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Objective

To propose a daily based surveillance system for point patterns of crimes using a modified version of the space-time permutation procedure for irregular cluster detection.

Background

Criminal events such as robberies or assaults peculiarly behave as epidemic events [1,2] and thus, statistical tools of epidemiological surveillance can be used to detect geographic regions where the rate of occurrence of such events is abnormally high [1]. Such surveillance systems usually require information on the population at-risk. . However, when it comes to urban centers or downtown areas, the at-risk population is often not permanent residents of such locales, but rather temporary commuting or in-transit members within a particular region. In situations such as this when information about the population at risk is limited or absent, the alternative is to estimate the expected number of cases from historical data. The Space-Time Permutation Scan Statistic [3] uses a historical window to estimate the expected number of cases in a selected area and scans the space-time region using cylinder geometries in order to find critical “high-risk” regions or clusters. Prospective surveillance is carried out by constraining the top of the cylinder to the current day. As soon as new data is available the method generates new cluster analysis, and therefore can be used as a continuous crime surveillance system. We propose a variation named Space Time Permutation Scan Statistic with Irregular Shape in Space and Time (STPSS-IS). This method uses the events’ coordinates in the historical window to build a purely spatial graph structure by applying Delaunay Triangulation [4]. The purely spatial graph is extended to each day of surveillance, thereby creating an interconnected 3-dimensional structure. The STPSS-IS creates cluster ‘suspects’ from the 3-D graph and it stores the candidate with the maximum likelihood ratio test statistic [3]. A Monte Carlo simulation is executed to estimate the type I error. 
Methods

Using historical cases from 1999 to 2000 we mimic a daily prospective surveillance system. The data consist of crime events that occurred within the Belo Horizonte municipality, Brazil. A prior analysis showed that the number of criminal events is higher during weekends and that Saturdays and Sundays differ. Based on this analysis we included a weekday variable. Three values for the historical window were evaluated at 45, 60 and 90 days. The maximum temporal cluster was set as 7 days. The number of Monte Carlo simulations used was 9,999. The cylinder space-time permutation (STP) method was applied to the data set as a comparison. 

Results
The STPSS-IS method detected 23 suspected clusters with p-values below 0.05 under the null hypothesis of no clusters. Among those, 10 signals have recurrence intervals (RI) greater than 100 days. The STP method detected 29 signals, 8 of them with RI greater than 100. Figure 1 shows the recurrence interval for both STPSS-IS and STP methods for the second year of surveillance (2000). On average, the STPSS-IS detected smaller, irregularly shaped clusters. Furthermore, the majority of significant clusters found by STPSS-IS were portions of clusters detected by STP.
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Figure 1 – Daily  Recurrence Intervals for STPSS-IS and STP (SaTScan) methods for  the year 2000.  
Conclusions

The STSS-IS method generates cluster candidates whose shapes can be compared to information such as roads or landscape. In addition, the temporal behavior of the shape indicates if the cluster is currently growing or vanishing. Results indicate that this method can be applied to assist in the daily surveillance of crimes or to a variety of applications where historical cases of point events are available. 
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