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Modified Cramer-Rao Bound for Relative Location Estimation
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Abstract: In order to compare the effect of synchronization error on wireless sensor networks
based relative location accuracy between time of arrival (TOA) and time difference of arrival
(TDOA) schemes, the synchronization error components are analyzed and the measurement
model contained clock offset is established. The TOA and TOA/RSS (received signal
strength) schemes’ modified Cramer-Rao bound (MCRB) are derived and compared with those
of the TDOA and TDOA/RSS schemes, respectively. It is shown that the transmitter’'s clock
offset is also an unknown variable in the new observation equation, and it can be solved in the
TOA scheme to eliminate part of synchronization error. The TDOA scheme sacrifices one
measurement to subtract the transmitter’s clock offset from unknown variables, thus reducing
synchronize requirements. The theoretical derivation and simulation results show that the
MCRBs for TOA and TDOA schemes are the same, as well as the MCRBs for TOA/RSS and
TDOA/RSS hybrid schemes when using the same sensor array and introducing the same
amount synchronization error. Especially, the introduction of RSS can improve the short dis-
tance location accuracy in the hybrid schemes.
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