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Fig. 1. Bicycle path

Bicycling is a major form of transportation for people in The Netherlands.

However, traffic incidents and collisions, including single crashes, have

increased. Modern cars are equipped with technology, such as lane assist, to

make travel safer. However, bicycles have not caught up. In this paper, wewill

look into implementing similar lane assist technology, adopted for bicycles.

The technology is based on Computer Vision and Image Segmentation. Using

self-recorded data sets, the proposed solution achieved a 95% accuracy for

detecting road surfaces, and a 68% accuracy for detecting bicycle paths. Using

this, the location of the bicycle can be tracked. As a result, the proposed

technology can be used as a basis for developing a bicycle lane assist.
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1 INTRODUCTION

In 2019, cycling was the primary form of transportation for 28% of

the population in the Netherlands [CBS 2019]. The reason for the

high amount of bicycle-use is the excellent bicycle infrastructure.

However, according to statistics of the last few years, the num-

ber of one-sided accidents has greatly increased [CBS 2022]. These

accidents can partly be attributed to cyclists colliding with station-

ary objects, such as trees and (lamp)posts. These objects are often

situated on the side of the cycling path, and thus pose a danger to

cyclists that veer off the cycling path.

2 PROBLEM STATEMENT

As mentioned in the introduction, accidents occur when cyclists

collide with stationary objects located beside the bicycle path. These

accidents can be prevented if cyclists do not veer off the bicycle

path. This is, of course, easier said than done. Therefore, a solution

can be implemented in the form of a lane assist for bicycles. Such

technology is already present in modern cars, and can be adjusted

to also work for bicycles. for this research, the technology will be

based on vision-based road and lane detection.
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2.1 Research questions

Based on the problem statement mentioned above, themain research

question will be:

To what extent is lane assist technology feasible to implement for bi-

cycles?

To help answer this question, the following sub questions are for-

mulated:

• How can existing bicycle paths and roads be recognized auto-

matically using computer vision?

• How can the location of the bicycle on the bicycle path be mea-

sured and tracked?

• How can the trajectory of the bicycle be predicted?

3 RELATED WORK

Lane assist is not a new technology: it has been present in modern

cars for a few years. Even though the final implementation for

bicycles will differ from the current one in cars, there is a lot of

overlap. As the bicycle-adopted version will make use of vision-

based lane detection, the focus for related work will be placed on

vision-based lane detection.

For lane detection, Xing et al. describe two main methods to

identify lanes: feature-based and model-based [Xing et al. 2018]. The

former is based on features such as road markings, while the latter

is based on modelling the road itself. In their article, they describe

pros and cons of both. The most important distinction between

the two is how computation-heavy model-based lane identifying

is, while feature based is less heavy. As the final system should be

portable on a bicycle, the feature-based approach is more suitable

in this context.

To further support feature-based lane detection, Haque et al. in-

troduce a system that can efficiently detect lane markings [Haque

et al. 2019]. As already discussed, a feature-based lane detection

approach is more suitable in this context, which also means that

their system can provide more directions in how to better adapt and

develop a bicycle lane assist. As mentioned by Haque et al. in the

article, the proposed system proves effective in different brightness

conditions, which is especially useful for bicycles, as their headlights

can differ greatly per model.
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However, not all existing bicycle infrastructure has the necessary

features, such as road markings, to properly detect the bicycle path.

For this reason, image segmentation will be considered as an alter-

native. Image segmentation is a process where different parts of

an image are separated based on features. As the solution should

not be computation-heavy, it will be thresholding-based image seg-

mentation. For determining the right threshold, colour extraction

is necessary. Therefore, work related to colour extraction will be

explored.

For colour extraction, Muzammel et al. describe a method for

extracting the average colour of a feature in an image [Muham-

mad Muzammel 2017]. This is done by selecting multiple patches in

the given image, on locations where there is a high probability of

that feature being present. Using the mean colour of those patches,

the mean color of the feature can be calculated for use in feature

detection or segmentation.

4 METHODOLOGY

4.1 Literature review

The first step is to research the different types of bicycle paths in The

Netherlands, and what their physical appearance (and differences)

are. These features will be used to recognize and classify different

bicycle paths later. Attributes that will be taken into consideration

are:

• Colour of the bicycle path

• Presence of a white (dashed) line, acting as a divider

These features will dictate what the bicycle path detection algo-

rithm will focus on, which will result in higher accuracy.

4.2 Collecting the data

The data necessary for this research is collected during the research.

The data consists of footage, taken from the centre of the bicycle

its handle shaft using a smartphone camera. Its perspective will be

similar to the one in Fig. 2.

Fig. 2. A two-way isolated bicycle path without markings

4.3 Preparing the data

For data preparation, two steps have to be taken before it can be

analysed further.

First, from the collected footage, every 8th frame will be isolated.

Based on footage with 24 frames per second, taking a measurement

every 8th frame will result in three measurements per second, which

is adequate for the average bicycling speed of 20 km/h.

Second, after extracting the relevant frames, the images are pre-

processed in order to determine the type of road. This pre-processing

will consist of checking for the features mentioned in section 4.1.

4.4 Data analysis

4.4.1 Detecting bicycle paths and roads. For research question 1,

detecting bicycle paths and roads, computer vision, as provided

in the OpenCV package, is used in order to properly identify the

bicycle path in the given image. An algorithm is used in order to

achieve this. Below is given a description of this algorithm.

First, the given frame is converted from RGB (red, green, blue)

to the HSV (hue, saturation, value) colour space. The relevant dif-

ference between these two colour spaces is how a colour is defined.

For image processing and isolating colours, HSV is better, therefore

that colour space will be used.

Second is the Region Of Interest extraction. This step is based

on the research of Muzammel et al. [Muhammad Muzammel 2017].

Four patches of road are chosen based on the high certainty of

road surface presence there. These can be found in figure 3 for grey

roads and in figure 4 for red roads. The difference between these

can be attributed to the width of the region of interest, which is

smaller for red bicycle paths. If the same patches were to be used, the

algorithm would often categorize the road as bicycle path, resulting

in dangerous situations. Therefore, smaller patches are used for

greater accuracy and safety. After extracting these four regions, the

mean colour of the corresponding colour channel is calculated for

the next step. For grey roads, the S and V channel are used. For red

roads, all three channels are used.

Fig. 3. Region of interest extraction areas for grey roads

Third is thresholding the image. Thresholding is a method to

convert a given image to a binary image, where pixels are either

black or white. This is done by defining a lower and upper limit for

a pixel in each of the three channels (H, S and V). Then, for each

pixel, its value is compared to the lower and upper value. If its value

lies between the limits, it is converted to white. Otherwise, it will

be converted to black.
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on the safe part of the road, but not predict if the current trajectory

is safe.

6.2 Limitations

Regarding the limitations of this research, there are a few aspects

to be discussed.

First, as the proposed technology is vision-based, it will only

function with adequate light, which means it only works during

daytime.

Second, this method does not rely on road features such as white

lane markings, but rather on the road surface its color. As a result,

the algorithm its accuracy is greatly reduced when working with

wet, reflective roads.

Third, this method does not differentiate between varying road

widths, except for ’whole road’ and ’designated bicycle path’. There-

fore, the algorithm uses a fixed width for the safe zone when there

is no designated bicycle path, not taking into account the other road

users and their required share of the road.

6.3 Further work

For further work on this proposed technology, a few aspects could

be improved.

First, the detection algorithm could be optimized, as it takes one

to two seconds from input to output. This time would probably

increase as a bicycle-mounted computer would not be as quick as

the computer this algorithm was developed on. As a result, while

the algorithm works, it is currently not suitable for use on a regular

bicycle.

Second, a different approach could be implemented for determin-

ing the Region of Interest for roads with a red surface, as the current

implementation is prone to noise. Therefore, different Region of

Interest patches could be defined and compared against each other.

Third, as already briefly discussed in section 6.1, using a linear

regression for prediction the trajectory is inadequate. Therefore, in

a future study, research could be done in what the best bicycle path

trajectory prediction model could be.

Finally, as mentioned in section 6.2, further work could be done

to better estimate the road width. This in order to create a more

balanced virtual bicycle path based on fair road area usage.
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A APPENDIX A

A.1 Pixels and centimeters

Using the reference image that is pictured in figure 6, pixels and

centimeters can be converted, as both the pixel count and the dimen-

sions of certain features in the picture are known. The camera used

throughout the research for data collection has been constant. Using

a different camera will yield different values! From this follows that

1𝑐𝑒𝑛𝑡𝑖𝑚𝑒𝑛𝑡𝑒𝑟 : 1.7𝑝𝑖𝑥𝑒𝑙𝑠 This is only true for the bottom of the

image because of perspective.
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