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Abstract
This paper is dedicated to the hierarchical algorithm for detecting road marking lines for autonomous cars. The main idea
of this road marking recognition method is sequential filtering of image areas, which are fragments of the road marking
with certain probability. The process of the markup recognition is divided into 4 consecutive stages. The paper presents
three methods for first stages, that are used parallel, and methods that are used on the second and third stages. Also
presents algorithm of recognition of types of road marking. At the end of the article, the results obtained are generalized,
and further lines of research are given.
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1. Introduction
Currently, an increasing number of researchers agree that the use of autonomous cars will not only simplify and
improve the safety of everyday life, but also fundamentally change the whole logic of urban infrastructure. [1] One of the
most obvious consequence of creating an autonomous car is a dramatic increase in the level of road safety for both
passengers and surrounding pedestrians. One of the probable consequence is the complete or partial disappearance of
personal transport, the use of which will not be reasonable, since an autonomous car, when it is not used by the owner,
can go into the taxi mode and bring its owner a passive income. Also, due to the fact the number of conventional cars are
reduced to a minimum, the necessary parking space will be drastically reduced, which will partially save urban planners
from building large parking facilities. [2] However, the technology that leads to such serious improvements of the human
life quality, some of which was described above, is not completely solved, despite the huge number of specialists involved
in its research. Also at the moment, there is no general approach to how this task should be solved, for example, despite
the fact that building an autonomous car is a complex task, there is no unified understanding of the full set of subtasks to
which it should be divided, but some basic subtasks can be identified. One of these basic subtasks is the recognition of
the road marking, which naturally follows from the fact that the autonomous car is intended to move along city roads with
the existing road marking, and in the process of movement it is required to ensure strictly following the traffic rules, in
accordance with the existing marking lines. [3][4] This article is devoted to the solution of this problem.
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2. Structure
The main idea of this road marking recognition method is sequential filtering of image areas, which are fragments of the
road marking with certain probability. The process of the markup recognition is divided into 4 consecutive stages: [5]

Fig. 1. Structure of the markup recognition process
3. Pre-processing
Immediately before recognition of the road marking, it is required to process the input image to reduce the amount of
analysed information and bring the picture to a standardized view. Due to the fact that almost always the sky is in the
field of view of the camera, it was decided to cut off the image area above the horizon line. To determine the level of the
horizon line, the approximate location of the point is calculated, in which most of the straight lines or their extensions
intersect due to the perspective effect.
4. Search for the Level 1 primitives
The first step in recognizing of the road marking is to search for image areas that are likely to be road marking elements
with a certain probability. There are many methods to detect such sites, but after the analysis, authors conclude that it
seems reasonable to use only three of them.
One such method is the local extremum method. Local extremes-points on the image have significant superiority of
the brightness level over adjacent points, which can be considered as elements of the road marking. [3] The key idea of
this method is the independent analysis of the small sections with a width of 1 pixel. Such areas are selected at a short
distance from each other, evenly covering the entire image. For each site, a decision is made whether there is a road
marking or not in the selected area. [6][7][8] An example of recognition of local extremes can be seen on Fig.2

Fig. 2. Primitives of the first level - local extremes
The decision is made on the basis of the assumption that the brightness of the road marking significantly exceeds the
brightness of the surrounding roadway. The scanning line is divided into 3 equal sections. The decision about the presence
of the road marking in the area of the scanning line is made in case the sum of the brightness of the central section pixels
is more than K times larger than the sum of the pixels of each side sections. Where K is the adjustable coefficient. Also,
the analysis takes into account the absolute value of the colour H-component of the central region (HSV-colour space is
used), which should lie in a certain range of values corresponding to the shades of white. This condition allows you to
filter out sufficiently large percentage of the false positives of the first level detector, since the superiority of the brightness
of the central section over the side ones can be observed at many objects not related to the road marking, such as leaves
on a dark background, debris, etc. Another method of detecting primitives of the first level is the method of contour
analysis.

- 1169 -

29TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION
To find the outlines in the image, the Canny edge detector is applied, followed by the Hough transform to find the
linear contours. This approach to the road marking detection is a very popular and stable method. However, the method
allocates sections corresponding to the edges of the road marking line, and if the construction is performed based on the
obtained sections, then each actual line will be recognized as two lines with different directions. Therefore, after finding
the contours, the procedure of averaging the coordinates of all pairs of parallel lines lying at a distance of less than a
certain predetermined threshold is required. An example of contour detection is shown on Fig.3.

Fig. 3. Primitives of the first level, obtained by the method of contour analysis.
The last of the applied methods of detecting a primitive of the first level is a method based on the use of two line
filters. The points in the image that have the largest difference between responses of these two line filters are considered
road marking elements. The filters are given as follows:
𝐹1 = [−1,0,0 … 0,2,0, … , −1]

(1)

𝐹2 = [−1,0,0 … 0,0,0, … ,1]

(2)

F1-filter determines the degree of burst intensity of the central pixel relative to the extreme pixels
F2-filter determines the degree of difference between the extreme pixels, i.e. The measure of the symmetry of the
brightness distribution for the extreme zones of the investigated section.
The decision on whether or not the area to be surveyed belongs to the road marking is made by calculating the value:
𝑃={

1, 𝐺1 − |𝐺2 | > 𝑆𝑒𝑛𝑠𝑖𝑣𝑖𝑡𝑦
0, 𝐺1 − |𝐺2 | < 𝑆𝑒𝑛𝑠𝑖𝑣𝑖𝑡𝑦

(3)

where G1 and G2 - Response of the first and second filters respectively
Sensivity - is a measure of the minimum required confidence in the results.
One of the advantages of these filters is their simple scalability, realized by changing the number of zeros in the matrix
due to the symmetry with respect to the centre. An example of the image sections detection with the road marking by the
difference filter method is shown on Fig.4.

Fig. 4. Primitives of the first level, obtained by the method of difference filters.
After the detection of primitives of the 1-st level by all three methods, the results are merged into a single array.
5. Search for the Level 2 primitives
To ensure the model flexibility and at the same time maintain the simplicity of the mathematical description, the found
array of primitives of the first level is divided into several horizontal sections. Each section is determined by the upper
and lower pixel Y-coordinates-Ymin and Ymax respectively. For each sector, all primitives of the first level with the Ycoordinate lying between -Ymin and Ymax are chosen. Moreover, the sections overlap each other in order to ensure more
precise construction of the candidate line. It is assumed that the road marking line can be considered straight for each
section. The construction of the candidate lines is performed for each site separately. Based on the first level primitives,
the method of searching adjacent areas looks for clusters of the first level primitives with linear form.
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On the basis of each found cluster, an approximating candidate line is constructed, described by a linear equation. The
lines found are taken for the so-called candidate lines. An example of constructing candidate lines is shown on Fig. 5.

Fig. 5. Primitives of the second level-lines candidates.
Since the candidate lines consist of different parts of the image independently of each other, to obtain complete
information about the road marking lines, candidates are merged forming agglomerations of the candidate lines. The
junction points of the candidate lines on all frames have the same Y-coordinates, since merging takes place on the lines
which divided the image into sections. The conditions of the candidate lines merging are:
• The proximity of the lower and upper ends of the candidate lines of the upper and lower sections respectively
• The proximity of the slope coefficient of the candidates' joined lines.
These conditions can be defined as follows:
𝑢𝑝

|X𝑖𝑑𝑜𝑤𝑛 − 𝑋𝑖+1 | < 𝑃𝑥

(4)

|𝐾𝑖 − 𝐾𝑖+1 | < 𝑃𝑘

(5)
𝑢𝑝

Where X𝑖𝑑𝑜𝑤𝑛 and 𝑋𝑖+1 are the x-coordinate of the lower and upper ends of the i-th candidate line
Ki - the slope coefficient of the i-th candidate line
Px and Py- threshold values for the parameter x and k respectively. They determine the maximum possible difference of
these parameters for the candidate lines being joined.
However, these conditions do not guarantee the uniqueness of the candidate line, because in some situations,
candidates may be on the same level at a very short distance. In this case, it is required to decide which of the lines is
more preferable for building a road marking model on its basis. Based on experimental results the most informative
attribute is the length of the candidate line, i.e. the longer the candidate line, the more likely it can be said that this
candidate line corresponds to the actual existing road marking line. In case of the candidate line absence, the
agglomeration line is completed according to the assumption of linearity of the road marking. An example of constructing
agglomerations of the candidate lines is shown on Figure 6.

Fig. 6. Primitives of the second level-agglomeration of the candidate line.
6. Search for Level 3 primitives - Model
The final result of the work is the construction of a model describing the road marking located in front of the car view.
The road marking model is a set of lines describing the real road marking lines reflecting their location and type. As well
as agglomerations of the candidate lines, the model lines consist of straight segments rigidly tied to each other. During
the movement, the existing model is adjusted due to new agglomerations of the candidate lines.
Algorithm for updating the position of the road marking model line
1. Obtain a new agglomerations of the candidate lines
2. Verify condition |𝑥𝑖𝑗 − 𝑥𝑘𝑗 | < 𝑝
Where i-number of the existing model line
j- number of the joint between two segments
k- agglomeration number of the candidate line

- 1171 -

29TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION

3.

p-threshold value determining the maximum value of the road marking line offset between two frames based on the
a priori knowledge of the car movement
If the condition is satisfied, the position of the model line is changed: 𝑥𝑖𝑗 = 𝑥𝑖𝑗 + (𝑥𝑖𝑗 − 𝑥𝑘𝑗 ) ∗ 𝑠𝑝𝑒𝑒𝑑_𝐿
where speed_L is the coefficient indicating the level of confidence in the changes introduced by the agglomeration
of the candidate lines.

After updating the position of the road marking lines, it is required to determine the type of the road marking line. The
correct recognition of three types of road marking is implemented:
• Solid line
• Double solid line
• Intermittent line
Algorithm
1. Obtain an updated model road marking line
2. Capture the primitives of the first level on which basis this model line was formed
3. Determine the value of discontinuities between the captured primitives of the first level using
𝑦 − 𝑦𝑖+1 , 𝑦𝑖 − 𝑦𝑖+1 > 2𝑝
𝑠𝑘𝑖𝑝 = ∑ 𝑆 where 𝑆 = { 𝑖
0, 𝑦𝑖 − 𝑦𝑖+1 < 2𝑝

6.
7.

p- the search step for points of the first level
yi - the y axis coordinates of the first level points
When the skip threshold is exceeded, the line is considered intermittent
𝑁
Otherwise, the average density of points of the line is calculated as follows:𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
𝐿
Where N-quantity of primitives of the first level
L-line length
If the density threshold is exceeded, the line is considered to be double-solid
Otherwise, the line is considered single-solid

7.

Conclusion

4.
5.

This article describes the basic steps and algorithms used to search for the road marking lines, which allow obtaining
a stable recognition result in a wide range of external conditions, such as: illumination, weather, season. The main authors
task today is to increase the number of the recognizable mark-up types, which is quite challenging problem, because the
presence of any foreign objects on the road can form a non-existent gap in the road marking line, and errors in type
recognition lines are not permissible, since the probability of violation of traffic rules significantly increases. Also, to
automate the adjustment of the system to the changing conditions of the road environment, it is planned to use the methods
of machine learning.
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