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ABSTRACT  

 The high volume of unstructured data of crime reports in police stations and the 

complexity  of relationships  between these data has made the importance of crime 

analysis is increasing day after day. This paper proposed  a general crime mining 

framework that integrates the text mining techniques with the crime analysis process to 

improve the policemen decisions and reduce their efforts. The proposed framework is used 

in this paper to predict the crime type of the vast amount of unstructured police incident  

reports, which  considered an important part of the criminal behavior analysis. The 

primary evaluation of the result can predict the crime type with accuracy 85%. 

  
Key words: Crime Analysis Process; Crime Mining Process; Text Analysis; Unstructured 
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1  INTRODUCTION  

  Criminology is the scientific study of the non-legal portions of crimes, including its 

characteristics, causes, correction, prevention, the behavior of the criminal involved in the 

crime, and the social impact of crime [1]. The process of crime analysis is considered an 

important part of the criminology. In this process all the police reports are reviewed every 

day to  identify patterns and hotspots that provide the law enforcement and intelligence-

gathering organizations with important information such as who, what, when, where, how 

and why of emerging crime in the community. This information can be used to solve the 

complicated crimes, develop effective strategies to prevent or at least reduce the future 

crimes, find and catch  offenders. The main challenges of the crime analysis process [2] 

are: 

 Integration of the collected data: The input data in the crime analysis process is 

the main element to be used in the analysis process. This data which is obtained 

from various resources  in many formats, it may be in an unstructured form. The 

challenge is the difficulty of finding the hidden knowledge from large amounts of 

data. 

 Crime patterns: Discovering and predicting the hidden crimes are an important 

issues in the process of crime analysis. The continuous increasing of the crime rate 

makes  the crime patterns are always changeable and become difficult to be 

demonstrated and predicated. Therefore the challenge is finding the proper model of 

detecting crimes, although the continuous changing of the crime patterns. 
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 Performance: The issues on performance include the quality, accuracy and 

processing time. The uncertainty of the results of crime analysis affects the accuracy 

of the crime detection. In addition, selecting the proper technique affects the 

processing time. The challenge of performance is developing an effective model to 

increase the accuracy of crime detection, despite the continued increase in the crime 

data. 

 Visualization: One of the most important issues is helping the text data and analysis 

results to be more interested and more understood, through visualizing them by 

creating diagrams, images and animations to provide a suitable summarization for 

this data. The challenge is how to visualize the data summarizations of the crime 

analysis result from a huge amount of data. 

The  increasing  size of the unstructured crime data that needs to be stored and analyzed, 

makes executing the process of crime analysis a time-consuming. Due to the complexity 

of issues and the investigators, it can take months to solve a crime puzzle. Therefore the 

crime analysis is an appropriate field for applying the text mining techniques. Using text 

mining helps the law enforcement agencies to improve the process of crime analysis and 

overcome its challenges.  The gained information from the text mining process can be 

used to formulate strategies for crime prevention and reduction and improving public 

safety. The organization of this paper  is as follows: section 2 covers the related work of 

using the text mining technique in the crime analysis, section 3 describes  the proposed 

framework, section 4  illustrates the experimental results of the framework evaluation, and 

finally section 5 presents the conclusions.  

 

2  RELATED WORK  

1.2 Applying the text mining techniques in the crime analysis 

The In the recent decade, using the text mining in the crime analysis field has received a 

great attention from researchers. This section can be classified according to the used text 

mining technique as the following: 

Shyam  [3] has used clustering technique as one of text mining techniques to help police 

detectives to detect crimes. K-means clustering method has been used with some 

enhancements to identify crime patterns process. Also Chuan and Jeffery [4] have used 

clustering technique through the cosine similarity algorithm to compare the police's 

investigation document and criminal case with the  judgments history of court by 

calculating coefficient of similarity, and according to  the highest coefficient, the closest 

judgment of this type case is found. This can help to generate the draft of indictment for 

prosecutor. Gangavane, Nikose, and et al. [5] have used a new methodology  to present an 

approach for the evaluation of document clustering of criminal database by using k-means 

clustering technique. This approach clusters the criminal data basing on the crime's type . 

Priyanka  and Meghna [6] have used classification technique by presenting a model that 

based on a fuzzy effective framework to identify the messages that may include number of 

criminal activities over the web or social network conversation that includes blackmailing, 

spamming, or cyber the threatening . Also Suman, Madhurima and, et al. [7] have applied 

the classification technique to identify the irrelevant message or the inclusive crime 

content in that messages that can be transmitted over the web such emails, chats, tweets, 

and etc. This approach depends on the fuzzy adaptive approach to identify the positive and 

negative aspects from the messages. The message will be categorized as the crime or non-

crime message in addition to the type of crime in the message. Vijaya Kumar, 

Balamurugan and, et al. [8] have presented a model for detecting the crime hot spots by a 

structured classification method. That focus on preprocessing the crime events before the 
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mapping. The benefit of this method is that the accurate  information of hot spots is more 

apparent. The classification of crime attribute is the key related to the accuracy of the 

results. The output of the structured classification creates different type of hotspots based 

on city crime record. 

Sukanya, Kalaikumaran and et al. [9] have used both of clustering and classification 

techniques to identify the hotspot of criminal activities through classifying the different 

crimes and grouping the similar types of crimes together. This work helps the police 

department to increase the security consideration to a particular area to prevent future 

crimes. Andrey, Bruno and et al. [10] have applied a model based on classification and 

clustering techniques to a real crime dataset that recorded by police in England and Wales 

within 1990 to 2011 to classify clustered crimes based on an occurrence frequency during 

different years. Anshu and Shilpa  [11] have used a model that based on clustering and 

classification techniques to analyze the web data to be able to predict crime trends. They 

used the  k-means as a method of clustering technique methods and then the data is 

classified to obtain a crime, none and genuine users . Mohammad, Mostafa and et al.[12] 

have discussed an approach that uses Self-Organizing Map (SOM) and Multi-Layer 

Perception (MLP) neural network method as clustering and classification methods to 

cluster and classify crime data through extracting important entities from police narrative 

reports and enter it into a database. 

Raja [13] has applied an information extraction technique through the sentiment analysis 

on a twitter social media to detect the crime patters by extracting tweets from cities that 

either be most dangerous or the safest in the United States. Sentiment analysis also applied 

on tweets to analyze the intensity of the crimes of a particular location. Rabeah and 

Benjamin [14] have proposed a method to discover criminal networks and extract useful 

information from a large volume of unstructured text documents obtained from a suspect's 

machine to help investigators identifying indirect relationships among the members of the 

identified networks. 

Manish and et al. [15] have used the visualization technique by proposing a crime analysis 

tool that depends on an interactive query interface. This interface can be integrated with 

the visualization technique to enhance the understanding of the results and patters. The 

tool is used to extract useful information from a large crime database and find crime 

hotspots using any text mining technique. 

Meshrif  [16] has integrated the information extraction, clustering, and visualization 

techniques by proposing crime profiling system for studding the crime domain in the 

Arabic language and extracting important information that related to crimes instead of 

reading entities reports such as (crime type, crime location and nationality of committed 

persons) to simplify the investigation process for the police investigators. The self-

organizing map approach has been used for the process of clustering the crimes based on 

the predefined attributes and also used in the visualization process that is useful in drawing 

conclusions and help the user to visualize the summary results of each news report 

separately. 

 

2.2 Automatic crime type prediction 

The most of the research studies of automatic crime prediction, applied the classification 

techniques on structured datasets for predicting the crime type. 

Somayeh, Aida, and et al. [17] aimed to classify experimental structured dataset into two 

categories  which are critical and non - critical. They have used five classification 

algorithms using two ways of feature selection techniques, manually and chi square to 

determine more accurate classifiers. The experiment results have shown that k-nearest 
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neighbor algorithm using chi square achieved the best accuracy. Noora Abdulrahman and 

Wala Abedalkhader [18] have applied  two of data mining techniques - K-nearest neighbor 

and Naive Bayes to identify and then predict the classification of a crime based on the 

time and location attributes of the structured dataset of San Francisco. The experimental 

results have shown that a higher classification accuracy can be obtained by using the 

Multinomial Naive Bayes. 

The problem of missing a large number of discrete attributes of the structured dataset, 

seriously reduces the classification accuracy.  Cuicui, Chunlong, and et al.[19] has 

proposed a new data filling algorithm, which called GMKNN to improve the classification 

accuracy for predicting crime types. The proposed algorithm based on combing Mutual K-

nearest neighbor algorithm with Grey system theory. The proposed GMKNN algorithm 

increases the classification accuracy to 77,837%. Cuicui, Chunlong, and et al [20] have 

used three filling algorithms - Maximum class filling algorithm, Roulette algorithm and 

GBWKNN algorithm to fill the real crime dataset to obtain the complete dataset. Finally 

the classification accuracy of three algorithms, including  C4.5 algorithm, Naive Bayes 

algorithm, and K-nearest neighbor algorithm, are compared based  the completed dataset. 

The highest accuracy is 66.6939%, which is achieved by combining GBWKNN filling 

algorithm and K-nearest neighbor classification algorithm.  

Rafael , Walkir , and et al. [21] have developed a system that used a weight neural 

network to classify the unstructured data of the crime reports. The developed system can 

assist the call center's operator by recommending classification to new reports. 

 

3 CRIME MINING FRAMEWORK  

Most of the current work is focused on two major directions: (1) Either crime analysis or 

the text mining trends separately as. (2) Applying the text mining in certain cases of crime 

analysis as discussed earlier in the related work section. Therefore, this paper proposed 

framework integrates the text mining technique  with  the crime analysis process [22] 

which illustrates a straight line  for the interested researchers in their research way. The 

phases of the proposed crime mining framework as shown in figure 1 are: gathering the 

unstructured crime data, applying a proper text mining technique, dissemination and 

feedback. 

 
Figure 1 : architecture of  the crime Mining framework 
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3.1 Gathering the unstructured crime data  

This is the first phase of our proposed framework as it is in the standard crime analysis 

process as shown in figure 2. It is responsible for collecting a lot of documents and data that 

correctly describe a given task from various resources. The input data type of  the proposed 

framework should be unstructured text documents about the crimes. The unstructured text is 

the data that isn't organized with a pre-defined manner. This makes it difficult to understand 

using traditional analysis methods [23]. 

 

 
Figure 2: Standard crime analysis process [22] 

 

3.2 Applying A proper text mining technique 

The phase of applying the text mining in the proposed framework, replaces the data collation 

and data analysis phases in the standard crime analysis process as in figure [2], that were 

accomplished manually be system analysts. This phase is an essential component of the crime 

mining framework. It includes selecting the proper text mining technique that will be applied 

on the gathered unstructured text data from the previous phase in order to prepare and process 

them according to the main purpose of the mining process. There are various text mining 

techniques such as information extraction, classification, clustering, visualization, 

summarization can be used. The main goal of the phase is examining the prepared data and 

developing a package of information on crime series, patterns,  trends, relationships or 

connections of the  different crimes in different places that should be useful and accurate for 

dissemination to law enforcement officers.  

The authors select the classification model of the unstructured text documents [24] to be 

applied  in this phase as a one of the text mining techniques. The selected model as in figure 3 

is responsible for classifying the unstructured data. The selected model uses the Multinomial 

Naive Bayes as a classification technique, and Term Frequency-Inverse document frequency 

(TF-IDF) as a vector space model for text extraction for more accurate text classification 

results. The selected model explains how to build a complete unstructured text classifier. 
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Figure 3: The architecture of the classification model of the unstructured text documents [24] 

 

3.3 Dissemination 

In this phase, the result of applying the text mining technique in the previous phase will be 

distributed and communicated to a number of different concerned sides, including law 

enforcement officers, police management team, and legal organizations. 

 

 3.4 Feedback 

The feedback is the last phase of the crime mining framework. It is responsible for ensuring 

that crime mining results are meeting user group needs. Feedback from the individuals who 

uses the analytical reports can lead to more alteration and refinement in  the process. 

Feedback may  include the quality of the result, or the usefulness of the result of decision 

making. According to this returns information that is gained from direct communication with 

the concerned sides, the selected techniques and methods that used in the phase of applying 

the text mining technique can be modified and refined. 

 

4 EXPERIMENT 

Crime type prediction is a decisive part of a criminal analysis. In the most of police stations, 

it's essential to classify the crimes, according to their types before applying the methods of 

pattern identification on the crime data. Also the legal organizations aim to divide the crimes 

into categories for various purposes related to the courts' procedure, such as assigning 

different types of court to different type of crimes. Crime type prediction  is effectively 

achieved using the classification techniques. Therefore, this experiment based on selecting 

the classification technique using as a proper text mining technique phase in the proposed 

framework. The model has been proposed in [24] can be used for classifying the unstructured 

crime data, according their types based on the details of the police incident reports. This 

experiment is carried out using a subset of an online dataset that contains police incident 

reports of the City of Madison [25]. The used dataset consists of the police incident reports of 

nine major categories of the standard crime types, including battery, burglary, fraud, injury, 

drug, intoxicated, robbery, theft and weapons violation. 

 

4.1 Results 

Some performance measures are used to evaluate the proposed framework, which includes 

accuracy, incorrectly classified, building times, precision, recall, and f1-score as shown in 

table 1. 

https://dx.doi.org/10.26808/rs.ca.i8v4.02


DOI:  https://dx.doi.org/10.26808/rs.ca.i8v4.02 

International Journal of Computer Application (2250-1797)  

Issue 8 Volume 4, July-August 2018 

 

14 

 

Table 1: Evaluation of the performance framework 

Accuracy 

(Correctly 

Classified 

Instances) 

Incorrectly 

Classified 

Building 

Time 
Precision Recall 

f1-

score 

85.3% 14.7% 0:00:05 86% 85% 85% 

 

The Evaluation of  text classification for each crime category is shown in table 2 and the 

accuracy of each one is presented in figure 4. 

 

Table 2: Performance measures of categories 

Category  Training Set 

Total (6067) 

Testing Set 

Total (1517) 

Precision   Recall  f1-score    

Battery  714 186 .84 .80 .82 

Burglary  565 132 .95 .80 .86 

Fraud 334 65 .98 .85 .91 

Injury  236 69 .90 .83 .86 

Drug 137 21 .93 .76 .78 

Intoxicated 450 124 .89 .81 .85 

Robbery 1831 512 .82 .96 .88 

Theft 639 157 .79 .78 .78 

Weapons violation 1161 251 .88 .80 .84 

 

 

 

 
Figure 4: Classification accuracy for each category 

 

The presented  results in figure 5, indicate  that  classification quality of the proposed 

framework, slightly decreases with the increasing number of testing documents.  
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Figure 5: The quality result of classification according to number of  testing documents 

 

5 CONCLUSION 

 

Criminology is a sensitive domain where text mining techniques play vital role for law-

enforcers and crime analysts to facilitate the investigation and help solving unsolved crimes 

faster. This paper proposed a general framework for a crime mining process that integrates  

the text mining techniques with the crime analysis process for predicting the crime type 

through applying text classification for the unstructured data of the police incident reports. 

Evaluation of  the proposed framework with the embedded unstructured classification 

model that used as the selected technique for the phase of applying the text mining 

technique, was applied on some of the major categories of crime reports of  the dataset of 

police incident reports of the city of Madison. During  testing, the classification 

performance  measures achieved a good result that was very stable and reliable. The 

proposed framework is extendable for using by further text mining techniques and purposes 

such as clustering, information extraction, summarization  and visualization. 
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