PREDICTIVE ANALYTICS FOR LAW
ENFORCEMENT AGENCIES

RAJKUMAR VISHWAKARMA

DEPARTMENT OF MANAGEMENT STUDIES
INDIAN INSTITUTE OF TECHNOLOGY DELHI

AUGUST 2019



© Indian Institute of Technology Delhi (IITD), New Delhi, 2019



PREDEICTIVE ANALYTICS FOR LAW
ENFORCEMENT AGENCIES

by
Rajkumar Vishwakarma

Department of Management Studies

Submitted

in fulfillment of the requirements for the degree of Doctor of Philosophy

to the

Indian Institute of Technology Delhi
Hauz Khas, New Delhi — 110016

August 2019



Dedicated to My Family



CERTIFICATE

This is to certify that the thesis titled “Predictive Analytics for Law Enforcement
Agencies” being submitted by Mr. Rajkuamr Vishwakarma (Entry No. 2013SMZ8602) to
the Department of Management Studies, Indian Institute of Technology, Delhi, for the
award of the degree of Doctor of Philosophy (Ph.D.) is a record of bona fide research work
carried out by him. He has worked under my guidance and supervision, and has fulfilled
the requirements for the submission of this thesis, which has attained the requisite
standard for Ph.D. degree from the Indian Institute of Technology Delhi. The results
presented in the thesis have not been submitted, in part or full, to any other University or

Institute for the award of any degree or diploma.

(Prof. Ravi Shankar)

Research Supervisor

Department of Management Studies
Indian Institute of Technology Delhi
Hauz Khas, New Delhi-110016



ACKNOWLEDGEMENTS

First and foremost, I would like to express my deepest gratitude to my supervisor Prof.
Ravi Shankar for the inspiration and guidance needed to complete this work. Without his
support and patience, this thesis would not have been possible. He gave me enough

freedom to explore new horizons and always provided the gentle guiding hand.

[ would like to thank my wife Dr Versha Raj, who has been my real inspiration and sowed
the seeds of curiosity and perseverance in me, traits which proved to be essential in
completing my doctoral program. Special thanks are owed to my son Ishan Raj, who

didn’t trouble me at weekends to enable me to work on the thesis.

Last, but not the least, I would like to thank my fellow researchers and academicians for

their many helpful suggestions and for providing support as needed.

Rajkumar Vishwakarma

iii



ABSTRACT

Law enforcement agencies across the globe face the pressure of improving citizen
services with minimum resource and limited logistics support. Quantitative revolution is
making various fields of social sciences more meaningful to anthropogenic world. More
accurate predictions with general rules and hypothesis are being derived. This thesis
investigates application of quantitative techniques and artificial intelligence tools in

accurate detection of crime hotspots and other aspects of police functioning.

Extensive literature review has been conducted from the perspective of crime patterns,
criminological theories, crime concentration, distance decay, data mining, criminal
behaviour, criminal network and application of ontology in crime criminal domain.
Research gaps have been identified and three broad research objectives of crime pattern
study, prediction of criminal behaviour and impact of demographic variables over crime
have been identified. For this research quantitative models have been used and results
have been discussed. Sensitivity analysis and parameter tuning of models have also been

provided.

Police emergency management system has call takers, despatchers and GPS fitted patrol
cars, connected to the centre for attending all kinds of distress calls. The research domain
and the dataset are taken for Uttar Pradesh (UP), which is the largest populated state of
India. UP Police, in India, has 4009 patrol cars, having 500 call takers and 250
despatchers, catering to 230 million people and has handled 4.48 million events in year
2017. The dataset used in this research is mainly for this setup. The state of UP has
extensive criminal intensity. Reduction of this crime intensity is also the motive of this

research.

Crime pattern study focuses on prediction of future hotspots, inter-crime correlation
and geographical beat clustering. Kernel density function of crime is dependent on space,
time, event type and impact of event. Crime data has trend, seasonality, chaos and
randomness. Using research study of crime data of last 120 years of UP Police, we show
supremacy of Neuro-fuzzy-GARCH technique for future hotspot prediction. RMS errors

for different approaches have been calculated. For studying interdependence aspect of



crime pattern, linear regression technique has been used. For examining geographical
beat clustering, as part of crime pattern study, Fuzzy c-means clustering has been used
for logistics planning of patrol cars. Reasons for selection of model have also been
discussed.

Further for accomplishment of the next objective, expert system has been designed,
which can predict recidivist criminal behaviour. Model based on Neuro-fuzzy engines can

predict probability of commission of repeat offences.

For investigating the next objective of conducting impact analysis of demographic
parameters, Fuzzy-ISM model has been used that considers effect of agricultural,
industrial, service sector growth and literacy over crime. In Indian context, agricultural

growth has maximum impact over crime reduction.

At last, thesis examines key research findings, contributions and implications of research
for academics and practitioners. Once hotspots are identified, mitigation strategy for
sensitivity reduction are also analyzed. Geographical clustering of patrol cars will help in
correct deployment of manpower, weapons, density of patrol cars and women police
officers to prevent crime against women. Limitations of unstructured data, data volume,
velocity and variety, missing values, and unreliability of many witnesses have been

flagged. Scope for future research has been discussed.
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