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ABSTRACT

V2I(Vehicular to Infrastructure) is a one kind of communication systems which is used between the base
stations and mobile objects. In V2I communication system, it is difficult to obtain the desired communication
performance. Beamforming technology is to find the optimal path. and it can be improved the communication
performance. MUSIC algorithm can be estimated the direction of arrival. The directional vector of received
signals and the eigenvector has orthogonal property. MUSIC algorithm uses this property. In V2I communication
environment, real time optimal path is changed. By the high computational complexity of the MUSIC algorithm,
the optimal path estimation error is generated. In this paper, we propose a method of computation reduction
algorithm for MUSIC algorithm.

% o] BEL 2012dE 7(6]_,_(_,7_%;,].%1—7]%7—)01 Ao FrArAl ] 2] YL- vho} ¥l 7] A TARI(No. 2012017339), 28]
I 20139 % ARS8 ]E 2] Ao R gl alnte] 2| dS HLO} 3% 71%27A1 Y (No.2013R1A2A2A01005849).
¢ First Author : Department of Electronic Engineering, Chungbuk National University, coolfeelyg@naver.com, 3]
°  Corresponding Author : Department of Electronic Engineering, Chungbuk National University, ecomm@cbu.ac.kr, *3]$]
*  ZBR)Ekw KH2}2-83) haeckue @naver.com, Y3
=3 KICS2013-12-530, Received December 10, 2013; Revised February 27, 2014; Accepted March 26, 2014

188

www.dbpia.co.kr



HAAZ 248 93 MUSIC Lae]Z9] Axkek 74 7|4

I.M &

P S (R S EEEIE R SE [
13l Wt FAlo] 449 vlejel} sl
o Wl e dlolelekE T g ARz
a7k F7hska gl FAlelek oleidt Hhew nF
7& s &
A

1

f

°]

]

Lo

of

]_

EX
S

Z7Vskar gle}. V2I(Vehicular to Infrastructure)
oA e oleldl Q7S wEAAwE 241
A&IA| Algshet] oledgo] Sl Ay
V21 541 372 Ao A 7|A=w) o] ARt
2] FAlo] o] Fo R AL o FAdd A= FAEdAl 74
LAN®| He|Z AR} SollA ol B4 7%
& 7Pch V2o §Al Algle 7)o o g Azt
2 HE 2 o]F3| uliel U3k B e @
Hal=d] ofelge] A8l Hok

olelgh AE SE3P| Q18 7eRe WE 7]
<o] otk WEH 7|le wd grEE AMEsleA]
Ashe Wk 2 vls PAISlar qtevt o[58 = 5
W= 71EEA A §Al 7)sel I 71EE 45
Hk glek WlEre wid qhevle] 2 AApEE S
25 ol Wdhs WEe R WS A4Ele] ek} o5

s 4 ok WEH v F Al meEks
Jsl= dwE]& 2 2 ESPRIT(Estimation of Signal
Parameters Via Rotational Invariance Techniques) %+
2]&3 MUSIC(Multiple  Signal Classification)
owe]ZPle] tFAolck ESPRIT &we]&S wid
QFelv}e] sub-array 7] Hol S 7= A4S o]
43 Z2e A5 Wale] MUSIC gveE|=
Eshs Alse] whakHe] o} Als.e] A7t
frle] 7} A wshe S o] 8allA =lhe 4
= Aol

B =olxE var B4 gdelA Hek wig o
vl MUSIC tare]5-5 #4813 MUSIC $are]
= ol Alse] =S dskar H Ao W A
< 93 ARE AW} V2 B4 e o] F
A2] o5z qlaxi= MUSIC Lae]&e] 52t A
7He Fole Zo] 83tk wetA] vaI 3304
# 7 2E Hrl wiEA] F23517] 98 MUSIC e
Fo| At EAEE Fol7] $I7F WS AljlEick 2
Aol 4= MUSIC $are]sell ik Aws- ab 374
4= MUSIC dare]5e] ARXbds aAlyle &
2]EE AljREek 47ellA] AlEdlelxd A Kol
3L 57%ol|A] ARs Herh

v
AN e}

o

b o

(

=

O

Ay

1

[o5

. MUSIC ZT12|=&

2.1 MUSIC &12|&e| 7|12 =&t
MUSIC(Multiple Signal Classification) Ua72]=
A13.9] 9IAPFEF = DoA(Direction of Arrival)S
Jeh= thEA]2l daE|Soe|cl. MUSIC daE=
& 2F9] F-g7Ksignal subspace)e} A F-g7k
(noise subspace)”} A& A W= A28 o] g3}
F7F A BB 8| H AL Ak E”]efx] ] ]
ke A5 ke w FAshs darelFelch
27)18] g7k FH-At 3 (covariance matrix)S] L
H-+-3ll(eigen decomposition)S E3|4 A 4= Uk

M-array <Hellubel]l P7HS] 4157} gjakel 79l =
Al Az vhge] Alem Aejyd

N rlo

X(t) = ﬁA*sl(t)—Fn(t) =AS+n (1)

A=lalg)) alg,) = = « alpp)] @

91 AelAf a(g)=e N2 Aol m ak
bel} ARke) Al e, AE3F70 A
FEAHE T ST B B A 9F o149

Al g 9l
R=FEXX"|= AR A"+ &1 3)

A1zo] FHAE 8-S veRiith. MUSIC
2 Al3o] A HEAES el Alse] Wb
e FAsA "ok AlEe] A 33t By R
s 4 gltk MUSIC ¢are|&o
A Alze] QAL Wk Al () E FallA Tl

MUSIC tare]Eelids A )5 US5A7= o5
/}-]-igl otl*]'ﬂolfﬂ:vc_’& —;—szf:']—ﬂ] %T;]— 7} = Eg‘j o
oheel Ae el T 4 glek

Po)=— S
a(¢)"EyEya(¢) )
189

www.dbpia.co.kr



The Journal of Korea Information and Communications Society ’14-04 Vol.39A No.04

9] qpa Es)4 & 5 0] ale)ByEalp) =02
Z2)7)= pollA] peak FHS 7HAIAl Hrk o)
cak # 7H= o & Alse] AR

a3 12 g wjd otEe] RS s
agellA o, 6,2 A2 Al el o
745 ofrigicl 9] adlel] MRl & Qe ke
N(N=N1*N2)7W7} AHE-=9)om] x-yH ol wd=]o]
ek

A vl grelvel] M7Re] Als7) siabglchd 4
Al Alss o) ze] o] 7hsslth

Z A*s, n(t) = AS+n (©6)

A71M A AEHE ] Algelr vhgat o]
=4 Ve ale,,.B,)S

A=lalapB) alayBy) « « « alay,B,)] @)

a, (a,,0,)& thee] sxez wal 7hssie

an2(am76m) = [a’],nz(anﬂﬁm)’al‘nz(armﬁm)’ MR
T

an],n;(anﬂﬁm)’ * ° ’an],n;(aﬁll’ﬁm)}

JA L, (m) A, (m) G, (m)

=l e T e e e
J'Ay‘.uu,(’”)] T

®

o o o ¢

m-th arrival signalS, (z)

Elevation
Angle

Azimuth

Angle T™——__ |

a7l 1. 9% el ekele) E
1.

2l
Fig. Structure of planar array antenna.

190

71 b 2xbEE miA slakilEe)] ¢4t
(m)= o3} o] wd=cl

Ny,

(m) = 2m

Anl.,n2 T(nl - 1)dICOSOém +( - 1)d O()bﬁm (9)

3wl akeletel mA) QA Alze) A3 el
ala,,8,)E theel Ao gejgc

a(am’ﬁm) = [al m’ﬁm) Qo ( /717[)) ) ¢t
/L)( m /‘Bm) M 70‘1\’2( m’ﬁm)]T
10)

A1 (10)9] =& HEz3e A== VX s
AE TS zo] Ael¥r)

=la(a;,8,),alayf,), 0+ =, an
a(am,76m)7 ¢ 7a(a[|ﬁﬁ‘1,r])]

B e o&sﬂ»}el A (el EHE
k2 ]

, B i <kelte] n, A
o] A wid sk EH2 ot 2k

2
,
2
R
o..l

z, () =lx,, ()2, (),

ZE"D"?(t),- o o lenQ(t)}T (12)

Ha vl greue] 23 2 () & vhee o=
xE7Fss
z(t) = As(t) +n(t) (13)

n(t) = AWGN #-2-5 ov]gh} x()e] 554+ 3
g NN 38 RS o} 2t}

R=Elz(t)2"(t)]| = AR A"+ 8T (14)

A a4l R AE dEe] A 3
Els(t)s ())& Jvideh &L= kg WEje] g4k
A Eln()n(t)"]& ehlick 1 Nx N F53E
S Uehdit), wixuto 2 2= xloe] male oju|g)
ch. Ak ™ RO IRAE A2 IfHE o 2
etk o714, i=1,2,..,Ne]ck.

o Ak ™ Rel AH el afHE

it

o

i

www.dbpia.co.kr



HAAZ AL 918 MUSIC &e]Ze] AxE 4 7

o) e

e

AE 711k

AL =A== A > A

Ay =8 (15

=M T Ay =

Ak Alse] = N o2 4% 5 gl AF

S B3 ol
= 33k €€ arror€arrg - ‘°\f]—‘i‘l“H o= By

o] i} ALE] A ala,, ) S sk B4

S o] g4l QIAF A1) Q) kS =I5 4= 9)

oaTMqi

a”(a.8)ala,p)
a’(a,B) ExExala,B)

Prpysic(as3) = (16)
2.3 Coherent AlZ°2| DoAFAEE &t Spatial
Smoothing Processing
MUSIC $e|52 A1 F37ks o83l A%
o] meuleks ARk g dl =
(coherent)3}A] 9o wide] AltalE-& -f-RalE

A A FEAEE T 5 slek IR siakEl=
=

]*9‘3}04 ’775]‘34‘5 "11—4 EE}V"’“ 4{%} = slrk
a7 2+ 5x5 H3 g gkevellA] 23141 spatial
smoothing< 3171$18k Fuld-& vepdl 1=ejck =t
oF NX N 33t vid qhellutells] N < N, 2] =7]€]
Fald-g vtk Vel = gl 3 e vl
N&= thge] Aoz %3 73k

N, =(N—N,+1)*(N—N,+1) a7

Subarray(lrl) Subarray{l,S)

Subarray(3,1) L el +

\. [ ] 'LDJ',__.__._I' Subarray(3,3)
|

% 2. 224 spatial smoothing= $18F Flld(5x5 Hnld)
Fig. 2. Subarrays for two-dimensional Spatial Smoothing.
(5x5 Planar array).

= chew) e,

subarray(i,j)&] F¥AF 3L Ti

R, ;= Elr, ;ri’] (18)

kg oleltol spatial smoothingS 2]-8-3F -

A qE R ohedt o] Akl

Ry R 19

o714 K, =N—N,+1°|31 K,=N—N,+1°]
t}. Modified spatial smoothing ¥} 7159 spatial
smoothing WA R} E3pdg oz wef Al&7ke] Al
A& A 4= 3tk Modified spatial smoothing B

Ao FEAL BF R e TR 2P,

K, K

1
20
Rye— 2[”(“2123 IR ) (20)

A7), Ji= olelis} 2ol Aslglck

00--01
00--10
J= o 2n
01---00
10--00

A (2-19)¢F A1 (2-20)¢] FFAF L ofefe} 3
A ek S *11?'“7“] TS o

o
9L t”] A2-16)%
o
=

MUSIC
Ab AEE a-fRal e
Elo} gt 4159 A
g olg3ixl ik Al
u el MUSIC $are]5e L
of thgh AFel s Ahe 3
& AAA ek 58], WAt
Hghid kel 4] e] MUSIC oFare]Zelil=
He] o} ¢E Frzre] 2| gueel vlaehs o W
& ARk e R 2gEA "rk B wellx=

of
HT

fo o
>,
o o
T
opl
N
%
b
o
N

ﬂ—’n
o

e

HE] 7

2l

»
2
FIF

X
i,
0oy

e,
4
N
o
k-n o,
o,

:

lo

<

50

1z

e
9

rge Jo & R

d|

r_}l_‘
(o3
3“:
o

)

< ol
T

B

° K

191

www.dbpia.co.kr



The Journal of Korea Information and Communications Society ’14-04 Vol.39A No.04

V21 EAl 3Ol Alse] el WEke whes) 3
aflof g} olelgt WA eA] B2 AEERS 23] A
wejo} & Alglo]c). MUSIC aze]Feild L%wlﬁa
oF AahuE|zte] nlaz <lsix] s Al
2R e SElA 2L <)

AR
Anteds Fols WS ot Atk
Step. 1

BE o] ojg Aahele} g gl
Liele) wlnE Bald Alzel wel were

+10°71%19] =] 3F wie]
of arfrele] ghe wlas FaA Alse] =
I wRs FAYTh(eI7IM £100% ol FAle

ssl SR 73R Aol webd W] Fbs

Step. 3
» MUSIC dwz|Ze] F7k E
AFRL} F2 Fro] veRd 73

-+ £10° W9
el St A150) mefrte] EafakA] sk Ao
2 gl

Step. 4

P Step 1€ step 3714]2] FA-& wkEghc]

B =ella] aredgh var §Al 32 o E Al &
wo} ART o5% 5 glrks AAR Ak S &
o] aEAH e} ApgAfe} 22 o] 5] 74 step 1e]
A Ao = Wk 488l o o] F Al e
g aEfsl] RS o5T 5 ook mRby 7]
o] darE|gelA aEEild e FEAS dA W
1] FrAew ﬂlﬂf‘f‘ 1er Akl kel

o

ol £10°0] W91 Z FH7ke ARegct 1elT 9]
o] 4xle) e 7171711 g 5ol we} whe

welzke] o] FP5siel. Sle] AL lal Al

B 1. AR At 7)) Ak vl
Table 1. Comparison between propose method and
conventional method

T ek o) FHule AE A¥E e HEE 3
o] 2w wbsla A83819S wf Aot} o]
FAE olEshe S=ok ARE Aklele] FEAS
Ak FA3 373 s} vehr] A7 =

=R HﬂEi *}014 H|ZE 3k AXBITE
2 Fom 2 F

SlellA] Al 7414%& i g Ee) WS 2
= Fuzeld = weks FAshe 7180 dae
=3 of2 A kA S5 =8 W] +10°744] 2 A
ghlEle} el Zhe vlalE F3le] Alse] &
g wkeks g gick o] wltell W7k 360°0] %0
FHzfo] 20°% FolEth oleh vRRAR e
180°¢|wl Fw o] 20° % FoEA Hrk wleid v

3 20
e A}3s) =0 = Hlslo:
Ao A3l 7]E Wl ulsled N*gso 50
= i*l N o AB) =B Fo) 2= 9]
8 9 162 L-—i ﬂ]L/\"bE_‘E‘ET}%
x Fuzte] WelE olFAle} 7|AF7e] 544l 3t
Zdell whe} W7gE 5 Qlrk Frzke] W9E +5°% A
} 10 , 10
ZH}A] Pk k-
Al =R vleRs B 360 180
1,1 30 , 30
f*f*ffiﬂ +15° 2 AJ5]
M 187 s HoE, #1524 =R v 360 180
—vesre= Do A 15E 2 S Ut
12 6 72
V. Al=20|M

¥ 2 MUSIC &38| Fe] A5 gefslr] $13
Agseldel eIl ebd ol ok 3
i ek ARSIl oM 4QAM 2
283ty MY 2= Proakis channel B9‘r Vehicular
channel AS =3}t

1% 3-& Proakis A BE F33}] 3719 e
s Bk A W] A58 wAe 24T 1
gole}. HElsa Aol el [10° 30° 60°]=

E 2. A&l selg

Table 2. Simulation parameters.

Range of candidate Computational complexity Parameters Value
Conventional method N Antenna type 5x5 Planar Array Antenna
1.1 N Modulation 4QAM
+5° —* =
36 18 648 Channel ISI+Doppler+AWGN
1.1 N Proakis
+10° = —— . . .
R 9 162 channel B [0.407 0.815 0.407]
15 1,1 N Vehicular [1 0 0.8913 0 0.3548 0.3162 0 0 O
B 12 6 72 channel A 0.1778 0 0 0 0.1]
192

www.dbpia.co.kr



HAAZ AL 918 MUSIC &e]Ze] AxE 4 7

MUSIC Spatial Spectrum

200

1m0 100

Elevation Degree Azimith Degree

E7r 2~ E7)(Proakis Channel B ,10dB).
. Spatial Spectrum(Proakis Channel B, 10dB).

F72 [45° 20° 40°) = AR Tk 7 ekl S uf
#zhs A3 AR oF ) 3t 0.5°7)
A= AL gl & 4 9l 3719 A= =ei7t
B A e gle] S8 2l o 5 glek @
Aol A= w917 30° k7 2009 HRE HARAR
2 ekl

717 4+ Vehicular A'd AdlA a1z el =2
waks 348k a3ock Vehicular A Ax 6712
el ARE 7Pk "l A1) giAl whe]
72~ [110° 130° 160° 40° 80° 50°]C-%2 7}A3}s]e
w] ofzhe- [45° 120° 40° 60° 150° 10°]& 7148}
Ak 670e] el 2| JAptEks F4ElA|
qb epReh 6] A Ze] o] FHul 20714 LAt
HHAE = S )l & 5 qlgleh & =ellA] At
e AlzEle FH AaAHe /e AR shEs
Alelste] FAlo] o] FoiA]7] wlitel] A2yl Algell=
A Fee A= el ¢ Al ukeld
110° o7} 45°0] H25 HHH= 2 dAigict
a7 5% MUSIC Zxe]Ee] AlE#HeolA A7
gk 13olt) B =HellA MUSIC «i7e|Zo]
Heks FAs] Sl B FRztel disiA ¥
a7} o] Rzt wetA] E2 AXE BREE 7=
S 7 9lek ol2igh whdS Bkl $lsiA

Fuze] 9l Agel MaATE Folt WA

iz

o

= 1

MUSIC Spatial Spectrum

Elevation Degree Azimuth Degree

2| 4. 37} 2~ EZ(Vehicular Channel A ,10dB).
Fig. 4. Spatial Spectrum(Vehicular Channel A, 10dB).

Function Name alls | Total Time = Self Time* Total Time Plot

(dark band = self time)

planarmusic vehicular& 1 2568 5 2297 s I

(@ 71& WAe MUSIC ¥ae]s AlEdeld 52t Azt
(a) Simulation execution time of conventional MUSIC

algorithm
Function Name Calls  Total Time  Self Time* Total Time Plot
(dark band = self time)
planarmusic vehiculara 1 0328 s 0.290s I

(b) ARl E<1 MUSIC da2]E A&l 54 A%t

(b) Simulation execution time of reduced computation
MUSIC algorithm

T3 5. MUSIC dxe|Ee] AlEdeld g5 A7k

Fig. 5. Simulation execution time of MUSIC algorithm.

2

AlFatodet. AAZ A|2glE Alste] vladt 5= gl

A% Hels) ik ARRE BAS ALgekele 4
o= oF 87%] B2HA7be] THEEIE 7S stel

B =l dE Vol B4l @dellA Hutk wid gl
el MUSIC 12]5S H4sle] 24| A28 >
Aslode). 2=la V21 B4l 3 o] FAe] o] F
©= olFA] HAARE A= A|7to] HolrlfE
027} WA sA ¥7| wjie] MUSIC <ae]Ze] A
A AT 2 Z0)7] 93 eSS Alekeisict Al
okgt dwe]Ee FH/YeR MUSIC 4veEs
HeAF A5 mapgor A FY 5 9lrh
AlEHo]Ad AzlellA gl & = glRo] oF 87%2] A
7he EAA = 9k AlEHe A AHE Bl
3zl Axjo]7] witell AAl| AlzEls} xjo]7} whAyE
T A AR S o Qe 2 A2 4
|7ko] ©EElE A3ES vlet & 5= glglth

o

>

References

[1] R. Schmidt, “Multiple emitter location and
signal parameter estimation,” [EEE Trans.
Antennas and propagation, vol. 34, pp.
276-280, Mar. 1986.

193

www.dbpia.co.kr



The Journal of Korea Information and Communications Society ’14-04 Vol.39A No.04

[2] J. Wang, Y. Zhao, and Z. Wang, “A MUSIC
like DOA estimation method for signals with
low SNR,” Global Sym. Millimeter Waves, pp.
321-324, Nanjing, Apr. 2008.

[3] S. Sekizawa, “Estimation of arrival directions
using MUSIC algorithm with a planar array,”
IEEE Int. Conf. Universal Personal Commun.,
vol. 1, pp. 555-559, Florence, Oct. 1998.

[4] T. 1. Shan, M. Wax, and T. Kailath, “On
spatial smoothing for direction-of-arrival
estimation of coherent signals,” IEEE Trans.
Acoustics, Speech and Signal Processing, vol.
33, pp. 806-811, Aug. 1985.

[5] R. T. Williams, S. Prasad, A. K. Mahalanabis,
and L. H. Sibul, “An improved spatial
smoothing technique for bearing estimation in
a multipath environment,” I[EEE Trans.
Acoustics, Speech and Signal Processing, vol.
36, no. 4, pp. 425-432, Apr. 1988.

Z 8 =2 (Yongguk Kim)

2012 249 EEuEgw Az
I3t 24

20121 3U~3A)  FHUEgw
A} gt A

<BABob  FABAAAY,
S1EA A 2

194

8t 8 T (Hae-Guy Park)

2014 29 2BEw Az
Fstat &4

2014 34~ FEOS L
AR} gkt A

nd

<lrep  FAEAALE,
k= RRES

F & T (Heung-Gyoon Ryu)

19881~3lA : FHehsha #iA}
3o} ag

20024 39~2004 29 =5
et AHFe| R FAIAT

= 2%

1996%~3 A} : IEEE, IET =%
ARSI

2002 : g=Aixfesls] skt 4

2008 : ICWMC 2008 =A|sh&t3] “Best Paper
Award” 4

200941 : SPACOMM 2009 =A|8kt3] “Best Paper
Award” A

<Al A BAl AlzEl, 91484l B3G/4AG
o554l AlxHl, BAISE A U B4l A3

A2

www.dbpia.co.kr



	최적경로 추적을 위한 MUSIC 알고리즘의 계산량 감소 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. MUSIC 알고리즘
	Ⅲ. MUSIC 알고리즘의 계산량 감소 알고리즘
	Ⅳ. 시뮬레이션
	Ⅴ. 결론
	References


