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An e®ective and accurate lane marking detection algorithm is a fundamental element of the

intelligent vehicle system and the advanced driver assistant system, which can provide im-

portant information to ensure the vehicle runs in the lane or warn the driver in case of lane

departure. However, in the complex urban environment, lane markings are always a®ected by
illumination, shadow, rut, water, other vehicles, abandoned old lane markings and non-lane

markings, etc. Meanwhile, the lane markings are weak caused by hard use over time. The dash

and curve lane marking detection is also a challenge. In this paper, a new lane marking detection

algorithm for urban tra±c is proposed. In the low-level phase, an iterative adaptive threshold
method is used for image segmentation, which is especially suitable for the blurred and weak-

ened lane markings caused by low illumination or wear. In the middle-level phase, the algorithm

clusters the candidate pixels into line segments, and the upper and lower structure is used to

cluster the line segments into candidate lanes, which is more suitable for curve and dashed lane
markings. In the high-level phase, we compute the highest scores to get the two optimal lane

markings. The optimal strategy can exclude interference similar to lane markings. We test our

algorithm on Future Challenge TSD-Lane dataset and KITTI UM dataset. The results show
our algorithm can e®ectively detect lane markings under multiple disturbance, occlusions and

sharp curves.

Keywords : Lane marking detection; intelligent vehicle; upper and lower structure; dashed and

curve road.

1. Introduction

Lane marking detection plays an important role in Lane Departure Warning System,

Intelligent Vehicle System and Intelligent Transportation System, which are to en-

sure road safety. The objective of lane marking detection is to extract lane markings

from a noisy background and locate their position. The extension of application

scenarios poses challenges for lane marking detection. Because there are vehicles,

pedestrians, shadows of trees, ground characters, guided arrows, crosswalk, aban-

doned old lane markings, ruts, blurred lane markings on the road. And there are car

lights and low illumination at night. Besides, the lane marking detection on the

dashed and curve road is still a challenge. The key problem of dashed and curve

detection is how to select the correct candidate points for ¯tting.

According to the initial image used, the lane marking detector can be divided into

two categories: original image-based and inverse perspective mapping (IPM) image-

based. In the original image, vanishing point is a very useful feature. It can reduce the

search space and ¯lter out the false detections that do not pass through it.9,16,19

However, it is not easy to estimate the vanishing point correctly in an image with a

complex background. Su et al.19 used v-disparity to ¯nd the accuracy position of the

vanishing point. Yoo et al.9 used a probabilistic voting procedure based on the line

segment strength to estimate the vanishing point of lanes. In addition, a °aw in

original image is that object is big when near and small when far. When the near lane

marking is missing, it will cause the failure of lane marking detection. Moreover, the

geometric characteristics of lane markings cannot be well utilized on the original

image. The use of inverse perspective map can make better use of the geometric

characteristics of lane markings.2,7,8,15 Smart et al.17 proposed a stereo pre-¯lter to

remove out-of-plane regions from the IPM, which could reduce the number of false
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positive lane marking-candidates. It is important to note that the e®ect is limited by

the accuracy of stereo matching. This paper aims at lane marking detection under

monocular camera, but any stereo algorithm can be used to reduce false detection.

For the lane marking detection methods, Refs. 19, 16 and11 mentioned that the

technique of detecting lane markings commonly used are categorized into two classes:

feature-based and model-based. Li et al.12 proposed that lane detection usually

consists of two parts: feature detection and model ¯tting. Niu et al.14 proposed four

processes in lane marking detection: lane feature extraction, noise reduction, model

¯tting and lane generation. No matter what steps, the important prerequisite is

robust image segmentation or initial image binarization. Image segmentation is the

low-level but very important phase. Under-segmentation will cause the loss of lane

marking information. Over-segmentation will bring too much interference, which is

not conducive to subsequent operation. The feature-based method is the most

commonly used in the image segmentation. The selection of feature types and their

thresholds are the key points. There are mainly two methods: empirical threshold

method and adaptive threshold method. Empirical thresholds are generally ¯xed,

which are more suitable for single scenarios. In order to extend its applicability,

many algorithms have enhanced gradient or grayscale. Reference 3 used histogram

equalization to enhance the contrast between lane marking and road. Reference 4

used gradient enhancement, but eventually the gradient threshold was ¯xed at 10. In

order to adapt to di®erent lighting and various road conditions, adaptive threshold

methods were proposed. Otsu algorithm obtains the adaptive threshold through

maximizing the variance of the histogram. But it is more suitable for the segmen-

tation of two kinds of objects with great di®erences. The image segmentation method

used in generic obstacle and lane detection system (GOLD) is more suitable for the

blurred images.2 But if too much smoothing is done, the weakened lane markings will

be missed. In this paper, we propose an iterative adaptive threshold method, which

can eliminate a lot of disturbances without eliminating too much information of lane

markings.

Image segmentation followed by the noise reduction stage. At this stage, many

feature-based and model-based detection methods are proposed. Feature-based

methods are very e®ective on simple and clean roads. But for complex road surface,

some features will be weakened or even invalid. Commonly used features are edge,

color, intensity, geometric shapes etc. But they are sensitive to noise and parameter

threshold. The more complex the road, the less the common characteristics. Refer-

ence 20 used several low-level visual features so that the detector could not fail when

one of the features gives incorrect results. References 7 and 8 used di®erent features

in di®erent road scenes, which can improve detection performance. There are also

systems that use the intensity-bump (dark-bright-dark pattern or low-high-low in-

tensity pattern) ¯lter to extract the lane markings.2,11,18,25 This feature pattern

extractor is relatively stable. And in most scenarios, the lane marking itself can

maintain this feature. The model-based method is insensitive to noise and partial
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occlusions, and it is a strong detection method for a pre-determined model. But in

fact we don't have this priori knowledge and the model is uncertain. The most

common model is the straight line model via Hough Transform.10,13,23 It has strong

ability to remove noise, but its biggest °aw is that it cannot be used to detect curve

lane. To increase the representation ability of road model and expand the scope of

application, piecewise linear model,24 clothoids,6 quadratic model5 and spline

model1,21 have been used for ¯tting the feature points. But all of them should be

under the hypothesis of correct clustering. In many articles, the clustering itself is not

correct when dealing with the curve lane. If there is a priori information of a map

including lane marking and GPS conditions, the model information can be

obtained.22 Using the accurate model can remove the noise very well. If there is no

prior knowledge, the model threshold is uncertain. This model is not e®ective for lane

detection with noise. In this paper, the upper and lower structures of line segments

can be used to cluster the segments correctly.

In this paper, on the basis of the principle of Zhang's calibration,26 a small scale

inverse perspective map is generated. The scale of the map is one pixel to 5 cm. In the

inverse perspective map, the geometric information of lane markings are used to

remove disturbances and cluster the lane candidate points into candidate line seg-

ments. Then, the line segments are collected for a further processing step. Using the

upper and lower structure, segments belonging to the same lane line are clustered,

which provides reliable detection of curve lane markings. Finally, in the lane gen-

eration phase, the optimal left and right lane markings are extracted by the optimal

selection strategy.

This paper is organized as follows. Section 2 introduces the generation method of

the inverse perspective map, candidate pixels, candidate line segments, the upper

and lower structure and the optimal selection strategy. Section 3 shows the experi-

ment results. Section 4 gives concluding remarks.

2. Method

Figure 1 shows our algorithmic processing °ow. First, we convert the original image

into IPM image, and use the proposed iterative adaptive threshold method to get the

candidate pixels. Then, the continuity feature is used to cluster candidate pixels into

candidate segments, and the upper and lower structure is to get candidate lane

markings. Finally, the optimal strategy is used to get the ¯nal lane markings.

Fig. 1. Our proposed algorithm °ow chart.
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2.1. Inverse perspective mapping

The pinhole camera model performs perspective projection. It transforms the parallel

lines on the ground into intersecting lines. In this paper, Zhang's plane calibration

method is used to eliminate the in°uence of perspective transformation and generate

IPM image. Figure 2 shows the original image from the camera and the IPM image.

The resolution of IPM image is 512*1000. The actual size represented by one pixel

is 5 cm.

2.2. Candidate pixels

The ¯rst phase of the algorithm is to get the candidate pixels belonging to lane

markings. It is the low-level but very important process. Our wish is to get all pixels

of lane markings without noises. However, for the complex application environments,

there is currently no algorithm to achieve such results. In order to obtain better

detection performance, many algorithms sacri¯ce some lanes with dim light and more

interference, which are just suitable for clean and brighter lane markings. So, the goal

of the phase is aimed at extracting as many lane marking pixels as possible while

minimizing interference. That is, it will not cause the missed detection of the weak

lane markings, and will not cause trouble to the subsequent detection phase. The

proposed adaptive threshold method is more adaptable to the complex environment,

which is operated on the IPM.

In this step, we ¯rst transform the image into a gray level image. Then we select

two relative stable features: low-high-low intensity pattern and image contrast. The

assumption is that the lane marking has higher brightness than the surrounding

ground, which is illustrated in Eqs. (1) and (2). For the outdoor multi-lighting

environment, we choose a more stable contrast image rather than gray image to

segment. G denotes the contrast image.

Gðx; yÞ ¼ ðfþðx; yÞ þ f�ðx; yÞÞ=2; if ðfðx; yÞ > maxðfðx; yþ TwÞ; fðx; y� TwÞÞ
0; otherwise

�
;

ð1Þ

(a) (b)

Fig. 2. (a) The original image. (b) The IPM image.
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where

fþðx; yÞ ¼ fðx; yÞ � fðx; yþ TwÞ;
f�ðx; yÞ ¼ fðx; yÞ � fðx; y� TwÞ:

ð2Þ

Here, Tw denotes the width of a lane marking. In general, the width is 15 cm. Con-

sidering the impact of vehicle turbulence, image discreteness and overexposure in

highlight areas, we set Tw ¼ 4 pixels. Then we get the image G. For any row of the

image G, we can get multiple consecutive horizontal segments. Find the midpoint of

the horizontal line segment and optimize the midpoint value according to Eq. (3).

Get enhanced midpoint image Gmid.

Gmidðx; yÞ ¼
maxðGðx; ystartÞ; . . . ;Gðx; yendÞÞ; if y ¼ ðystartþ yendÞ=2
0; otherwise

�
: ð3Þ

Here, ystart and yend represent the starting point and end point of a horizontal line

segment respectively. We choose a region of interest (ROI) with a width of 8m and a

height of 15m masked by red as shown in the second column of Fig. 4, which reduces

the impact outside the road and emphasizes the in°uence of road surface. In such

ROI of gray image, image segmentation are performed by Otsu's method. The results

of segmentation are shown in the third column of Fig. 4. It can be seen that the

performance is not good in the case of night environment and weak lane markings.

To optimize the results, we performed the following iterative operations

First, using Otsu's method to segment the image Gmid. We can get the initial

threshold value T ¼ Tfirst. For any line in the ROI of the image Gmid, if there are two

points satisfy Eq. (4), the value Rnum is increased by one. disðj� jÞ means the

distance between two points. Its value is approximately equal to the width of one

lane as illustrated in Fig. 3. Here, the distance ranges from 3.2m to 4.2m. Once

Rnum � 70ð3:5m), T is the ¯nal threshold. Otherwise, T ¼ T � 1. Iterative cycle

operation is performed as illustrated in Function 1. To reduce the time consuming of

iterative operation, we use the two-dimensional array to record pixel values as shown

in Eq. (5). This operation does not take into account the time consuming caused by

iteration. Function 1 illustrates the whole operation process in detail.

Gmidði; jÞ � T

Gmidði; jÞ � T ; j 2 Wj ¼ Wj1 [Wj2;

84 pixels � disðj� jÞ � 64 pixels;

8><
>: ð4Þ

Fig. 3. Determine whether the line satis¯es the counting condition. Once ¯nding the two points that

satisfy formula (4), count the row and end the search of the row.
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R½i�½k� ¼ 1; if Gmidði; jÞ ¼¼ k&&Gmidði;WjÞ � k:

A½i�½k� ¼ A½i�½k� 1� þ R½i�½k�;
A½i�½0� ¼ R½i�½0�;
ði; jÞ 2 ROI; k 2 ½0; 255�;

8>>><
>>>:

ð5Þ

Fig. 4. The segmentation results. The ¯rst column shows the original image. The second column,

the third column, the fourth column and the ¯fth row are the IPM with ROI masked by red, the seg-
mentation results using Otsu's method, GOLD method and our proposed method, respectively. The last

column are the segmentation results by use of our proposed method, in the ROI with a width of 10m and a

height of 50m (color online).

Lane Marking Detection Based on Segments with Upper and Lower Structure

2055005-7



Once the ¯nal threshold is obtained, we use it to segment the image in the ROI of

lane detection with a width of 10m and a height of 50m. Figure 4 shows the seg-

mentation results by using Otsu's method, GOLD method and our adaptive

threshold method. It can be seen that our algorithm has strong applicability to

light, and can achieve better segmentation e®ect in various scenarios, especially for

weak lanes.

2.3. Candidate segments

We use the continuity feature of lane marking to cluster pixels into small segments.

The continuity feature can remove the sparse noises. But the length of dashed line

segment varies with road grade. If there is no prior information about lane length, we

will set the length to 2m according to the minimum dashed segment length in rules.

Due to the lane marking are sometimes blocked and worn out, in this paper, we set

the length threshold of line segment to 30 (1.5m).

First, we get the midpoint images of the binary images, which are as shown in

Fig. 5. Find the midpoint of every horizontal line segment and set the gray value of

midpoint to 255. Then we use function 2 to obtain the segments as shown in Fig. 6.

This process removes the interference of a lot of miscellaneous points.

From Fig. 6, we can see the candidate pixels are clustered into segments. These

segments are sorted according to the line numbers.

Function 1. Adaptive threshold generation process
Input: Two-dimensional array A[i][256], i ∈ ROI
Output: the Adaptive threshold
Function begin

1. Variable initialization: T = Tfirst, Rnum = 0
2. While (T ≥ 2&&Rnum < 70)
3. for (i ∈ ROI)
4. Rnum = 0
5. if((A[i][255] − A[i][T ]) ≥ 2)
6. Rnum + +;
7. end if
8. if (Rnum ≥ 70)
9. break;
10. end if
11. end for
12. T = T − 1;
13. end while
14. Tfinal = T

Function end

J. Huang et al.
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Function 2. Candidate segments generation process
Input: midpoint image IM

Output: line segments image
Function begin

IM from left to right and from top to bottom.
f(x, y)= 0

position. Remove this pixel from the midpoint image. If not, interval++;

stored pixel points. If the length of line segment is less than 30 (1.5m), discard
it. Otherwise it will be retained

1. Scan the midpoint image
2. If
3. Find the nearest white point in the range of threshold width in the next line.
4. If it was found, perform repeated operations in the next line, and record pixel

5. If interval is greater than the interval threshold, generate a line segment by the

6. Continue scan the midpoint image until all pixels are removed
Function end

/

(a) (b) (c) (d)

Fig. 5. The four images are the midpoint maps of the bottom images of Fig. 4.

(a) (b) (c) (d)

Fig. 6. The four images are the candidate segments after using continuity feature.
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2.4. Upper and lower structure

Compared with the straight lane markings and the solid lane markings, the detection

of the curve and dashed lane markings is a di±cult point. In this paper, we use the

upper and lower structures, which can cluster the curved dashed segments into one

lane marking.

If the two line segments are to be judged as upper and lower structures, the

following conditions must be satis¯ed:

(1) The starting point of a line segment is located below the end of another line

segment. And the distance between the two points is within 10m.

(2) The two lines are ¯tted by quadratic curve. If the ¯tting error is less than a

certain threshold, the upper-lower relationship is determined. We only keep

those ¯tted lines that are one lane wide from the vehicle's location.

Clustering method based on upper and lower structure is explained in detail in

Function 3 and Fig. 7. Li denotes candidate line segment. Si stores the serial num-

bers of the lines that make up the upper and lower relationships. 62 denotes that can't

form the upper and lower structure. 2 denotes that can form the upper and lower

structure.

If the total length of the segments contained in S is too short, S will be discarded.

The total length is de¯ned as the di®erence between the starting abscissa of the ¯rst

line segment and the ending abscissa of the last line segment. In this paper, we set the

length threshold to 6 meters. The remaining lines will be marked in red as shown in

Fig. 8. Lines with upper and lower structures are connected by green straight lines.

2.5. Optimal selection strategy

Although a lot of disturbances are removed by the previous operations, there will still

be very similar interference with lane markings.

(a) (b)

Fig. 7. Explain the clustering process with concrete examples.
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One of the most important features of our optimal selection strategy is pairing

characteristics. In this paper, we use a simple and easy way to match them as

illustrated in Eq. (6). Choose two lines from the candidate lane markings.

Wmin < Li < Wmax; i ¼ 1; 2; 3

absðLm � LnÞ < Tsub; m;n ¼ 1; 2; 3; m 6¼ n

�
; ð6Þ

where Wmin and Wmax are the minimum and maximum width threshold of lane

markings respectively. Li denotes the width between two lines in the same line. L1,

L2, L3 are the width of upper, middle, lower position, respectively. Tsub denotes the

width di®erence threshold. Their meanings are shown more intuitively in Fig. 9.

After pairing, we use the following strategy to select the best pair of lines:

(1) If there are line pairs, Eq. (7) is used to select the highest score pair as the ¯nal

line pair.

Function 3. Candidate lane markings generation process
Input: line segments Li, i = 0, 1, . . . , n

Output: candidate lane markings V = {S0, S1, . . . }
Function begin

1. Variable initialization: S0 = (0), V = {S0}, iflag = false;
2. for (i = 1; i ≤ n; i + +)
3. iflag = false;
4. for(j = 0; j < V.size; j + +)
5. Stemp = Sj

6. while(Stemp.size)
7. if(Li ∈ Stemp)
8. if(Stemp.size = Sjsize) Sj = Stemp i; iflag = true; break;
9. else New S = Stemp i; V.push back(S); iflag = true; break;

10. end else
11. end if
12. else
13. Stemppop;
14. end else
15. end if
16. end while
17. if (j == V.size − 1&&iflag == false)
18. New S = i; V.push back(S);
19. end if
20. end for
21. end for

Function end

Lane Marking Detection Based on Segments with Upper and Lower Structure
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Fscore ¼ w1 � s1 �Bþ w2 � s2 � Lþ w3 � s3 �
1

�
þ w4 � s4 � P ; ð7Þ

where B is the average gray value of pair lines. L is the average length of pair

lines. � ¼ maxðabsðLi �WlaneÞÞ. We set Wlane ¼ 75 pixels. P is the parallelism

of two lines. P ¼ 1
maxðabsðLi�LjÞÞ, i; j ¼ 1; 2; 3. The meanings of Li is the same as

Eq. (6). s1; s2; s3; s4 are the scale factors to normalize B;L; 1� ;P to the interval

[0, 1]. w1;w2;w3;w4 are weight values. Taking into account the impact of

bumps and road slopes, we are more focused on the gray and length of the lane

markings. We set ðw1;w2;w3;w4Þ ¼ ð0:3; 0:3; 0:2; 0:2Þ.
(2) If there is no line pairs, it is very likely that only one lane will appear. We use

Eq. (8) to select the best single line.

Fscore ¼ s1 �Bþ s2 � L: ð8Þ

(a) (b) (c) (d)

(e) (f) (g) (h)

Fig. 8. The ¯rst row are the inverse perspective maps. The second row shows the result after clustering by

upper and lower structure. The red lines are the candidate lane markings. We use the green lines connect

the segments with upper and lower structure (color online).
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3. Experiments

The proposed lane marking detection algorithm is implemented on the KITTI UM

dataset and Future Challenge TSD-Lane dataset. For algorithm evaluation, we

employ the F-1 derived from the precision and recall values on TSD-Lane dataset.

They are illustrated in Eqs. (9)–(11). The visual results are shown in Fig. 10. TP

means true positive. FP means false positive. FN means false negative.

Precision ¼ TP

TPþ FP
; ð9Þ

Recall ¼ TP

TPþ FN
; ð10Þ

F � 1 ¼ 2 � Precison � Recall
Precisionþ Recall

: ð11Þ

The KITTI UM dataset only provides ground truth for ego-lane estimates and not

for the lane marking themselves. For intuitive comparison, we assess results with

indicators as in Ref. 17. Correct Detection (CD): The lane marking estimates were

either correctly detected, or were correctly identi¯ed as missing or not conforming to

the model. Slight Misalignment (SM): The lane marking estimates were slightly

misaligned with at least 1 lane marking line segment being missed by the estimates.

Major Misalignment or False Alarm (MM): Either of the lane marking estimates miss

the majority of true lane marking line segments or incorrectly identify a lane marking

where there was not one. False Failure (FF): The algorithm declared a failure to ¯nd

lane markings that were truly present.

The results of the algorithm are shown in Tables 1 and 2. It can be seen that our

algorithm is e®ective especially for the curve road. This is because we use the upper

(a) (b)

Fig. 9. The red and green lines are the ¯tting curves of candidate lane markings from the second column

and the third column of Fig. 8. Green represents the success of pairing (color online).
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and lower structure clustering method, which can correctly cluster the pixels be-

longing to the curve. TSD-Lane 168 and TSD-Lane 183 are the night scene datasets.

In the two datasets, the precision is 98.68% and the recall is 93.75%. This is mainly

due to the fact that we use the adaptive threshold when using low-light-low feature,

which makes our algorithm less sensitive to light changes. The use of strong feature

composed of multiple simple features and the use of optimal selection strategy make

our algorithm can reduce the e®ect of disturbances. In the datasets with dis-

turbances, the precision is 99.07% and the recall is 98.40%. But there are some

(a1) (b1) (c1) (d1) (e1)

(a2) (b2) (c2) (d2) (e2)

(a3) (b3) (c3) (d3) (e3)

(a4) (b4) (c4) (d4) (e4)

Fig. 10. The results of lane marking detection. The ¯rst two rows are the results on the TSD-Lane

dataset. The last two rows are the results on KITTI UM dataset.

Table 1. The performance under TSD-Lane dataset.

Dataset Type Frames Precision (%) Recall (%) F-1 (%)

TSD-Lane-86, 94, 121, 132, 156,

159, 182

Curve lane 430 99.88 99.65 99.76

TSD-Lane-80, 108, 172, 177,

179, 180, 181

Straight lane with

disturbances

220 99.07 97.73 98.40

TSD-Lane-168, 183 Weak light 40 98.68 93.75 96.15

J. Huang et al.
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limitations in our algorithm. When two lane markings are not parallel as shown in

Figs. 11(a) and 11(b), we just detect only one lane marking. This is because we use

the characteristics of parallelism and the optimization strategy. Meanwhile, we use

the low-high-low pattern. Considering the change in the width of the lanes caused

by the vehicle bump or a ramp, the width threshold of the lane marking is increased,

but it also causes a miss detection due to the lane marking extension caused by right-

re°ection as shown in Fig. 11(c).

4. Conclusion

This paper supplies a method to detect lane markings under complex urban envi-

ronment. In this paper, on the basis of the principle of Zhang's calibration, we

generate an inverse perspective map. For the IPM, it is easy to use the geometric

information of lane markings, such as width, length continuity, interval and so on.

First, we propose an iterative adaptive threshold method to generate candidate

points. It can not only retain the information of weakened lane, but also not bring

much disturbances. Then we use continuous feature to cluster the lane candidate

points into candidate line segments. The line segments are collected for a further

processing step. Using the upper and lower structure and curvature information of

segments, segments belonging to the same lane line are clustered, which provides

reliable detection of curve lane markings. Finally, in the lane generation phase, an

optimal strategy is used to extract two optimal left and right lane markings.
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