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Road traffic safety and the development of Advanced Driver Assistance Sys-

tems are largely dependent on the reliable recognition of road markings. Contem-

porary ADAS systems are primarily based on camera data and deep learning meth-

ods, which have replaced classical image processing approaches in object detection 

and classification tasks; however, most research still focuses on vertical signs, 

while horizontal markings [1][2] – apart from lane markings [3] and automated 

parking scenarios [4] – are analyzed much less frequently. Their recognition is 

particularly challenging due to high visual variability, material degradation, and 

differences in scale and perspective in images.  

In the study, a dataset of 6,250 color digital images containing 13,360 labeled 

objects belonging to nine classes was used [5]. The objects represent examples of 

the most common horizontal road markings, including pedestrian crossings and 

eight types of directional arrows. The dataset was divided into three subsets intend-

ed for training, validation, and testing of CNN models.  

Deep learning detectors of the YOLO family [6][7] have become a standard so-

lution for real-time object recognition. In this work, the YOLOv7, YOLOv8n, and 

YOLOv9t models were applied to the task of detection and classification of hori-

zontal markings in color images, and were adapted to the defined nine object clas-

ses. The training process was conducted over 300 epochs, using a training set of 

5,000 images and 750 validation images. Standard data augmentation techniques 

were applied in order to improve robustness and generalization capability. All net-

works were trained on images with a resolution of 416×416 pixels. The YOLOv7, 

YOLOv8n, and YOLOv9t models differ in the number of parameters and the level 

of complexity. In the experiments, the models were trained using default training 

settings, and the implementations were conducted in the Python and PyTorch envi-

ronment. The training results of all models show initial fluctuations of the loss 

function values, followed by stable convergence. The use of the DFL component 

(in newer YOLO variants) improves localization accuracy and the stability of the 

training process. 
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All three YOLO models (YOLOv7, YOLOv8n, and YOLOv9t) were evaluated 

on an independent test dataset consisting of 500 images. The conducted experi-

ments confirm effective detection and classification of horizontal markings under 

real-time conditions. The analysis of the confusion matrix indicates high perfor-

mance of all models with a minimal number of errors. For each class, precision, 

recall, and F1-score were calculated as functions of the confidence threshold, and 

performance was further analyzed using the ap_per_class method, which computes 

class wise Average Precision and evaluates metrics across different confidence 

thresholds. Quality metrics such as precision, mAP@0.5, and mAP@0.5:0.95 were 

also computed, assessing both classification and localization accuracy. 

The results indicate that YOLOv7 achieves the highest recall and mAP@0.5, 

whereas YOLOv8n and YOLOv9t provide higher precision and better performance 

at more restrictive IoU thresholds. All models meet real-time requirements, achiev-

ing high processing speeds, which confirms their applicability in Advanced Driver 

Assistance Systems. Additionally, qualitative tests show that partially occluded 

horizontal markings are correctly recognized, confirming robustness to limited 

visibility. Supplementary experiments also demonstrate effective performance in 

the case of heavily worn and low contrast markings, indicating stability of the 

models under challenging environmental conditions. 
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