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Abstract: Older methods like documentation, investigative judges, and statistical research are ineffective for pinpointing exactly when
and where the crime occurred. However, increased crime analysis and prediction accuracy significantly when machine learning
techniques were included. The advancement of artificial intelligence (A.l.) and machine learning (ML) has resulted in new techniques for
analyzing crime statistics. ML algorithms may quickly evaluate enormous amounts of data and determine emerging trends and patterns,
which can assist law enforcement agencies in gaining a deeper understanding of criminal activity and developing strategies for its
prevention. The prevention of crime can avert loss of life and property damage. Applying machine learning to crime prediction has been

the subject of numerous in-depth academic studies. The most recent crime prediction methods that have been made public are reviewed

in this study. The study aims to provide insight into how machine learning may improve crime prediction.
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1. Introduction

In every society, crime is a pervasive concern [1].
Criminality is a deleterious global phenomenon
in developed and developing countries [2]. It influences
a society's quality of life and economic prosperity. It is
essential to determine whether people should travel to a
city or nation at a particular time or, if they choose to,
which places they should avoid[3]. It is also an important
indicator of a nation's social and economic development.
Crime analysis is a crucial aspect of criminology that
focuses on studying patterns of conduct and detecting
criminals [4].

Nearly every sector of society, including law
enforcement, has reaped the benefits of artificial
intelligence, particularly data science and machine
learning. Consequently, reducing criminal activity has
always been a government priority. To contain the crime
rate, law enforcement agencies employ legal methods.
As global crime rates rise, law enforcement agencies
continue to pursue advanced information systems that
employ cutting-edge machine-learning techniques to
protect their communities better. In many global regions,
academia and industry are conducting substantial studies
on evaluating and identifying crimes using machine
learning [3].

While crimes can occur at any time and location,
criminals typically operate within their familiar
surroundings and seek to repeat successful activities

Department of Information Systems, Faculty of Computing and
Information Technology, King Abdulaziz University, Jeddah, KSA
aabdulrahmanalsubayhin@stu.kau.edu.sa, baalzahrani@kau.edu.sa
and msramadan@kau.edu.sa

under similar conditions [5]. It means that criminal acts
frequently leave consistent traces. If those responsible
for crime prevention identify this pattern of behavior, the
crime may be prevented beforehand. Using machine
learning algorithms to investigate and forecast crime
gives security agencies a new perspective [6].

a. The Motivation of the Work

Although fewer crimes have been reported when there
are more police present [10], police still need to be able
to anticipate and deal with criminal activity efficiently,
especially when it threatens personal or public safety.
Intelligence is required for controlling and combating
"intelligent"” types of crime [11]; officers and other law
enforcement forces could benefit greatly from
intelligence when fighting all categories of crime. Data
or information and a mechanism for analyzing the data
are needed for intelligence. Incredibly large volumes of
data are available from law enforcement authorities.

Artificial intelligence (A.l.), particularly machine
learning, offers tools for increasing police awareness of
existing and potential crimes and supporting
sophisticated anti-criminal decision-making. Machine
learning methods scale well with data volume [12].

Predicting future offenses can save lives and property.
Using machine learning, numerous researchers have
conducted thorough studies on criminal prediction. This
study looks at the most recent and cutting-edge methods
for predicting criminal behavior. This research aims to
discuss how machine learning can help in crime
prediction.
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b. Towered the Definition of the Crime

Based on severity, punishment, and guilt, crimes are
typically divided into infractions, felonies, and
misdemeanors. Violations include minor offenses such
as tailgating, overstaying parking spaces, and racing.
Currently, felonies are viewed as more serious than
misdemeanors [13]. Crimes are also sorted into time-
based categories, such as the month, week, day, and
season, so data mining and ML can be used to anticipate
when certain types of crime will occur. A database of
past crimes committed in a certain area can be used. A
wide variety of crimes vary in seriousness [14]. Three
types of criminal offenses exist felonies, misdemeanors,
and violations (sometimes known as wobblers) [15].
Crimes can be categorized in various ways, including
victimization, victimlessness, and violence.

Professionals and government security officials need
help foreseeing whether or not crimes will be committed.
Researchers in computer science come into problems
while using techniques like ML, data mining, and
spatial-temporal data. The near-repeat-victimization and
repeat-victimization approaches were used to forecast
crimes in homes, towns, and regions between 2012 and
2016 [14].

Crime prediction has gained popularity recently because
it improves investigators' computational capacity to
manage crimes [2]. Concentrating the police’s efforts on
criminals requires better predictive algorithms [16].
Research has been carried out to forecast crime kinds,
rates of crime, and hot locations using criminal datasets
from various regions, such as South Korea and the
United States [17]. Using the Canada dataset, other pilot
programs are being broadened to determine specific
crime concentrations, such as commercial and residential
regions. The examination has centered on adopting
cutting-edge methods such as ML and deep learning
approaches [19] to prevent offenses with a rigorous
process to preserve a safe environment. Nave Bayes,
SVM, random forest, decision trees, and regression
methods are the most recent examples of ML and deep
learning algorithms employed to accurately predict crime
and analyze [20].

Predicting crimes with any degree of accuracy is
challenging, but it is essential if we want to stop them
from happening. Accurately predicting the rate, types,
and crime areas according to previous trends presents
several computational opportunities and challenges. In
prediction analysis, machine learning-based crime
prediction is well-known, but few studies investigate
machine learning techniques comprehensively. In some
applications, like crime prediction, the ability of the
ML method to handle non-linear rational data has been

verified. With a faster training speed, it can extract
properties from high-dimensional data [21]. Despite
significant research efforts, the literature lacks relative
accuracy for crime prediction using big datasets for
different cities; datasets for Chicago and Los Angeles,
for instance, have only been used on rare occasions.
According to recent studies, multiple models have been
shown to have difficulty predicting violent events,
especially in high-crime areas [22].

Consequently, crime data usually originates from time
series data, which demonstrates the seasonal character of
the data and highlights the potential significance of
varying criminal conduct over time. Developing a deep
learning algorithm and visual patterns, specifically
LSTM, that improves the classification of offenses based
on appropriate metrics over time [23] also requires time
series analysis. In addition, the present study suggests
utilizing the ARIMA model for predicting crime trends
[24].

2. Machine Learning

Statistical models and algorithms are used in machine
learning, a type of artificial intelligence, to investigate
data and generate predictions.

Multiple sectors are utilizing ML, a branch of A.l., to
improve  decision-making and  forecast future
occurrences [25]. ML investigates computer algorithms
capable of self-improvement based on
experience/learning and data. Four types of learning
exist: supervised, unsupervised, semi-supervised, and
reinforcement. Al consists of both computer and
mathematical (statistical) elements [26]. Programming is
performed so that the system can carry out a task usually
linked with humans, and Artificial Intelligence ( includes
both computer and mathematical (i.e., statistical)
components.

A system can learn on its own from the past without
being explicitly designed because of a technique called
machine learning (ML) [27]. A precise pattern or
information cannot always be identified after viewing the
data [28]. In these situations, machine learning (ML) is
used to interpret precise patterns and data [29]. By
providing machines with access to the correct data, ML
encourages the notion that machines can learn and solve
complex mathematical challenges and specific problems
[30]. Unsupervised and supervised machine learning are
the two main subcategories of ML, respectively [31].

In supervised learning, a predefined set of training
illustrations is used to instruct the machine, which makes
it easier for it to draw precise conclusions from new data
[32]; in unsupervised learning, a set of data is provided,
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and the machine is left to discover any patterns and
connections on its own [33].

There are numerous ways to employ machine learning
technology to solve the problem of crime prediction [34].
In crime prediction, machine learning algorithms have
been applied to investigate crime data and identify future
crime patterns. Based on crime data from specific cities,
[35] algorithms such as decision trees, support vectors,
and random forest machines have been devised to predict
crime patterns accurately.

These algorithms can offer beneficial insights into crime
patterns and trends in addition to forecasting crime
patterns. Such abilities enable the efficient use of
resources and strategies in the fight against crime.
Furthermore, associations between criminal episodes and
various geographical and demographic
variables, including location, conditions, and time of
day, can be found using machine learning algorithms
[36]. This information can be used to develop strategies
for crime prediction and prevention specifically suited to
a certain community's needs.

Another major application of machine learning for crime
prediction is predictive policing [37], which uses data
and analytics to guide police efforts and lower crime
rates. Algorithms for machine learning can evaluate
crime statistics from a specific area, such as an urban
area or surrounding area. With this understanding, law
enforcement efforts will be more successful by
concentrating the resources of law enforcement where
they are most required.

3. Crime Prediction Using Machine Learning
Techniques

As it would be difficult to anticipate crime manually,
machine learning methods are increasingly used to
anticipate and avoid crime. Historically, police
departments have used "hotspot analysis" to prevent
crime [38]. Adding prior crime and offense data to a map
overlay enables police to deploy additional resources in
these regions. However, this tactic is not preemptive;
rather, it is a response to recent events. On the other
hand, it might be useful to apply Al methods to police
data in order to spot patterns and make predictions about
future incidents. Using this data type, [39] looked into
Vancouver's crime rates during a 15-year period. In order
to identify potential hotspots for criminal activity, they
employed a number of different Al methods, such as
boosted decision trees with K-nearest neighbors.

Machine learning algorithms have traditionally proved
efficient at predicting criminal behavior. Many models,
such as logistic regression, decision trees, random
forests, and support vector machines, are used to analyze

crime data and determine trends that can be used to
predict criminal behavior. Traditional machine-learning
models need fewer data points and are simpler to
understand. For instance, a logistic regression
model may anticipate the likelihood of a specific crime
occurring according to variables such as time of day,
place of residence, and local population. The most
critical factors contributing to a crime can be pinpointed
by using a decision tree-based model. Random Forest
(RF) models are capable of analyzing a variety of
attributes and predicting crime trends. In addition to
these techniques, conventional machine learning
algorithms can analyze outliers and identify anomalies
within crime data. By identifying anomalous patterns or
deviations in the data, law enforcement agencies can
identify potential illicit activity and take measures to
prevent it.

Supervised and unsupervised learning are the two
fundamental methods in Al and ML. Unlike
unsupervised learning, supervised learning employs
labeled data to predict outcomes accurately.
There are additional distinctions, gaps, and significant
areas in which one approach outperforms the other.
Datasets teach computers how to recognize information
or make predictions correctly. Moreover, classification
and regression are the two data mining problems that
belong under supervised learning.

e Test data is classified and categorized using an
algorithm in Classification ML, which can tell
the difference between cats and dogs. Another
real-world example is recognizing malicious
messages and storing them in a separate folder
on your electronic mail client. Examples of
classification machine learning algorithms
include Support vector machines, decision trees,
linear classifiers, and random forests.

e + Regression ML is supervised machine
learning in  which an  algorithm
determines the relationship between
dependent and independent variables.
Logistic regression, polynomial regression,
and linear regression are the most used ML
methods for regressing data. Moreover,
regression models are created to determine
numerical values.

Unsupervised learning is a method for
grouping and analyzing datasets without
labels. Without human intervention, this
method may reveal a hidden pattern in data.
Additionally, this method may be divided

into three categories:
association, clustering, and  dimensionality
reduction.
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e Clustering is a technique for classifying data
without labels based on similarities or
differences. For instance, the K-means
algorithm assigns comparable information
points to groupings (groups), where K
indicates the group size.

e Linkage is an additional unsupervised form
of machine learning that utilizes an array of
principles to determine interconnections
between dataset features.

e Reduced dimension is a programming
technique used when a dataset contains
numerous variables or features. The input
data is reduced to a manageable size while
maintaining data consistency.

The degree to which an algorithm applies labeled input
and output data differentiates unsupervised learning from
supervised learning. The training data provide the
algorithm with repeated data predictions and corrective
responses in supervised learning. Unsupervised learning
aims to determine the structure of unlabeled data within
an algorithm. Nevertheless, semisupervised learning,
which is used when training data include both labeled
and unlabeled information, is a technique that operates
between the two. The semisupervised method is
preferred if there are fewer labeled samples than
unlabeled samples in a dataset. Despite the method's
tedious nature, researchers continue to employ it.

4. Crime Prediction Process & Datasets

Using machines to predict crimes requires several key
steps. The first stage is gathering data, which entails
collecting pertinent information such as statistics on
crime, population demographics, as well as weather
conditions.

The data is then preprocessed, which entails activities
like data cleansing and transformation into a usable
format. Following data preprocessing, training, and
testing, data sets for model construction and evaluation
are produced. The following step is feature engineering,
which entails selecting data characteristics that can be
used to train the model. After it is the features have been
chosen, multiple machine-learning algorithms can be
implemented into the data for prediction and training.
The models that have been trained are assessed using a
variety of performance metrics to determine their
predictive accuracy and crime-fighting efficacy. The
research can be used to help guide policy choices in the
areas of law enforcement and crime prevention.

Various data sets have been utilized in studies on crime
detection and prediction. For instance, the Chicago
Crime Dataset contains information on crimes reported

in the metropolitan area of Chicago. This dataset was
used to develop models that predict the likelihood of
certain categories of crimes occurring in various urban
areas. Another dataset used in crime prediction research
is the London Crime Dataset, which includes information
on crimes registered in London. This dataset has been
used to build models that predict the probability of
crimes occurring in particular geographic areas and their
connection to socioeconomic characteristics,
considering the geo-locations of persons.

In addition to the FBI Uniform Crime Report, the New
York City (NYC) Crime Dataset and the Philadelphia
Crime Dataset are also often used in crime detection and
prediction studies. These datasets contain information on
crimes reported in the locations to which they
correspond. They have been used to develop models that
predict the likelihood that specific categories of crimes
will occur in various regions of the country. Also, global
databases used to predict crimes in real time focus on
CCTV images, types of violence, and firearms. These
datasets offer academics useful data to create crime
model predictions that could assist law enforcement
entities in avoiding and responding to illicit behavior
with greater efficiency.

5. Literature Review

The relationship between crime and society has led to
extensive research on crime prediction, which uses
machine-learning algorithms to address forecasting and
prediction issues [14]. Academics have made numerous
contributions to criminal investigation and prediction
[25]. In contrast to most industries, including medical
care, public transportation, the agricultural sector,
finance, the retail sector, and service industries, crime
prediction lacks structured and thorough research
evaluations that can help summarize and organize
existing literature, documentation, and challenges.

Recent research has examined crime prediction
techniques. For instance, [40] studied data mining
strategies ~ for  predicting  criminality  based
on socioeconomic,  spatial-temporal, population, and
geographical attributes. Moreover, [41] presents an in-
depth literature review in which the investigators give
their findings on discovering and preparing for
spatiotemporal crime clusters. They discussed the
difficulties of creating a spatiotemporal crime prediction
model and the role of machine learning (ML) and data
mining (data mining) in identifying hotspots. In addition,
[42] investigated several technological tracking solutions
for crime prediction in intelligent communities. The
scientists performed a comparison of a variety of
criminal depictions. In accordance with the authors,
numerous crime prediction methods and concepts have
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been established, but field testing is necessary to
ascertain their viability.

Researchers and developers can conduct studies and
create accurate models for detecting and predicting crime
hotspots due to the availability of vast crime data
accumulated over the past few years. Studying crime
trends and patterns has been a top priority for law
enforcement agencies to formulate an effective policy for
maintaining law and order using historical data.
Predicting crimes based on historical data is a topic that

disciplines, leading to the discovery of various aspects of
crime detection.

Crime can be considered a location-based characteristic.
This is because some locations pose a greater risk of
criminal activity than others. Regardless of scale, it is
evident that crime is not evenly, uniformly, or even
randomly distributed within a given region, area, or city.

This is where mapping crime hotspots can be useful in
figuring out why crime occurs there so frequently. The
purpose of spatial and temporal data is to identify

has garnered great interest

in numerous

research

anomalies in criminal incidents.

Table 5 presents some recent studies that used machine learning techniques for crime detection and prediction.

Num Study Purpose Tool Results

[44] | They used data mining to try | Data mining They stated that the data may be
to predict  criminal  activity. crime statistics for a particular
They found that due to crime's location or region. In addition, they
influence on societal and note that crime prediction studies
economic growth, data mining can benefit the community by
for crime prediction is a rapidly aiding authorities and government
growing field of research. organizations in understanding the

multiple factors that contribute to a
crime's origin.

[45] | Predictions of tax crimes are the | Machine learning, The | Based on the findings, Random
focus of this research. The | investigators  used Neural | Forest has the highest accuracy at
study's authors believe their | Networks, Decision trees, Nave | 66.2%. Governments can use
findings will lead to better | Bayes, Ensemble learning, , | machine learning to make improved
decisions regarding St. Paul, | Logistic regression and Random | decisions and strategies for tax
Minnesota's service tax audit | forests in their investigation. | audits. Predicting tax crimes allows
plans. From 2016 to 2019, the | governments to prepare for their

researchers  also  collected | occurrence  beforehand.  They

manual face-to-face data on | determine that machine learning

fiscal audits and plans. can predict crimes against legal
systems and that such predictions
can lead to enhanced decision-
making and audit planning.

[46] | This study provided empirical | The utilization of Waikato | This study aimed to undertake a
evidence that machine learning | Environment for Knowledge | comparative analysis of violent
algorithms are useful for | Analysis (WEKA), a freely | crime patterns derived from the
predicting trends in violent | available open-source software | Communities and Crime
crime and other related tasks, | for data mining, has been | Unnormalized Dataset and actual
such  asidentifying  crime | employed. crime statistical data.
hotspots qr _cr_eatlng detailed Three different methods,
profiles of individual offenders. . .

namely  linear  regression,
decision stump, and additive
regression, have been utilized to
analyze neighborhoods and real
crime datasets, employing a
limited range of attributes.

[47] | This study aims to ascertain the | The dataset was analyzed using | This paper presents a methodology
efficacy and accuracy of a | supervised machine learning | for predicting crime rates by
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machine-learning framework in
forecasting instances of violent
crimes. The main aim of this
study was to evaluate the
efficacy of machine learning

to validate data,
visualize  the

techniques
clean, and
provided dataset.

utilizing a  graphical user
interface driven by machine
learning algorithms. The
comparative analysis of what
occurred has been conducted to

algorithms in accurately forecast the results of different
predicting crime rates and supervised machine-
explore their practical learning algorithms.
implementation, with a specific

focus on the dataset used.

[48] | To study the accuracy of crime | For crime prediction and | The researchers achieved an

prediction analysis, a unique crime | impressive crime prediction
detection technique known as | accuracy of 87%; nevertheless, they
naive Bayes was employed. encountered limitations in applying
their methodology to datasets,
including a substantial number of
features.

[49] | The study's contribution is to | ML approaches such as KNN, | The suggested approach was
highlight  the approaches | naive Bayes, SVM, and | created to perform various actions
employed in crime data | clustering were utilized to | on the given datasets, including
analytics. classify,  comprehend, and | feature selection, clustering,

analyze datasets depending on | analysis, prediction, and

predetermined conditions. assessment. This study
demonstrates the importance of
machine learning approaches in
predicting and evaluating criminal
activity.

[50] | The model prediction was | The present study conducted an | As a result of training the area
increased by including | analysis of four demographic | under the curve, precision, and
environmental context | datasets pertaining to the year | recall, the effects were enhanced.
information through the | 2014. These datasets were
utilization of a feature-level data | obtained from reputable

fusion approach on deep neural
networks.

sources, including the City of
Chicago Data Portal, American
FactFinder, Weather
Underground, and Google Street

View.

6. Conclusion

Around the world, crime is an issue that hurts society
and impacts individuals daily. Crime has risen
dramatically, particularly in urban areas, due
to population growth and urbanization. It has been
demonstrated that having more police officers hinders
crime. However, they must possess the capability to
anticipate and respond to criminal incidents, particularly
those that pose a risk to the safety of individuals or the
general public.

The utilization of machine learning algorithms for crime
prediction or detection shows great potential as a viable
solution to this complex issue. Through the utilization of
extensive datasets and sophisticated algorithms, these

technologies have the potential to enhance the precision
and effectiveness of crime prediction models. Despite the
developments in the industry, there is still a need to
comprehend the potential utilization of these
technologies in addressing the issue of crime prediction.
One of the key benefits of machine learning algorithms
in crime prediction is their capacity to examine extensive
datasets and discern patterns or trends related to criminal
behavior or activities. The algorithms have a significant
potential to effectively handle vast quantities of data,
encompassing information derived from social media
platforms and various other online sources. This
capability holds considerable advantages in detecting and
revealing prospective illegal behavior. One significant
benefit of employing machine learning and deep learning
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techniques for crime prediction is its capacity to generate
real-time prediction models. These algorithms possess
the capability to predict and evaluate criminal data in
real-time. This allows law enforcement organizations to
respond swiftly to criminal activity. The study aimed to

show how machine

learning may enhance crime

prediction.

References

(1]

(2]

(3]

[4]

(5]

[6]

[7]

(8]

(9]

M. Costa, "The economics of crime: A discipline to
be invented and a Nobel Prize to be awarded,"”
Journal of Policy Modeling, vol. 32, no. 5, pp. 648—
661, Sep. 2010, doi:
10.1016/j.jpolmod.2010.07.010.

W. Safat, S. Asghar, and S. A. Gillani, "Empirical
Analysis for Crime Prediction and Forecasting
Using Machine Learning and Deep Learning
Techniques," IEEE Access, vol. 9, pp. 70080-
70094, 2021, doi: 10.1109/access.2021.3078117.

F. T.Shohan, A. U.Akash, M.lbrahim, & M.
S.Alam, "Crime Prediction using Machine Learning
with a Novel Crime Dataset. ," arXiv preprint
arXiv:2211.01551., 2022.

N.Mahmud,K.l., Zinnah, Y. A., Rahman, & N.
Crimecast: A crime
prediction and strategy direction service. In 19th
international conference on computer
and information technology, ICCIT 2016 (pp. 414—
418), 2017.

M. A. Tayebi, R. Frank, & U. Glasser.
Understanding the link between social and spatial
distance in the crime world. In Proceedings of the
20th International Conference on Advances in
Geographic Information Systems (pp. 550-553),
2012.

H. K. R. ToppiReddy, B. Saini, & G. Mahajan.
Crime prediction & monitoring framework based
on spatial analysis. Procedia computer
science, 132, 696-705, 2018.

X. Q. Zhang. The trends, promises and challenges
of urbanisation in
the world. Habitat Int. 54, 241-252. 2016. doi:
10.1016/j.habitatint.2015.11.018.

S. Stebbins. The Midwest is Home to Many of
America's Most Dangerous
Cities. USA Today. 2019. Awvailable at:

https://www.usatoday.com/story/
money/2019/10/26/crime-rate-higher-us-dangerous-
cities/40406541/.

Q. Zhu, F. Zhang, S. Liu, and Y. Li, . An anticrime
information support system design: application of

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

K-means-VMD-BIGRU in the city of Chicago. Inf.
Manag. 2019. doi: 10.1016/j.im.2019.103247

Chalfin, & J. McCrary. Are U.S. cities
underpoliced? Theory and evidence. Rev. Econ.
Stat. 100, 167-186.2018. doi:
10.1162/REST_a_00694

W.J. Tastle, W. J. Introduction to artificial
networks and law enforcement analytics.
In Intelligent Data Mining in Law Enforcement
Analytics: New Neural Networks Applied to Real
Problems (pp. 1-9). Dordrecht: Springer
Netherlands. 2013.

J. Mena. Machine Learning Forensics for Law
Enforcement, Security, and
Intelligence. Boca Raton, FL: CRC Press. 2011.

Goel, & B. Singh. White Collar Crimes: A Study in
the context of Classification, Causation and
Preventive Measures. Contemporary Social
Sciences, 84.2018.

R. M. Saeed, & H.A. Abdulmohsin. A study on
predicting crime rates through machine learning
and data mining using text. Journal of Intelligent
Systems, 32(1), 20220223.2023.

D.Sardana, S. Marwaha, & R. Bhatnagar.
Supervised and Unsupervised Machine Learning
Methodologies for Crime Pattern
Analysis. International ~ Journal of  Artificial
Intelligence and Applications (1JAIA), 12(1). 2021

P.J. Brantingham, M. Valasik, G.O. Mohler, Does
predictive policing lead to biased arrests? Results
from a
randomized controlled trial, Stat. Public Policy
2018, 5, 1-6.

Stec, D. Klabjan, Forecasting crime with deep
learning, 2018, arXiv:1806.01486.

J. Fitterer, T.A. Nelson, F. Nathoo, Predictive crime
mapping, Police Pract. Res. 2014, 16, 121-135.

Wang, P. Yin, A.P. Bertozzi, P.J. Brantingham, S.J.
Osher, J. Xin, Deep learning for real-time crime
forecasting and its ternarization, Chinese Ann.
Math. B 2019, 40, 472 949-966.

Najjar, S.I. Kaneko, Y. Miyanaga, Crime mapping
from satellite imagery via deep learning, 2018,
arxiv:1812.06764

X. Zhang, L. Liu, L. Xiao, J. Ji, Comparison of
machine learning algorithms for predicting crime
hotspots, IEEE Access 2020, 8, 181302-181310.

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2024, 12(5s), 273-281 | 279


https://www.usatoday.com/story/

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[22] G.R. Nitta, B.Y. Rao, T. Sravani, N.
Ramakrishiah, M. BalaAnand, LASSO-based
feature selection and Naive Bayes classifier for
crime prediction and its type, SOCA 2019, 13, 187—
197

L'Heureux, K, Grolinger, H.F. El'Yamany, M.A.M.
Capretz, Machine learning with big data:
Challenges and
approaches, IEEE Access 2017, 5, 7776-7797.

Z. Zhang, D. Sha, B. Dong, S. Ruan, A. Qiu, Y. Li,
J. Liu, C. Yang, Spatiotemporal patterns and
driving factors on crime changing during black
lives matter protests, ISPRS Int. J. Geolnf. 2020, 9,
640.

K.Jenga, C.Catal, &G. Kar. Machine learning in
crime prediction. Journal of Ambient Intelligence
and Humanized = Computing, 14(3),  2887-
2913.2023.

J.He &J. Zheng. Prediction of crime rate in urban
neighborhoods based on machine ]
learning. Engineering Applications of Artificial
Intelligence, 106, 104460.2021.

T.Talaviya, D. Shah, N. Patel, H. Yagnik, & M.
Shah. Implementation of artificial intelligence in
agriculture for optimisation of irrigation and
application of pesticides and herbicides. Artificial
Intelligence in Agriculture, 4, 58-73.2020.

R. Pandya, S. Nadiadwala, R.Shah, & M. Shah.
Buildout of methodology for meticulous diagnosis
of K-complex in EEG for aiding the detection of
Alzheimer's by artificial intelligence. Augmented
Human Research, 5, 1-8.2020.

Sukhadia, K. Upadhyay, M. Gundeti,S. Shah, & M.
Shah. Optimization of smart traffic governance
system using artificial intelligence. Augmented
Human Research, 5, 1-14.2020.

K.Kundalia,Y. Patel, & M.Shah. Multi-label movie
genre detection from a movie poster using
knowledge transfer learning. Augmented Human
Research, 5, 1-9.2020.

K. Jani,M. Chaudhuri,H. Patel, & M. Shah.
Machine learning in films: an approach towards
automation in film censoring. Journal of Data,
Information and Management, 2, 55-64.2020.

M. Gandhi,J. Kamdar, & M. Shah. Preprocessing of
non-symmetrical images for edge
detection. Augmented Human Research, 5, 1-
10.2020.

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

P. Parekh, S.Patel, N.Patel, & M. Shah. Systematic
review and meta-analysis of augmented reality in
medicine, retail, and games. Visual computing for
industry, biomedicine, and art, 3, 1-20.2020.

V. Mandalapu,L. Elluri, P. Vyas, & N. Roy. Crime
Prediction Using Machine Learning and Deep
Learning: A Systematic Review and Future
Directions. arXiv preprint arXiv:2303.16310.2023.

D.M. Raza, &D. B. Victor. Data mining and region
prediction based on crime using random forest,
980{987 (IEEE, 2021).

L. Elluri,V. Mandalapu &N. Roy. Developing
machine learning based predictive models for
smart policing, 198{204 (IEEE, 2019).

Meijer &M. Wessels. Predictive policing: Review
of benefits and drawbacks. International Journal of
Public Administration 42 (12), 1031{ 1039.2019.

A.Umair, M. S. Sarfraz, M. Ahmad, U. Habib, M.

H. Ullah, & M. Mazzara.
Spatiotemporal analysis of web news archives for
crime prediction. Applied Sciences

(Switzerland), 10(22), 1-16. 2020.

S. Kim, P. Joshi, P. S. Kalsi & P. Taheri. Crime
analysis through machine
learning. In 2018 IEEE 9th annual information
technology, electronics and mobile
communication conference, IEMCON 2018 (pp.
415-420). 20109.

P. Saravanan, J. Selvaprabu, L. Arun Raj, A. Abdul
Azeez Khan, & K. Javubar Sathick. Survey on
crime analysis and prediction using data mining and
machine

learning techniques. Lecture Notes in Electrical
Engineering, 688, 435-448.2021.

U. M. Butt, S. Letchmunan, F. H. Hassan, M. Ali,
A. Bagqir, & H. H. Sherazi.
Spatio-temporal crime HotSpot detection and
prediction: A systematic literature
review. In IEEE access, 8 pp. 166553-166574).
Institute of Electrical and Electronics
Engineers Inc. 2020

Kawthalkar, S. Jadhav, D. Jain, & A. V. Nimkar. A
survey of predictive crime
mapping techniques for smart cities. February 1. In
2020 national conference on
emerging trends on sustainable technology and
engineering applications, NCETSTEA
2020.

N. H. Mohd Shamsuddinbin, M. S. Othman, & M.
H. bin Selamat. Identifying of potential crime area

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2024, 12(5s), 273-281 | 280



using analytical hierachy process (AHP) and
geographical information system
(GIS). International ~ Journal  of  innovative
computing, 2(1). 2013.

[44] Falade ,A. Azeta ,A. Oni, I. Odun-ayo .Systematic

literature
review of crime prediction and data mining. Rev
Comput Eng

Stud 6(3):56-63. 2019.
[45] Ippolito , A.C.G. Lozano . Tax crime prediction

with machine
learning: a case study in the municipality of S&o
Paulo. ICEIS

1:452-459. 2020

[46] L. McClendon, & N. Meghanathan. Using machine
learning algorithms to analyze crime data. Machine
Learning and Applications: An International
Journal (MLALJ), 2(1), 1-12.2015.

[47] S. Aravindan,E. Anusuya, & M. Ashok Kumar.
GUI BASED PREDICTION OF CRIME RATE
USING MACHINE LEARNING
APPROACH.2020.

[48] M. Jangra, & S. Kalsi. Crime analysis for multistate
network using naive Bayes classifier. Int 3 Comput
Sci Mob Comput, 8(6), 134-143. 2019.

[49] Tyagi, S. & Sharma. AN APPROACH TO CRIME
DATA ANALYSIS: A SYSTEMATIC.

[50] HW. Kang, & H. B. Kang. Prediction of crime
occurrence from multi-modal data using deep
learning. PloS one, 12(4), e0176244.2017.

[51] Esposito, M., Kowalska, A., Hansen, A,
Rodriguez, M., & Santos, M. Optimizing Resource
Allocation in Engineering Management with
Machine Learning. Kuwait Journal of Machine
Learning, 1(2). Retrieved from
http://kuwaitjournals.com/index.php/kjml/article/vi
ew/115

[52] Rajiv, A., Saxena, A.K., Singh, D., Awasthi, A,
Dhabliya, D., Yadav, R.K., Gupta, A. loT and
machine learning on smart home-based data and a
perspective on fog computing implementation
(2023) Handbook of Research on Machine
Learning-Enabled loT for Smart Applications
Across Industries, pp. 336-349.

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2024, 12(5s), 273-281 | 281



