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Time Delay Estimation using Wavelet Transform
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Abstract :

wavelet transform for a time delay system is pro-

A fast estimation method using

posed. Main point of this method is to get the
wavelet transform of the correlation between the
input signal and delayed signal using transformed
signals. But wavelet transform using Haar wavelet
functions has basis with different phases and can
offers a bisection method to estimate a time delay
of a signal. Selective computation of the transform
of correlation is performed and the computational
complexity is reduced. Computational order of this
method is O(N log N) and it is much lower than a
simple correlation esimation when the length of sig-

nal is long.

Keywords : Wavelet Transform, Time Delay
Estimation
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2% 1: FIR filter bank using sparse synthesis filter
bank
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29 2: Haar basis and indexes for N =8

QY AE7H B FEY AS el = of)) 2=
eya(l) = A[l]

o] Bt}

E A3 A48 Az A S 94 e
2 Aol "isl c]FojF oy ol T 2AL AE
3R Fx A9 o7 (predictor) B AHE 3 A H
AZE RD AF3 3t PRB]E AR o] =
Ag wFAE & Aok

A AQD A2ade]l dedtA A 2519 Ad A
& e 7% E 23

eyall] = hll] = dn — A)

olth.

debd 48 Assh 29 AT2RH o) @
2450 o|ZRH AF Fohuie WU 4AY
% AT ol 28T ¢ = &l T 2ol
7% 4 ok

(10)

(11)

éyI{N - 1]
Eyz(0]
y2N -2 - y[N—1]] [x[N -1
N : : :
y{N - 1] v[0] z(0]

C =

(12)

A 12 M A2 AR A€ F387 ANAS
O(N?) o} F4 Aol YL5A HER 2% A
253 2o] A0 Dol F$, FAHL
G AZe Zoi7t AojA ALdZe] A3 F4%
U 28 FAI AT AR ASTLEZEEH AE A
e 3R AR 4 24X A5 AF AR E
vl Z8to] HRgHE Fohlle ZAE woloksiRe
F71H Q] Al4te} BR3HA B4

%Yx

AR 8T AT

el B8R AFE oj 83 4T 4R Ao 3
R} @S Gohil As el HYy ge ol %
Ll g

Te = TYx (13)
¢c = TyN-1]---y[0]]x
= [Ty[N -1]---Ty[0]] x
= [ye[N-1]-- y[0]] x (14)
o] 7] o A
ylnl = [yl + N = 1] -+ yfn])” (15)

Y AZe] ¥¥Y v g F37198 N9
o|F Hfo) ooz o of YAy FAAL
F2 O(NlogN)olth. £33 Y,z 8 ALste 4%
AT Age J89 gL B2 ¢ViHdAMAs 9
& O(N?)9) §4 Alde] d_A ¢ b3 22
Haar S0l 839 S48 & o83 A€HA Ade
S8 O(NiogN)2 & ANFE B2 £ At

Haar $1°] 83 7|4 g4= b33 22 SA4E
74 3 gl

0, ifA< fjorA > H(G+1)
¢lilnldn - Al =<1, i#Ni<A < Ki+ oy

—1, otherwise

-167-



ol % 4AL o183y v A2 A9 A
dg o83t or & N7j ] Ak F logN A
g AgAoR AL AR ALFE F2A)
2 5 Uk

for k=0, ip = 0,J0 = Jo(do) = 0
given i, Jk
Thtl =t + 1
) ij if Cig g = 0
T4 =
25+ 1

if Cip gk = 0

2P 4. 00X N =1280] 1 A =232 7ol o3}
2o 4P¢ 88 278 Ro{F 1 Ytk 20
HuG S AR BA o) Yl QAT
Az R EoAE 45 AL WY

o L
RS

]

2ol 49 ghol o o AHBRFAA A =239
£ ¢4 A
HE RBBA 23U AT 32 B4

ofp
rlo

16384 o|9 Add PUE A B
A bk 26882 F 84%2) A4 UL E
At

e 2 X
do yy
4w

} 2 3 4 g ] 7 9
A ———
Y i © .
2, 4 & 8 10 12 14 18 1
of memm—— ..Q -
-100 L L s
00 -1 10 15 20 25 32
1 Y v g
o—-—--—%m—u-l---'——-w_——l-__._._ _____
-100 > i
o 10 20 30 40 50 60 70

29 3: Example of Transform domain cross corre-

lation
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