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Abstract: A method for time delay measurement based on eigen-subspace is proposed. In our method, the time delay mea-
surement is first transformed into the frequency domain, in which the problem is converted into the parameter estimation
of sinusoidal signals with low-pass envelopes by computing the inverse discrete fourier transform (IDFT) of the cross-cor-
relation function for sent signal and received signal. Next, a lower order covariance matrix of signal matrix is constructed
by rebuilding the IDFT series. Then, a multiple-signal-classification (MUSIC) type algorithm is applied to achieve the
time delay of each multipath signals. The computational complexity of the method is reduced significantly compare to clas-
sical MUSIC approach. Both theory analysis and simulation verify the method. Simulation shows computational complexi-

ty of the method is reduced significantly in the cost of decreasing the performance of Time Delay Measurement.

Key words: time delay measurement; eigen-subspace; multipath signals; covariance matrix

1 5l§

P BARE L BRER R GUH KRB, 7
Y EIR R BRI BRI YR F U
2R B S R ) B A O vk R AR X
RITEREEMR EEE/D.HTEH, EHREM
REPRIABATZRTTE, HEREHHRCAHE
MERGESHGPEINAR, 2 BENZB LGS
BN BB B ) FRAE 5 A e S R 7 1)

WS EHE: 2009-01-15; B BAH: 2009-03-15

R T BRI T 25 B E 4R 288, % MU-
SIC % B 4r PrAli vt sk e, B B & vp , AT 55
D FES BB 4 BEAh T, B/ BE R AT B /N T
BB R E R, 2B R T EM XA
HEP BRERXABEZERA, PERYE
2B PR T MG ESh T 2 EE %,
BE BT CHER (3] 4 H H MUSIC 2B 2 #H 4
BEF, et ENEEERERDN. N TLERES
IR 35 SRR 25 383 T vk AT B 4 B 4R

ELTR: BRHRBERLESTH (60496315) ; iR L #4 R 241 H (20060307)



F2M

BER,F A THIETE RS HGES2 R ENE 23

W, 58 H B AT 7 SR BB A A 2 AR
BIBIKIIE, B 12155 P nd R R T —
P Lk
2 5S5&8

R VEE R IR B Y EESE
i, 55 S RAEEARET ,, BE S AIRIEREE
EE MM TR R

r(¢) = 200 aus(t — 7a) + w(t) (1)
Rl , D EREBHEEHE , agura HHHF d 5%
BRIGSHIEEMBLGANIE,s(¢) A RES(EHE
), w(t) AEESIAKMEETAERS.

RREIES s(¢) . ERESHE DOTHIER
Biswns gase) e H, R 2 BARE T
BR(1) P o, BhIHE.

PARHERIRR T X0 RAE, 7148

r(n) = de:ladsd(” —75) + wn)

n=0,1,2,~,N (2)
K, s5,(n) HE d ZERETSHFREME, N HES
SRMEEAR, NT Rl g afE, o, MEBKTERE
.

3 HEEE
B S SRS B MR RRARR N
R(x)= 2 stn—1) - 7 (n) (3)

Hep, ()" BRI
BESERN s(n — ) B N S EHEREM 2

¥ (IDFT) Rl &R A
s(n—1)

= Ei—;[S(k)exp(—j27rkr/N)]exp(j27rkn/N)
(4)

A, S(k) K s(n) HERBE RN (DFT), B

HHELEAE R() \IRRH

R(z) = EI:;:)EZ;;[S(k)exp(— 2mkr/N)] -

r* (n)exp(j2nkn /N) (5)

B (2) HARK(S) F,177
R(z) = 20 y(k)exp(~ 2nkc/N)  (6)

He,
y(&)

= Z:::,S(k)r* (n)exp(j2xkn/N)

= 217 [ad | S(k) Pexp(i2nkry/N) + W,(k)]

(7)

i, % R(7) B IDFT RI483] v (&), ATt at
FEAG T[] B ¥ RE 5% 15 5 SR R 4l i E . (7)
) N o, 53505 B IE LIRS SRR AR

HFEXGESHEBMEITESREETIH
DOA(Direction of Arrival) fliit %2 F%4#6). y(2)
HAWEESERE X o

X =2, aiA(z)S+W=qu+W (8)
He
X[ 7o(k,) 71(ky) = Ym1(B)]T
k, =01, N-M-1;N>M €))

Ym(k) = 20 [al | S(k) Pexp(i2n(k, +
m)ty/N) + W(k,)]

m=0,1,,M~-1 (10)
a = [al* az* aB]T
@ = [A(7)S A(7y)S - A(zp)S]
w=[w(0) wW.(1) - W(N-M-1)]"T
S=1[1S(0)1215S() 1%

| S(N-M-1) 12]T
A(t;) = diag(1 exp(j2nxr,/N) -

M-1)z;/N)

4 MEMNE

HH MUSICRBEEM X BIETHESHIFESE
REFES T e 23, X R RBESIA
BHECR A B B AR, M B O 2 A R TS0
[2-3] FriE R Tk, TR BRI E.

4.1 BZEFE

AT MUSIC BEEMES I 28T
B

Ry = E(XX") = ®E(aa™)®" + Ry (11)
AH, Rz = E(@®a) W + E(®a)? + E(WWH),
(OHRRIEHEB E(-) RRBEEHE. BR
Ry M x M #E5ERE.

BT | S(&,) I° BRER, ZRESIENE
t, EAME BJili, @ HBETRESSEHD. Rk
ZRESRE o EAMZE, W E(aa”) WEET
D. Ry B D MK N A E M B 5 2205
BT EsEnt i, HAKEE B X R RS FEE G
5MUSICEEESHR , HERR e(,) 5GIE
2. B

exp(j2n (N —



24 BB TSI

2010 4

e(z))"G =0,d =1,2,,D (12)
HH,e = [1 exp(j2nry;/N) -+ exp(j2n(N — M —
1)z, /N 1T 2 3 B i 2T B iR 0w SN

_ 1
Pl = O 66e(7) (13)

P(7) EEN N «, B ZRE S0 ER .

SCER[3] RS SR X MEXHN x 1
HERE R, X PN R Ry BN X N 445, it
HEREAN O(N* N* + N°). R MFHT kR
(9) #5 M x N #EBWE S X, xR b 2
MRy BRM X M%BFHE, HBEREHEN
O(N * M? + M®) &% N> M, Flan, Big—%m
WREAS N = 1000, M = 100, 3CHR[2-3] R
B — R IE R R TR 2 X 10° KTk, BT
KATE 10" wFerk. BB EWHEE HER
ANFICHRR[3] R .

4.2 BEHEISR

RENBEERUTSRILAZRESH TR
it

O ARQ) HEERES 52FE5HEMX
BREL R(7);

@ X R(z)MN Eﬁ%ﬁk@%ﬁf e, 158X
(7) , DA TR B S i) A . BT 5% 15 5 B A 38 A
THal

©® AR(9) wEF5HERE, A1) WiEthh
%9@&? Rx;

@ BEEBSHEND! BEESEE D, % Ry
PATHHE 2 B 43 R AR Bl B F &5 M Il 75 7 25 6]
G;

® TE—EMIE - HENARITEP(0),
P(7) WEMRNH «, B RS BIARIE.

5 HEGRESH

AR EZHAERIEXCHIRBEENANR
M AR — Rt , £ BRI R 40T MR S R B A
WESMAEESD, HEEES, xRAERKA
—EBABEESHR B = 0.02. PR F =
0.25; FEsThERMZE IdBBHESREES 1 12 BBk
FESY BN 55.2T F160.8T, T FAEEHA . £ TR
B, b T HinBsh R E , A ] GEK B B A]
oo SR BHE , 05 E A — ROV B B AR = (1)
FIBME, BRWM B BIWEEAR N = 1000,M =
100.

CER[3] R MR R R ARNEN

MUSIC Z& 8 M EE B CChRZ IS RERE),
BB 5 AR IR 2 4 PR AR
M.
5.1 HEMNESHEE

et S T R A WM SN AT AT BE S B B 242
B PR HE RS BRI OB B I E R,
H7EF—{E M B &4 T XF 200 KW B L RAE 15
7.

HIRBERE N, BE®R K (> 12dB) £4TF,
PR B R, 18] 100% , IREHR K (<
8dB) &M , IRHB L HHRE = — L.
5.2 HENENREZETRE

EEARESFIER(14) AXA15) HE.

lz(fdk_lzfd,k)z (14)

Bias(d) = —Z | 244~ 74 | (15)

A#,K HFE— 1.:.“5’&&%#?%@&@&59’31)\&,“ k
W d BERESDIAREMNS  KIEE, <, H
B d BERESHB AN,

B 1B 2 43 RIS R 2 R0E S 2 BB R 2 fbn
WESFERILXR, EF—FREZHFTX K =
200 XM B LRSS BIHY, UK i 28 1 2 5 Y 5
AN =1000. ZRES LHNRRENTES
LZRES 2R, ABEESE. AE 1A JFH,
FEHR (> 10dB) &4 T, REARNERESE T
BE,40.8T,2BEE BB TRE, N 0.6T;{K(E
L (< 6dB) B, BIRV AL . WE 2 BT B
FE M BIREZHZER K, FEEWR L > 18dBAH
BT EP TREL.

o(d) =

& R /T

—

=
>
T

12 14 16 18 20
{5 % th/dB
H1 MRREESERIEXE
DA BLE SR AR 0, 3 o AR o e S ) 4 AR
R EE RENSBREERZE -8, XEFARE

[ 4 6 8 10



F2H

BER, % A TRETERKRES 20 ERN & 25

HuAARRESHERERY; A—rmEER, AR
FREMITZIER, RERTREERAGSZEME.

—a— 2R
— R
—-~- CRLB

B E/T

L 1 1 1 L
0o 2 4 6 8 10 12 14

{5 % /dB
2 MBREESEREXHE

6 LERIE

IR - RE SRR TR .
A 1o 4 B S R [ R U A B L IE TR
SRS, BAESER, G KB 7 28
R R J5 R MUSIC 3:6# B & 2 RESHEIE
B REE . 1 T 7 A A B 7 22 AR R AR b SRR 3 )
MIEE L, BTLEHE B LG E/ A BER . HEL
1 EGRRVIH 7 B LR SRR 0 B RE D9 1R
I E R COpN Y W

SEH:

[1] Vanderveen M C, Van der Veen A J, Paulraj A. Estima-
tion of multipath parameters in wireless communications
[J]. IEEE Transactions SP, 1998,46(3):682 — 690.

[2] %3, AR ETHHEHEHK LETDE M EN BRI
[J]. B f53#4%,2006,27(5): 12~ 17.

[3] Ge Fengxiang, Shen Dongxu, Peng Yingning. Super —
resolution time delay estimation in multipath environments
[J]. IEEE Trans. circuits and systems, 2007, 54 (9):
1977 - 1986.

(4] 3BER, T2, BREHE. BEFIW 1 4 ARORE B o B R AT 1
BWRER]. BTSN, 2007,24(12):50 -
54.

[5] Waz M, Shan T ], Kailath T. Spatiotemporal spectral
analysis by eigenstructure methods[J]. IEEE Trans on A-
cous speec and Signa, 1982,32(4):817 —827.

[6] MY, 5. & T BT R B P St MUSIC ik
Bthigmul()]. B FE SR, 2007,24(6):5-
7.

[7] Wax M, Kailath T. Detection of signals by information
theoretic criteria[ J]. IEEE Trans. On ASSP, 1985, 33
(4):387-392. ’

[8] Francesco Viola, William F Walker. A slpline — based algo-
rithm for continuous time — delay estimation using sampled
datal J]. IEEE Transactions on Ultrasonio, 2005,52(1):
80-93.

fEE®N:

BEZR 5,01974-), BLBRA, P BEF T VT
RS AbE R,

5 B 5,01966-), B8, BRI BT E VT
RS 8 BRI TR BR.

KRE B,(1945- ), BB, HLERIW. BT BB
R SEEERAHE.

(&% 21 R) .

(2] ¥z, ¥ 1.6Kb/s 35 MELP & & A 5 4 10
FPGA SEBL[J]. /NI R 4K, 2008(29) : 3551 ~
6551.

[3] Yang Jie, Yu Shengsheng, Zhao Mian. The implementa-
tion and optimization of AMR speech codec on DSP[]].
Intelligent Signal Processing and Communication Systems,
2007, 28(1): 365—367.

(4] Kyung Jin Byun, Ik Soo Eo, Hee Bum Jeong. Real — time
implementation of AMR and AMR — WB using the fixed —
point DSP for WCDMA systems[ J]. IEEE Tenth Interna-
tional Symposium, 2006(22): 1-6.

[5] 3GPP TS26. 071. Adaptive multi - r_ate(AMR) speech

codec: general description[S]. Bruhn, Stefan, 2004.

[6] 7, 3850, MR, 5. ek &3S MDCT Hy#T &
WAL M K& H FPGA & [J]. BB F¥ 5 E,
2008,23(4): 61— 63.

E&EEIT:

BEE B,1984 -) W LBRA . HEH AR FELE
BRI BT ML IR,

FRIT B,(1969- ), BI#EEE. HRA MAZEEE AR
ghH.

TR 55,1968 ), 8B BIoE A VLSI/SoC it



