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Abstract : A delayed version of a bandlimited signal can be represented by

convolving a sinc function and the signal itself. By using this property, a novel

constrained LMS algorithm that estimates the difference in arrival times of signal

at two spatially separated receivers with multipath propagations is developed. The

time delay obtained can be used to localize targets in sonar and radar systems.

Introduction and Problem Formulation : The process of planar localization involves

determining the bearing and range of a target by either passive or active means. In

this application, all receivers and signal source are assumed to be in the same plane.

The critical part of designing an optimal estimator for source position is the accurate

computation of the time delay of the signal between pairs of receivers[1]. Chan et

al[2] introduced a parameter estimation approach to time delay estimation by

modeling the delay as a FIR filter whose coefficients are samples of a sinc function.

This approach brings many parameter estimation algorithms, some of them adaptive,

to the solution of the delay estimation problem. However, signal usually arrives at

each individual omnidirectional receiver through more than one path. In this letter,

we propose a constrained adaptive algorithm to estimate the delay when each
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receiver sees a signal plus an attenuated and delayed signal arose from multipath

transmission. For simplicity, we consider a two-path model which is free of additive

noise.

Given the received signals,

where is a bandlimited white Gaussian process and is the delay to be

estimated. The multipaths are characterized by and , the attenuation constants,

and and , the multipath delays respectively. Obviously, the multipath delays

should be greater than 0 and the attenuation constants must lie between 0 and 1.

These signals can also be expressed, via the convolution theorem, as

where the infinity sign in the summation can be replaced by an integer which

is chosen large enough to minimize truncation error[3].

The proposed configuration of the time delay estimator is shown in Figure 1.

We first process and by the filter blocks and to give and

respectively. The desired transfer function of and are

and . That is, , ,

and for . The immediate filter

outputs, and , will then become

x(k) = s(k) + α1s(k − Δ1) (1a)

y(k) = s(k − D) + α2s(k − D − Δ2) (1b)

s(k) D

α1 α2

Δ1 Δ2

x(k) = s(k) + α1 ∑
i = −∞

∞
sinc(i − Δ1)s(k − i) (2a)

y(k) = s(k − D) + α2 ∑
j = −∞

∞
sinc(j − Δ2)s(k − D − j) (2b)

P

x(k) y(k) B(z) A(z) x’(k)

y’(k) A(z) B(z)

1 + α1 ∑
i = −P

P

sinc(i − Δ1)z−i 1 + α2 ∑
j = −P

P

sinc(j − Δ2)z−j α̂1 = α1 α̂2 = α2

â i = sinc(i − Δ1) b̂ j = sinc(j − Δ2) −P ≤ i , j ≤ P

x’(k) y’(k)

x(k) = s(k) + α1s(k − Δ1) + α2s(k − Δ2) + α1α2s(k − Δ1 − Δ2) (3a)

y’(k) = s(k − D) + α1s(k − D − Δ1) + α2s(k − D − Δ2) + α1α2s(k − D − Δ1 − Δ2) (3b)
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In this case, differs from by a delay and it can be obtained easily

by using to act as an ordinary delay estimator. Upon convergency, we expect

to find for .

The Constrained Algorithm : The three digital filters are adjusted by minimizing

the final output mean square error (MSE), , where is the difference

between the outputs of and . At steady state, tends to zero and

the optimum solutions of the filters, viz , and , must satisfy

This equation shows that optimum solution of the adaptive filters are not

unique. To circumvent this problem, constrained adaptation originally proposed by

Ching et al[4] for planar time delay estimation is applied. That is, the coefficients

of the filters , and , namely, , and respectively, are

restricted to samples of a sinc function only. By so doing, it can be demonstrated

that the desired transfer function of the three adaptive filters can be achieved. A

lookup table which is basically a matrix of dimension x with element

, for and , is constructed for this purpose.

Only the maximum of , and , say , and respectively, are

adapted at each iteration and the rest of the coefficients will be extracted by a

simple table lookup operation. When is large, the saving in computation is

considerable. In addition, the delay estimate, , is taken to be either or

, depending on the signs of the two adjacent elements of [4]. The

estimates of the multipath delays, and , are derived in a similar manner. Thus

the interpolation step for calculating the time delay and multipath delays is no

longer needed. The adaptive process can now be summarized as follow

x’(k) y’(k) D

Ŵ(z)

ŵn = sinc(n − D) −P ≤ n ≤ P

E{e 2(k)} e(k)

E{e 2(k)}A(z) Ŵ(z)

Ao(z) Bo(z) Ŵo(z)

X(z)Bo(z)Ŵo(z) = Ao(z)Y(z) (4)

Â(z) B̂(z) Ŵ(z) {â i} {b̂ j} {ŵn}

M K 2r + 1

mij = sinc(Di + j) (5)

Di = i/(2(K − 1)) 0 ≤ i ≤ K − 1 −r ≤ j ≤ r

{â i} {b̂ j} {ŵn} â im b̂ jm ŵnm

P

D̂ nm + Di

nm − Di ŵnm

Δ̂1 Δ̂2
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where , , and are step sizes that control the rate of convergence and

stability of the adaptation.

It is worth to note that proper initialization of filter coefficients are required

in order to speed up convergence and to avoid parameters being locked up at local

minima. In our studies, we first adapt the system as proposed by Ching et al[5]

for seven hundred iterations. Although this configuration suffers from modeling

error when multipath delays are not integral multiples of the sampling period T,

the system can, however, provide a rough estimate on the delay and multipath

variables. At the 700th iteration, approximation of , and are extracted. They

are then compared with the lookup table to generate the initial values for the filter

coefficients, { }, { } and { } of the proposed delay estimator. An arbitrary

value of 0.5 is also assigned to both and and it does not seem to create any

obvious problem in the course of adaptation.

Results : Simulation tests were conducted to study the validity and performance of

the constrained adaptive scheme for time delay estimation in the presence of

multipath propagations. The lookup table has dimension of 513 x 31, that is, =

513 and = 15. This has provided a resolution of approximately 0.0001T. Plots of

Figure 2 show the convergence characteristics of the estimated variables with input

α̂1(k + 1) = α̂1(k) − 2μαe(k) ∑
i = −P

P

ai(k)y(k − i) (6a)

â im(k + 1) = â im(k) − 2μae(k)y1(k − im ) (6b)

α̂2(k + 1) = α̂2(k) + 2μαe(k) ∑
n = −P

P

∑
j = −P

P

ŵn(k)b̂ j(k)x(k − n − j) (6c)

b̂ jm(k + 1) = b̂ jm(k) + 2μbe(k) ∑
n = −P

P

ŵn(k)x1(k − n − jm ) (6d)

ŵnm(k + 1) = ŵnm(k) + 2μwe(k)x(k − nm) (6e)

μα μa μb μw

Δ̂1 Δ̂2 D̂

â i b̂ j ŵ n

α̂1 α̂2

K

r

4
This paper is a postprint of a paper submitted to and accepted for publication in Electronics Letters 
and is subject to Institution of Engineering and Technology Copyright.  
The copy of record is available at IET Digital Library. 



given by (1), where = 1.3T, = 0.8, = 0.6, = 2.7T and = 3.8T, and

uncorrelated additive noise of 20 dB was applied to each channel. The curves were

averages of 10 independent runs. All parameters converge after approximately

4000 iterations and the delay estimate was found to be very close to the optimal

value, 1.3T. Moreover, misadjustments at steady state can be further reduced by

decreasing the step sizes as soon as the system begins to converge. The dotted line

shown in Figure 2a was obtained by simply adapting the delay estimator as

suggested in [5] and it can be seen that the system is unable to give an accurate

estimate of the time delay. The performance of the proposed time delay estimator

deteriorates with decreasing S/N ratio and further investigation is undergoing to

acquire better delay estimates under noisy environment.

To conclude, an efficient algorithm for target localization by extracting the

delay between signals received at two receivers in the presence of multipath

transmissions has been developed. By adopting constraint adaptation, the number

of computations are greatly reduced and the rate of convergence is speed up

remarkably. Without constraints and proper initialization, it has been found that

convergence is almost impossible.
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