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Fig. 8. The links in G are shown in this figure.

anchors at known positions, then a unique set of sensor positions can be determined that is consistent with the

measurements. However, distance and bearing measurements used for localization are measured in a physical

medium that introduces errors. Therefore, in practice, distance and bearing measurements will never be exact,

and the equations whose solutions deliver sensor positions in the noiseless case in general no longer have a

solution.

One of the early work focusing on robust distributed localization of noisy sensor networks using globally

rigid robust quadrilaterals with certain distance measurement errors and ambiguities caused by these errors is

presented in [15]. In that paper, assuming the measurement noise can be modeled as a random process, the

proposed algorithm uses robust quadrilaterals as a building block for localization, adding an additional constraint

beyond graph rigidity. This constraint permits localization of only those nodes which have a high likelihood of

unambiguous realization.

The work by Cao et al. [49] introduces the Cayley-Menger determinant as an important tool for formulating the

geometric relations among node positions in sensor networks as quadratic constraints. It also discusses solutions

to optimization problems to estimate the errors in the inaccurate measured distances between sensor nodes and

anchor nodes. The solution of the optimization problem, when used to adjust noisy distance measurements,

gives a set of distances between nodes which are completely consistent with the fact that sensor nodes live in

the same plane as the anchor nodes.

An elegant recent paper by Anderson et al. [50] provides a formal theory to deal with noise in globally rigid

formations for localization. For a cooperative network, we write the set of vertices of the corresponding graph

as V = VO ∪ VA, where VA is the set of vertices corresponding to the anchors, and VO is the set of vertices

associated with ordinary nodes. Let the coordinate values of the anchors be p̄(i) for i ∈ VA. Note that the


