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ABSTRACT

Today, many organizations and institutions have vast
collections of datasets and databases filled with information
that, in general, can turn out to be very useful for individuals
and for the society [1]. The Police is one such institution
which is obliged by law to keep an archive of all the
information it deals with on a daily basis. All that information
about the criminal events that have occurred in the past can be
used in many ways. In this work, we present a research
project focused on crime analysis using the concept of crime
map, which can be very useful for the law enforcement
agencies as well as for the citizens. This research project
resulted in an effective crime map of the Republic of
Macedonia, which consists of about 1800 events in total.
With this project we hope to encourage and motivate the
Ministry of Internal Affairs, as well as other institutions, to
continue liberating valuable data and bring the benefits of the
Open Data idea to its citizens.

I. INTRODUCTION

The laws of the legal state were created to protect the
individual as well as the entire society. Among these laws are
the copyright and patent laws. However, today we can say
that the world feels imprisoned behind its own regulations
and is in need of liberation [2]. The “Open” philosophy,
mainly Open Source, but also Open Content, Open Access,
etc., is not a new concept. It is based on the idea of opening
up the content, so that everyone can use it and alter it in
his/hers own matter. The concept of Open Data is part of that
philosophy and has been for some time now, but only with
the rise of the Internet and the World Wide Web it gained in
popularity as a distinct term [3]. All of the data archives in the
government bodies are managed from the taxpayers’ money,
so the citizens have the right to get, use and share that data
freely [4].

One of the fields that can benefit from the Open Data
concept is crime analysis. Crime analysis is a law
enforcement function that involves systematic analysis for
identifying, and analysing patterns and trends in crime and
disorder. A key component of the field of crime analysis is
crime mapping, which gives a visual summarization of all the
criminal events that undergo in a certain area, together with
information about the location and severity of the crimes.

In June 2011, the Ministry of Internal Affairs of the
Republic of Macedonia (MOI) started issuing a bulletin on
their official website where they publish a selection of the
criminal events of the past day. This was one step closer to
the idea of opening this type of data to the general public,
taking into consideration the privacy laws and the protection
of the identity of the persons involved.
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Using the official MOI’s bulletin and with the help of the
Open Data concept in this paper we produced a crime map of
the Republic of Macedonia. However, because the official
MOI bulletins were written in plain, natural language, in
order to automate the mapping process (map an event to a
specific location) we had to work with the basis of a popular
field of artificial intelligence and linguistics, called natural
language processing (NLP). Thus, this paper is organized as
follows. In Section 2 we give the related work which inspired
this paper. In Section 3 we describe the NLP used for
mapping an event to a specific location, and the difficulties
which we encountered in doing this. Here, we also describe
the process of geocoding the locations on a map. Section 4
concludes the paper and gives directions for future work.

II. RELATED WORK

Many law enforcement agencies from countries around
the world have created publicly available on-line crime maps.
A fine example is the UK Police crime analysis section [5]. It
is worth noting that they do not show actual locations in order
to protect the privacy of the individual. Instead, they show a
summary of events that occurred near a public building, such
as a museum, a theatre, or a park. An example of the crime
map for the city of Bristol is shown on Fig.1.

Figure 1: An example of the crime map of the UK Police for
the city of Bristol.

Other examples are the crime maps from The Omega
Group, a company that supports US law enforcements (see
Fig.2) [6], and the US non-profit organization The
Reinvestment Fund [7].

Our idea is to make a similar crime map of Macedonia,
despite the notion that Macedonia and its police department
are allegedly far behind those of the UK and the USA. This
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project has proven just the opposite; at least as far as crime
mapping is concerned.

A. Open Data

The Open Data initiative was encouraged by government
projects such as the 2009 US government project called
Data.gov [8]. It is considered responsible for a chain of
similar projects that followed in the UK [9], Norway [10],
Russia [11], and many others [12]. The goal of these websites
is to increase public access to high value, machine readable
datasets generated by governmental organizations. Thereby,
this concept is connected with the idea of Open Government,
in which the citizens have the right to access all of the
documents of the government, in order to provide an effective
public insight.

Figure 2: An example of the crime map of the US Police for
Saint Louis, LA.

The Republic of Macedonia in the past several years has
shown interest and made some efforts in making the
Macedonian government more open. It is currently in the
process of joining the Open Government Partnership [13]. We
hope that by generating momentum in the Open Data field,
we will be able to give contribution in this process.

M3BaR0K Ha AeN OA AMEBNNMTE HACTAHM

Figure 3: The Macedonian MOI’s website and the daily
bulletin (for 26.03.2012).

The Ministry of Internal Affairs of the Republic of
Macedonia (MOI), as of June 2011, has been issuing an e-
bulletin with a selection of the daily criminal events, as
shown in Fig.3. This bulletin is in a plan text format, written
in Macedonian language. If the location and the type of event
can be extracted from this bulletin, then it would be simple
enough to create a national crime map.

B.  Crime mapping

A crime map can be regarded as a map of the criminal
activities in the neighborhood used for one’s personal safety
and precaution. However, the scope of crime mapping is
bigger than this. Using geographic information systems
(GIS), crime analysts can overlay other datasets, such as
census demographics, location of certain buildings of interest
- such as schools, night clubs, etc. - to better understand the
causes of crime and help law enforcement administrators
devise strategies to deal with the problem and make the
streets safer. Using crime mapping, they help the law
enforcement management make better decisions, target
resources, and formulate strategies. These maps can be also
used for tactical analysis - crime forecasting, geographic
profiling, etc. [14].

Computer-based crime mapping started developing in the
1980’s by the US National Institute of Justice (NIJ). They
started a project in the police department of Chicago which
explored crime mapping as a way to help community
policing. The success of this project paved the way for other
ones, such as “CompStat” by the police department of New
York City [15].

The Republic of Macedonia has not yet published an
open crime map; however, they most likely have a certain
internal crime mapping system. All information regarding this
is kept private and closed, but we think it would be more
beneficial for the citizens if it is open and available for use.

III. CRIME MAP FOR THE REPUBLIC OF MACEDONIA

A.  Using NLP for Text Analysis

Natural language processing (NLP) is regarded a field of
artificial intelligence and linguistics which deals with the
computers and humans in the human native, natural language.
The term is normally used to describe the function of software
or hardware components in a computer system which analyze
or synthesize spoken or written language [16]. The reason
why NLP is of interest in our project is because the
information that the MOI publishes on their website is written
in a narrative and natural manner. The computer works well
with data in a structured form, so some text processing was
necessary in order to structure the data. There are many ways
and algorithms to process natural language, many of the more
modern and sophisticated ones use the paradigm of machine
learning [17].

Addressing our problem from a simpler point of view, we
used a basic keyword tagging method [18], where we
established a group of repeating keywords in the texts, and we
draw conclusions based on their presence or absence, and the
phrases that follow or precede them.
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The processing of the plain text bulletins is as follows:
first we look for the name of the city, which we do with a
basic comparison with a list of all the cities in Macedonia,
and the input text. However, in the following we show some
of the difficulties we encountered, for which we had to use
text processing and matching.

For detecting the address at which the criminal event
occurred, we use the Macedonian equivalent for the “str.”
suffix as a keyword, which in our case is a prefix: “yn.” (from
yiuna — street). Although it seems quite straight-forward, we
have a problem with the common prefix for “boulevard”,
which in Macedonian is “Oyn.” (from OyneBap). This prefix
contains “yn.” in it, but should be distinguished, since a street
and a boulevard with the same name aren’t uncommon in
Macedonia.

Furthermore, many events occur in the Macedonian
countryside and MOI does not give street addresses for them,
but only the name of the village. The problem here is that the
bulletins do not have a conventional way of presenting names
of villages, as it has for street names. Therefore, several
keywords had to be taken in consideration, such as the prefix
“c.” or the entire word “ceno” preceding the name of the
village (where ceno means village), or the definite article
form: “cenoro” — meaning “the village”. All three of those
were usually followed by a ,yvillage name®, as a way of
presenting the name (with the Macedonian quotations marks:
'), but quite often represented as “village name” (with the
English quotation marks: “”’), or a mixture of the two, or no
quotations at all. The fact that many villages have more than
one word in their name made the idea of using a white-space
delimiter inapplicable. Therefore, our decision tree grew
bigger.

The type of the crime should also be extracted in a
similar way and then categorized in order to pin a different
icon-marker on the map. In order to do this, we used another
example of open data in Macedonia. Namely, the equivalent
of the US District Attorney (our Public Prosecutor) and his
office have the entire code of criminal offences published on
their official website [19]. From this code, we extracted all
the possible official offences one can be charged for and then
checked if there was a match with the plain-text input. It
helped that some of the texts were written in a conventional
way of writing the official criminal offence in quotes.
However, this was not sufficient, so we used common
descriptive words that appeared often as keywords, such as:
fight (remauka), shot (mykan), accident ((cooOpakajHa)
Hecpeka), etc.

B. The Database

Using NLP as described previously, we managed to get a
structured form of the data. We stored this data within a
database. Our database is a table for all the events, consisting
of a column for an ID number, a WHAT, a WHERE, a full
description (the actual text from the bulletin), a latitude value
and a longitude value gained by geocoding as described in the
following part.

The WHAT value in the database is an integer which
indicates the category in which the event is a part of. In the
current stage of the project, we have 6 categories: armed

offences, violent crimes, theft or burglaries, document-related
crimes, drug-related crimes, and traffic accidents. A seventh
category is used for labeling all other types of crimes.

NastanlD Shto Kade_Oblast Kade_Adresa Opis lat Ing
10 Mpanen c. Crposuia MG Mpunen nogrece kpuendHa npujasa npotws C.H.(20.. 41 5642 21 4112
2 4 lWwn yn, Meck’ CEP ILn nogHece kprensHa nprjasa npotve WM (18) 41 7578 222008
30 Cmyra yn,Kej Bopne Kanpus'  Ha 2208 2011 roguma, 50 22,15 wacor, 6o Ctpyra 1 411768 20 6753
4 0 lWmwn ., Wiapok dan’ CBP ILun nogHece kpuenuna nprjaea npotve PL(ES) . 41 7437 222008
5 1 Borgawu oy, Kocta Mon Puctos' MG Mesrennja noauece kpuewuna npujaga npotve [1.C 41205 22 5756
B 2 Borpabu o Lpruuanm MG Meerenuja noaHece KkpuewHa npujasa nporve TE 412363 226549
7 2 leerenija MC Meerenuja nopwece kpuewuka npujaea nporve [0 115 2250
8 3 Crpoymdya o JabBunea CEP CTpyMula NoAHECE KpUEWIHA Npujasa npaTye M1.C. 41442 22 GBAA
9 6 bornaHun MNC Meerennja NOAHECE ABE KOHEMYHH NPHGEW NPOTHE 41,2031 225756

10 2 Tesrenyja MG Meerennja noaKecs kpusika npjasa npoTke LA 4115 2250
42,1334 217258
412031 226756
42,0038 214522

421334 217258

11 2 Kymawoso CBP Kyman0s0 M0AHECe KHERIHa TRH[AER PoTHE A M.,
12 2 Boranum

131 Cronje

MG Megrenwja noaKece kpueia npujasa nporwe C.6
c. Porannwno Ha 21.06.2011 rogwna, g0 19,00 vacor, o npoass

14 1 Kywawoeo  yn,Becenn Macnews' CBP Kymanoeo noarece kpuenina npjaes npotne B.M..

15 0 Oxpun NC Mpynen noaxece puanka npwjasa npovs ELL (3. 411216 20 6194
16 2 Cronje Ha 21.06 2011 rogmHa, eo MNC Mask baba, KA ogro 420038 214522
17 G Benec yn,[ope Opranynee’  CEP Benec nogHece kpuendHa nprjasa npotve M. T { 417148 217846
18 1 Kymanoen CEP KywaHoeo nogece kpuendHa npujaea npotws MA 42 1334 21 7258
19 2 Mpunen MG Mpunen nogece kpuewsHa npujasa npotve 3.4 (4 413517 215621
20 6 Bwona CBF Butona noaHece kprenuna npvjzea npotue B 410328 213403
210 Oxpua MC Crpyra nogHece kpuedHa npujasa npotve H. ¥ { 411216 20 &#154
22 1 Mpunen C. KpueoraluTani MG Mpunen nogHece kpuewsHa npujasa npotve K4, (3 213358 213331
23 0 Ckonje c. FopHo Muckye Ha 2408 2011 rogmuna, CBP-Ckonje, £o kpHEM4HA NpH 419617 215076
24 1 Wmmn Ha 24.06.2011 ropuna M.C.(1962) oa Wrwn, so CBP- 4175 22
25 1 Cronje Hokra nowmety 23 u 24.06 2011 roanka, Bn nepuoaot 420038 214522
26 1 Cronje ya.,UpeeHa Onwtrea"  Ha 24.06.2011 rogrda okony 15,40 wacoT B0 Cronje. 420033 214522
27 2 Kymaxoeo Ha 24.06.2011 rognna CEP-Kymaxoeo a0 OJO-Kymanoe... 42,1334 21,7258
28 B Teroen . HepoejaHe Ha 2406 2011 roguHa B0 23,00 vacot B0 ¢ Heposja 419146 209484
23 2 Wmwn CBP-ltun nogHecs kpueuuHa npujaea npotue ©1, (34 4175 22
30 2 Wmn 08 cTpaHa Ha CEP-WmN no Npeezement OnepaTMEHD 41.75 22

Figure 4: A view of the database (text in Macedonian).

A sample of the database and the detected crime events
can be seen on Fig.4. We used the WHERE, the latitude and
the longitude for determining the location, the WHAT for the
category of crime, and put the full description as a tooltip text
on the marker on the map, as demonstrated on Fig.5, Fig.6
and Fig.7.

Figure 5: The crime map for the entire country.

Our project is a web application, for which we used PHP
as a server-side programming language, with MySQL as a
database engine and HTML and JavaScript for the
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presentation layer. The web application automatically updates
the database with new information from MOI’s website.
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Figure 7: The crime map for the neighborhood near our
Faculty.
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We developed an interactive user interface allowing the
user to filter the events by the category of crime they belong
to, or by location, as shown on Fig.8. This is done by sending
an AJAX request to a page which returns a JSON formatted
response with the latitude and longitude values, a description
and the category of each event that satisfies the particular
filter condition.

A key issue when working with data in Macedonian
language is the character encoding. A good practice is to use
the international Unicode encoding system, which encodes
not only Latin and Cyrillic, but all the possible alphabets and
symbols. We used UTF-8 as it proves to be the best and most
popular encoding [20].

C. Encoding Challenges

When dealing with strings and substrings, all
programming languages work with indexes or character
positions. We pay a lot of attention to this, because PHP’s

byte level string division and comparison allows us to see the
full effect of UTF-8.

Many people misbelieve that UTF-8 encodes symbols in
8 bit (1 byte) arrays. This is not the case. In fact, that answer
is closer to the number of bits the American ASCII uses -
which is 7. On the other hand, UTF-8 works with octets. The
most commonly used characters, such as the ones in ASCII
are encoded with one octet and are compatible with the ASCII
codes. The less used characters, such as most letters in the
Macedonian alphabet, are encoded with 2 octets (2 bytes) and
therefore take up 2 index-position spaces in PHP’s substring
function. The Macedonian quotation marks ,, and “, being
even rarer, are encoded with 3 bytes [21].
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Figure 8: A filtered view of the crime map, showing only
theft and burglary crimes.

D. Geocoding

Google Maps is a web mapping service application and
technology provided by Google. It has become popular due to
its precision and correctness, as well as the fact that it is free
for public use. In 2005 the people at Google launched a free
API to allow developers to integrate Google Maps into their
websites. We have used the newest version (v3) of the
JavaScript API (there are other ways to use Google Maps not
necessarily with JavaScript) [22].

Google allow users a free account key with certain
limitations. For instance, the key can be used to access a map
only 25,000 times a day, after which Google will block your
access or allow you more for a fee if you prefer.

Google Maps, as well as all other mapping services,
process map locations with their longitude and latitude
values. This is why we keep this information within out
database. There is a way to get these values (usually
shortened as latlng) from an address. This process is called
geocoding [23].

Google Map’s geocoding can be applied on client-side, or
on server-side. The former does not stress the server as much,
but is limited to about 10 a second, so in order to get the
latlng values, we used the latter. It implies sending the
address in an URL to a Google server and waiting for a
response formatted in XML, or in JSON as in our case. The
limitations for this service are 2500 per IP address per day,
which at this time seems enough for the application.
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It is only fair to mention that there are many other web
mapping services, most notably Microsoft’s Bing Maps,
OpenStreetMap and Yahoo Maps. They are all useful and
function in a similar manner as Google Maps, but we decided
that Google Maps offers the best service for our project at this
point.

IV. CONCLUSION AND FUTURE WORK

In conclusion, we can say that the Open Data initiative is
starting to develop in Macedonia, but there’s plenty more
room for improvement and at least the computer science
community wants to see it happen. In addition, crime
mapping is a very useful tool in crime analysis and in fighting
crime, but these maps can also be connected and overlaid
with open data from education, income salaries, etc., in order
to pinpoint the major cause for high percentage of crime in
some regions.

Another benefit is that the citizens can take into
consideration the crime percentage of the region where they
plan to buy their future home, where their children will go to
school, or where their work is situated.

However, there are some privacy issues that should be
taken into consideration, such as reporting full personal
names or exact locations. In the case of crime mapping, the
events can be summarized on a point of public interest, like a
cinema or a park, for example.

We hope that this project will encourage the local
government to be more open towards the public and the
computer science community and we hope that this project
will be the dawn for the Macedonian Open Data initiative and
openness in general.

REFERENCES

The website of The International Council for Science’s World Data
System, offering quality-assessed data and data services to the
international science community: http://www.icsu-wds.org/

OECD Principles and Guidelines for Access to Research Data from
Public Funding (2007)
http://www.oecd.org/document/55/0,3343,en_2649 201185 38500791
111 1,00.html

Towards a Science Commons Creative Commons
http://sciencecommons.org/about/towards,
http://creativecommons.org/science

Free Our Data The Guardian’s Technology
http://www.freeourdata.org.uk/index.php

The official local crime and policing website for England and Wales:
www.police.uk

The website of the
WWw.crimemapping.com

US The Omega Group’s crime map:

The website of the GIS developed by the US nonprofit community —
The Reinvestment Fund: www.policymap.com

The American open-data project Data.gov: www.data.gov

The British open-data project Data.gov.uk: www.data.gov.uk

[10] The Norwegian open-data project Data.norge.no: www.data.norge.no

[11] The Russian open-data project Opengovdata.ru: www.opengovdata.ru

[12] List of open government data catalogues from around the world
http://opengovernmentdata.org/data/catalogues/

[13] The  website of  the Open  Government

http://www.opengovpartnership.org/,

http://www.opengovpartnership.org/countries/macedonia

Partnership:

[14] Boba, Rachel (2005). Crime Analysis and Crime Mapping. Sage

Publications
[15] Maltz, Michael D.; Gordon, Andrew C.; Friedman, Warren (2000)
[1990]. Mapping Crime in Its Community Setting: Event Geography
Analysis New York: Springer-Verlag. ISBN 0-387-97381-8.
[16] Jackson, Peter; Moulinier, Isabelle (2002). Natural language
processing for online applications : text retrieval, extraction, and
categorization pp.2-3 John Benjamins B.V. ISBN 1567-8202;v . 5
[17] Witten, lIan H; Frank, Eibe (2005). Data Mining : practical machine
learning tools and techniques Morgan Kaufmann. ISBN 0-12-088407-0
[18] Manning, Christopher D.; Schutze Hinrich (1999). Foundations of
statistical natural language processing MIT Press.ISBN 0-262-13360-1

[19

[}

The official website of the Macedonian Public Prosecutor’s Office (the
DA’s office): http://www.jorm.org.mk/zakon-krivicen.shtml

[20] A website showing UTF-8 usage:

http://trends.builtwith.com/encoding/UTF-8

[21

—

The official RFC for UTF-8: RFC 3629 / STD 63 (2003)

[22

—

The Google Developers website: https://developers.google.com/
[23] Mazumdar S, Rushton G, Smith B et al.. Geocoding accuracy and the
recovery of relationships between environmental exposures and health.
International Journal of Health Geographics (2008)



