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Abstract
Persistent scatter interferometry (PSI) based algorithms are the conventional tools used to aid 
in the detection of constant ground motion in a set of radar images within a concrete time span. 
Despite the fact that slight variations in the ground motion trend exist, the conventional linear PSI 
technique, used on a regular basis worldwide, is able to retrieve these variations incorporating 
its contribution to the general linear trend of the time series (TS).

However, when the ground motion does not have linear dependence on time — for instance, 
in the case of different trends and even strong variations, such as the alternation of periods of 
heave and subsidence — the linear deformation model to differentiate/isolate the atmosphere is 
not applicable. This is because the linear method approach of decorrelation of atmosphere over 
time and its spatial correlation fails to comply. A new approach is therefore needed to be able to 
retrieve accurate measurements, irrespective of the motion being linear or nonlinear. With this 
new approach, a valuable, cost-effective technique to monitor motion either in civil engineering 
projects or in naturally occurring events with a nonlinear deformation pattern is provided. 

The objective of this paper is to present a new approach to the conventional methodology 
in order to tackle the nonlinearity problem, not only for the cases where it is not possible to 
apply the conventional PSI, but also for those that may benefit from the application of this new 
nonlinear methodology accuracy of the TS, despite the longer processing time.

The methodology used to achieve this objective involves the use of conventional PSI algorithm 
techniques, combined with a nonlinear module which is based on the advanced differential 
Interferometric synthetic aperture radar (InSAR) technique with the aid of lineal-dependent 
models, such as error residual height (ERH) dependent on the spatial baseline of the satellite 
orbits and thermal compensation dependent on temperatures.

In this paper, a comparison between both techniques in the same case study and with the 
same radar acquisitions is presented. The area chosen as a case study is a zone of the City 
of London, an area where nonlinear motion, triggered by tunnelling works, has been clearly 
discerned. Lineal processing was shown to possibly underestimate or misestimate the ground 
motion detected in the TS  in a nonlinear scenario, while the new methodology was able to 
reflect when exactly the area under study was stable and when the period of motion started.
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