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Abstract: Hotspot is a special kind of clustered pattern. Like general clustered patterns, objects in the hotspot regions have high similarity in
comparison to one another, and are quite dissimilar to all the objects outside the hotspot. One important feature that distinguish hotspot from
general cluster is that the objects in the hotspot area are more active compared to all the others (density, appearance, etc). Hotspot discov-
ery/detection in spatial data mining is a process of finding certain spatial regions where more events are likely to happen, or more objects are

likely to appear, in comparison to the other areas.

Keywords: hotspots, spatial clustering, Scanning, Classification

INTRODUCTION

Hotspot detection is mainly used in crime data
analysis [2, 5] and disease data analysis. Crime data analysis
aims at finding areas that have greater than average numbers
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Fig. 1 An example of spatial hotspots

The pattern of spatial hotspot varies. Usually it is

A. Classification of Work: By Hotspot Detection

There are several types of widely used hotspot de-
tection methods. They fall in three main catalogs based
on different scales of hotspots they are looking for. Some
methods in the classification are computational models
that represent one or more applications with different set-
tings. Those applications are not listed.

Table I: Classification of methods on the scale of hotspot they can find

Method vs. Hotspot
Scale Global Hierarchical Local
K-means [6]

defined based on the level of the granularity and the
shape of the region about which the user is concerned.
For example, in the crime hotspot detection, the results
may be given in the form of crime hotspot blocks, hotspot
areas or hotspot cities. Also, the hotspots region may be

Moran’s I [3]

NNH Clustering[4] X
RNNH Clustering[4] X
STAC [4] X
LISA [7] X

location spots, street segments or block areas [1].

a) Global Hotspot Detection: Global Hotspots are regions
where activities are higher than other regions in the entire
spatial area. It is the top level of hotspot scale. The follow-
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ing methods are able to detect such kind of pattern. The K-
means algorithm creates k (user-defined number) clusters by
partitioning the crime point data into groups. The routine
finds the best positioning of the K centers and then assigns
each point to the center that is nearest. Moran’s I statistic
works by comparing the value at any one location with the
value at all other locations. Moran’s I requires an intensity
value for the crime point, which is often represented as the
centroid of the geographic boundary area. This point is then
assigned an intensity value. For crime applications, this
most often is the count of crimes within that geographic
area. The Moran’s I result varies between —1.0 and +1.0.
Where points that are close together have similar values, the
Moran’s I result is high.

b) Hierarchical Hotspot Detection: Hierarchical hotspot is a
mixed pattern of different scales. It shows a correlation be-
tween local hotspots. The following figure shows that sever-
al hotspots near the mean road form a larger scale hotspot.
The following methods are used to detect hierarchical hots-
pots.

Fig.3 An example of hierarchical hotspot pattern

The Nearest Neighbor Hierarchical (NNH) Cluster-
ing: Based on a nearest neighbor analysis technique analysis
technique, crime incident locations are first grouped into
nearest neighbor clusters containing a minimum number of
point locations specified by the user. These first-order clus-
ters are further grouped into larger, second-order clusters,
and this process continues until no more clustering is possi-
ble and its variation.

The Risk-adjusted Nearest Neighbor Hierarchical
Clustering (RNNH): It is a variation of NNH. Its goal is to
find the concentration of incidents relative to a baseline. It
achieves this goal by adjusting the threshold distance dy-
namically. The background data is represented as a fine grid
using kernel density estimation, and this is used to adjust the
threshold distance for clustering the original point set, on a
cell-by-cell basis. Note that with both NNh and RNNh not
all events are assigned to clusters, and each point is assigned
to either one cluster at a given hierarchical level or none at
all.

STAC: The STAC Hot Spot Area routine in Cri-
meStat searches for and identifies the densest cluster s of
incidents based on the scatter of points on the map. The
STAC Hot Spot Area routine creates a real unit from point

data. It identifies the major concentrations of points for a
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given distribution. It then represents each dense area by the
STAC is a scan-type clustering algorithm in which a circle
is repeatedly laid over a grid and the number of points with-
in the circle are counted.

¢) Local Hotspot Detection:This is a small scale pattern. The
hotspot itself may not be part of the global hotspot but it has
a higher activity than surrounding areas. The following me-
thods can be used for detecting this kind of pattern.

d) LISA: Local Indicators of Spatial Association. LISA sta-

tistics assess the local association between data by compar-
ing local averages to global averages. For this reason they
are useful in adding definition to crime hot spots and plac-
ing a spatial limit on those areas of highest crime event con-
centration It, thus, shares with those other scan routines the
property of multiple tests, but it differ s in that the overlap-
ping clusters are combined into larger cluster until there are
no longer any over lapping circles. Thus, STAC clusters can
be of differing sizes. The routine, therefore, combines some
element s of partitioning clustering (the search circles) with
hierarchical clustering (the aggregating of smaller clusters
into larger clusters).

B. Another Classification of Related Work: By detection
method

A few literature reviews [2] studied the classifica-
tion of related work based on how they generate hotspots.
This is a quite different classification since it focuses on
applications of hotspot detection. These applications may
use computational models listed in the previous section.

a) Kernel Estimation Method: The Hot Spot Detective de-
veloped by Jerry Ratcliffe [8] program uses the raster grid
scan approach to calculate a regular grid using the kernel
estimation approach of Bailey and Gatrell e al (1996) that
was developed specifically to address the point analysis
hotspot problem in epidemiology. It generates an isodensity
surface using the technique where a count is made on a
regular grid of all points lying within a given search radius.
LISA was used in computing the hotspot boundaries.
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Fig.4. An example of Hot Spot Detective

b) Tract or Grid Scanning: Statistical Scan defines a scan
window, and moves this window over the spatial region to
calculate the density of events in the regions. By setting
different window size, this method is able to find different
scales of hotspots.

An example of this kind is SatScan [9]. This pro-
gram is widely used to detect and evaluate disease outbreaks

in time and space, and was developed by Martin Kulldorff.
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It is available to download free of charge (www.satscan.org,
2006). An important factor considered by spatial scan statis-
tical analysis is the time baseline. Recently the program has
been modified to use variable ellipsoid areas in addition to
circles (Kulldorff, 2006). SatScan generates circles of varia-
ble size and location to mark areas within which hotspots
might be said to occur. The time baseline is included in the
analysis. The underlying tract patterns are not circular, or
even ellipsoidal; they are at bestamoeboid. SaTScan uses
circles or ellipsoids based at the centroids of the tracts to
calculate its statistics but cannot reflect the tract shape itself,
or variable areal size of the tracts.

c) Ellipsoid Scanning: STAC and CrimeStat [4] used this
method to generate hotspot. The patterns generated are ellip-
soids of different scales. The first level clusters are ellipses
centered, sized and oriented according to the hotspot calcu-
lation. These have then been aggregated into the much larg-
er, but possibly weaker, hotspots shown at the second level.
Computation models listed in the previous classification can
be used to generate ellipsoids.
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Fig.5.Ellipsoids generated using CrimeStat
\
Table II. Summarization of applications for hotspot detection

Tract
grid
scan-
App. Vs. Kernel ning Ellipsoid
How hotspots generat-
ed Estimation
Hot Spot Detective[8] | x
SatScan[9] X
STAC/CrimeStat[4] X
IIT CONCLUSION

The classification methods may be based on input
data, neighborhood definition (i.e. spatial network rather
than point sets), etc. In future work give further summariza-
tion in Spatial patterns may be discovered using Techniques
like classification, associations, clustering and outlier detec-
tion New techniques are needed for SDM due to Spatial
Auto-correlation, Continuity of space, Regional knowledge
and also establishes a need for scoping Separation between
spatial and non-spatial subspace in traditional approaches
clusters are usually defined over the complete attribute
space.
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