









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













AUTOMATIC FISH SEGMENTATION VIA DOUBLE LOCAL THRESHOLDING FOR TRAWL-BASED UNDERWATER CAMERA SYSTEMS Meng-Che Chuang, Jenq-Neng Hwang Department of Electrical Engineering University of Washington Box 352500, Seattle, WA 98195, USA {mengche, hwang}@uw.edu



Kresimir Williams, Richard Towler Midwater Assessment & Conservation Engineering Alaska Fisheries Science Center, NOAA 7600 Sand Point Way NE, Seattle, WA 98115, USA {kresimir.williams, rick.towler}@noaa.gov



ABSTRACT



Conventional image segmentation algorithms can be roughly classified into two major approaches according to their primary segmentation criteria [2]. One approach uses change detection, if images along the time are available, as their primary criteria. The other approach constructs background information (through prior image sequence frames or modeling) and obtains results by comparing incoming frames with the background. In cases of background with spatial homogeneity, such as the underwater background when illuminated with LED light sources and distinctive foreground object gray level intensities, thresholding can be an effective tool. For this case, Wang et al. [3] imposed the notion of multiple thresholds and enforced the result by a boundary refinement technique. However, it requires intensive computational power and fails to detect small holes. As for segmentation in underwater images, due to the fast attenuation and non-uniformity of LED illumination, many foreground fish have relatively low contrast with underwater background, and moreover fish with similar ranges from the cameras can have significantly different lighting (see Fig. 5(a)). These factors make thresholding difficult. Furthermore, noise is created by bubbles and organic debris, which can easily be mistaken as real fish. Walther et al. [4] proposed an object detection approach based on saliency maps. However, the boundary of a target is unable to be tracked very accurately and the thresholded object may not exactly correspond to the true shape of the target. In this paper, an innovative algorithm using a histogram backprojection procedure is proposed. It was modified from the original version for solving location problems via color indexing [5] to be applicable for segmentation refining [6], on double local-thresholded images to ensure a reliable segmentation on fish shape boundaries. The thresholded results are further validated by area and variance criteria to remove unwanted objects. Finally, a post-processing step is also applied to further refine the segmentation. The paper is organized as follows: Section 2 briefly describes the configuration and functional modules of our Cam-trawl system for image capturing. Section 3



This paper describes an automatic segmentation algorithm for fish sampled by a trawl-based underwater camera system. To overcome the problem caused by very low brightness contrast between fish and their underwater background with dynamically changing luminance, our proposed algorithm adopts an innovative histogram backprojection procedure on double local-thresholded images to ensure a reliable segmentation on the fish shape boundaries. The thresholded results are further validated by area and variance criteria to remove unwanted objects. Finally, a post-processing step is applied to refine the segmentation. Promising results, as validated by expertgenerated ground truth data, were obtained via our proposed algorithm. Index Terms— fish segmentation, double local thresholding, histogram backprojection, midwater trawl. 1. INTRODUCTION The conservation and management of fish stocks requires fish abundance estimates, which often call for the use of bottom and midwater trawls. To address these needs, we developed the Cam-trawl [1], a self-contained stereocamera system fitted to the aft end of a trawl in place of the codend (i.e., capture bag) for image sequences capturing. The absence of the codend allows fish to pass unharmed to the environment after being sampled (image captured). The captured image data provide much of the information that is typically collected from fish that are retained by traditional trawl methods. Image-based sampling for fish abundance estimates generates vast amounts of data, which present challenges to data analysis. These challenges can be reduced by using automated image processing algorithms for automated detection, segmentation, tracking, length/area and size measurements, and classification. A successful development of these algorithms will greatly ease one of the most onerous steps in image-based sampling.
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Fig.1. The Cam-trawl underwater fish imaging system.



introduces our fish object segmentation algorithm. Section 4 shows some typical simulation results and statistics of the performance, followed by the conclusion in Section 5. 2. CAM-TRAWL SYSTEM The Cam-trawl represents a new class of midwater imaging sampler to study the marine environment. With ongoing development, however, the Cam-trawl is poised to become a standard marine surveying tool to provide a more holistic view of the marine environment, and improve the management of our marine resources. As shown in Fig. 1, the stereo-camera system consists of two high-resolution machine vision cameras, a series of LED strobes, a computer, microcontroller, sensors, and battery power supply. The cameras and battery pack are housed in separate 4-inch diameter titanium pressure housings, and the computer, microcontroller and sensors are placed in a single 6-inch diameter aluminum housing. The high-resolution high-sensitivity cameras capable of capturing 4 megapixel images at up to 15 frames per second (fps). The cameras are connected via a gigabit Ethernet to a Core 2 Duo PC with software to control the camera’s operation and to store the image data to a solid state hard disk drive. A full-featured software development kit (SDK) supports the core acquisition and control routines. The PC runs a customized Linux operating system, which allows precise control over what software and services are started depending on how the system is being used. 3. FISH OBJECT SEGMENTATION The proposed algorithm is divided into four steps, as shown in Fig. 2. The first step is double local
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Fig.2. Flow chart of proposed algorithm.



thresholding. Next, binarization results from two different thresholds are effectively integrated using a technique based on histogram backprojection. After that, thresholding by area and variance removes noise and unwanted objects. Finally, a post-processing step is applied in order to refine the segmented object boundaries. 3.1. Double Local Thresholding For the double local thresholding method, we need to first detect the rough position and size of a fish. A gray-level morphological gradient operation with a 5 5 structuring element [7] is applied to the input image and the result is then processed with an adaptive thresholding technique using Otsu’s method [8], generating an initial binary mask. Note that this is only a preliminary segmentation of fish body, which needs to be carefully refined by the subsequent double local thresholding. Next, the local region around the detected objects has to be determined. The classic connected components algorithm [9] is applied first to mark the isolated local region in the object mask. Then, each isolated region is characterized by an oriented elliptic bounding box. Finally, the local region is determined by enlarging the oriented ellipse by a factor of 1.5 in both the major and minor axis. With these elliptic local regions, it is ready to perform the double local thresholding method. For each region, an adaptive threshold is selected using a variant of the Otsu’s method. To better preserve some dim fish, which have intensities close to the background, the threshold is adjusted to  x    p  L  , (1)



Fig.3. The basic concept of histogram backprojection.



where  is the Otsu threshold,  L is the mean of lower class, as determined by the Otsu threshold, divided by  in histogram. Using Eq. (1), two thresholds are generated. The high threshold  high is given by setting p  0.7 and the low threshold  low by setting p  1. These two thresholds result in two corresponding object masks M low and M high . A 3 3 median filter is then applied to these two object masks respectively to reduce the noises before going to the next histogram backprojection step.



Fig.4. Oriented bounding boxes for length measurement. TABLE I PRECISION AND RECALL OF SEGMENTATION IN 74 FRAMES Number of Precision Recall Targets (%) (%) 514 74.62 78.40 Table I: Precision and recall of segmentation in 74 frames TABLE II MEAN OF ABSOLUTE ERROR OF SIGNIFICANT TARGET LENGTH # Targets MAE of Length 189 10.69 % Table II: Mean of absolute error of significant target length



3.2. Histogram Backprojection



3.3. Thresholding by Area and Variance



The two object masks are merged with a model update approach in [6]. To check whether a pixel I(x,y), which is within the enlarged oriented elliptic bounding region of an object candidate, belongs to the foreground fish or the background, the histogram backprojection is used. First, the object masks M low and M high are used to derive two



In addition to using pixel values to refine the segmentation masks, the proposed algorithm also takes into account the area of an object and variance of pixel values within an object. The connected components algorithm is applied to mark each isolated region in the object mask, and the area of each region is determined. Those objects which are of area greater than an upper threshold or less than a lower threshold will be rejected. Object candidates are also examined by calculating the variance of pixels within each segmented objects. Since foreground objects (fish) are inclined to be more textured than the background or unwanted objects, the variance of the segmented object is likely to be larger.



16-bin gray-level histograms H low i  and H highi  ,



respectively. A ratio histogram of any gray-level bin value i is defined as  H i   (2) H R (i)  min  high ,1 .  H low i   A thresholding process is then applied to the backprojection of the ratio histogram H R (i) to obtain the final binary segmentation mask B(x,y). 1 if H R ( I ( x, y))   , (3) B( x, y )   0 otherwise where I x, y  denotes the pixel value at position x, y  and  denotes a threshold between 0 and 1. The fundamental assumption is a foreground fish body pixel has only slightly higher histogram values in H low i  than in H high i  . On the other hand, the ocean background



pixel will have significantly higher histogram values in H low i  than in H highi  , as illustrated in Fig. 3.



3.4. Post-Processing There may still exist some errors, such as gulfs or peninsulas, created at the boundaries of histogram backprojection refined objects, a cascaded morphological operations can be adopted to further refine the boundaries. More specifically, a closing and an opening morphological operation with a 7 7 structuring element are applied to the object mask. In this way, the object boundaries are smoothed without affecting the details of the shape information, and small noise regions can thus be removed.
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Fig.5. (a) Cam-trawl captured images and (b) segmentation results.



4. SIMULATION RESULTS To evaluate the proposed algorithm, three sample image sequences consisting of 74 image frames are tested. These sample images are gray-level images under resolution 1024 ×1024. According to the hand-labeled ground truth, there are 514 targets in total to be segmented. All software development is done in Visual C++ and OpenCV 2.1 library. The performance of the proposed algorithm is measured in terms of precision and recall accuracy as well as the mean of absolute error (MAE) of the measured length of significant targets. The measured length of a segmented fish is defined as the Euclidean distance between head and tail. Only targets with length greater than 100 pixels are considered (there are 189 targets out of 514) since larger objects have more reliable ground truth. In our simulations, the length of an object is obtained by finding the contour bounding box with a routine in OpenCV library. An oriented rectangle of OpenCV data type CvBox2D is returned for each contour, as shown in Fig. 4, and the maximum between its width and height is used as the measured length. As shown in Table I, the proposed algorithm achieves a 74% precision and a 78% recall under very low-contrast underwater images. The MAE of measured length out of 189 targets is about 10%, as shown in Table II. Fig. 5 exhibits some typical original Cam-trawl captured images and the segmentation results.



thresholding scheme, to ensure a reliable segmentation on the fish shape boundaries. It achieves a 78% recall against the ground truth on the successful segmentation of fish, under very low-contrast underwater images. The measured length of segmented fish body has about a 10% error rate, which can be greatly reduced when stereo images pairs are jointly considered in the future. 6. REFERENCES [1]
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camera's operation and to store the image data to a solid state hard disk drive. A full-featured software development kit (SDK) supports the core acquisition and. 
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