









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













1-D Barcode Localization In Complex Background Luping Fang



Chao Xie



College of Information Engineering Zhejiang University of Technology Hangzhou, China [email protected]



College of Computer Science and Technology Zhejiang University of Technology Hangzhou, China [email protected]



Abstract—In recent years, researchers have paid more and more attention to computer vision, pattern recognition and humancomputer interaction. Recognizing barcode in real-time video is an embodiment of these techniques. This paper presents an algorithm which can locate barcode region in complex background through region-based image analysis. Being different from traditional region-based image analysis, the algorithm is carried out with integral image. Features including high density of unidirectional gradients, area and rectangle like shape of barcode region are utilized in recognition. Keywords-barcode localization;dentisty of unidirectional



merged into complex background. Wang Xialing, Lv Yue and Wen Ying [4] presented a method to segment barcode in spatial domain. It first divided the image into several sub-regions, and then searched for the sub-regions which had the feature of gradient and the presence of corner feature. This method is not robust especially when the barcode region is not isotonic. In this paper, we propose a new algorithm for barcode localization in spatial domain, which is applicable to images with complex background, tilting barcode. To reduce computation, integral image is utilized here instead of dividing image into sub-regions.



gradients; integral image



I.



II. INTRODUCTION



Barcode automatic recognition method is developed on the basis of computer, electro-optic and communication technique, and is the key for object identification. Because of the characteristics of accuracy, speed, convenience and economy, barcodes are now showing up everywhere, such as in shopping malls, manufacturers and mail distribution centers [1]. To identify barcode automatically, barcode readers are required. Currently, the prevalent barcode readers are devices with laser-scanners which are simple and have been used widely in business. However, with the development of artificial intelligence, people are paying more and more attention to computer vision, pattern recognition and human-computer interaction. Recognizing barcode by understanding video context is a new tendency. More and more researchers are focusing on barcode recognition through real-time video analysis. The key problem is how to locate barcode in complex picture background. In previous papers, finding barcode in complex picture background was implemented either in spatial or frequency domain [2-4]. For example, Lv Peizhuo, Lai Xiaozheng and Lai Shengli [2] provided a barcode location algorithm based on wavelet multi-resolution analysis, in which the regional growth method based on feature vector and texture comparability theory was adopted to produce the candidate sub-area set of barcode in high frequency sub-images, and then the candidate sub-area set was identified by examining the start-and-stop pattern and edge characteristics in low frequency sub-image to gain the location of barcode in original image. This algorithm is sensitive to image tilt, and is not workable with oblique barcode image. Tropfa and Chaid [3] proposed a barcode detecting algorithm in DCT domain, which is insensitive to image tilt but cannot work well when the barcode area is



INTEGRAL IMAGE



An integral image is a tool that can be used whenever we have a function from pixel to real number f (x, y), and we wish to compute the sum of this function over a rectangular region of the image. Without an integral image, the sum can be computed in linear time per rectangle by calculating the value of the function for each pixel individually. However, if we need to compute the sum over multiple overlapping rectangular windows, we can use an integral image and achieve a constant number of operations per rectangle with only a linear amount of preprocessing. The algorithm utilizing integral image to compute the sum over a rectangular region can be described as follows: First, compute I(x,y) for each pixel by (1). I(x,y)=f(x,y)+I(x-1,y)+I(x,y-1)-I(x-1,y-1) x ∈ [0,w-1],y ∈ [0,h-1] (1) where f(x, y) represents an attribute of pixel (x, y), w the image width and h the image height. Second, compute the sum over a rectangular region D(x, y) for each pixel by (2)(Fig. 1). D(x, y)=A=(A+A1+A2+A3)-(A1+A2)-(A3+A2)+A2 = I(x+p/2,y+q/2)-I(x-p/2,y+q/2) -I(x+p/2,y-q/2)+I(x-p/2,y-q/2) (2) where p and q are width and height of rectangle window respectively. III.



BARCODE LOCALIZATION



It is known that the bars in 1-D barcode are parallel, and their widths and gaps between them are multiples of unit bar width. So, the principle behind this particular algorithm is that in the barcode region, a high density of unidirectional gradients is expected. This is the key point since there may be other features in the image such as text which may also produce a
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Figure 1. Use the integral image to calculate the sum over rectangle A.



large gradient magnitude response. However the gradient direction for text area is not unidirectional. The algorithm in this paper is mainly divided into three steps. In step 1, pre-process the image by downsizing, graying and contrast enhancement. In step 2, compute the gradients of the image along 00, 450, 900 and 1350 directions respectively. In step 3, use the integral image to locate the regions featuring high density of unidirectional gradients. And then use the shape and size of barcode to find candidate regions. At last, number of gray transition is used to determine the target region among the candidate regions. The details of our algorithm are described as follows. A. Image pre-processing Usually, the resolution of an image taken by webcam or digital camera is more than 640*480. For real-time application requirement, downsizing the original image is necessary. For example, the image can be reduced to a quarter of the original one with bilinear interpolation. Then transform the image into gray one. Finally, enhance the contrast [5] of image. Let’s refer the resulting image as E1. B. Computing the gradient of the image The frequently used gradient operators include Roberts, Prewitts, Sobel, Kirsch, Laplacian and LOG operators [6]. Cons-idering computing time and noise squelch, the improved sobel kernel method (see “Fig. 2”) is chosen to compute gradient and determine direction. Four Sobel kernel operators representing 00, 450, 900 and 1350 directions are applied to pixel (x, y) in image E1 respectively. Take the maximum of the four values as gradient of pixel (x, y), and the direction of the kernel operator producing the maximum is regarded as the gradient direction of pixel (x, y), denote as O(x, y). Then transform the gradient image to binary image (OSTU method is used. The gray level value of target pixel is 255, and the gray level value of background pixel is 0), denoted as E2. ⎡0 ⎡− 1 − 2 − 1⎤ 1 ⎢ 1 ⎥ = 1 w w0 = ⎢⎢ 0 0 0 ⎥ 45 4⎢ 4 ⎢⎣ 2 ⎢⎣ 1 2 1 ⎥⎦
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Figure 2. Improved sobel kernel operators.



C. Region-based image analysis with integral image The region-based image analysis is intended to remove the regions which do not have the characteristics of target regions. Due to the limitation of division method mentioned above, we exploit integral image as the tool of region-based image analysis instead. Assume the function from pixel to real number f(x, y) is ⎧ 1 O ( x, y ) = i & & E 2 ( x, y ) = 0 fi ( x, y ) = ⎨ else ⎩0 i ∈ ( 0 , 45 , 90 ,135 ) , where i is the value of O ( x , y ) . First, compute I i ( x , y ) i ∈ ( 0 , 45 , 90 ,135 ) with (1). Second, compute D i ( x , y ) i ∈ ( 0 , 45 , 90 ,135 ) with (2). Definition 1: The density of unidirectional gradients max( D i ( x , y )) D ( x, y ) = Sum ( D i ( x , y )) Third, calculate D(x, y) for each pixel. If Sum (Di(x, y))>T1 and D(x, y) >T2, we assume the pixel (x, y) is a target pixel, otherwise it is a background pixel. Where T1, T2 are the pre-set threshold for Sum(Di(x, y)) and D(x, y). After the above processing, the resulting image consists of several separated regions, denoted as E3.



D.



Candidate regions determination There are many small holes in image E3.The binary dilation approach is used then to fill these holes (usually two iteration operations are enough). In the case of complex picture background, segmentation results may still contain many isolated small regions, and they can be removed easily because of their small size. Moreover, barcode area is always a rectangle. Regions of other shapes should be removed also. Suppose the current region is r (Fig. 3(a)). First find those pixels which locate the outer contour of the region (Fig. 3(b)), denote pixel set as ps(r). Then use ps(r) to find the surrounding rectangle of minimum area, denoted as mar(r) (Fig. 3(c)), and calculate the size of mar(r), denoted as Size(mar(r)). Definiton2: The degree of rectangle Deg(r)= Area(r)/( Size(mar(r))),where Area(r) is the size of region r. If Deg(r) 
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(b)
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Figure 3. Determining the minimum bounding rectangle: (a) current region r. (b) outer contour of r. (c) mar(r).



E. Find the target region Use R to locate the corresponding regions in original image. Calculate the number of gray level transitions in the scan line, which is perpendicular to the bar direction for every candidate region. If the transition number equal to a pre-set threshold T4, the corresponding region is determined to be 1-D barcode region.



IV.



Fig.6, four pictures with representative orientations are shown. The left picture is the original image, and the right one is the result image after barcode localization.



EXPERIMENT RESULTS AND ANALISIS



A. Step-by-step experiments



(a)



(b)



(c)



(d)



(e)



Figure 4. Results of step-by-step experiments: (a) original image. (b) E3. (c) dilation of E3. (d) candidate regions. (e) barcode region.



Fig. 4(a) is the original image. Fig. 4 (b) is the image after region-based image analysis with T1=(2 *p*q)/5, T2= 0.8. In “Fig. 4(b)”, the most omnidirectional regions and nondirectional regions are removed. Fig. 4(c) is the image after binary dilation operation. Fig. 4(d) is the image after shape and area analysis with T3=0.8. The small regions and non-rectangle regions are removed. Fig. 4(e) shows the final selection of a barcode region in the original image with T4=60. The barcode region is successfully determined. B. Experiments for various barcode image Fig. 5 shows three tests. In each test, the left picture is the original image, and the right one is the result image after barcode localization. Barcode image may be captured in different environment illumination conditions, which greatly affect the gray levels of bars and spaces in captured barcode images. Fig. 5(a) shows a barcode picture shot in normal light condition Fig. 5(b) shows a barcode picture shot in overlighting condition. It can be found that this algorithm works well under this condition. Fig. 5(c) shows a blurred picture because of the slightly shaking of camera during shooting.



Figure 6. Result of different directions.



V.



CONCLUSION



A real-time barcode localization algorithm with complex picture background has been proposed in this paper. It can deal with images that are blurred, contain obliquely positioned barcode regions and are shot under different illumination. The algorithm consists of two-stage processes. First determine candidate regions through region-based density of unidirectional gradients, area and shape analysis. Then find the target region in the candidate regions based on gray level transition. Several experiments are carried out and perfect results are achieved. REFERENCES [1] Chen Danhui and Liu Hong,”Barcode Technology and Applications[M]”, Beijing, chemical industry press,2006. [2] Lv Peizhuo, Lai Xiaozheng and Lai Shengli,”Location Algorithm of PDF417 on Wavelet Multi-resolution Analysis[J]”,ACTA Automatica Sinica,2008,35(5):597~600.
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[3] Tropfa and Chaid,”Locating 1-D Barcodes In DCT-domain[C]”,.IEEE International Conference on Acoustics,Speech and Signal Processing, Toulouse, France, 2006:14~19. [4] Wang Xialing, Lv Yue and Wen Ying,”Automatic location and recognition of barcodes on objects with complex background and non-uniform
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Figure 5. Pictures captured under different light conditions: (a) normal image. (b) overlighting image. (c) blurred image.



C.



Experiments of pictures with barcode of various orientations In practical pictures, barcode is not always positioned vertically or horizontally. On the contrary, in most cases, barcode display obliquely. Robust barcode recognition should cope with pictures of barcode with various orientations. In



lighting[J]”, CAAI Transactions on Intelligent Systems,2010,5(1):35~40. [5] Yang Dong, Chen Tao and Liu Qiang,”A Improved cntranst enhancement algorithm based on histogram[P]”,China Patent:200910058814.x,200909-09. [6] Zhang Honglin,”Proficient in Visual C++ digital image processing algorithm and implememtation(version 2)[M]”,Beijing, Posts & Telecom Press,2008.
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