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1. Set-Indexed Levy Processes: Classical Levy processes are a very important class of stochastic processes including Brownian Motion, Poisson processes and Compound Poisson processes. We extend this class to processes indexed by a collection of compact subsets of a topological space. The following properties will be discussed and analysed: representation, Markov properties, Martingale properties, continuity, infinitely divisible laws. Practical applications to environmental sciences are studied since the index set can be chosen as a general region.
2. Fractional Brownian Motion: General properties of Multi-fractional Multi-parameter Brownian Motion are studied in view on some applications for ecology systems. 
3. Optimal detection of a Change-Set in a Spatial Poisson Process: One of the more fundamental problems in Probability theory and its applications is the problem of detection of a change of pattern. We generalize this classic change-point problem to a spatial "change-set" framework. A spatial Poisson process changes its intensity on an unobservable random set. The goal is to find a method permitting to find the location of the random region in which the process changed its intensity.  We define Optimal Detection of the set by maximizing the expected value of a gain function. In the case that the unknown change-set is defined by a locally finite set of incomparable points, we present a sufficient condition for optimal detection of the set using multi-parameter martingale techniques. The goal is to detect the occurrence of a random set on which an observable pattern changes its intensity. There are many potential areas of application. For example:
a. The environment: the increased occurrence of polluted wells in a rural area could indicate a geographic region that has been subjected to industrialwaste.
b. Population Health: Unusually frequent outbreaks of a disease such as leukemia near a nuclear power plant could signal a region of possible air or ground contamination. 
c. Astronomy: A cluster of black holes could be the result of an unobservable phenomenon affecting a region in space.
d. Quality control: An increased rate of breakdowns in a certain type of equipment might follow the failure of one or more component.
e.  Archaelogy: An increased number of archaeological items such as ancient coins  found  in a particular region could indicate the location of an event of historical interest.
f. Forestry: The spread of an airborne disease through a forest would occur at a higher rate on the set of points to the northeast of the (unobserved) point of initial infection if the prevailing winds are from the southwest.  
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