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Fuzzy Logic based Content Protection for Image Resizing by Seam carving Sushil Subramanian, Kundan Kumar, Bibhu Prasad Mishra, Animesh Banerjee and Debdutta Bhattacharya Department of Electronics and Electrical Communication Engineering Indian Institute of Technology, Kharagpur – 721302, India Email: [email protected], [email protected], [email protected], [email protected], [email protected] Abstract - It is often required that image resizing be done intelligently in order to preserve important content. Most image resizing techniques fail to identify and protect important objects, or produce non-photorealistic images. In this paper, a novel low computation-cost method to protect human features during resizing is presented. Seam carving, an effective image resizing algorithm, fails to protect important objects in images, when either the energy content of the object is low with respect to its surroundings, or, the number of seams removed is very large. A fuzzy logic based protection for seam carving using fuzzy segmentation coupled with neural network skin detection is introduced. Using the above tools the energy image produced in seam carving is manipulated, in order to solve the problems in seam carving while simultaneously achieving content aware resizing with protection of human features.



I.



INTRODUCTION



Image resizing to fit various displays including mobile phones and PDAs is important in terms of being able to protect the content of the image. Most image resizing methods such as cropping and scaling result in serious loss of information or distortion in the images. Protection in images often results in user intervention, thus paving the way for the requirement of automatic methods. In this paper an algorithm that automatically protects human features in an image, while simultaneously being able to resize on a content-aware basis is introduced. Seam carving, an effective image resizing algorithm, first computes the energy function of an image using a gradient method and achieves image retargeting by removing connected pixels with minimal energy content stretching over the length or breadth of the image. These connected paths (or seams) have low energy, and hence are less noticeable. However, seam carving fails to protect important objects in images (such as human beings), when either the energy content of the object is low with respect to its surroundings, or, the number of seams removed is very large. In this paper, fuzzy logic based protection for seam carving using fuzzy segmentation, coupled with neural network skin detection is introduced. As with seam carving, the energy image is first generated. Protection is now achieved by manipulating the values of energy. For this



purpose, the image is segmented by using fuzzy and subtractive clustering with fuzzy pixel classification. Fuzzy segmentation is a fast method to analyze ill-defined data in images. A back propagation neural network with windowbased noise removal detects skin tones in the image. Since the energy image is normalized and grayscale, segments are allotted normalized weights, proportional to the amount of skin color pixels detected in them. This weight matrix for the image is then added to the energy image. The manipulated energy image is now used for seam carving. It is illustrated that seam carving using the new energy image (with revised weights from segmentation and skin detection) results in protection of content. Object detection is combined with a photorealistic image resizing method such as seam carving, thus achieving a trade off between the two methods. It is also noticed that two weak image manipulation tools, fuzzy logic segmentation and back propagation neural network are sufficient for excellent protection thus avoiding heavy computational load for image preprocessing during content-aware resizing. In summary, the following is contributed in this paper: • A preprocessing function to seam carving which achieves excellent protection by manipulating energy image pixel values. • A resizing method which strikes a balance between object protection and photorealistic nature of the retargeted image. • It is shown that weak object detection algorithms suffice to protect important objects in seam carving. • Automatic retargeting of images with protection, to completely remove user intervention. II.



BACKGROUND AND RELATED WORK



Image retargeting has been of great recent research interest. Most important image retargeting methods achieve the same using object detection methods or visual saliency maps. Important features such as humans are detected using face and skin detection techniques. Reference [8] is a purely content detection based automatic resizing method that detects objects and especially humans in an image using face detection techniques. The method then separates the image into background and foreground, resizes the



Figure 2. The original image shown on left. The image with 25 seams removed using seam carving is shown on right. Note that this image has low energy on the rightmost human being thus distorting the features.



being removed is large. When both these effects combine, the results of seam carving are not satisfactory, as shown in Fig. 2. It has important objects in the foreground with heavy energy in the background. Thus, seam carving is not completely protection free for low energy objects with high content. Examples of such objects may be human beings, buildings etc.



Figure 1. Figure on top is the energy function of an image using the gradient method; the bottom figure shows the least energy seam (red); note that the seam passes through the human, indicating the need for object detection and protection.



background and then pastes the important objects back in the image. However, methods as in Reference [8] take a very long time for computation and are also not photorealistic, as the foreground of important objects are treated independent of the background which is resized. Seam carving for resizing images has been proven to be more effective than conventional methods (such as scaling and column removal) used by most image manipulation software (Ref. [1]). Seam carving searches for connected seams with the least energy in the image. For this cause, the seam carving algorithm computes the energy function using a simple gradient method, i.e. the difference in pixel intensities, and removes connected seams with minimal energy (see Fig. 1). The method is photorealistic and is computationally fast. As these seams are removed, the content of the image is retained, as the least energy seam is least noticeable. However, in several cases the seams pass through many noticeable objects as energy is low. Fig. 1 shows such an unwanted effect (note seam passing through human being). Tests on many images reveal that this problem most occurs in two cases: where highly noticeable objects have lower energy than the background, or/and the number of seams



For this reason, a fuzzy logic and neural network based protection method is introduced to protect humans, who are generally the most noticeable objects in images. This method may be extended for other objects too, with other pattern recognition techniques. This improved method is tailor-made for the seam carving algorithm and works very well with simple and high energy images. The image resultant from the fuzzy and neural network operations is fed as an input to the seam carving energy function thus protecting human features while simultaneously achieving content aware resizing of the background of the image. III.



FUZZY IMAGE SEGMENTATION



The segmentation methodology introduced here is based on the one proposed by Liu et al. in Reference [6]. The subtractive clustering algorithm is used to predict the number of segments in the image. The algorithm assumes each data point (pixels in this case) as a potential cluster center and calculates a measure of the likelihood that each data point would define the cluster center, based on the density of surrounding data points. The fuzzy c-means algorithm uses the number of clusters and performs iterative clustering to re-compute the centers of the segments. It is based on the minimization of an objective function, which expresses a smoothing distance square sum between data points and cluster center. However, the method proposed in Reference [6] is aimed at clustering 2-dimensional data points while clustering the pixels of an image requires consideration of both the position and intensity of the pixels. So, the objective



function in the fuzzy c-means algorithm is modified for 3dimensional data by adding the intensity difference square sum between data points and the cluster center to it (equation (1)). Also, the intensity term in the objective function is given higher weight to make the clustering more intensity based than proximity based. n



c



n



c



J p , q (u , v) = ∑∑ (uik ) p ( d ik ) 2 + ∑∑ (uik ) q ( I ik ) 2 k =1 i =1



(1)



k =1 i =1



where Jp,q(u,v) is the objective function, Dik = ||xk-vi|| is the distance and Iik = ||I(xk) –I(vi)|| is the intensity difference between kth data point xk and the ith cluster center vi. uik is the degree of belongingness of xk to vi and p,q Є (1,2,….∞) are smoothing weights. The condition of minimum Jp,q(u,v) gives the optimal fuzzy membership uik. The conventional subtractive clustering gives a large number of cluster centers, which makes the computation very costly. Lowering the number of the segments can save the computation time but makes the segmentation poor (Ref. [8]). Since the proposed image retargeting method does not require a very accurate segmentation, which is discussed later in the paper, the number of segments is optimized by combining the cluster centers based on the proximity and the intensity values. Pairs of cluster centers satisfying equation (2) are combined into one and a new center is defined as the middle point of the two:



| I (vi ) − I (v j ) |< I 0 | X (vi ) − X (v j ) |< X 0 or | Y (vi ) − Y (v j ) |< Y0



(2)



where I, X and Y are intensity, abscissa and ordinate values respectively of the centers. I0, X0 and Y0 are the respective normalized thresholds. The fuzzy c-means algorithm assigns membership values to each pixel for each region. Thus, N number of region matrices with membership values for each of the N regions is obtained. Three membership functions are then defined that classify each pixel into one of the regions. The membership functions include region pixel distribution, closeness to a region’s average intensity and pixel spatial relations that is relation with surrounding pixels (Ref. [4]). The first membership function relates the pixel intensity to the intensity distribution of each region and assigns membership values to that pixel for all the regions. The histogram for each region image Ra is plotted. It is approximated by a cubic polynomial and the values of the polynomial for different pixels are obtained. These values represent the corresponding membership values. The second membership function classifies pixels according to closeness to a region’s average intensity. The average intensity of a region Ra (AvRa) is defined first by considering the pixels that are above the threshold with pixel intensity of pixel (i,j), Pi,j > 255/2 . Therefore:
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where NRa is the number of pixels that satisfy Pi,j > 255/2. The modification to the function (Ref. [4]) is made to facilitate easy computation by defining the threshold instead of performing k-means clustering. The membership values for region 2 are calculated by:
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m 2 R ( i , j ) = 1 − AvR − Pi , j / 255 a
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(4)



The third membership function assigns membership values based on the spatial relation of the pixel with its neighbors in each region matrix. Large number of pixels having strong spatial relationships may be classified to different segments by the first two membership functions based on intensity values. Hence, the third membership function classifies pixels retaining the geometric features of the image. Membership value for region Ra is given by m3Ra(i,j) (Ref. [4]). Therefore, each pixel has a membership value in each region. Weights are assigned to each function. The key weighing factor is obtained by data-mining from the image (Ref. [4]) and used to obtain the final membership values of a pixel for different regions. The pixel is classified in the region where its corresponding membership value is largest. For total number of regions N: (i , j ) ∈ Rk if mR
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Thus, a segmented image as our output is obtained. Fuzzy logic segmentation divides the image into segments and classifies the image into regions based on those segments, thus facilitating the manipulation of the weights introduced by the energy image. Fuzzy logic segmentation has been shown to classify images with ill defined data better than most fast performing crisp methods (Ref. [4]). An example of segments obtained from this method is shown in Fig. 3.



Figure 3. Segmentation output of image shown on left is seen on the right. Notice that segmentation is not very powerful, but sufficiently identifies important regions for seam carving purposes.



IV.



SKIN DETECTING NEURAL NETWORK



To detect humans in the segments, a skin detection neural network is used. For skin detection a neural network with skin and non-skin pixels as inputs is used. A back propagation multilayer perceptron feed-forward network without momentum is used, owing to its characteristics of fast computation. About 12000 skin and non-skin pixels obtained from the World Wide Web are used for training. The training of the pixels is done after normalizing the RGB values so that two of them can be input thus decreasing the network size (Ref. [3]). The network size is then calculated according to the theoretical formulae given in Reference [3]. Skin and non-skin pixels are inputted in the network for training in 10 X 10 matrices as in Reference [7]. This facilitates the training and testing in batches thus increasing the accuracy of subsequent training and testing in the neural network. The network is then trained with the activation functions as log sigmoid to detect skin and non-skin. Since the red tone lies between Caucasian and African tones, RGB network fails to detect the red color as non-skin. A similarly normalized network with pixels in the HSV format fails to detect dark wood brown as non-skin. Thus, the networks are trained for both pixel formats and then an intersection of both images to remove these tones is found. The network may also be trained in other formats as in the YCbCr (Ref. [5]), to reduce the effect of ambient light. However, satisfactory results were obtained with a combination of the HSV and RGB color specifications. Isolated non-skin pixels were detected as skin. They are removed using a novel method for scanning the entire image to look for isolated pixels detected as skin in the form of a window proportional to the size of the image. If the number of skin pixels in the window is below a certain threshold, the entire window is classified as non-skin. Considering an image of size N X M, the skin pixels detected in each of the k of R regions of segmentation is represented by SD1,k and SD2,k for RGB detection and HSV detection respectively. A window size AW is given as:



Aw =



(N * M )



(6)



100



Figure 4. The top image is the original image. Amongst the smaller images; top left – RGB skin detection; top right – HSV skin detection; bottom left – intersection image; bottom right – noise removed image; the skin portions are reasonably accurately identified, this image is used for merging.



A pixel is classified based on the above equation which combines the network detection, merging and noise removal. The optimum value of χ is 0.2 in simulations after trials. After the noise is removed, the image is ready for merging with segmented image. This algorithm has been tested with images of various faces and human skin. By visual inspection, the accuracy is very high. For example, the image above, Fig. 4, reveals the high accuracy of this low computation method. V.



The value of Sk, the number of skin pixels in the kth region, is therefore given by the relation:



(



S k = ( SD1, k ∩ SD2, k ) ∩ ∪ ( ( i , j )∈k ) ( Fw ( Aw , χ ) )



)



(7)



where: Fw = window function on all possible windows for the pixel at (i,j), assigning 0 for a non-skin window and 1 otherwiseχ = threshold for accepting the window as having skin.



WEIGHT MANIPULATION AND SEAM CARVING



Merging of the segmented image and the skin detected image is done simply by seeing which regions in the segmented image have more skin. The corresponding regions are assigned normalized weights (between 0 and 1) proportional to the amount of skin which they carry. Therefore, an entire region with lots of skin gets more weight, thus successfully protecting the human being in it. These weights are added to the original energy image thereby producing a new weight matrix.



Considering an image of size N X M, the energy function from the gradient method can be calculated as: e( I ) =



∂I ∂x
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The skin detection produces Si pixels for each of the segments, and from the description above, the total weight Wi,j added to pixel at (i,j) (after normalization) is: Wi , j =



∂I ∂x



+ (i, j )



∂I ∂y



+ (i, j )



( S k ) − min( Sl ) max( S l ) − min( Sl )



(9)



(i , j ) ∈ k , 1 ≤ l ≤ R



Seam carving is now performed on this new weight matrix (with revised weights from Wi,j image and color segmentation) with a dynamic programming algorithm as described in Reference [1]. The entire process can thus be summarized as shown in Fig. 5. It is found that the image segmentation and skin detection helps in smooth and uniform weight allotment in images. VI.



RESULTS AND ENERGY CONSIDERATIONS



Seam carving with the revised weights results in excellent protection of human features in images. An example is shown in Fig. 6. Algorithms were simulated in MATLAB®. The above method proposed also works for Fig. 2 (b), with excellent results. In Fig. 6, the human features are completely protected, while simultaneously keeping the background image photorealistic. Another example is shown in Fig. 7 with equally satisfactory results. Fig. 7 has multiple human beings in various sections of the image.



Thus, weights assigned will be either 0 or 1 based on the above separations. Denoting this value by Ek, an error of weight for pixel (i,j) is obtained as:



Errori , j = Ek −



( S k ) − min( S k ) max( S k ) − min( S k )



, (i , j ) ∈ k



(10)



The above error denotes the deviation from perfect weight assignment. The average energy of the pixels for Fig. 6 is calculated at regular intervals of seam removal. The following plots (Fig. 8) were obtained for average energy with respect to the number of seams removed. The dip in the initial portion of the plot obtained for the improved method indicates protection, thus reducing average energy content, after which a steady rise is observed as in conventional seam carving. As an average energy curve for seam carving (Ref. [1]) is shown to strike a balance in terms of visual coherency, the improved method also protects the image (indicated from the dip) thus striking a balance between visual coherency and object protection. Further, 10 test images resized with cropping, scaling, seam carving and proposed method were presented to individuals, requesting them to evaluate based on how well the original image is represented in the resized image. 33% of a group of about 150 persons volunteering, were electrical and computer scientists. It was seen that 89.6% of the volunteers preferred the proposed method over the conventional methods.



To evaluate the performance of the system, the average of the image energy is observed with resizing. Assume that ideal segmentation produces two segments: one for the humans in the image and two for the rest of the image. Input Image
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Figure 5. The flow diagram of the algorithm proposed



Figure 6. On top is the original image. Bottom left image with 100 seams removed using seam carving; notice, for example, the person second from left is thinner. Bottom right image with our improved seam carving and 100 seams removed; the human features are protected (image in bottom not to scale with the original on top)



Figure 8. Plot of Average energy versus no. of seams removed.



The complete process was demonstrated with the help of examples and it was found that proposed approach performed much better than existing algorithms. IX.



Figure 7. Another example of protected image resizing. 50 seams are removed. The image on the bottom right (with protection) is also photorealistic. The one on the left is with conventional seam carving. Top image is original.



VII.
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APPLICATIONS AND FUTURE DIRECTIONS



The proposed technique can be used for intelligent resizing of images for various displays (such as mobile phones, PDAs etc.), while simultaneously preserving important objects in the image. Essential human features may be required for recognizing human beings in the case criminal and medical investigation. Resizing of such images to fit into various display sizes with human protection allows easy and accurate scrutiny of human features. The method may also be extended to content aware video resizing instead of video cropping. Currently, the optimization of the algorithms is being investigated for use with low-level platforms such as mobile phones. The possibilities of defining a threshold during image resizing in order to remove protection (in case of images with predominant human beings as in group photos) are being investigated. VIII.



CLOSING REMARKS



This paper presented a novel approach of fuzzy logic based protection for image resizing by seam carving using fuzzy segmentation, coupled with neural network skin detection.
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