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Performance analysis and improvement of the MUSIC algorithm
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Abstract; The main objective of this article is to improve the performance of SDWTP-MUSIC algorithm to SDWPP-
MUSIC algorithm. Then,we compare its performancem with 3 famous eigen structurealgorithms, known as the multiple
signal classification (MUSIC), the estimation of signal parameter via rotational invariance techniques (ESPRIT), and
non-subspace method maximum-likelihood estimation( MLE) for direction of arrival (DOA). The performance of this
DOA estimation algorithm is based on uniform linear array (ULA). A number of simulation results were carried out

using MATLAB and werecompared with experimental ones. The comparison shows that the MUSIC algorithm is more
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accurate andstable compared to the ESPRIT, MLE and SDWPP-MUSCI algorithms.
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%1 DOA f5it(k=1024,d=1/2)

N 0O Osd®) Awse o) Agsprar O/ ) As
T a0 302 02 2938 702 293 03
30 302 02 296 -0.4 316 +1.6
60 599 0.1 59.4 038 554 46
6 30 -30.1 0.1 299 +0.1 299 +0.1
30 30 0 301 0.1 30 0
60 59.8 02 60.1 02 604 +04
8 30 299 +0.1 2938 +02 301 0.1
30 30 0 302 02 299 0.1
60 60 0 60 0 60 0
0 30 30 0 -30 0 -30 0
30 30 0 2938 -02 302 +0.2
60 60 0 599 0.1 60 0
2 30 30 0 298 +0.2 -30 0
30 30 0 301 0.1 299 0.1
60 60 0 599 0.1 60 0
% 2 DOA it (k=128,d=1/2)
N G0 Oy () Awse  Oesrn/ ) Augrn Oyl ) Az
4 -30 -30.6 -0.6 -30.8 -0.8 -30.4 -0.4
30 294 -0.6 3ls +1.5 32.6 +2.6
60 58.6 -1.4 55.1 =59 56 -4
6 -30 -29.9 +0.1 -30.9 -0.9 -30.1 -0.1
30 30 0 28.8 -1.2 30.1 +0.1
60 599 -0.1 61 +1 60.1 +0.1
8 -30 -30 0 -30.1 -0.1 -30.2 -0.2
30 302 0.2 30.1 +0.1 30 0
60 59.6 -0.4 59.7 -0.3 60.1 0.1
10 -30 -30 0 -29.9 +0.1 -29.9 +0.1
30 30.1 0.1 30 0 30.1 +0.1
60 599 -0.1 60.5 +0.5 60 0
12 -30 -30 0 -30.2 -0.2 -30.1 -0.1
30 30 0 30 0 30 0
60 59.9 -0.1 60.6 +0.6 599 -0.1
%3 DOA it (k=1 024,d=1/4)
N 6/0) Ousd ) Awse  Ongor/ ) Ausonrr O/ ) Ay
T 30 306 06 319 19 295 105
30 31 1 402 +10.2 326 426
60 644 +4.4 55.1 5.1 426  -126
6 30 298 +0.2 296 +0.4 303 -03
30 30 0 304 +1.4 30.1 +0.1
60 602 +0.2 61 +1 426  -126
8 30 -30.1 0.1 302 02 -30.1 -0.1
30 30 0 30.1 +0.1 313 13
60 59.9 0.1 60.1 +0.1 56.7 43
10 30 30 0 299 +0.1 -30 0
30 30 0 29.9 -0.1 304 +04
60 59.9 0.1 59.8 -0.2 59.4 -0.6
2 30 30 0 30 0 302 -02
30 30 0 30.1 0.1 299 -0.1
60 59.9 -0.1 605 +0.5 602 +02
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W) Bunl) Aumw D urm Oad0) i
4 -30 -29.9 +0.1 -28.9 +1.1 -31.6 -1.6
30 33.7 33 26.5 -4.5 22.6 -7.4
60 60.4 +0.4 45.1 -15.9 445 -16.5
6 -30 -304 04 =319 -1.9 -30.2 0.2
30 29.9 -0.1 328 2.8 30.1 +0.1
60 59.1 -0.9 575 -3.5 422 -17.8
8 -30 -29.9 0.1 -29.5 +0.5 -28.6 +1.4
30 30.1 0.1 30.7 +0.7 304 +0.4
60 59.9 -0.1 61 +0.1 60.1 +0.1
10 -30 -29.7 0.3 -30.5 -0.5 -29.9 +0.1
30 27.7 23 30.3 -30.3 30.6 +0.6
60 59.9 -0.1 60.5 +0.5 589 -1.1
12 -30 -30 0 -30.8 -0.8 -29.7 +0.3
30 30 0 293 0.7 30.1 +0.1
60 59.9 -0.1 59.2 -0.8 60.1 +0.1

# 5 DOA it (k=1 024,d=0.754)

N 0O 0und® A O A 00O Ay
4 -30 -29.8 +0.2 -26.5 +3.5 -28.8 +1.2
30 30 0 30.1 +0.1 30 0
60 56.7 33 62.6 +2.6 58.4 -1.6
6 -30 -28.4 -1.6 -29.9 +0.1 -29 1
30 30 0 30.1 2.8 299 -0.1
60 59.1 -0.9 56.7 -3.5 57.7 23
8 -30 -29.9 +0.1 -27.8 +0.5 =29 +1
30 30 0 299 +0.7 30.1 +0.1
60 56.6 34 60.1 +0.1 58.2 -1.8
10 -30 -29.8 0.2 -27.7 +2.5 -28.9 +1.1
30 30 0 30 0 30.2 +0.2
60 59.6 -0.4 60.3 +0.3 58.3 -1.7
12 -30 -30 0 -29.9 +0.1 -28.8 +1.2
30 30 0 30 0 30 +0
60 59.8 -0.2 56.6 -3.6 58.5 -1.5
%6 DOA it (k=128,d=0.752)
N 0O Od® A od® A 00O A,
4 =30 -28.7 +1.3 -28.7 +1.3 -28.9 +1.1
30 296 04 303 +0.3 306 0.6
60 58.5 -1.5 58.6 -1.4 58.4 -1.6
6 =30 -29.1 +0.9 -24.6 +54 -28.8 +1.2
30 30.1 0.1 30 0 299 -0.1
60 579 -2.1 56.5 -3.5 58.1 -1.9
8 -30 -29.5 +0.5 -28.2 +1.8 =29 +1
30 299 -0.1 30.1 +0.1 30.1 +0.1
60 572 2.8 59.5 0.5 58.1 -19
10 -30 -29.3 +0.7 -29.8 +0.2 -28.9 +1.1
30 30 0 30 0 30.1 +0.1
60 57.6 24 56.9 -3.1 583 -1.7
12 -30 -29.7 +0.3 -29.9 +0.1 -28.7 +1.3
30 30 0 30.1 0.1 30.1 +0.1
60 58.8 -1.2 60.4 0.4 583 -1.7

MWFE 1~6 1] LIF H, SODWPP-MUSIC, ESPRIT #i
MLE 3 fpdE 8, 7E15 5 A ST M B4 5 R 0, =— 30°.0, =
30°,0, = 60° i}, B % PETCEON 4 340 E) 12, JE AR 15 5 )
RELTIA T LLE L P4 EON 128 B F] 1 024 A,
{55 W AR Ak T J 1) S I0ORS 45 25 ST TRI B A 0. 252 38 im
F) 0. 754 B, 5% b 068 1 43 H 8 m  (HUR B T M Y R
A AETRIEE Ry 0. 75X B B i 3 A2 AT DA WL 43¢ 3] — 2 7 0

T ATULER B R B 3 Fh 5 12 3 X I S 3B 3K O[] 3 R
B — iR . A S SDWPP-MUSIC % 3 4 %+ ESPRIT
BYEA MLE B3k, 5 22 T8 /0 76 8028 M T 280 De4i $om /5
JC ] BE 1 A% 00 F . SDWPP-MUSIC 83 (19 15 25 5 K oh
11% 8 /NH 0. 16 %, AR 4544 T, ESPRIT 313 1912 25
P 0.33% ~33. 3%, MLE & ik Z % 0. 339 ~
29.66%,

3.2 fHEXW®7

X4 it MUSIC 5 3k, /b 3 T 4 3 MUSIC & 3%
(SDWTP-MUSIC) /)N A2 i 4k 3 MUSIC %5 3 (SDWPP-
MUSIC) #EA7 i ) %5 b HAF B2 gn 25 R A&l 5 s .

SIS ST AR R A 40°,42°

JHiE/dB

2
=)

TR SR mA°)
(a) H MIMUSIC

Zalii/dB
I
G

)
(b) SDWTP-MUSIC

S P /dB

e
=

{5 SR M)
(¢) SDWPP-MUSIC

B 5 3 Rk H AR T

N5 H ] LI, SDWPP J5 vA 7E Ak B 25 35 3 Ao i 0
WRBE W T B 6E 5 dB, H SDWTP J7 i35k 8 dB.
I, SDWPP J5 ¥kt SDWTP Jy vk A 55 45 1 B AIK M 7 17
fig. SOy HSLEG UL T A4S SCHR 1) SDWPP Jy ¥ 76 [ I
AE L fF SDWTP Jrik, nsfat— 45 B (s e b v] DL 7
WA S SDWPP Jrik Xt SDWTP (1) Bt i UR .«

3.3 FEXKS8
TRAG MR LU 251 R 3 R i 1] LA, 45 SR AN B 6 BT .

« 111 -



540 B W F oA

T # K

SES SR fEMEEL 0 dB

O =
_5 -
g -0t
5
=
W o-15r
///
¥ e
-25 L L I
35 40 45 50
{55k m/(°)
(a) W HIMUSIC
m
=
p
=
H
R B/
(b) SDWTP-MUSIC
8
i
=

o
=

&7 RIm/(°)
(c) SDWPP-MUSIC

AR W L I 9 07 B 25 2R3 L

Kl 6

ME AT DU o 2545 W B B AG i %  HL MUSIC
BE3E A SDWTP Jy i 7 A 10 2 35 18 A5 5 Jr 1) b 2 M)
(1, — e BB B — M5 5 T SDWPP Hk 75 RE 7> Bk
HAE S M ISR R 3 dB 245 1. PIAME S
B X ITR o B TR A7 E g 52 50 0] LU L A SR
Hi 9 SDWPP J7 ik e 4k BEoK [ 307~ 90° 25 I {5 5 i [E
SDWTP Jy ik B A 4% .

4 &

AN SCAN T B e T /0N T A B kL 8 R /N DA Ak
MUSIC & 3 (SDWPP-MUSIC), iffi 3 {}f E 2 %, 8 iF T
SDWPP-MUSIC A%} F MUSIC %y B A7 5 43 14 5 e 14 R

« 112 -

W R SR T LA 25 17 W EE AL AR may s R MIUSIC 55
TR A B SRS TEAS 2 0 ) R ORI A — B RE S 20 HE
—MFE T, 10 SDWPP B35 75 8 70 B th A5 5 » 1 HL 3 i
WL 3 dB Z2 A5 19 P S AR 3 2 K TPk

2% ik

[1] BALABADRAPATRUNI S S. Performance evaluation
of direction of arrival estimation using MATLAB []].
Signallmage Process. Int. J. 2012(3).57-72.

[2] MAO G, FRIDAN B, ANDERSON B. Wireless
sensor network localization techniques[J]. Comput.
Network,2009(51) . 2529-2553.

[3]  YANG P, YANG F, NIE Z P. DOA estimation with
sub-array  divided technique and interpolatedesprit
algorithm on a cylindrical conformal array antennal J].
Progress. Electromagn. Res,2010:103, 201-16.

[4] VINCENT F, BESSON O, CHAUMETTE E.
Approximate likelihood
directionof arrival estimation for two closely spaced
targets[J]. TEEE Signal Process. Lett. 2015(22) .
86-89.

[5] XIN J, ZHENG N, SANO A. Simple and efficient
nonparametric method for estimating the numberof
signals without IEEE
Transactions on Signal Process,2010(55) ;1405-1420.

[6] SIW J, LAN X Y, ZOU Y. Novel high-resolution

DOA estimation using subspace projectionmethod[ ] ].

unconditional ~maximum

eigen decomposition [ J ].

J. China University. Post. Telecommucation, 2012
(19> :110-116.

[7] LI B, ZOU Y X, ZHU Y S. Direction estimation
under compressive sensing framework: A reviewand
experimental results [ C]. Proceedings of the IEEE
International ~ Conference on  Information and
Automation, ICIA, Shenzhen, China, 2011:63-68.

[8]  FhPETR. JEF /NI AL HIE B 0 15 5 2 W 0F 5. [ 4k
HL 70 3 R L 2016,35(7) : 38-43.

(9]  fEWEML. s ok, R 2. B A DOA it k. H

e F I A 2016 ,35(8) £ 22-26.

ey AR T, TE. . SET/NEZ 0P

LSQR iy EIT FIR T @5k [T ], s 00 & 54

#2F 4 ,2016,30(4) :518-526.

PN FANT & - O RN A e R | A

SR AR Ze MR M [T . A 2% X £ 2= 4L, 2016, 37 (9)

1954-1962.

(10]

[11]

EEE

SRS, B R AE B B B T Rt BRI 5 T i
FEEERG T\, EBEHEIE 5 1 2 5 3k 88 4 FE D 1) F0 A
KLY .
E-mail:1129042201@qq. com



