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Abstract In this paper, a technique for identification of unwanted lane departure of a travelling vehicle on a road is proposed. The piecewise linear stretching function (PLSF) is used to improve the contrast level of the region of interest (ROI). Lane boundaries are detected by dividing ROI into the two sub-regions and applying the Hough transform in each subregion independently. For lane departure identification, departure measure is computed at each frame and a necessary warning message is issued when such measure exceeds a threshold. Experimental results indicate that the proposed system can detect lane boundaries in the presence of several image artifacts, such as the lighting changes, poor lane markings, occlusions by a vehicle and issues necessary lane departure warning in a short time span. The proposed technique shows the efficiency with some real video sequences.
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1. Introduction In this paper, a lane departure identification (LDI) technique is proposed for machine vision based systems. Machine vision systems play an important role in providing safety features for driver assistance systems of today’s automobiles. In the future, vehicles tend to be more intelligent and provide comfort and safety to the driver. Several sensors have become the essential part of high-end cars. The analysis of apparent scenes is simplified by integrating multiple sensors. This helps to accomplish many tasks such as surface reconstruction, object recognition, and motion computation among others [1]. Machine vision methods have acknowledged as a powerful and efficient module in the automatic control community. Recognition of complex situations in a given image is the main problem that limits the use of machine vision system. [2]. Identification of the road lanes is a challenging task, especially in the presence of poor lighting conditions. Robust lane detection and departure techniques must be used to minimize the problems of poor lane detection in the presence of different environmental and illumination conditions. Lane departure identification based on the angle of lanes does not provide a good false warning ratio. In such case, the performance is also affected by various noise factors [3]. The visibility of lane markings is affected by fading; moreover multiple lanes are present on the road which makes lane departure identification difficult. Two-lane, three-lane, and four-lane roads are present in many cities of the developed and under-developed countries. Such factors are the major obstacles in identifying the road lane boundaries. Lee [4] proposed a Vijay Gaikwad,IJRIT
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lane boundary pixel extractor (LBPE) technique to increase the robustness of the lane detection, which enhances the lane departure identification by finding pixels which are possibly a part of lane boundaries. The ratios of orientations and location parameters of left and right lane boundaries are used to recognize the lane departure. But, the important condition is that the optical axis of a camera mounted on a vehicle coincides with the center of the lane. To improve lane detection accuracy, different image pre-processing techniques are used by many researchers. These techniques are transformation of an image into HSV and applying morphological filters to reduce noise [5], use of a Canny edge detector that produces single pixel wide edges [6], histogram equalization [7], filtering, clustering and polyline extraction [8], grayscale conversion and applying Gaussian low pass filter to remove noise [9] -[10], smoothing and spitting of an image [11]. In this paper, the PLSF is introduced to increase the contrast level of lane image. The performance of this function is made invariant to lane color to increase the lane detection efficiency. For lane detection Wang, Teoh and Shen [12] proposed B-Snake method and achieved efficient tracking. Hough transform (HT) is used to detect any arbitrary shape [13] so it can also be used for lane detection on straight as well as curvilinear roads [14]. In this paper lane lines extracted from the binary image are detected using Hough transform. Lane departure identification techniques are presented by many researchers. Lee and Yi [4] proposed lanedeparture identification based on LBPE, the Hough transform and linear regression that considers eight parameters for departure calculation. Lee [3] proposed lane departure detection method which finds the lane orientation using an edge distribution function (EDF), and identifies the changes in the travelling direction of a vehicle. But, EDF may fail in curved roads with dashed lane markings. A revision of this method is found in [15] which use a boundary extractor to improve its robustness. However, curved lanes still cause the problem. Jung and Kelber [16] proposed a new lane departure warning system based on a linear-parabolic lane boundary model. Lane boundaries are detected using a combination of the edge distribution function and a modified Hough transform. Lane departure detection is carried out using the orientation of both lane boundaries at each frame. The main limitation of this technique is when vehicles are present in front of the camera, erroneous indications are seen in the output results. As, angle based measurements are sensitive to smaller deviation in lane departure, this technique gives more false warnings. A novel algorithm is presented by Xu and Wang [17] in a lane departure warning system which monitors the distance between the car and road boundaries. The lens distortion and non-fixed principal points, if ignored, affect the results. Wang, Lin and Chen [18] applied fuzzy method for lane detection and extraction of departure warning. Self-clustering algorithm, fuzzy C-mean and fuzzy rules were used to process the spatial information and Canny algorithm to get good edge detection. In the lane departure warning, the system uses instantaneous information from the lane detection to calculate angle relations of the boundaries. The system sends a suitable warning signal to drivers, according to the degree of the departure. This technique also becomes sensitive to small variations in the lane departure producing more number of false warnings. Also, the average frame rate of 14 fps is not adequate for real-time applications. The fading and presence of noise can affect the detection of lane markings enormously [19]. Some drawbacks of the above mentioned techniques are minimized in [21] but still more robustness is required in terms of performance of algorithm in the presence of poor lighting conditions. This paper proposes a lane departure identification technique using ROI Segmentation based Distance Transform (RSDT) approach. A high lane detection rate with reduced false warnings is obtained using ROI segmentation approach. The use of only three lane related parameters for the lane departure identification reduces the computational complexity of the proposed LDI technique. These lane parameters are estimated using distance transform to compute a departure measure at each frame. The RSDT technique is showing good detection results in the presence of different lighting conditions and occlusion of the vehicle. The organization of this paper is as follows. The approach for pre-processing of lane images using PLSF is described in Section 2, and the lane detection using ROI segmentation is presented in Section 3. Our LDI technique based on the distance transform is described in Section 4. Experimental results are illustrated in Section 5 and concluding remarks are presented in Section 6.
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2. Pre-processing of lane images An image preprocessing using piecewise linear stretching function (PLSF) is considered. An input color lane image is converted into grayscale images. Gray values are normalized to the range. The PLSF is proposed to improve the contrast level of the input image, especially ROI. All normalized gray values are then converted into new output gray values. The mapping curve for PLSF is as shown in Fig. 1.



Fig. 1. Proposed piecewise linear stretching function (PLSF) curve which is divided into five subregions to enhance the contrast level of the ROI



y is obtained using equation (1) as follows: b −b y = i +1 i (x − ai ) + bi , ai +1 − ai where ai , ai +1 and bi , bi +1 are the gray values as shown in Fig. 2. Output gray value



(1)



Fig. 2. illustrates the mapping of input gray values into new values. Conversion of input gray values x into a set of new values y in each region is carried out using equations (2) to (6). The gray values in sub-region 1 are converted into new gray values using equation (2). Similarly, gray values in sub-region 2 to 5 are mapped into new gray values using equation (3) to (6) as follows:



Fig. 2. Mapping of input gray levels



y = 0 , 0 ≤ i ≤ 0.45 , y = 9 x, 0.45 ≤ i ≤ 0.5 , y = 0.5 x + 0.45, 0.5 ≤ i ≤ 0.6 , y = 3.33x + 0.5, 0.6 ≤ i ≤ 0.75 , y = 1, 0.75 ≤ i ≤ 1 . Vijay Gaikwad,IJRIT
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An input lane image is shown in Fig. 3 (a). The contrast level of an input lane image is improved using PLSF processing and the result is shown in Fig. 3 (b). It is observed from the figure that the contrast level of the ROI which is defined in section 3.1 is improved. Further, this image is converted into a binary image as shown in Fig. 3 (c). The Otsu’s method [20] is used to select a threshold value in binary conversion. Fig. 3 (d) shows an equivalent binary image when an adaptive histogram equalization method is used to improve the contrast level of the ROI. It is seen that the visibility of lane lines is affected due to the presence of the cluster of white pixels around the lane markings. In histogram equalization method, the intensity levels of the output image occupy a wider range of the intensity scale. This becomes a problem when contrast enhancement of road surface is considered. A small variations in the intensity level of the road surface make it darker or brighter in the output image causing a problem for lane detection. This indicates that PLSF is a good option to improve the contrast level of lane images than adaptive histogram equalization method. The performance of PLSF processing on different color lanes is observed. It is seen that PLSF works on a variety of images with different color lane markings. A result for the yellow color lane image is shown in Fig. 4. Most of the roads in various countries have a middle lane marking with yellow color. Therefore, this image is selected as a test image. Fig. 4 (a) shows an original input image. Fig. 4 (b) shows the improved contrast level of an input image especially a road surface. An equivalent binary image is shown in Fig. 4 (c) in which all lane boundaries are clearly seen. A significant improvement is observed in contrast level of an input image using the proposed PLSF.



(a)



(b)



(c)



(d)



Fig. 3. (a) Input image. (b) Result of PLSF processing (c) Equivalent binary image after PLSF processing (d) Equivalent binary image after adaptive histogram equalization processing



(a)



(b)



(c)



Fig. 4. (a) Input image. (b) Result of PLSF processing (c) Equivalent binary image



3. Lane detection Vijay Gaikwad,IJRIT
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3.1 Region of interest The selection of a region of interest (ROI) plays a vital role in deciding computational complexity of the lane detection as well as lane departure identification. For LDI only 40% of ROI is processed as shown in Fig. 5 (a). This helps to reduce the computational load of the proposed LDI method. The Lane detection procedure is applied in the selected ROI for estimation of lane boundary in each frame. The candidate features obtained from the processed ROI are used for calculation of the state of the shift of the lane departure.



3.2 ROI Segmentation (RS) Identification of left and right lane markings is carried out by segmenting the ROI. It is divided into the left (L) and right (R) sub-regions as shown in Fig. 5 (b). In each sub-region the lane detection is carried out independently with the help of the Hough transform. To obtain lane related parameters, Hough origin is located as



Ho



at



xmax 2 . Processing such segmented sub-regions further reduces the computational load



of the LDI. Thus ROI segmentation (RS) approach facilitates the identification of the lane marking accurately with less number of computations per frame.



(a)



(b)



Fig. 5. (a) Selection of ROI (b) Segmentation of ROI in equivalent binary image into the left (L) and right (R) sub-regions,



Ho is Hough origin located in each sub-region



3.3 Identification of lanes using Hough Transform The Hough transform (HT) is applied to a set of lane pixels of each sub-region to detect the lanes. The HT extracts the candidate features which are used to estimate the lane-related parameters. HT generates C( ρ ,θ ) accumulator cell. The number of pixels lying on lane marking follows an equation



ρ = x cosθ + y sinθ , where ( x, y ) is the coordinate value of a pixel, θ is the angle between the x axis and the normal line, and ρ is the distance between the origin and the fitted line. The range of θ is 0 0 between 0 − 90 . Whenever ρ = x cosθ + y sinθ is computed for θ , the value associated with the cell of the accumulator array determined by the θ and the resulting ρ is added by 1. A local maximum in each accumulator array is searched to find lane boundaries. The line detection procedure is applied independently to each sub-region of segmented ROI. Each sub-region of ROI is operated by HT to find the lane lines. The accumulator array of HT in left and right sub-region is initialized to zero using the following equation:



0 0  AL = AR =   . 0 0 



(7)



The peaks in the Hough transformation matrix are located. Maximum numbers of peaks are identified. Then, line segments from the pixels of each sub-region are extracted and shown in Fig. 6 (a). The HT accumulator cell is filled with corresponding (ρ, θ) values. The line segments are identified in such a manner that a perpendicular line can be drawn between the midpoint of the line detected and the Hough Vijay Gaikwad,IJRIT
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origin as shown in Fig. 6 (b). Determination of the endpoints of these line segments is carried out as follows: 1 2 lk = [ lk , lk ] ,



(8)



E( i , j ) = lk − lk 1



2



(9)



,



where k will vary up to the number of lines detected and E( i , j ) are the endpoints of the edges of the lane segments from the midpoint of which a perpendicular line connects to the Hough origin.



(a)



(b) Fig. 6. (a) The detection of lane edges in both the sub-regions (b) Identification of lane markings for detection of lane departure



4. Identification of the lane departure 4.1 Estimation of lane departure measure Lane departure identification is based on estimation of departure measure at each frame. Three lane related parameters λl , λ r and Φ are used to estimate a lane departure measure. Initially, the midpoint of left and right lane line is calculated as



respectively as follows: (10)



M r = ( ( Px1 + Px 2 ) 2 ,( Py1 + Py 2 ) 2 ) ,



(11)



l



r



where



M l and M r



M l = ( ( P + Px 2 ) 2 ,( P + Py 2 ) 2 ) , l x1



l



l



( Px1 , Py1 )



left lane while



l y1



r



r



l



r



is the position of starting point and r



r



(Px1 , Py1 )



l



l



( Px 2 , Py 2 ) is the position of the end point of the r



r



( Px 2 , Py 2 ) is



the position of the end



defined as the distance between Hough-origin



Ho and midpoint of the



is the position of starting point and



point of the right lane. The first lane related parameter identified left lane



λl



M l is as follows:



λl = M l − H o =
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The second lane related parameter



λr



defined as the distance between Hough-origin



the identified right lane



M r as follows:



λr = M r − H o =



Ho



2



+ Mr



2



− 2 Ho ⋅ M r



Ho and midpoint of



(13)



Finally, the third lane related parameter Φ defined as the distance between left and right lane midpoints is calculated as follows:



Φ = Ml − Mr =



Ml



2



+ Mr



2



− 2 Ml ⋅Mr .



(14)



This parameter is also used in estimating the danger situation of the lane departure when a vehicle crosses actual lane marking on the road. This situation arises when the driver is too negligent about the departure warnings and is laterally moving to cross the actual lane. The lane departure measure o



λl − λr based on above three lane related parameters is estimated as



follows: ≅



o λl − λ r = λ =



λl



2



+ λr



2



− 2 λl ⋅ λ r



.



(15) The lane departure measure if exceeded some threshold then a necessary departure warning is issued to the driver.



4.2 Identification of the state of departure Various states of the lane departure are shown in Fig. 7. Under no departure state, the vehicle is in the lane. Due to driver’s negligence vehicle may drift to either side of the road. In this state, either left or right departure warning is issued to the driver. If the corrective action is made then vehicle returns to the no departure state, otherwise danger state is reached. The vehicle should not remain in any departure state for a long time and should return to the no departure state immediately. The arrows with solid line show undesired states and dotted arrows show the correction taken by the driver to reach the no departure state.



Fig. 7. State diagram of the various lane departure states including no departure state, solid arrows show that the vehicle is leading to an undesired state while the dotted arrows indicate that the driver has taken corrective action to reach the no departure state Three parameters used to identify the lane departure measure o(λl − λ r ) are λ l , λ r and Φ . In the proposed LDI technique, ‘Left Departure’ warning is issued to the driver when the departure measure o(λl − λ r ) is less than the threshold ξ1 and Φ greater than the threshold ε . Similarly ‘Right Departure’ warning is issued when Vijay Gaikwad,IJRIT
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If the driver ignores these departure warnings and the vehicle is beginning to actually change the lane then ‘Danger’ warning is issued to the driver indicating the threat of an accident. In such case, the vehicle may drift towards the left or right of the road, therefore two threshold values are used to generate the warning message. A warning message is issued if o(λl − λ r ) is greater ξ1 and less than ξ 2 while Φ less than ε . The parameter ε plays an important role in identifying the ‘Danger’ situation. ‘No departure’ message is displayed when



o(λl − λ r ) is greater than ξ1 and less than ξ 2 while Φ greater than ε .



5. Experimental results 5.1 Results in the presence of good lighting conditions The proposed technique is tested on several video sequences and still images. The videos are captured using a digital camera mounted in a vehicle near a rear view mirror. Video sequence 1 contained total 337 frames with the resolution of 360 ×240 pixels and frame rate of 30 frames per second. Video sample size was 24 bits with data rate 60890 kbps. Second video sequence contained 2200 frames with the resolution of 640 ×480 pixels and frame rate of 30 frames per second. Video sample size was 24 bits with data rate 10785 kbps. Various lane images are captured with the resolution of 194 ×259 under different lighting conditions to check the robustness of the proposed LDI technique. Fig. 8 (a) shows an input raw image. Two lane related parameters The values of all three lane related parameters are estimated at



λl and λ r



are shown in Fig. 8 (b).



λ l = 135.7. , λ r = 39.32 and Φ =170.41.



ξ1 =44, ξ 2 =56 and ε =100 based on the mapping of lane related parameters with respect to real world coordinates. The offset parameter Ψ is considered for effective



The thresholds are assigned values as



mapping of lane related parameters and has the initial value equal to 50 in the program.



o λl − λr



is estimated at 146.39, this value is greater than



The parameter



ξ 2 which is set to 56. In this case, the



parameter Φ is greater than 100.



(a)



(b)



(c)



(d)



Fig. 8. (a) Raw image (b) Extraction of lane related parameters after PLSF processing Vijay Gaikwad,IJRIT
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(c) Accumulator array for left lane, arrow indicates the point of intersection for multiple lines indicating the presence of lane (d) Accumulator array for right lane As the departure measure satisfies the condition mentioned in the D R state, a ‘Right Departure’ warning is issued to the driver and displayed with the dark red background shown in Fig. 8 (b). An accumulator array for left and right lane pixels is shown in Fig. 8 (c) and (d) respectively where vertical axes indicate ρ and



the horizontal axes indicate θ . A local maximum is indicated by arrow in each image and black color indicates the voting value of corresponding cell is equal to zero. The arrow indicates the presence of left and right lane line in each sub-region of ROI. Fig. 9 shows the results obtained using video sequence 1 having total 337 frames. A series of images is shown for the ‘No departure’ state for six different frames. These frames indicate that a smaller deviation of the vehicle from the center position of lane does not issue any warning message which ensures a less ‘nuisance alarm rate’. As the drivers have the normal tendency to move the vehicles slightly away from the center position of the lane, it is important to have a low nuisance alarm rate.



frame 187



frame 221



frame 193



frame 273



frame 200



frame 297



Fig. 9. A series of images showing ‘No departure’ state obtained from the first video sequence Fig. 10 shows a series of images showing ‘Right departure’ state and Fig. 11 shows ‘Left departure’ state. When the vehicle departs to either side of the lane, the necessary departure warning message is issued to the driver. A departure warning message is displayed in dark red background to emphasize the threat of an accident. Fig. 12 (a) shows the graphical representation of lane departure measure o( λ l − λ r ) for frames 187, 193, 200, 221, 273 and 297 shown in Fig. 9 indicating ‘No Departure’ state. The graph shows a minimal value for frame number 200 because the vehicle is exactly in the center of the lane. If the vehicle moves towards any side of the lane then the departure measure value increases. If the value exceeds the pre-decided threshold then the necessary departure warning message is issued to the driver. Fig. 12 (b) shows the graphical representation of lane departure measure o( λ l − λ r ) for six different frames shown in Fig. 10 in the right departure state. The graph shows the peak value at frame number 165 because the vehicle is very close to the right lane. For frame number 1 and 65 the departure measure value is less as the vehicle is just beginning to depart towards the right side. Frame number 167 and 195 shows
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the relative high value of the departure measure as the vehicle moved towards the right side of the lane to a large extent as seen in Fig. 10.



frame 1



frame 20



frame 65



frame 165



frame 167



frame 195



Fig. 10. A series of images extracted from the first video sequence showing ‘Right departure’ state



frame 50



frame 51



frame 192



frame 222



frame 231



frame 281



Fig. 11. A series of images extracted from the first video sequence showing ‘Left departure’ state 5.2 Results in the presence of poor lighting conditions and occlusions The proposed LDI technique is tested in the presence of poor lighting conditions such as fog, rain and occlusion by the vehicle ahead. Vijay Gaikwad,IJRIT
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Fig. 12 shows experimental results in the presence of fog. The leftmost column shows input images. The middle column shows the binary equivalent of an input image while the last column shows the output image with a necessary departure warning message. The departure parameter o( λ l − λ r ) estimates at 11.63, 68.45 and 72.48 for upper, middle and lower input image in Fig. 12 respectively. The concerned departure warning messages are displayed on the screen based on the departure measure value. It is observed that even with faint lane boundaries, the proposed technique detects the lanes efficiently and the lane departure condition is identified correctly. Fig. 14 shows the results in the presence of rainy conditions. Rainy conditions affect the visibility of the lane markings. The identified lane boundaries are seen in equivalent binary images. The departure measure o( λ l − λ r ) is estimated at 95.88, 42 and 80 for upper, middle and lower image in Fig. 13 respectively. It is seen that the proposed method issues correct departure warning messages in rainy conditions as well. Fig. 14 shows the occlusion by the vehicle. Due to the presence of the vehicle ahead, lane visibility is affected by the shadowing effect. The lane departure measure has the value 26.22 and hence ‘left departure’ warning message is issued as displayed in the output image. Our proposed LDI technique shows the robust performance under different lighting conditions such as the presence of fog, rain and occlusion by the vehicles. Fig. 15 shows the results when left and right lane markings are partially missing on the road. Two middle lane markings are detected. The midpoints of both lane segments are estimated. The parameter Φ between the two midpoints is estimated at 61.18. This value was less than threshold value



ε which is set to 100. This fulfills the condition mentioned in the D C



state. The o( λ l − λ r ) is estimated at 53.87 which lie between 44 and 56. Thus, ‘Danger’ warning message was issued to the driver because the vehicle has to be returned to ‘in lane’ position instantly. This situation typically arises when driver ignores left or right departure warnings and moves laterally towards the other side of the road.



Fig. 12. Experimental results in poor-lighting conditions (fog)
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Fig. 13. Experimental results under poor-lighting conditions (rain)



Fig. 14. Experimental results in the presence of occlusion by the vehicle ahead



Fig. 15. Experimental results in presence of poor lane markings
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6. Conclusion In this paper, a new lane departure warning technique is proposed based on a RSDT approach. Initially, PLSF is used to improve the contrast level of the ROI. Then, segmentation of ROI is carried out to detect lane boundaries using HT efficiently. Finally, a lane departure measure is computed for each frame based on three lane related parameters. A necessary warning message is issued to the driver when the departure measure exceeds the threshold limits. The important aspect of the lane departure identification technique is high lane detection rate and less number of false warnings even in the presence of poor lighting conditions or any other image artifacts. From these aspects, the proposed methodology is successful. The experimental results show that the proposed technique detects the lanes accurately and has less computational complexity due to the use of only three parameters for the identification of lane departure. It is seen that the proposed LDI technique gives successful results with some real videos and images under diverse lighting conditions. Future work will concentrate on extending the proposed technique to estimate real-world coordinates of the vehicle with respect to both lane boundaries. This would facilitate active safety where a car could actually take over the control of the steering wheel to prevent accident and autonomous driving concept will be feasible.
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