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Abstract: Hypergraphs are graphs in which more nodes are found in an edge as opposed to two nodes in a simple graph. In this
work hypergraphs are created out of crime data and this is used to highlight areas with more crime. Various hypergraph morphological
operations like dilation with respect to node, edge, erosion with respect to node, edge are applied which will result in crime data
analysis. Moreover, the nodes and edges are fuzzified to make it a fuzzy hypergraph. This is pioneer work which models data using
fuzzy hypergraph by applying morphological operations on crime data. Also this is a premier work in multilevel hypergraph. The
aim of our work is the development of a novel prediction model which predicts crime behavior of a location using Lukasiewicz
implication applied on a fuzzy multilevel hypergraph. Various parameters like proximity to ATMs, highways, shopping malls, railway
stations, bus stations, literacy rate, urban/rural factor and the existing crime behavior of a location are considered for this crime prediction.
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1. INTRODUCTION AND OVERVIEW

With increasing population and diversity among the
latitudes and longitudes all around the globe, it is important
to understand the crimes and its nature in order to provide
a better secure life for the people. Crime mapping is one of
the effective ways to understand the major crime attributes
like when and where the crime occurred. Such tools come
helpful not only to the police officers but also to the public
as they get an idea of a particular locality or a place.

This could really help in various ways like the equity
of land, distribution of enforcement officers in the area, and
also it could boost the sense of security among the public.
If people have access to the data regarding crime that has
happened in an area for a particular period of time, they
could decide on how to make their residential or work-
spaces secure and get a clear picture of the place too.

Since the beginning of mankind there has been crimes
like theft, murder, cheating, sexual assaults etc. Crimes
have always occurred around us in one way or another.
One of the major reasons for the exponential growth in
crime rates is due to the lack of knowledge regarding the
crimes that are happening around us. The system which we
developed provide crime information to the public and the
respective authorities and thus help in reducing the number

of crimes. This transparency helps in creating more self-
reliance between community members and also the system
will help in analyzing different types of crimes. For this our
system has used multilevel fuzzy hypergraphs.

Hypergraph is a very effective mathematical model to
analyze the data at a glance. It gives relevant information
about the location and crimes based on a fitness value.
Thus, based on this representation, we can retrieve and look
upon certain features and get an idea on how secure the
place is. Thus, people are being educated and made aware
about their society. The statistical data helps in searching,
sorting, visualizing and analyzing crime data based on our
requirements. The tailored alerts based on the day or the
location is another essential feature to make users updated
about the locality and other vicinity.

This paper is organized with the following sections.
Section 2 is the literature study where a number of works
in crime prediction and hypergraphs are referred. Section
3 is the mathematical modeling of hypergraph used in this
work. Various morphological operations on a hypergraph
are discussed here. Section 4 shows how crime data can
be mapped on to a two level fuzzy hypergraph. Section 5
and section 6 describes the architecture and design of the
system developed. Section 7 is the implementation of the
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prediction model developed followed by result analysis in
section 8. Contributions of the work are given in section 9,
followed by references.

2. RELATED WORKS

This section deals with some of the existing works in
the field of crime analysis and also some works in the
field of hypergraphs. The history of crime analysis [1] dates
back to 1820s where a detective bureau consisting of many
men were formed to analyze the crime patterns and solve
criminal issues. Identifying crime zones [2] by k-means
clustering and DB-Scan clustering method have considered
only theft and robbery. The work has tracked the changes
in crime rate from one year to the next and uses that to
predict the future crime. Here crime prediction is done with
an accuracy of 89%.

The crime analysis and prediction using data mining
[3] is a method to identify the patterns and trends in
crime. This system can predict regions which have high
probability for crime occurrence and can visualize crime
prone areas. The crime detection in India [4] uses k-means
clustering, Random Forest algorithm and Neural networks
for classification and visualization using Google marker.
This system is tried on a data set of crimes in the year
2001 to 2012 and accuracy is verified using WEKA tool.

The predictive modeling [5] of crime data set help the
police and citizens to take necessary action to decrease
the probability of occurrence of crime by studying the
features that affect high crime rate. Crime prediction based
on criminal hotspot [6] has found out patterns of criminal
hotspots using Apriori algorithm and predicted crime types
using Decision tree classifier and Naive Bayes classifier.
The data set used is Denver crime data set from two cities
of US. Moreover, safe and dangerous neighborhoods are
found based on age/sex. According to the findings, places
with more female are safe places and those with more males
are dangerous. Also places with middle aged people are
safer than places with young people of age group 20-29.
The system claims a prediction accuracy of 54%.

The crime prediction system using machine learning [7]
predicts crime which will happen in different locations using
K-neighbors classifier, Gaussian Naive Bayes, Multinomial
Naive Bayes, Support Vector Classifier, Decision tree etc.,
out of which K-neighbors showed the maximum accuracy.
We have considered some projects like Trulia, CrimeView,
RAIDS Online, RiskAhead and SpotCrime.com.

CrimeView[8] is a crime analysis, mapping and re-
porting software. It is designed for the detailed study of
patterns of crime as they relate to geography and time. The
first, working CrimeView application was installed at Indio
Police Department in California in August 1996.

RAIDS Online[9] is a free public crime map developed
by BAIR Analytics. It aims to reduce information requests
and improve trust between law enforcement entities and

their public with data transparency and accuracy. The map
can easily search for information and view nearby crime
activity. Users can choose different data layers to see
how demographics and socio-economic factors affect crime.
Citizens can sign up for reports to help their neighborhood
stay safe. RiskAhead is a free, multilingual, app-based risk
assessment program [10] and crime map. One can easily and
quickly report any incident with the questions and answers
dialogue in the application and also get a quick overview
of your destination or neighborhood by using the provided
HeatMap functionality on RiskAhead’s Crime Map. A vari-
ety of different incident reports can be found in the map, e.g.
light-severe concentration of crimes, natural disasters and
medical emergencies. There are features for quick overview
of the area, reward points for incident reporting, safety of
travelling women etc. Crime prediction works[11] using
Naive Bayes, Decision trees, Apriori algorithm, Random
forest, Support Vector Machines, Neural networks, Linear
Discriminant Analysis etc. are being compared in a detailed
survey. They also discussed about ensemble methods. Most
of the crime prediction methods are aiming at helping
people in becoming more vigilant while traveling through
crime prone areas. A tool for visualization [12] using R
software for crimes based on the UK police data set is
developed where the crime frequency report is shown using
various charts and also a crime prediction using K-nearest
neighbor classifier where the distance between the testing
and training areas is taken as the distance factor while
the Naive Bayes classifier developed used the latitude,
longitude and date attributes of the crime.

Survey [13] made on various NLP based methods identi-
fies suspicious behaviors based on social network feeds and
mobile chats, crime patterns and evidence based methods
where crime location and evidences from the location are
given importance, spatial and geo-location based methods
where geographical features of the location are analyzed,
prisoner based methods or crime reduction methods which
deals with the mental health of the prisoners. This system
is mainly focusing on further crime reduction by separating
them from hazardous criminals and communication based
methods which basically identifies crime organizations and
crime leaders by tracking their mobile networks of commu-
nication. A system [14] which predicts crime in busy parts
of the city, subways, pick-up, drop off locations, airports,
parks etc. was also developed.

Since the system developed is based on hypergraphs,
we will have an insight in to hypergraphs and the works
done so far in that field. Hypergraphs[15] are very well
explained and properties defined, where the authors have
gone through basic structures, dualities, hypergraph simi-
larities and hypergraph metrics with illustrative examples.
Construction of hypergraphs from a formal context, its
derivations, dilations and anti-dilations [16] are also de-
veloped. Random walk through hypergraph, Normalized
hypergraph cut [17], spectral partitioning etc. are having
applications in the field of natural language processing,
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computer networks etc. Hypergraphs are also used in the
field of image processing[18], where the authors have used
it for edge detection of images.

3. MATHEMATICAL MODELING

Hypergraphs [19] consists of hyperedges, where one
hyperedge has more number of nodes.

The same is shown in Fig. 1.

Figure 1. Hypergraph

From the figure we can see for the hypergraph From
the figure we can see for the hypergraph H = fH,; H.qg,
the nodes vy, v, and v; are parts of hyperedge e;, while
nodes v, and v; are parts of hyperedge e;. Also nodes
vs, Vg, v7 are parts of hyperedge e;, while nodes vy, vg
are parts of hyperedge es. Node vg is not part of any of
the hyperedges. In this work we are dealing with four
morphological operations for which we need to define a
sub hypergraph X of H. A sub hypergraph X is defined as
fX 2 H=fX, 2 H,; X, 2 H,4y where X,and X, are the nodes
and hyperedges of the sub hypergraph X and H, and H,
are the nodes and hyperedges of the parent hypergraph H.
Let us take X consisting of edge e, and the nodes within
it as shown in Fig. 2(a). Dilation w.r.to node "(X°) [20] is
a morphological operation on H, where it retrieves all the
nodes in edges of X as shown in Fig. 2(b).

Dilation w.r.to edge °(X") is a morphological operation
,where it retrieves all the hyperedges that contains nodes of
X. This shown in Fig. 3. Erosion w.r.to edge "*(X") [21],[22]
is defined as the set of edges which contains only nodes of
X,which is shown in Fig. 4(a) and Erosion w.r.to node is
theE set of nodes which are present only in X¢ and not in
X¢ which can be seen in Fig. 4(b).

4. CRIME DATA AND FUZZY HYPERGRAPH

From the data set obtained from kalamassery Police
station, India, a fuzzy hypergraph[21][23] can be modeled
from the crime data as shown in Fig. 5 with an outer

2(@a):X 2 (b): 6"(X°)

Figure 2. Sub hypergraph and dilation w.r.to node

3@): 8%X™ '

Figure 3. Dilation w.r.to edge
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4(b): £"(X°)
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Figure 4. Erosions

hypergraph Hrp = fT¢; P*; P.,§ where T* is the set of crime
types =fTy; Tp;:::Tg and P" = fP.y; PepiiiPey is the set
of police stations. Also P, = fC¢ [I"g is the inner fuzzy
hypergraph where C¢ = fCy; C,::::C,q is the set of crimes

crime.

Here, in crime-location hypergraph as given in Figs. 5
and 6, crime is taken as the hyperedge and location is taken
as the node. Nodes and hyperedges are given fuzzy values.
The fuzzy value of crime has been formulated using the
number of occurrences of that crime and also the number
of locations in which the crime has occurred. The fuzzy
value of a location has been formulated using the number
of crimes in that location and the number of types of crime
in that location. A higher fuzzy value means the crime type
has more chances of occurring or the location is prone to
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