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D1.2c Location estimation using multipath delays

For location estimation in a multipath environment, the conventional approach is based on leading-edge detection, where the TOA estimate of the first arriving signal is taken as the distance between the transmitter and the receiver of interest up to a constant, and the delays of other multipath signals are completely ignored. This approach works well when the first arrival signal is sufficiently strong and via a LOS propagation path. However, in a typical UWB channel, the first arrival signal is usually weak, e.g., 6dB lower than a dominant multipath component, and can be subject to NLOS propagation. Hence the conventional approach can cause severe degradation of the positioning accuracy.  To address this problem, one method is to utilize TOA estimates of multipath components in addition to the first arriving signals for location estimation. Although subject to NLOS propagation, the second and later arriving signals should also carry information regarding the position of interest. Hence the method incorporating the multipath delays can improve the positioning accuracy under certain conditions.

For simplicity, consider that a mobile node (MN) is synchronized with B anchor nodes (ANs), whose locations 
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are known. Each AN receives radio signals transmitted from the MN via multipath propagation. A received signal at the b-th AN is expressed as 
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where 
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is the delay of the i-th multipath component, given by 
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which consists of the LOS delay corresponding to the distance between the MN and the AN, and the NLOS induced path length error 
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The quantity 
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is usually modeled as a multivariate random variable which can be determined by field experiments or theoretical models. Noise
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’s are independent white Gaussian processes, and
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is the signal amplitude. Estimation of the multipath delays yields
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 EMBED Equation.3  [image: image10.wmf],
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where
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is a multivariate Gaussian random variable with zero mean and an explicit covariance matrix
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.   Based on (3) and the probability density functions (pdf’s) of 
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, location estimation of 
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 can be formulated 
as the maximum a priori (MAP) estimation. It is shown that the positioning accuracy enhancement depends on two principal factors, the strength of multipath components and the variance of the NLOS induced errors. In certain situations, significant accuracy improvement, e.g., above 50%, can be obtained.  The limitation of this approach is that its computation complexity is higher than the conventional approach. The exact formula of accuracy improvement and detailed discussion on this approach can be found in [qi2006 ] (Y. Qi, H. Kobayashi and H. Suda, ``On time-of-arrival positioning in a multipath environment,” to appear in IEEE Trans. on Vehicular Technology, 2006).

D1.2d The bad GDOP (geometric dilution of precision) problem

The bad GDOP problem concerns with severe degradation of the positioning accuracy when ANs and the MN to be located are lined up. The GDOP index corresponding to such an AN-MN geometric layout is infinitely large. To see this clearly, first consider an ordinary AN-MN layout as illustrated in Fig. D1.2d.1, where the positions of the ANs and the MN are distributed evenly on a plane. An AN is located at the center of a circle. The radius and the width of the circle represent a TOA estimate and the corresponding estimation error, respectively. It is seen that the positioning error
[image: image16.wmf]p
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, denoted by symbol ``+”, is comparable to the TOA estimate error. In contrast, in the bad GDOP case as illustrated in Fig. D1.2d.2, where the MN and the ANs are almost lined up, although the estimation errors of the three TOA estimates are same as in the previous case, the positioning error is considerably increased, much larger than the scale of the TOA errors. The problem is that the location estimation is set to be a 2-dimensional (2D) problem, yet the unfavorable MN-AN layout is essentially a 1D configuration, thus can not provide accurate 2D location estimation. A so-called reduced dimension method is proposed to solve this problem. Consider the specific Euclidean coordinate system where the y-axis is set to be along the line where ANs and the MN are (almost) lined up, as illustrated in Fig. D1.2d.3.  By decomposing the positioning accuracy (in terms of MSE) into two orthogonal components along the x and  y axes, it is seen that the y-axis defines a ``good” dimension in the sense that location estimation in this dimension is a regular 1D estimation problem, and the corresponding position error, denoted by 
[image: image17.wmf]p

y

d

, is ``normal”, i.e., comparable to the TOA estimation errors; and the x-axis renders a ``bad” dimension in which the positioning error 
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 is large, which is the main cause of the large aggregated positioning error. In fact, however, 
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is not difficult to minimize once the orientation of y-axis is known. Based on this observation, the basic idea of the reduced dimension approach is to separate the ``good" dimension with the ``bad” dimension, and then to perform location estimation separately in each dimension. In practice, a strict MN-AN line-up rarely happens. Hence, the ``good” dimension needs to be approximated. A simulation result and the detailed algorithms are presented in doc.15-05-0524-02 and references therein.


[image: image20]
Fig. D1.2d.1 An example of the good GDOP case.
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Fig. D1.2d.2 An example of the bad GDOP case


[image: image22] Fig. D1.2d.3 Decomposition of the positioning error into the ``good” and ``bad” dimensions.
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