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Receiver Operating Characteristics of a Modified Edge Detection Technique for Corrosion Classification

This paper presents an edge detection technique used in conjunction with preliminary image modification in order to identify and quantify regions of interest on a surface. In particular, this paper shall focus on applying this technique to examine the surface features of harbours facilities and offshore infrastructural elements affected by corrosion to determine the extent of damage present. The use of image processing compliments and enhances standard visual inspection techniques. It allows for a greater surface region to be inspected in less time, and in a more methodical manner, as well as having minimal prerequisites. The performance of this Non Destructive Testing (NDT) technique is assessed by probabilistic means through the use of receiver operating characteristic (ROC) curves. NDT techniques can provide useful information which on the condition of a structure, which can be fed directly into an Infrastructure Management System (IMS).

Introduction

Image based analysis is a form of Non-destructive testing (NDT), often employed in order to identify geometric irregularities, surface discolouration or other features of interest in materials from which the presence of damage can then be inferred. Image processing based detection quite often provide the only method of acquiring information about the current health status of a structure and its evolution with time. The information obtained from such techniques can be a significant influencing factor when deciding the course of action the owner of a structure should take, leading to financial savings by enabling the owner to prioritise and to plan the maintenance work to be undertaken.

Regular inspections of the condition of structures are vital to ensure their safety and serviceability aspects. Currently, many structures are assessed using a regime of visual inspections, performed by trained engineers. These inspections cover a range of details, from a cursory check for gross defects, to a close examination of all surfaces, including the use of special equipment if necessary. The quality of data collected largely depends on the ability of the inspectors to observe and objectively record details of defects. A number of studies have been performed to invetigate accuracy and limitations of visual inspections in other sectors [START_REF] Komorowski | The role of enhanced visual inspections in the new strategy for corrosion management[END_REF] which have identified a number of factors which affect the accuracy and repeatability of the inspection results, and have found the output of such inspections can vary markedly. An image processing based approach is never perfectly accurate in real life scenarios. However, it has far greater reproducible performance in comparison with visual inspection techniques which are significantly dependent on how human factors and are prone to a relatively high degree of subjectivity and variability [START_REF] Gallwey | Take complexity in visual inspection[END_REF].

Various methods have been utilised to detect corrosion in metals. Iver et al. (2002) used ultrasonic imaging to investigate the corrosion status in post-tensioned concrete members. Ultrasonic signals were aimed at a test specimen and those that were reflected back were reconstructed into image form using image processing software. Research work by James (2003) describes the development of an NDT based Acoustic Emission (AE) technique as a practical tool for early detection of corrosion of reinforcing steel embedded in concrete.

Image based techniques offer a relatively inexpensive approach to Structural Health Monitoring (SHM); a standard digital camera being the only major capital investment. An additional advantage is that the images captured of a particular structure or damaged region may be stored for later reference. An application of this would be comparing images of the same region captured at different time intervals. This would then give an indication of the rate of propagation of the damage, and thus by extrapolating to the acceptable limit state, enable a prediction of the remaining service life of the structure and an updating of qualitative and quantitative models.

Identifying regions of interest in a scene plays an indispensable preliminary processing role for semantic analysis and many other advanced tasks. However, the detection of features in a large proportion of natural images encounters severe challenges due to their inherent complexity. The simplest case might be the detection of objects in an image with distinct and homogeneous foreground regions. In this case, little or no prior image modification is necessary to achieve satisfactory results. This approach is ineffective for a broader range of images in which there is a degree of noise, regions are not as readily discernable from the background, or the transition from foreground object to background object is not sufficiently abrupt.

The primary justification for developing this new approach is conveyed in the following image used for illustrative purposes in this paper (Figure 1). It may be noted that the corroded regions partly inherit the underlying pattern of the metallic surface, resulting in white-ish streaks crisscrossing the damaged zone. While these streaks can be considered to be within the corroded region, existing edge detection approaches would have difficulty supporting this assertion.

The Sobel method is an edge detection technique that computes the gradient of the image intensity at each point in the image. A sharp change of intensity is normally indicative of an edge boundary. However, the gradient approximation which is produced by the Sobel method is somewhat crude, especially when there are relatively high frequency variations in the image, as is the case in a noisy, unmodified image of the corroded surface. Thus, performing the Sobel method directly on the original images without any prior modification produces small, meaningless, unconnected lines which are perceived to be edges. Slight modification of the image is required to better define the corroded regions and to enable them to be properly detected by the Sobel method. The modification process involves Gaussian blurring and colour reduction.

Figure 1 Corroded metal sheeting in a marine environment

Pitting corrosion is a form of extremely localised corrosion that leads to the creation of small holes on the metal. For some limit state such as water proofness, it is considered much more dangerous than uniform corrosion since its rate is between ten and a hundred times higher, and can lead to potentially serious longer-term operational consequences [START_REF] Wells | Factors involved in the long term corrosion of concrete sewers[END_REF]. Pitting corrosion is an electrochemical oxidationreduction (redox) process, which occurs within localised holes (cells) on the surface of metals coated with a passivating film.

The mechanism for pitting corrosion is widely believed to be that the acidity inside the pit is maintained by the spatial separation of the cathodic and anodic halfreactions, which creates a potential gradient and electro-migration of aggressive anions into the pit (ASM [START_REF] Handbook | Corrosion[END_REF]. Pitting can be initiated by a small surface defect, such as a scratch and may grow rapidly in the presence of chloride ions.

Corrosion products (Fe(OH) 3 ) form on the surface around the pit which can be detected using image processing, the presence of pitting corrosion can then be inferred. From an image based perspective, such corrosion are often related to discolouration and a significantly localised presence as opposed to a uniform corrosion process. Figure 2 presents a schematic of the mechanism of localised corrosion developing on metal. Since the presence of both moisture and oxygen are required to bring about this corrosion, often the splash zones of offshore marine infrastructure elements or habour facilities, like steel piles, steel sheet piles, are affected.

Figure 2 Mechanism of localised corrosion developing on metal 2 Modified Edge Detection Technique

A simple edge detection operator (i.e. the Sobel method) was performed on a modified image. The modification procedure entailed performing Gaussian blurring and overall colour reduction. Modification is an essential step as performing the Sobel method on an unmodified image resulted in a series of fragmented, unconnected and meaningless edges, loosely corresponding to the object boundaries, being detected. It was felt that the extent of the modification process should be conducted to a level which sufficiently offsets these problems, however any further modification should be minimised so as to maintain a high level of raw input data from the scene.

Gaussian blurring or smoothing reduces the effects of noise in the image which reduces the risk of false edges from being detected (such as the white streaks discussed previously). When coupled with overall colour reduction which serves to amplify the contrast between corroded and non-corroded regions, allows for all regions to be better defined. An image, L, filtered by the Gaussian filter kernel may be computed directly in the image domain, where the computation is a convolution, as follows.
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where x is the distance from the origin in the horizontal axis, y is the distance from the origin in the vertical axis, and σ is the standard deviation of the Gaussian distribution computed from the pixel values within the area enclosed by the convoluting mask [START_REF] Khan | Color Imaging: Fundamentals and Applications[END_REF]. Theoretically, the Gaussian function at every point on the image will be partially influenced by each pixel in the entire image, however in practice, when computing a discrete approximation of the Gaussian function, the effect of pixels at a distance greater than 3σ can be considered negligible and thus may be completely ignored. Gaussian blurring is widely regarded as being able to effectively preserve boundaries and edges better than other, more uniform blurring filters.

In a 24-bit RGB image, the number of unique colours can reach up to 16 million and typically exceeds half of the image size. For the majority of images, especially those depicting natural scenes, there is high degree of redundancy accompanying his vast array of unique colours as the human eye can only differentiate about 30 colours in cognitive space [START_REF] Mojsilovic | Matching and retrieval based on the vocabulary and grammar of color patterns[END_REF]. Colour reduction combines colours that are perceptually close so as to make detection of features in the image easier and more meaningful. The challenge is to have just a sufficient number of unique colours such that colour fusion between regions of interest and the background is avoided.

The Sobel operator uses the two 3×3 masks shown below to calculate approximations of the first derivatives -one for changes in the horizontal direction and one for changes on the vertical direction. Denoting A(x,y) as the source image with pixel coordinates x and y, and G HORZ and G VERT as two masks which give the horizontal and vertical derivative approximations at each point, the equations are as follows:
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where * denotes the 2-dimensional convolution operation.

At each point in the image, the resulting gradient approximations can be combined to give the gradient magnitude, using:

√

Using this information, we can also calculate the gradient's direction:
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A large value of G represents a sharp change in image intensity which in turn is indicative of an edge boundary. If the edges of objects can be identified with precision, all of the objects in the scene can be located.

Figure 3 Detected edges after applying the Sobel operator

The above image depicts the detected object boundaries. It may be noted that a large portion of the regions do not suffer from pitting corrosion. It may also be observed that there are numerous cases of smaller regions being completely enclosed by larger regions. These 'holes' tend not to present any issues of concern as they can be easily 'filled-in' if so desired to produce homogenous clusters.

Performing the Sobel method on the modified images proved much more fruitful in contrast to the unmodified images, as a much more coherent and reasonably accurate detection of the corroded regions was achieved.

Figure 4 Flowchart of modified edge detection procedure 3 Receiver Operating Characteristics

Receiver Operating Characteristic (ROC) curves have been widely adopted in the field of Infrastructure Maintenance Systems (IMS) as a visually intuitive tool to facilitate decision making. ROC analysis may be applied to a diagnostic situation, in which the task is to correctly assign one of two classifications to a diagnostic case after observing a particular stimulus associated with the case [START_REF] Eng | Receiver operating characteristic analysis : A primer[END_REF]. In IMS, the two classifications are usually two damage states, such as the presence or absence of a particular form of damage for a given range of sizes (i.e. corrosion or cracks with a given area or length). The stimulus may be a sample imaging inspection. The observer's task is to determine the correct damage classification based on information obtained from the imaging inspection.

The ROC may be represented by plotting the couple (Miscalculated Rate, Correctly Calculated Rate) which can be considered as a coordinate of a point in the ROC plane [START_REF] Schoefs | Assessment of ROC curves for inspection of random fields[END_REF]. The results obtained for the modified Sobel approach are tabulated below and are illustrated by the proceeding ROC curve. Adopting a modified Sobel edge detection appraoch can be succesfully used as a preliminary step for futher analysis of the detected clusters. Image processing based detection can play a pivotal role in the field of Infrastructure Management Systems (IMS). It also offers far greater reproducible performance (as well as a measurable performance) over visual inspection techniques. Moreover, adopting an image processing approach allows for captured images to be archived, such that they may be compared against images taken of the same regions at a later date. The rate of propagation of damage may then be determined. ROC curves were employed as graphical tool to display the results of each detection method, allowing a quick and apparent comparison to be easily drawn between each of the techniques.

Figure 5

 5 Figure 5 ROC Curve showing the performance of the modified Sobel approach

  

  

  

Table 1 : Performance of the scheme for a normally exposed image Correct Calculation Rate Miscalculation Rate

 1 

	Normally Exposed	77.2%	8.3%
	4 Discussion and Conclusion