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Time delay estimation between two receivers using basis pursuit
denoising
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ABSTRACT: Many methods have been studied to estimate the time delay between incoming signals to two
receivers. In the case of the method based on the channel estimation technique, the relative delay between the input
signals of the two receivers is estimated as an impulse response of the channel between the two signals. In this case,
the characteristic of the channel has sparsity. Most of the existing methods do not take advantage of the channel
sparseness. In this paper, we propose a time delay estimation method using BPD (Basis Pursuit Denoising)
optimization technique, which is one of the sparse signal optimization methods, in order to utilize the channel
sparseness. Compared with the existing GCC (Generalized Cross Correlation) method, adaptive eigen decom-
position method and RZA-LMS (Reweighted Zero-Attracting Least Mean Square), the proposed method shows
that it can mitigate the threshold phenomenon even under a white Gaussian source, a colored signal source and
oceanic mammal sound source.

Keywords: Time delay estimation, Sparse signal processing, L1-norm, GCC (Generalized Cross Correlation)
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Fig. 1. Time delay estimation modeling by system

identification approach.
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Fig. 3. Time delay channel model between two received

signals.

X2(K)

7 "

X1(k) —p

: _ 2
min, | y—Ax I~

Fig. 2. Practical time delay estimation system diagram.
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Table 1. The IRLS strategy for solving BPD problem.

Task: Find x that approximately solves:
ming ly—Ax® +Xlx1,
Initialization: Initialize k = 0, and set

- The initial approximation (chosen arbitrarily) X, =1,

where every elements in vector 1 is 1.
- The initial weight matrix X, = L.

Main Iteration: Increment k by 1, and apply these steps:

Stepl) Regularized Least-Squares: approximately solve the
linear system

(22X, +ATA)z=ATy

iteratively (several Conjugate-Gradient iterations may
suffice), producing result X, .

Step2) Weight Update: Update the diagonal weight matrix
X, using x,: X, (j,j) = | %, (j)| +¢, where is the j-th

element in x,.

Step3) Stopping Rule: If | x, —x, _, |, is smaller than

some predetermined threshold, stop. Otherwise, apply another
iteration.

Output: The desired result is x,.
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Fig. 4. Performance comparison in case of white
gaussian signal source (-o0-: BPD, —x—: GCC-PHAT,
-A-: RZA-LMS, -[J-: Adaptive eigenvector decom-
position method).
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Fig. 5. Performance comparison in case of colored
signal source (-o-: BPD, -x-: GCC-PHAT, -A-:
RZA-LMS, -[]-: Adaptive eigenvector decomposition
method).
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Fig. 6. Performance comparison in case of colored
signal source (-o-: BPD, -x-: GCC-PHAT, -A-:
RZA-LMS, -[]-: Adaptive eigenvector decomposition
method).
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