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Introduction
 Multiple scattering is commonly ignored in sensing signal processing research because

of small physical energy of the higher-order scattering components

 Multiple scattering in general can significantly increase the estimation precision of point
scatterers [Shi and Nehorai, 2007]

 Under some scenarios, multiple scattering does not always lead to an improvement
[Sentenac et al., 2007; Chen and Zhong, 2010]

 Identifying conditions under which multiple scattering is beneficial or detrimental to
estimation is an open problem

Problem Statement
 Two point scatterers at unknown positions x1 and x2

 Known scattering coefficients τ1 and τ2 of the two scatterers

 N antennas at known positions α1, α2, …, αN

 Known background Green function G

Fisher Information Comparison
Assuming the noises are additive, independent, and identically distributed following a
multivariate, complex, circularly symmetric Gaussian with variance σ2, the Fisher information
matrices with and without multiple scattering can be found as [Shi and Nehorai, 2007]

Numerical Example
Consider a two-dimensional multistatic setup with a uniform linear array located between  
(-5,0) and (5,0) with a spacing of 0.5 between adjacent elements (unit in wavelength). The 
Green function is a far-field approximation of the zero-order Hankel function of the first kind. 
The two scatterers are located on the line y = 40 and are symmetric about the y-axis.

where

 Far-field condition:

 Far-field and monostatic condition:

 Well-separated condition:

 Weak interaction condition:

 Well-resolved condition:

Figure 1. Illustration of the multistatic setup.

Multistatic model with multiple scattering (Foldy-Lax Model) can be formulated in the 
closed form as [Shi and Nehorai, 2005]

where  ,                              ,                                                  ,

Multistatic model without multiple scattering (Born approximation Model) is

Problem: Under what conditions multiple scattering is beneficial or 
detrimental to the estimation of x1 and x2?

For homogeneous background in the three-dimensional space

Answer: The following gives a set of sufficient conditions under 
which multiple scattering is beneficial to the estimation of x1 and x2.

In this case, the difference between the two Fisher information matrices

is semi-positive definitive, where
and

Figure 2. tr CRBB(x) / tr CRBFL(x) as a function of 
the distance between the two scatterers, τ1 = τ2 = 1.

Figure 3. tr CRBB(x) / tr CRBFL(x) as a function of the 
distance between the two scatterers, , τ1 = 1, τ2 = 10.    

,
, .

Conclusion
 We compared analytically the Fisher information matrices for estimating locations of two 

point scatterers when multiple scattering exists and does not exist

 Multiple scattering improves the estimation of directions of arrival when the two 
scatterers are in far-field and well resolved

 When natural multiple scattering is weak, an artificial scatterer can be introduced to 
enhance the system performance
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