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A Localization Method based on the Helmholtz Reciprocity Theorem 
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 School of Computer Science and Statistics, Trinity College Dublin, Ireland 
Abstract—A localization method for a non-cooperative transmitter based on the Helmholtz Reciprocity Theorem is presented here. The localization method necessitates a propagation model capable of predicting large-scale fading accurately. To this end we use a computational electromagnetics-based approach [1]. Our localization method offers inherent advantages over current methods such as being inexpensive to implement and no necessity for synchronization. The method is implemented here for an undulating rural/suburban terrain profile of 8Km in length. The transmitter is located to within 13.7m with a computation time of 89sec using a desktop. 
Index Terms—Computational electromagnetics, Localization, propagation, wireless network security.
I.  Methodology and Results
This paper introduces a novel localization method for non-cooperative transmitters based on the Helmholtz Reciprocity Theorem and Received Signal Strength (RSS) measurements. Its intended application areas are in wireless network security (for example in locating a jamming attack) and cognitive radio (in locating an uncooperative primary user). Because the transmit power is not known, the method observes the differences in both downlink and uplink signal losses for the transmitter and a small number of receiver pairs. The differences in downlink signal losses for each receiver pair is obtained by measuring the RSS. These are compared with those generated for the uplink using a propagation predictor. We denote a transceiver pair with[image: image2.emf]. The differences in signal losses in the downlink for each transceiver pair are then [image: image3.emf][image: image6.emf] and those in the uplink are [image: image9.emf] where ‘o’ denotes the transmitter. By the Helmholtz Reciprocity Theorem [3] the transmitter is approximately located where the difference between the two, i.e.  are closest to zero where the uplink transmissions are made at the same arbitrary power. If this process is repeated for a number of transceiver locations then the cumulative error can be found and incorrect transmitter locations eliminated.

An example is given here using an urban/suburban undulating terrain profile that is approx. 8Km long with the transmitter to be located at 10.4m above ground at the beginning of the profile. Six transceiver pairs are placed randomly over the profile. Measurements were taken at 2.4m above the terrain at 970MHz and are used to calculate the differences in the downlink losses. An accelerated Integral Equation –based propagation model [1] is used to calculate the differences in the losses in the uplink. This is done for a lattice of points above the terrain profile. The absolute value of the cumulative error (Sum (dB)) is found over this lattice and its minimum is then the predicted location of the transmitter. 
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Fig 3. Plot of the sum of the absolute values of the cumulative error function versus location
The location accuracy using the six pairs of receivers is within 13.7m. It took 89sec to compute on a desktop. 

II. Conclusion
The accuracy of the method compares well with an unassisted civilian GPS accuracy of about 10m in unobstructed environments and about 100m for 2G and 3G systems. It is expected that further improvements can be made in accuracy and computation time such as by using a denser lattice, smoothing the error function and improving the propagation model. In conclusion the localization method presented here has been demonstrated to work over terrain. The method offers significant inherent advantages over current methods. It can be used to locate an uncooperative transmitter. No special hardware is necessary, apart from a signal strength meter, making it is cheap to implement. There is no synchronization necessary and it is inherently resilient to large-scale signal fading/obstruction. 
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