.

P SE A AT 15 5 2L — 20, 10° A5t 21 [ 41
MR IR R fE O — 5 dBL IR R
1024, X B4 1) 119 42 U5 B30 408 3l 3 S [) 50 o 1) 2 9 L
T 300 ¥ Monte Carlo fij EL3L5 % 1 AN [F] F4F
B H X AR TEHER R 52 L 8] 4 Sy i AR [ R L S

R R e S E LR
%7,
Rl HHEBESTFHEFHEMNXR

Tab.1 Probability of correct detection versus K

FATECH 10 20 30 40 50

RL-AIC(%)  40.67  91.67  92.67  92.00  90.67
RL-MDL(%)  12.33  74.00 74.33 75.67  73.67
GDE( %) 34.33  51.67  50.00  54.33  50.00

HI 3R 1L 20043 10 A Faif i, o R 8%, I
25 (BT 0 BE R R D 2 K BB 20 A,
HER A TAR R B4 &, JU & RL-AIC Jrik, ik
BT 91,67 % {024 K 4k 1 it , 45y i (44 fE
IR R ENRG. 455K 4 ATAL Y K >20 B,
TRARSEIG N K, H 000 50 i FL AR AT AR /N 38 i
B ub B R 4L B4 ST B 1 38 2 LA 4 /)N B G TR] BE R AR
Bridy s BESNFLAR IT B 2 iy A8 k. BRIk, G PR Y
B K Z2TE L.

0.25
ot — ]
< ol
0.05
) 20 40 60 80

T B (R T 0
B4 EMEsEAFTHEINLERES FFHXR

Fig. 4 Curve of array aperture ratio versus K
KW 3 MRS N AR AR BE A T RE.

P SE AT A5 5 LD — 207,107 A5t 21 [ 41
A R R R RS SRR 43 ) BEAT SE B S



% 34

ERAM, F. A TREALH TR TERIAMET 499

RL6 TR €0 e 5 Ay =olp | exp (G (i — k)
%),niﬁﬂwﬁ%%ﬁﬁlﬁ s (k) NICE. o h

s 75 FH 56 280, BUR 0. 6. 347 300 ¥k Monte Carlo
{5 B, 45 R E 5~8 Frs.

100
80

S

F 60

g q

“'3

B 40

ki
204
E—$—<>‘<>.< N oo
I EDEREDO s il St S i
q5 0 -0 -5 0 5 10 15

SNR (dB)

A5 G FETHEaETanE
Fig. 5 Probability of correct detection versus
SNR under white noise

100

o
(=]

(o))
(=}

'
(e}

i vH BB (%)

45 10 -5 0 5 015
SNR(dB)
B6 ERpEHTARGETEHNE

Fig. 6  Probability of correct detection versus

SNR under colored noise

100

el
(=)

(o
(=}

ey
S

il H BN (%)

20

H7 a%pitTRERST R Lkt
Fig. 7 Probability of correct detection versus
number of snapshots under white noise

100
80
i
~ 60 —%— RL-AIC
z —&— RL-MDL
% — 4%~ AIC
il —4&— MDL
¥ 40
20
0 hd 4 v A4 v v
-15 -10 -5 0 5 10 15

SNR(dB)

B8 aRpTeAEAELR
Fig. 8 False alarm rate of several criterions
versus SNR under white noise

5 Ry MRS SR T o A M b 0 B8 0 (0 Al 3 o
WSR2, v LA A5 B 7 B (AIC,MDL #E
M 5¢ 4 5 8% RL-AIC J5 vk B A Jedf i PEfE  RL-
MDL J5 % 7 AR A% Mg L iF 5 GDE 5 ik ae #2 3k
L i 5 15 R L %) 385 K i Mk e R R L 55 TG
Ty A E — A 5 AR BCR G I B
D(L) , QAR BEFEA G IE B 23 ™ 852 e H R AE.

6 hy (eI 75 2R T o A M Ll XA T HE B R 1Y
2, ] LLE ), #F SNR>0 dB B}, RL-AIC, RL-
MDL.GDE J7 ik # ag A & iH i 5 R % H . RL-
AIC Jy i 58 fe i

Bl 7 Ry MRS SR T o PR B 15 JR B 1T Y
s, o & /NIRRT GDE 7 it Rg AT
Wl 5 PR B0 In, RL-AIC . RL-MDL () # ) 26 1)
# ETE, H RL-AIC B HER R B &L B & 3 — 5
PEAL T

B8 Ay 1 M 7 A 0T 45 TR 1 R R
DL 15 B B (AIC.MDL #fE ) B A 4% &5
(9 M % . RL-MDL J7 3k 76 fI0 15 M8 Lb i % R 4%
1o B A M LL 3G R R R AR L B4l 0, RL-
AIC J7 i i 5 5 A% MR SR

5 & &

Bt SE A AR 5 B9 A5 R R UL B B T
AR SSEEL T TT 6 22 AR AE TR K B A I 4
SR T7 I DR W 7 e i ™ B A T 2 28 A I Y
RL-AIC.RL-MDL 77 i 47 & il 3 i 5 I H
PEREDL T 5 FR IR 75 3% » HLAE @I P 5 R M R A 4
3 I ERR R o RL-ATC J7 35 PR e R 1. 76 &Il 2
s A A R AU ) o R AU 51 ) FLAR AT A —
FRAEL . 515 5 RO AH X4 58 A1 5. X 4 0 i 52 ok



500

Wl K FROERAFF IR

A5 5 AR E B 81 o i) A — 5 38 Bl Y 38 i )

T2 0 7 R B FLAR L B S PR e
S % k-

[1]

[2]

[3]

(4]

[5]

[6]

Nadakuditi R R, Silverstein ] W. Fundamental Lim-
it of sample generalized eigenvalue based detection of
signals in noise using relatively few signal-bearing
and noise-only samples[J]. IEEE J Selected Topics
Signal Proces, 2009, 4. 468.

Kritchman S, Nadler B. Non-parametric detection
of the number of signals: hypothesis testing and
random matrix theory[ J]. TEEE Trans Signal Pro-
ces, 2009, 57. 3930.

WuH T, Yang J F, Chen F K. Source number esti-
mators using transformed Gerschgorin radii [ J].
IEEE Trans Signal Proces, 1995, 43 1325.

Huang L., Long T, Wu S. Source enumeration for
high-resolution array processing using improved ger-
schgorin radii without eigendecomposition[ J]. TEEE
Trans Signal Proces, 2008, 56 5916.

FRAEA, AL, BRI, — OB T AR S R
H oAt 7k, (554081, 2009, 25: 567.
Stoica P, Cedervall M. Detection tests for array

processing in unknown correlated noise fields[]J].

7]

(8]

[9]

[10]

(11]

[12]

[13]

IEEE Trans Signal Proces, 1997, 45. 2351.
Carlson B D. Covariance matrix estimation errors
and diagonal loading in adaptive arrays[]J]. IEEE
Trans Aerospace El, 1988, 24. 397.

Krolik J, Swingler D. Focused wide-band array pro-
cessing by spatial resampling[ J]. IEEE Trans A-
coustics Speech Signal Proces, 1990, 38: 356.
KREK, Wag. BV JEW 5 5 B KBk Ir m At
B U] BAREFH AR, 2008, 31. 81.

SRS, TR, SR, — Rk Y R R B O A
5 DOA A8 0], WK% A AR IR
2015, 52 319.

Wang H, Kaveh M. Estimation of angles-of-arrival
for wideband sources[ C]// Acoustics, Speech, and
Signal Processing, IEEE International Conference
on ICASSP. [s.1.]: IEEE, 1984.

Williams R T, Prasad S, Mahalanabis A K, et al.

An improved spatial smoothing technique for bearing

estimation in a multipath environment [ ] ]. IEEE
Trans Acoustics Speech Signal Proces, 1988,
36 425.

J AR . 2% KA, BX0E. & MIMO FHasIEH AT
FERIAY b aE LT ). U K228 4] AR BH#
2017, 54, 309.



