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Abstract

Pavement management systems for monitoring the road surface distress rely on upto date road condition data to provide effective
decision support for scheduling the road maintenance. The recent method includes subjective laborious and time-consuming
surveys. Even though specialized vehicles equipped with additional sensors exist to automatically collect the data, their high cost
restricts their usage to the primary road network and hence this leads to long gaps between inspections. Therefore, a pavement
surface condition monitoring systems that provide inexpensive and frequent updates on the road condition are needed. Such
systems would require robust and automatic defect detection methods using low cost sensors. So a novel method is proposed for
detecting the road patches from the image and video data collected based on active contour segmentation. The visual
characteristics used to detect the patch consist of: 1) patch consists of a closed contour and 2) texture of patch is same as with the
surrounding intact pavement. The patch is correctly segmented using active contour which accurately detect the total number of
patches, its area and shape and hence reduces some false positives. In order to trace the patch in subsequent video frames, it is
then passed to kernel tracker. This way redetection of patch is avoided and each patch is reported only once. The process is
implemented in a MATLAB 2014prototype and tested with video data collected from local roads in Ernakulam, India. The
results show that the suggested method has 82.75% precision and 92.31% recall and 80% accuracy for detecting the patches in
road images.
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I. INTRODUCTION

Pavement surface inspection plays an important role in highway pavement management system because the right decisions for
pavement maintenances are based on inspection. The condition of Pavement surface can be determined mostly by manual or
visual inspection. The simplest method is to visually inspect the pavements and evaluate them by human experts. But this
approach requires high labour costs and produces unreliable and inconsistent results. Therefore many attempts have been made
to develop an automatic method so as to overcome the limitations of this visual inspection. As we move from manual to
automated methods for collecting data, that operating costs decreases significantly. Hence, in recent years many efforts have
been made to develop more automated pavement inspection system both in the pavement image acquisition and pavement image
processing. In the current system there does not exist any problem in collecting the pavement images with distress. But the
problem lies in the automatic and reliable analysis and evaluation of the pavement condition. In an automated pavement
inspection system, the most critical aspect is the pavement image processing. The current process for monitoring pavement
condition comprises of the following steps: Collection of raw data, Identification of defects, defect assessment. The first step is
automated to large extend. However, the other two are mostly performed manually. Different types of pavement defects are
cracks (longitudinal, transverse, alligator), potholes, patches, rutting and depressions. The former three can be classified as
surface defects and the rest can be classified as elevation defects. Among the three different surface distress, the focus is on
patch detection. A patch is a small area that is different from the area that surrounds it. A patch is usually darker than the
sourrounding healthy pavement and also it has same texture as that of surrounding pavement. Classifying image patches is
important in many different applications such as road management or urban scene understanding.

Now a days, the most effective approach for inspecting the road surface is with the use of dedicated vehicles. The inspectors
travel in this specialized vehicle for collecting the raw data with the help of several sensors, image and video cameras etc. The
output of this process is a 2D representation of the road either along or perpendicular to the path of way. These specialized
vehicles are very expensive to purchase and also difficult to operate. But the main advantage of such vehicle is that they can
travel at highway without causing any traffic, while collecting data. Analysis of the collected data is the next step in the process
of pavement condition assessment. In this step, road is split into chunks of different lengths and the corresponding collected data
is processed to produce a general characterization of the specific road. This helps to realize whether this part of the road needs
further detailed investigation or not. The inspectors visually detect and assess defects based on their experience by sitting in front
of two or more monitors. Although the evaluation of pavement defect is performed following using well defined criteria, para
amount of subjectivity is introduced . This greatly affects the outcome of the results because of the dependence of the inspectors
level of experience.
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In summary, there are two ways by which the issues currently identified in the pavement condition assessment process can be
classified. First, a large amount of data is collected and post-processed manually leading to great time and money consumption.
Second, the data is collected and analyzed with expensive software, which requires the use of specialized vehicles for the data
collection. This paper is a combined version of two works to correctly segment the patches in an image. These combined works
are patch detection of pavement assessment [1] proposed by Stefania C. Radopoulou,loannis Brilakis and a an active contour
model without edges [14] proposed by Tony Chan and Luminita Vese. The result have showed that the proposed method has
better accuracy than previous papers. Here patch is detected using active contour segmentation. The basic idea in active contour
models or snakes is to evolve a curve, subject to constraints from a given image, in order to detect objects in that image. For
instance, starting with a curve around the object to be detected, the curve moves toward its interior under some constraints from
the image, and has to stop on the boundary of the object. Here active contours are used to segment the different patches from a
given image efficiently which will result in the detection of correct number of patches and hence accuracy can be improved
significantly.

Il. RELATED WORKS

In [4] Xinren Yu proposes a laser based method For Pothole Detection. It is free from shadows under consistent laser
illumination. It is more economical and accurate. Also it has less computational complexity since tile based partitioning method
is used. The main problem of this method is that the laser pattern shifting due to inherent vibrartions must be handled. In [5] C.
Koch et al. proposes a novel method for Pothole detection in asphalt pavement images. It is having high accuracy and possible to
find out the different potholes that vary in shape and size. The problem is that it is not robust to varying lighting conditions and
viewing conditions and also it is not possible to detect pothole depth and area. It is limited to single frames and hence cannot
determine the potholes in the frame of video based pavement assessment. It is not possible to determine the severity of potholes.

In [6] C. Koch et.al proposes a new method for detecting potholes in asphalt pavement videos. This method can be applied to
multiple frames. It utilizes vision tracking to track detected potholes over a sequence of frames which eliminates inefficient
redetection and matching in every frame and hence reduce processing time. It enables the convienent pothole counting in
pavement videos. The problem with this method is it is not possible to determine multiple potholes at the same time. Moreover it
cannot determine the depth and size of potholes. In [7] G.M. Jog et.al proposes a novel method for pothole detection through
Visual 2D Recognition and 3D Reconstruction. This method is inexpensive. The main advantage is that the combination of 2D
recognition and 3D reconstruction improves recognition results by using visual and spatial characteristics of potholes and
measure properties like width, number, and depth that are used to assess severity of potholes. The problem of this method is that
it is inefficient because 3D model is created for the entire surface.

In [8] Qin Zou et.al proposes a method for automatic detection of crack from pavement images. This method removes the
shadow from pavements. It also enhances the contrast of crack. The problem is that It is very complex and also all type of cracks
are not identified. In [9] S. Ghanta et.al proposes an algorithm for automatic surface distress detection from grayscale images. It
detects the crack with different types and also the connectivity in crack irrespective of the direction. The usage of probabilistic
model for identification and classification is very effective. But this method does not label information from surrounding pixels.
Moreover mosaicing an image that is distorted due to the angle of projection and lens of the camera is difficult. Finally selection
of threshold value should do carefully.

In [10] Y. Sun et.al proposes an automated Pavement Distress Detection algorithm using Advanced Image Processing
Techniques. This method extracts both transversal and horizontal cracks from pavement images. It also determines the break
points and their connection for extraction of the crack features. The problem for this method is that it does not calculate the
length and width of crack. In [11] et.al proposes a method for detecting Potholes based on Video Data. The usage of Optical
device can yield good resolution and there are two storage spaces for safety. But this method cannot detect small crack parts.
Also performance is not better as compared to other methods.

I1l. PROPOSED METHODOLOGY

The main objective of this method is to automatically detects the patches in video frames. Here vision tracker is used so that, it is
able to trace the patches in the subsequent video frames. The patch is detected utilizing the two main visual characteristics of a
patch:
— It consists of a closed contour and
—  The texture of the surface of a patch is similar with the healthy pavement that surrounds the patch.
The patch detection method is split into three sub-processes:
— Image pre-processing.
— Patch detection using active contour segmentation.
— Video tracking.
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#. Image Pre-Processing

The main aim of this method is to reduce the information in the image. That is, to delete everything that is unnecessary for the
purpose of patch detection. It mainly consists of grayscale conversion, median filtering, contrast enhancement, binary
conversion, morphological closing operation.

In pavement images, the color information isn't necessary because in such images the dominant color is gray. Therefore it is
not necessary to represent the road using three channel representations. Hence, in order to reduce the image complexity, the
original image is initially converted into gray-scale (see fig 4 - b). The range of gray scale values is between 0, which represents
black, and 255, which represents white. This process continues with the application of a 5 x 5 median filter. This is used to
reduce the noise in an image (see fig 4 - ¢). The noise can always introduce in the image by the camera during the capturing
phase. Therefore, camera is the source of noise. There exist many filters but median filtering is chosen because it helps to reduce
noise while preserving the edges, which is necessary in the case of patches. The filter's size, is determined based on the effect it
has on the image. As filter size increases, it produces more blurriness, which is not desired.
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Fig. 1: Image Pre-processing

Next we have to enhance the contrast of the image. For that histogram equalization is performed (see fig 4- d). In this process,
intensity values that encountered the most are redistributed along the histogram. With this step, the contrast of the image is
adjusted, which is necessary for intensifying the gray-level detail. The pre-processing subprocess is shown in fig. 1.

The process continues with making the image binary (see fig 4 - ). This allows to separate the darker regions of the pavement
image, which represent the defective areas from the background which is the healthy pavement. A patch is always darker than
the surrounding healthy pavement. The patch when initially made is darker wgen compared to the surrounding healthy region
and the intensity degrades as the time passes but it still remains darker than the background. For that purpose, a Rosin threshold
is used, which is a histogram shape-based thresholding algorithm. This algorithm makes use of a default threshold, so that the
image is turned into binary using its own optimum threshold. Hence the threshold value is made between 90 and 120, but it
depends on the intensities of the image.

The threshold value for the binary image is calculated using rosin threshold as follows: the intensity value of the histogram
that has the maximum perpendicular distance to the line formed by the origin of the histogram and the point representing the
maximum intensity of the histogram is selected as threshold. All intensities that are lower (darker regions) than the threshold
represent the possible patch areas and they are set equal to 1, whereas the rest are set equal to 0.

The final step in the image pre-processing step is the application of the morphological process of closing ((see fig 4 - f) and
(1). This process is used to smoothen the contour sections. This also makes the contour gaps to be filled and small holes tend to
be eliminated. The aim is to enhance the contours of the objects included in the image.

AeB=A®B @

Where A represents binary image and B represents structuring element. In this method a rectangle of 3 x 3 was used. Other

size was tested but this size produce best resuts without any distortion.

All rights reserved by www.ijirst.org 168



Efficient Road Patch Detection based on Active Contour Segmentation
(1JIRST/ Volume 3 / Issue 04/ 030)

B. Patch Detection Based on Active Contour Segmentation

After pre-processing, next the patch detection sub-process starts by identifying all areas formed by closed contours included in
the image (see fig 4 - g). Therefore, at this stage, whole areas formed by closed contours are detected. Next, the process
continues by utilizing the second visual characteristics of patch detection which is the similarity of patch texture with the
surrounding healthy pavement. Therefore the texture of patch areas is compared with the texture of the surrounding healthy
pavement. The patch areas are defined by the areas formed by closed contours which are detected at the previous stage of the
proposed method. The rest of the image defines the surrounding healthy pavement. This comparison helps to distinguish a patch
from other closed contour objects such as manholes or objects that have fallen on the road for example leaves, ice etc. The patch
detection process is shown in fig.

In the patch detection method, the standard deviation of gray-level intensity values are used to describe texture both for a
candidate patch area and the healthy area around it. For this purpose texture filters are applied in the original gray level. The
responses obtained from the filter application are then used for the statistical measurement of the standard deviations. To create
high filter responses, four different filters are used.

~
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Fig. 2: (a-c) LeungMalik spot filters and (d) Schmid spot filter.

Three filters were taken from the filter bank of Leung and Malik [12] and one from the filter bank of Schmid [13] (see Fig. 2).
These filters are selected based on the following facts: First, material classification using texture information is done using the
Leung and Malik filters and to create texture-based descriptors for content-based image retrieval, the Schmid fiters were used.
Finally, the chosen filters have been successfully tested on all images with varying lighting and viewing conditions.
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Fig. 3: Patch Detection
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Two vectors of five elements each are formed. One vector includes the standard deviation values obtained from the healthy
area and the other one the respective values obtained from the candidate patch. The first element of each vector is the standard
deviation of the gray-intensity image and the other four from the standard deviation values that is obtained after the application
of each texture filter. Next, for detecting the patches the average values obtained from these vectors are compared. If the average
values of these vectors are equal or have a difference no larger than 10%, then the candidate area is detected as a patch.

For detecting the patches we need two different masks. One mask for patch and other for healthy pavement. The mask if
created using active contour segmentation [14] will give better result than existing methods [1]. Because the basic idea in active
contour models or snakes is to evolve a curve, subjected to certain constraints from a given image, in order to detect the closed
objects in that image. For instance, starting with a curve around the object to be detected, the curve moves toward its interior and
has to stop on the boundary of the object. The snakes model is popular in computer vision, and it is widely used in applications
like object tracking, shape recognition, segmentation, edge detection. The position of the initial curve can be anywhere in the
image. This method also has the ability of detecting smooth boundaries. In this method, 500 iterations are used for active contour
segmentation (see fig 4- h). The mask used for patch detection is shown in fig 3 - i. Finally, a patch area is detected based on the
comparison of the average values of the two vectors (see fig 4 - j). The patch detection is shown in fig.3.

T e

f g h i ]

Fig. 4: The series of snapshots above illustrates the result of each stage of the proposed method. a) initial image, b)gray image, c)de-noised
image, d) contrast enhanced image, e)binary image, f)enhanced contours, g)contour regions, h)Active contour segmentation, i) Global region
based segmentation j)patch in bounding box.

€. Video Tracking

The tracking part of the proposed method works as follows. First the patch is detected based on the above process. Next, the
bounding box that surrounds the detected patch is passed to the kernel tracker. The output of the proposed patch detection
algorithm is the area that is tracked. Then the patch is traced in subsequent frames by tracker. When the bounding box reaches
the image boundary meaning that the patch is leaving the viewport, then the tracking process of this patch is stopped. Next, the
patch detection algorithm runs continuously to detect the patches that enter the viewport. This is done to overcome the limitation
of redetecting the same patch in each frame and matching it in subsequent ones. The flowchart for the overall process is shown in
fig 5.
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Fig. 5: Overall proposed method.

IV. EXPERIMENTAL RESULTS

The method was implemented in a MATLAB 2014 prototype and tested with video data collected from the roads in Ernakulam,
India. In addition to this vision tracker was utilized to track the video. Both the image and the video processing were performed
on a desktop PC with the following characteristics: Intel Core i3 CPU, 3.4 GHz, 4 GB RAM.

The database was built with images collected from the local roads of the ernakulam, India. The data is collected under the fair
weather (during day light, with sunny or cloudy weather. The video clips are captured by using different without any artificial
lighting. A decision logic is developed through a heuristic examination of video clips. The decision logic is based on two
distinctive visual properties of patches that appear in road surface and they are closed contour and texture similarity. To validate
the developed method, the computational results obtained by implementing the developed method is evaluated and compared
with the methods presented by current practice in the field.

In order to measure the performance of the proposed method three metrics were used: precision, recall and accuracy. Precision
refres to detection exactness and it is defined by (2); recall is related to the detection completeness and it is described by (3); and
accuracy refers to the average correctness of the process and it is defined by (4).

precision =TP + (TP + FP) )
recall =TP + (TP + FN) (3)
Accuracy = (TP +TN )+ (TP + FP + TN + FN ) )

Where, TP stands for True Positive (correctly detected), FP stands for False Positive (incorrectly detected), TN stands for True
Negative (correctly not detected), FN stands for False Negative (incorrectly not detected).

The detection method was first tested using 20 images of which 19 included the defect of patch. The total number of patches
included in these images is 26, because some of them included more than one patch. When the detection method is tested by
considering only the visual characteristic that a patch consists of a closed contour, then the results provide 72.27% precision,
92.31% recall and 70.27%. But when the detection method is tested by considering the visual characteristic that a patch consists
of a closed contour and also utilizing the additional texture information then the results improves all the three metrics
significantly. The results were promising providing 82.75% precision, 93.31% recall and 80% accuracy. Table 1 provides details
of the detection method results with texture and also without texture. The processing time of patch detection method is
approximately 15 seconds to process an image. The time required is somewhat greater than the existing method because of the
usage of 500 iterations in active contour segmentation.
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Table—-1
Performance results for patch detection method
Performance metrics Without texture With
texture(proposed
method)
Total TP 24 24
Total FP 9 s
Total TN 2 4
Total FN 2 2
Precision 72.27% 82.75%
Recall 92.31% 92.31%
Accuracy 70.27% 80%

The overall proposed method which includes both detection and tracking was validated using video data consisting of
approximately 1000 video frames, including 12 patches in total. The patches that were successfully detected and tracked is
refered to tracking accuracy. While validating the overall process, TP means when a patch is detected successfully and tracked in
all subsequent video frames and when an area is mistakenly detected as a patch and if it is tracked in frames then it is referd to as
FP. In this method, vision tracker is used and the ability of the tracker to follow a patch and detect it in all subsequent frames, so
that it is not redetected, is tested. Hence it avoids the limitation of redetecting the same patch multiple times. Fig. 6 depicts
examples of patches detected and tracked in subsequent video.

3 d
Fig. 6: Representative examples of detected and tracked patches from the validation of the proposed method.

From the fig 7, it is clear that the mask obtained for the patch detection using active contour is more accurate than without
active contour. That is, unnecessary connected components are eliminated when active contour segmentation is used. That is, if
the patch detection process proceeds without using active contour, then some false positives will occur. Hence, multiple patches
are detected as a single patch incorrectly due to these connected components. This is shown clearly in Fig. 8.

_h".‘
a b c
Fig. 7(a): Original image (b): Mask obtained without active contour (c): Mask obtained with active contour segmentation
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Fig. 8(a): Original image (b): Patch detection without active contour (c): Patch detection with active contour segmentation

V. CONCLUSION

In this paper, a novel method is proposed for detecting and tracking patches in the pavement video frames based on active
contour segmentation. The patch detection is basically done using the main visual characteristics of a patch; first it consists of a
closed contour and second its texture is similar to that of the surrounding healthy pavement. The patch is correctly classified
using active contour segmentation which accurately detects the total number of patches, its area and shape and hence this process
reduces some false positives when compared to other existing methods. The tracking is done using vision tracker. First the
bounding box that surrounds the detected patch is passed to the tracker, which in turn tracks the patch in subsequent video
frames. When the bounding box reaches the boundary of the image, meaning that the patch starts leaving the viewport, the
tracking is stopped. Next, the patch detection algorithm runs continuously to detect the patches that enter the viewport. The
performance of method was measured and found that the detection algorithm has a detection accuracy of 80% with 82.75%
precision and 92.31% recall. Some false positives appear in the case of shadows and that is the only effect observed on the
performance of the method by lighting.

Since it is capable to detect and track the patches while the collected video is played, it is characterized as fast and efficient
method. Moreover, this method improves the accuracy by correctly detecting the total number of patches and also determines the
area occupied by the patch which helps in the road management system.
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