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A typical automated analysis of seismic events includes phase detection, computing parameters of found phases and finally their association. Some algorithms of phase analysis can give estimations of backazimuths and/or apparent velocities. Thus, beamforming (or fk-analysis) is maximization of some rating function depending on backazimuth and apparent velocity (or on vector slowness that is equivalent). Such functions can contain extra maxima. In some cases the extra maxima can be greater than the maximum corresponding to true values of backazimuth and velocity. This can lead to a false estimation of phase parameters. As well, polarization estimation of a P-phase backazimuth is just a maximization of a projection of ground motion to a selected direction, i.e., backazimuth-depended rating function. 

The main idea of our approach is not to use phase parameters obtained by maximization of such functions but consider the whole functions during phase association. The first implementation of this idea was joint beamforming algorithm. Couples of phases are checked to be P and S arrived to an array from the same event. Let B(α,V,Vupper, [t1,t2]) is a rating function which is maximized during beamforming (α,V are backazimuth and apparent velocity, Vupper is velocity beneath the array and [t1,t2] is time interval containing a phase). In joint beamforming we maximize combination of the functions for both phases : B(α,Vp, Vp upper, [tp1, tp2])·B(α, Vp/R, Vp upper/R, [ts1,ts2]) by (α,Vp), where R=Vp/Vs. The algorithm has been implemented in a routine program observing a seismic process in Storfjorden, Spitsbergen and it had shown a good capability of detecting small events by a single array with a small percent of false alarms. 

The idea of making joint rating function can be implemented in many ways. Phases detected at different arrays as well as 3-component stations can be used together. The requirement that each phase in such combination must correspond to the same seismic event enables to diminish a number of maximization parameters. The method can improve location accuracy especially when a number of seismic stations is small. 
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