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Abstract: Real-time lane recognition is critical for intelligent roadside warning sign vehicles that provide post-accident precautions. However, lane interference, uneven 
lighting, and night time dimness can impair automatic cruise control. This paper presents an enhanced lane recognition methodology using Canny edge detection to enable 
automated placement of roadside warning signs. Image preprocessing via multi-directional Sobel filtering improves edge detection across varied lighting. Experiments 
demonstrated up to 85% lane recognition accuracy using the proposed techniques, outperforming prior thresholding approaches. An optimized PID controller enabled precise 
vehicle control based on lane data. The system was implemented on a K210 controller, validating real-time embedded performance. By overcoming lane detection 
deficiencies, this research enables reliable automated warning sign deployment to enhance road safety. 
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1 INTRODUCTION 
 

Currently, with the development of smart automobiles 
and continuous improvement of road traffic, there is a 
growing demand for intelligent warning tripod [1, 2]. Lane 
detection is one of the important technologies for the safe 
operation of intelligent warning signs, and researchers 
have been focusing on this issue. Existing lane detection 
technologies have made significant progress to some 
extent, but there are still challenges in accuracy and 
stability under complex road conditions [3, 4]. Many lane 
detection technologies use traditional image processing, 
computer vision, and deep learning methods to identify 
lane lines on roads in various environmental conditions [5-
7]. However, they still face some challenges in complex 
and uncertain road conditions. Especially in adverse 
weather conditions, such as rainy or snowy weather or 
heavy fog, traditional lane detection technologies often 
struggle to provide accurate identification results [8]. 
Furthermore, road markings may become blurred or 
damaged due to prolonged use, further increasing the 
difficulty of lane detection [9]. Therefore, this research 
aims to improve lane detection technology, especially in 
complex road conditions, with the goal of enhancing the 
performance of intelligent warning tripods while reducing 
hardware costs. To achieve this goal, we enhance edge 
information using the multi-directional Sobel operator and 
improve the Canny edge detection technique to enhance the 
reliability of lane detection, ensuring the normal operation 
of intelligent warning tripods in various road conditions. 

 
2 LITERATURE SURVEY 
 

Researchers mainly employ two mainstream 
approaches for lane detection: traditional image processing 
methods and deep learning-based methods. 

Lane detection algorithms based on traditional image 
processing primarily identify lane regions through edge 
detection, filtering, and combine algorithms such as the 
Hough transform and RANSAC for lane detection. These 
methods require manual adjustment of filter operators and 
parameters tailored to specific street scene characteristics, 
leading to a significant workload and limited robustness. 

[1] Lane detection based on the Hough transform is a 
widely used method in the field of computer vision [10-
15]. This algorithm converts edge detection results from 
the image into Hough space to detect straight lines in the 
image. Each peak represents a straight line, allowing it to 
detect lanes of various angles and lengths. However, this 
method has poor performance in detecting curved lane 
lines, requires significant computational resources, and is 
sensitive to parameters. They applied the Hough transform 
to detected points to identify straight lines. Most of these 
algorithms were designed for lane detection in clear 
daytime conditions and may not be suitable for night time 
road lane detection. 

[2] Lane detection based on LSD lines uses the Line 
Segment Detector (LSD) algorithm [16, 17]. It first 
identifies candidate endpoints of lines through multi-scale 
edge detection and then determines the position, direction, 
and length of the lines. This method is suitable for 
detecting both straight and curved lane lines, operates at a 
relatively fast speed, and exhibits some tolerance to noise. 
However, it is not suitable for detecting road features 
beyond lane lines. 

[3] Lane detection based on a bird's-eye view 
transformation involves transforming the original image 
through a perspective transformation to project lane lines 
from the image to a top-down view, where straight or 
curved lines are detected [18, 19]. This method is suitable 
for detecting curved and differently sized lane lines, 
providing better lane shape estimation. However, it 
requires precise camera calibration and transformation 
matrices, is sensitive to changes in camera angle and pose, 
and may lose some surrounding environmental 
information. 

[4] Fitting-based lane detection identifies lane feature 
points in the image and uses fitting techniques, such as 
polynomial fitting, to fit the shape of lane lines [20-22]. 
This method is suitable for various lane shapes, including 
curves, and can provide lane parameters such as curvature 
and direction. However, it is sensitive to noise and 
occlusions, requiring the selection of appropriate fitting 
models and parameters. It lacks robustness in cases of lane 
line discontinuity or absence. 
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[5] Lane detection based on parallel perspective 
vanishing points detects parallel lines in the image and 
finds their intersection, known as the parallel perspective 
vanishing point, to estimate the position of lane lines [23-
25]. This method is suitable for detecting straight lane 
lines, relatively simple, requires no complex fitting or 
transformation, and has some tolerance to noise. However, 
it is not suitable for detecting curved lane lines, may lack 
accuracy in complex road structures, and is sensitive to 
changes in camera angle and pose. 

Currently, deep learning-based lane detection 
algorithms, due to their high accuracy, have become the 
mainstream approach. Typically, the network structures for 
object detection are complex with a large number of 
parameters, which places high demands on computational 
capabilities and results in poor real-time performance. This 
is especially challenging for vehicle-mounted cameras 
with speed requirements for FPN, making them unsuitable 
for implementations based on K210. 

[1] Lane detection based on semantic segmentation 
employs deep learning techniques to classify image pixels 
into lane line or background categories, achieving lane line 
segmentation [26-28]. In particular, SCNN [29] and SAD 
methods excel in detecting narrow lane lines and capturing 
lane details [30, 31]. However, these methods are limited 
by relatively slow processing speeds; for instance, SCNN 
operates at a frame rate of only 7.5 FPS, which may not be 
sufficiently fast for real-time applications. While SAD 
introduces an information distillation module to improve 
speed, performance remains constrained. 

[2] Row-based classification methods employ an 
image grid partitioning strategy, dividing the image into 
rows and performing lane line detection in each row [32]. 
The model predicts the cell most likely to contain lane 
markings in each row to detect lane lines. Methods like 
E2E-LMD, IntRA-KD, and UFAST [33-38] demonstrate 
excellent detection speed, with UFAST even reaching up 
to 200 FPS, making it suitable for scenarios requiring fast 
real-time detection. However, as only one cell is chosen per 
row, it may miss certain lane line information. 

[3] Anchor-based lane detection methods utilize object 
detection algorithms such as YOLOv5 and SSD [39-41] to 
detect lane lines. Some of the latest methods, like 
LaneATT [42], introduce anchor-based lane detection 
attention mechanisms. In addition to local information, it 
also emphasizes global information, such as processing in 
situations such as occlusion, missing or weak display. 
These methods excel in terms of speed and performance, 
with LaneATT even achieving a high frame rate of 250 
FPS. However, these methods typically require a 
significant amount of annotated data and complex model 
training, necessitating more computational resources and 
time. 

[4] Polynomial-based methods employ fitting the 
shape of lane lines, typically using polynomial functions to 
represent lane curvature [43-45]. In theory, this method can 
adapt to various lane shapes, including curves. However, 
actual performance may be limited by dataset constraints 
and the chosen fitting model, requiring a substantial 
amount of data for model training and potential parameter 
adjustments for different road types. 

[5] The Fast Draw method combines segmentation and 
row classification techniques [46], eliminating the need for 

post-processing steps. However, it must overcome the 
limitations of both segmentation and row classification 
methods. On the other hand, the PolyLaneNet [47] method 
boasts faster speed but is affected by existing imbalanced 
datasets, potentially leading to biases. 

Based on the research findings mentioned above, and 
considering the issues with traditional image processing 
and the high computational requirements of deep learning 
methods, this paper introduces an approach using an 8-
direction Sobel operator to enhance edges, followed by the 
application of the Canny algorithm to extract lane lines. 
This method enhances the completeness of edge detection 
in various environments, exhibiting improved filtering and 
edge-preserving capabilities. Building upon this improved 
algorithm, the paper utilizes a K210 microcontroller as the 
main control unit to design and implement an intelligent 
visual warning sign. This system is designed to adapt to 
different environmental applications, and it demonstrates 
good functionality and performance, meeting the real-time 
hardware requirements for lane detection in intelligent 
warning signs. 

 
3 RESEARCH METHOD 
3.1 Basic Theory 
 

[1] Laplacian operator. The Laplacian operator is an 
isotropic operator, and its template is shown in Fig. 1 [23]: 
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Figure 1 Laplacian operator template 

 
The Laplacian transformation of an image f(x, y) is 

defined as shown in Eq. (1): 
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Its discrete form is shown in Eq. (2): 
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[2] Sobel operator. The Sobel detection operator is an 

edge detection method based on gradient operators. It uses 
horizontal and vertical templates to convolve with the 
corresponding image data. It performs weighted 
calculations on discrete data [48]. Its definition is as 
follows: 
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Its horizontal and vertical templates are shown in Fig. 
2: 
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Figure 2 Sobel operator templates 

 
[3] Prewitt operator. The Prewitt operator convolves 

the image with horizontal and vertical convolution kernels 
separately for each pixel, and takes the maximum value 
between the two as the output value [49]. This gradient 
operator can be defined as: 
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Its template is shown in Fig. 3: 
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Figure 3 Prewitt operator template 

 
3.2 Improved Lane Detection Algorithm 
 

Image edges refer to areas in an image where pixel 
values undergo abrupt changes relative to their 
surroundings [50]. They effectively outline the contours of 
different objects in the image. On highways or urban roads, 
the road surface is typically paved with black asphalt, and 
white or yellow lane markings are used to delineate 
different lanes on the road. Therefore, utilizing edge 
features in images can effectively extract lane marking 
information. Edge detection, in essence, involves finding a 
collection of pixels where significant changes occur, thus 
extracting the target image composed of these changes. 
This paper uses an improved Canny algorithm for road lane 
detection. The traditional Canny algorithm follows the 
following steps for edge detection: 

[1] Image Capture: Since the lane lines to be 
recognized in this task primarily exhibit straight-line 
characteristics, images with a resolution of 672 × 37 pixels 
were captured from the dashcam. These images contain 
lane lines with straight-line features, making it feasible to 
employ traditional image processing algorithms for 
detection.  

[2] Image Grayscale Conversion: The original image 
comprises RGB channels, which can be inconvenient for 
subsequent traditional image processing operations. 
Therefore, to facilitate further operations, the image is first 
converted to grayscale. Since the human eye is most 
sensitive to green and least sensitive to blue, a weighted 
average of the R, G, and B components results in a 

reasonably suitable grayscale image. The grayscale value 
is calculated using the formula:  

 
0.114 0.587 0.299  Gray B G R          (5) 

 
[3] Image Smoothing: To eliminate noise interference 

in the image, Gaussian smoothing is applied as the first 
step. Gaussian filtering is an effective method that uses a 
Gaussian function to weightedly average pixel values, 
reducing the influence of noise and making the image 
smoother [51]. Its formula is shown as 5: 
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Noise reduction is applied to the grayscale lane image, 

and its effect is shown in the Fig. 4 and Fig. 5. 
 

 
Figure 4 Original image 

 

 
Figure 5 Denoised image 

 
[4] Edge Gradient Calculation: Edge gradient direction 

and magnitude are computed using the finite difference 
method for each pixel in the image [52]. This is achieved 
by calculating the gradient values around each pixel, 
typically using operators such as Sobel and Prewitt, to 
extract edge information from the image, as shown in Eq. 
(5): 
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[5] Non-Maximum Suppression: To accurately locate 

edges, it is necessary to perform non-maximum 
suppression on the gradient image [53]. This step involves 
comparing the gradient magnitude of each pixel with its 
surrounding pixels in the gradient direction, selecting the 
maximum value, and preserving it to emphasize the edges. 

[6] Locating Edges Using Double Threshold 
Detection. Gradient values are divided into two thresholds: 
a high threshold and a low threshold. Pixels with gradient 
values higher than the high threshold are considered strong 
edge points; those with gradient values between the high 
and low thresholds are considered weak edge points, while 
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pixels with values lower than the low threshold are 
considered background. Then, edges are ultimately located 
by connecting strong edge points to weak edge points 
connected to them. 

Traditional Canny algorithms using Gaussian filtering 
can lead to excessive smoothing of the image, reducing 
useful information. Bilateral filtering, through adaptive 
weighting, distinguishes between edge and non-edge 
portions, preserving edge information in the image. It can 
also retain fine details while smoothing the image. 
Therefore, replacing Gaussian filtering with bilateral 
filtering enhances the detection performance, as shown in 
Eq.  (6): 
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Traditional Canny algorithms compute edge gradient 

direction and magnitude using the finite difference method, 
but this method is sensitive to noise. Therefore, this paper 
introduces an 8-directional Sobel operator to enhance 
edges and then utilizes the Canny algorithm to extract lane 
markings. This approach improves edge detection 
completeness in various environments and exhibits better 
filtering and edge-preserving capabilities. Edge detection 
results using the traditional Canny algorithm and the 
improved Canny algorithm on the same image are shown 
in Fig. 6 and Fig. 7. 

 

 
Figure 6 Traditional canny detection result 

 

 
Figure 7 Results of the proposed algorithm 

 
By comparing Fig. 6 and Fig. 7, The Canny edge 

detector has a higher edge saliency, resulting in better 
detection performance. 

 
3.3 System Implementation 
3.3.1 System Design 
 

The implementation of the intelligent warning sign 
adopts K210 as the main controller to control the motor. It 
is equipped with an onboard camera to perform road 
detection and recognition. The system utilizes a 4G 
transparent transmission module to communicate with the 
mobile app for mode selection and automatic control. The 
overall system block diagram is shown in Fig. 8. 

K210 master
+

Onboard 
camera

Drive module 4G module

Warning 
light

Coding motor

Power module

Mobile APP

 
Figure 8 System block diagram 

 
The system mainly consists of three components: 

hardware modules, software algorithms, and mechanical 
structure design. The following text will elaborate on the 
core modules in these three aspects. 

 
3.3.2 Hardware Module Design 
 

[1] K210 Core Module. The SiPEED K210 Core 
Board, developed by SiPEED, is used as the main 
controller. The K210 Core Board is an embedded 
development board based on the RISC-V architecture. It 
has advantages such as high performance, low power 
consumption, and low cost [54]. The core schematic 
diagram is shown in Fig. 9. 

 

 
Figure 9 K210 core board schematic diagram 

 
[2] TB6612 Driver Module System Circuit Schematic 

Diagram. A motor with an encoder is chosen, and speed 
and control are achieved by adjusting the PWM duty cycle. 
The TB6612 driver is used to control four motors. The 
controlled motor voltage range is wide and can operate 
between 4.5 V and 13.5 V. The TB6612 utilizes an H-
bridge structure to distribute current to two motors and 
controls the direction and speed of the motor based on the 
control signal [55]. The schematic diagram is shown in Fig. 
10. 

[3] Camera Module. The built-in camera module of the 
K210 is used, and Python code is written for road detection. 
The road detection algorithm is run on the KPU of the 
K210 to complete road recognition and detection [56]. The 
camera interface diagram is shown in Fig. 11. 
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Figure 10 Circuit diagram of the TB6612 drive module 

 

 
Figure 11 Camera module interface diagram 

 
[4] 4G Wireless Communication Module. The 

communication between the car and the main controller is 
a half-duplex communication method. After receiving 
commands from an Android device, the car responds 
accordingly. In this system, data interaction between the 
K210 and the 4G module is achieved through a serial 
connection using the Air780E model of the 4G module 
[57]. The control signals are sent from the mobile app to 
the connected 4G module. The connection method between 
the K210 main controller and the 4G module is shown in 
Fig. 12. 

 

 
Figure 12 Interface diagram between K210 and Air780E 

 

3.3.3 Mechanical Structure Design 
 

To meet the practical requirements of mobility, 
foldability, and resilience against external impacts while 
driving, we have designed a structure that can walk and 
retract automatically [58]. The 2D plan view of the 
structure is shown in Fig. 13, while the corresponding 3D 
structure designed using SolidWorks software is shown in 
Fig. 14. 

 

 
Figure 13 Planar design diagram 

 

 
Figure 14 3D structural diagram 

 
3.3.4 Software System Design 
 

[1] Improving the PID Control Algorithm. The system 
uses the PID algorithm to output pulse width modulation 
(PWM) signals to control the motor speed. The improved 
PID algorithm utilizes the real-time speed readings from 
the encoder and employs an incremental PID algorithm 
(where the output value is the increment of the control 
variable). It combines proportional-integral (PI) control in 
the speed loop to achieve the desired effect of accelerating 
on straight roads and decelerating on curved roads [59]. 
The structure is shown in Fig. 15: 
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Figure 15 Incremental PID structure diagram 
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The improved incremental PID control algorithm with 
good real-time performance can be expressed as follows 
[60]: 
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The PID controller gains kp, ki, kd were empirically 

tuned to 0.5, 0.2, 0.1 respectively. 
The car, while recognizing the white boundary lines on 

both sides of the road using K210, utilizes the combination 
of incremental PID and proportional-integral control (the 
improved PID algorithm) to control the speed loop [61]. 
This allows for controlling the motor's different speeds to 
achieve the desired acceleration and deceleration effects 
for the car. 

[2] APP Design. The mobile app is primarily used for 
mode settings, one-click start, and one-click return 
functions of the smart warning sign. The app consists of 
only two interfaces: control interface and settings interface. 
When the app is launched, the main interface pops up. By 
clicking the settings button, users can configure the modes 
in the settings interface, as shown in Fig. 16. Once the 
settings are completed, users can return to the main 
interface to control the smart warning sign. The app is 
designed to be user-friendly with simple operations for user 
convenience. 

 

 
Figure 16 APP display 

 
4 EXPERIMENTALRESULTS AND DISCUSSION 
4.1 Evaluation Metrics 
 

In order to compare the performance of different 
algorithms, this study considers the accurate fitting of 
detected line segments to the lane lines in the image as a 
successful detection. On the other hand, the failure of the 
detection is defined as the inability to accurately fit the 
detected line segments to the lane lines in the image [62]. 
The success rate and failure rate are used as evaluation 
metrics in this experiment, and they are defined as follows: 

  100%
SD

T Success Rate
NF

        (9) 

 

  100%
FD

F Failure Rate
NF

            (10) 

 
where SD represents the number of image frames in which 
the lane lines are accurately fitted, FD represents the 
number of image frames in which the lane lines are not 
accurately fitted, and NF represents the total number of 
image frames. 

 
4.2 Comparative Analysis of Experimental Results 
 

Due to the complex and diverse road conditions in 
reality, using only a single road condition cannot reflect the 
performance of the algorithm. Therefore, this article selects 
multiple test samples to test the algorithm, including 
various scenarios such as sunny, rainy, day, and night. In 
order to better extract lane lines, Laplacian or Sobel or 
Prewitt operators are used for edge enhancement, and then 
Canny or Hough algorithms are used to extract lane lines. 
The specific test results for various scenarios are averaged 
as shown in the Tab. 1. 

 
Table 1 Test result 

 T / % F / % 
Laplacian + Canny 71 29 

Sobel + Canny 74 26 
Prewitt + Canny 68 32 

Laplacian + Hough 65 35 
Sobel + Hough 69 31 

Prewitt + Hough 63 37 

 
According to the test results in the table above, the 

Sobel + Canny combination excels in image edge 
detection, achieving an accuracy of 74%. The Sobel 
operator has excellent gradient calculation performance, 
and its combination with the Canny edge detector enables 
effective identification of strong edge structures. 

The performance of the Laplacian + Canny 
combination is slightly below that of Sobel + Canny, but it 
still demonstrates commendable performance with an 
accuracy of 71%. The Laplacian operator is used for edge 
detection, and the Canny edge detector refines the 
detection of edge structures, contributing to improved 
accuracy. 

The performance of the Prewitt + Canny combination 
is relatively poorer with an accuracy of 68%. This may be 
attributed to the Prewitt operator's relatively weaker 
response to certain edge structures, making it less effective 
in edge recognition in some cases. 

When applying the Hough transform, the Sobel + 
Hough combination performs the best, achieving an 
accuracy of 69%. This is likely due to the Sobel operator 
being more suitable for detecting straight-line edges, and 
its combination with the Hough transform aids in the 
effective detection of such edges. 

The performance of the Prewitt + Hough combination 
is the poorest, with an accuracy of 63%. This is possibly 
due to the Prewitt operator's less stable response and its 
relatively poor performance in detecting curved edges, 
which has a detrimental impact in the context of the Hough 
transform. 
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A comprehensive analysis leads to the conclusion that 
the success rate of lane detection with the Canny algorithm 
is higher than that with the Hough algorithm. Different 
edge enhancement operators yield varying results, and the 
highest success rate for lane detection is achieved when 
using the Sobel operator for edge enhancement. Therefore, 
this paper first applies the Sobel operator for edge 
enhancement and then uses the Canny algorithm for lane 
extraction. 

 
4.3 Multidirectional Sobel Operator 
 

The traditional Sobel operator only considers the 
horizontal and vertical directions of the image, with less 
consideration for directional features, which can easily lose 
some edge details [63]. This article uses the Sobel operator 
as a model and proposes edge enhancement algorithms for 
multiple directions, divided into four Sobel operators and 
eight Sobel operators. The Sobel operators in four 
directions have added templates in the 45° and 135° 
directions to the traditional Sobel operator, as shown in 
Fig. 17. 
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Figure 17 Sobel operator templates in four directions 

 
The Sobel operators in 8 directions have added 

templates in 22.5°, 67.5°, 112.5°, and 157° directions to the 
Sobel operators in 4 directions, and adopt 5 ×. The template 
for 5 is shown in Fig. 18. 
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Figure 18 Sobel operator templates for 8 directions 

The results of edge enhancement using traditional 
Sobel operators, 4-direction Sobel operators, and 8-
direction Sobel operators are shown in Tab. 2. 

 
Table 2 Different Sobel operator edge enhancements 

 
Traditional 

Sobel 
Sobel in 4 
directions 

Sobel in 8 
directions 

T / 74 78 85 
F / % 26 22 15 

 
The traditional Sobel operator has an accuracy of 74% 

and an error rate of 26%. It can only detect edges in the 
horizontal and vertical directions, showing weaker 
responsiveness to slanted or non-horizontal/vertical edges. 
Therefore, its performance is relatively poor when dealing 
with edges in multiple directions. 

The 4-direction Sobel operator performs better in 
terms of accuracy, achieving 78%, with an error rate of 
22%. This is due to its use of four different directional 
Sobel kernels, providing a more comprehensive detection 
of edges at various angles. This enhances the accuracy of 
edge detection, although it still may not cover all scenarios. 

The 8-direction Sobel operator performs the best with 
an accuracy of 85% and an error rate of 15%. It uses more 
directions for edge detection, making it better suited for 
various edge structures. This enables it to excel in the 
detection of edges in multiple directions. 

In summary, the 8-direction Sobel operator performs 
best in edge enhancement tasks as it comprehensively 
captures different directional edge structures. While the 
traditional Sobel operator is simple, its performance is 
limited when dealing with non-horizontal and non-vertical 
edges. The 4-direction Sobel operator falls in between, 
offering moderate accuracy and error rates. Therefore, the 
choice of the appropriate Sobel operator should depend on 
specific application requirements and image 
characteristics, but the 8-direction Sobel operator is 
typically a more comprehensive and accurate choice, as 
evidenced by experimental results in this paper. 

 
5 CONCLUSION 
 

The design of an intelligent warning sign based on the 
improved Canny algorithm aims to address safety and 
prevention issues following highway vehicle accidents. 
Compared to traditional lane detection algorithms, the use 
of multi-directional Sobel edge enhancement and 
improved Canny-based edge detection offers greater 
adaptability to various environments and higher 
performance. Under K210 hardware conditions, this 
intelligent warning sign exhibits higher precision and 
speed in lane detection and recognition, effectively 
reducing the risk of secondary accidents. 

Since non-traffic vehicles are currently not permitted 
on the roads, this study conducted experiments and tests 
using a simulated lane, providing a solution for the future 
implementation of intelligent tripods. This product, 
designed for consideration as a finished product, is 
primarily controlled by the K210. The K210 can achieve a 
maximum frame rate of 60FPS, depending on the camera's 
resolution and sampling rate. In practical use, the frame 
rate is lower, and real-time performance needs further 
improvement. Subsequent research may consider 
switching to a more suitable main controller. 
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