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PROCESS 
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Abstract 

Road accidents are accumulated in certain spots of the nation-wide network of public roads, 

due to reasons that cannot be foreseen in some cases. Identifying the spaces of accumulation 

(black spots), discovering and eliminating the reasons that generate these black spots, or in 

short, managing black spots forms and important part of public road safety activities. The 

management of black spots may be promoted by computerised processes. The lecture 

described the research and development activities pursued by the authors in this field and the 

software elaborated as a result of this, which finds probable black spots by a special procedure 

using a “data mining” process. Users can proficiently and quickly identify the causes of 

accidents taking place in identified black spots and the method of efficient intervention using 

engineering methods and analyses. The work may be assisted by the “expert system”, 

development of which started only recently. 

The lecture describes the system structure and presents the operation of the programme 

produced to date. 

 

Briefly about black spots 

In the filed of traffic safety, parts of public roads where accidents occur frequently or where 

the risk of traffic is higher than average are called black spot. There is no single set of 

conditions excepted for black spots in international trade literature, which is only natural, 

considering that the design of the road network, traffic volume and traffic composition differ 

greatly in each country. The conditions applicable to the national network of public roads in 

Hungary were compiled by the expert committee operating within the Hungarian Road 

Society. 1. The computer programme called WIN-BAL, operated at the public road 

management company, is used to identify black spots. 2. The process uses so-called mobile 

sectioning, meaning that instead of recording the length of black spots sections specified by 

the user along the route investigated, it identifies black spots by a window that moves and can 

be stretched between accident points. The conditions for identifying black spots: the number 

of accidents in the black spots, the length of the black spot section, the period investigated, the 

types of accidents in the black spots, etc. and are set out in the guidelines referred to. The 

programme allows the user to “experiment”, i.e. to look for black spots or places suspicious of 

being black spots along the road network managed by him with different conditions, thereby 

creating the possibility for finding locations that are really dangerous. 

Recently, the national road network has been expended to include many new road sections, 

primarily bypasses around settlements in the course of developing the nation-wide network of 

public roads. These developments entailed modifications to the identification points of roads, 

re-numbering of roads and the inclusion of so-called fault sections. Currently, the 

identification of accident locations (kilometre+metre) has grown increasingly cumbersome an 

inaccurate due to the reasons mentioned above, thereby making it difficult to reliably identify 

black spots. In co-operation with the police and the HCSO, the public road manager will 

introduce GPS-based identification of accident spots in the near future, which will create new 

possibilities in the field of collecting and evaluating accident data, including reliable black 

spot finding. 

 

The benefits of GPS-based location identification in seeking black spots 

GPS-based location identification to be introduced in the near future may offer several 

benefits compared to the traditional location identification, which is based on road numbers 
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and kilometre sections. The first and perhaps most obvious of these may be the increase in 

accuracy and in reliability, given that forensic accident investigators may get data accurate to 

the metre within seconds, excluding the errors of the measurements that existed until now. 

This is outstanding importance for the purpose of procedures for seeking black spots, given 

that differences of a few hundred metres and other uncertainties in location identification may 

lead to a completely different result when seeking a black spot. Another benefit may be that 

accident that take place at the same geographic location but on different road sections in terms 

of registration (e.g. different directions of intersections and divided lanes, re-building of 

roads) will naturally be close to each other based on the co-ordinates specified by GPS, so 

there will be no need for complicated and resource-intensive corrections for the purposes of 

seeking black spots. Naturally, this aspect has to be taken into account in the analyses that 

follow identification. 

 

Some basic terms of data mining 

The algorithms that use traditional fixed and mobile sectioning [3] are hard to use for the data 

produced this way, given that in this stage the exact location of the accident is specified using 

two co-ordinates instead of the section number. Naturally, the algorithms can be adapted to 

this as well, the sections can be replaced by a simple grid, but the result produced by this are 

less valuable and implementation of the grid structure with variable cell size is resource-

intensive and will not lead to perfect results, either, given that it is capable of recognising only 

rectangular black spots. 

Therefore, it is reasonable to take a look at the clustering techniques already widely used in 

data mining, of which density-based methods can be used well. The principle of density-based 

methods is very simple: the density of elements within a cluster is much higher than between 

clusters, that it how clusters (or the elements that make up a cluster) and outliners can be 

identified. Naturally, these methods are general; in order to calculate density, a distance 

concept need to be defined, but obviously, this is simple to do in the case of an accident. 

One of the most basic yet most efficiently useable of the density-based methods is the 

DBSCAN algorithm (Density-Based Clustering of Application with Noise). The algorithm 

gradually increases sufficiently dense areas into clusters, and actually defines them as a 

domain of points with dense connections. An important benefit of the algorithm is that given 

its principle of operation, it is capable of recognising clusters of any shape in geographic 

databases, and can be used well also in case of noise (an element is called noise if its does not 

belong any cluster, which very much applies to accident data, as accidents data includes all 

accidents that are not found in one black spots). 

The DBSCAN algorithm [4] uses two parameters: a radius-type value () and a limit for 

element numbers (MinPts). The space within a radius of  of an element is called the -

environment. If the -environment of an element contains at least MinPts number of elements, 

this element is called an internal element. For a given domain of elements, one element is 

directly densely accessible from another internal elements if it is the first element’s -

environment. The definition of dense reachability is similar, only here, it is permitted for one 

element to be accessible from another only through a chain of directly densely accessible 

elements. Two elements are densely connected if there is an element from which both are 

densely reachable with the given parameters. Density-based cluster is a domain of densely 

connected elements that shows maximum accessibility of density. Therefore, our goal is to 

find domains of accidents in the database in which all elements are densely connected based 

on the parameters specified and no further expansion is possible. 
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Adapting the DBSCAN algorithm to black spot seeking 

Naturally, the general algorithm needs to be adapted to the specific task. First, the concept of 

distance needs to be defined, which can be done in two ways. Traditionally, in the case of 

accidents on the same road, this can be considered to be simply the difference between 

kilometre section numbers. However, in practice, we have to face several problems, such as 

how to calculate the difference of two accidents of the road has been rebuilt during the time 

between the two accidents and sectioning changed (the problem is not purely of an 

engineering nature, given that the figures are available but our definition of distance in the 

everyday sense is not prepared for this). In GPS-based location identification, distance is 

offered naturally, let us take the Euclidean distance between the two geographic co-ordinates. 

Both distance definitions may lead to the right solution; it is the application that decide which 

is reasonable in the given particular case. 

Using the algorithm applied, we can actually calculate the “transitive closed domain” of 

directly dense accessibilities (i.e. the maximum domain of densely accessible elements from 

the starting point) for all points of space. This can be done by selecting any point of the space 

as the starting point and investigating its -radius environment. If there are not at least MinPts 

pieces of elements in this environment, the investigation may continue in the next point. 

However, if there are at least MinPts pieces of elements in that environment, the point is an 

internal point, so that a new cluster is created with this point. After this, the directly densely 

accessible elements from this point are collected and included in the cluster, after which the 

search towards the new elements continues recursively (Figure 1). 

 

 

Figure 1 

 

The -radius environment of these new elements is also investigated, and if the elements 

found here meet our conditions, they are added to the cluster and the search continues. If we 

are unable to select a new element, recursion is finished, and if possible, we start out from a 

new starting point. It is reasonable to select the locations of each accident as starting point, 

although this does not necessarily provide the best solution but it gives a good approximation 

for practical purposes. 

In contrast with the DBSCAN algorithm, the goal is not to get extensive clusters; we would 

like to see only those accidents that “really” belong to one black spot. Therefore, the search 

should be supplemented to include a minimum density limit (MinDns). In order to do that, the 

area of the cluster need to be defined (calculation of which can be done simply based on the 

points that make up the cluster) and as minimum limit can be introduced so that only those 

new accidents are included in the black spot that do not reduce accident density to below the 

critical value. Here, it is certainly worth wile to take into the account the outcome of the 

accident as well based on which it is possible to define the weight of a black spot (the weight 

of the accidents in the black spots is summed up, which is a scalable parameter based on 

outcome) and the black spot density (the ratio of its weight and area). This helps to avoid 

black spots that are close to each other but are actually different black spots do not melt into a 

1. ábra 
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single large cluster. Figure 2 shows a spectacular example in which we would like to two 

different black spots; however, if only  distances were taking into account, the algorithm 

would link these because there is a road connecting them. 

 

 

 
 

 

Figure 2 

 

For similar reasons, in contrast with the DBSCAN algorithm, we make no combinations when 

expanding black spots, because we would explicitly like black spots that are close to but 

different from each other not to melt into one. Launching the above algorithm for each 

accident will obviously produce several overlapping domains, for instance, starting from the 

accidents found in the same black spot, all accidents will probably return the same black spot 

(although this is not necessarily the case due to the minimum density and the cut-off based on 

the number of elements). Therefore, subsequent processing required to eliminate redundancy. 

The principle of the method selected by us is that it sorts black spots by weight, after which 

black spot with decreasing weight are investigate gradually starting from the largest one, and 

only those that have no overlap with another black spot with a greater weight will be deemed 

to be valuable for the purposes of the end result. 

 

Certain features of the computer programme 

The application that implement the above algorithm was produced using the „thin client” 

technology, which is increasingly popular nowadays. This considerably reduces the cost of 

use, because a rather strong server is enough for searching for black spots, while users may 

log in for research and daily work from any computer and location, using a browser. 

The black spot searching algorithm was implemented as a module of the general accident 

prevention knowledge base named „Orbit” by us, so its operation corresponds to that of the 

other functions located in the knowledge base. In the first step, the user can specify a 

workspace out of the total accident database using different filtering conditions (time, place, 

conditions of the accident) in which he can launched the black spot searching algorithm after 

specifying the right parameters (, MinPts, MinDns, weight of accidents depending on 

outcome). 

The response is displayed in a table with details of the accident classified into the same black 

spot, or graphical display can also be selected, which displays the accidents and the black 

spots in the correct map. The latter is not only spectacular but also important for practical 

purposes, given that the user gets a very clear overview on one screen about the black spots 

detected by the programme. Based on this, the user can refine the procedure quickly by 

changing parameters. 

 

Possibilities of further development 

The drawback of the algorithm used is that it is quite sensitive to parameters specified by the 

user (, MinPts, MinDns, weight of accidents depending on outcome), and in order to be able 

to set these correctly, users need to have a certain degree of experience and an understanding 
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of how the algorithm works. The direction for further development may be to find the right 

parameters or to refine the algorithm by taking the above into account. 

Currently, the black spot searching algorithm does not take into account traffic figures; it is 

reasonable to consider the role of traffic volume and the method of taking it into account in 

searching for black spots in the future. 

Calculation complexity of the algorithm is (n
2
), which requires considerable resources. 

However, with today’s computing capacity, this still gives a quick result in the case of a few 

thousand accidents, although it may cause a problem for a higher number of accidents. 

Therefore, it may be worth while to assist the search using geographic indexes. 
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