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ABSTRACT: In computer vision application, object detection is fundamental and most important steps for any video analysis. Although several works aimed at detecting and tracking of objects in video sequences have been reported but due to fast illumination change in a visual surveillance system, many are not suitable to fast illumination changes or dynamic background. The errors occur in the detection stage which can be removed by a combination of illumination invariant method with Kalman filter for object extraction. For illumination invariance, normalized DCT is used as it can clearly differentiate between luminance and reflectance. There is another prominent problem of shadow effect which can be solved by using some nonparametric methods. A study has been carried out to know the merits and demerits of the methods or techniques used in detection and tracking the objects in video frames. Keyword: Background subtraction, Tracking, Illumination, Image segmentation, DCT.



I. Introduction Video surveillance systems have long been in use to monitor security sensitive area and history of video surveillance consists of three generations. Object detection is used in video surveillance and commonly used techniques for object detection are background subtraction, statistical models, temporal differencing and optical flow. Public and commercial security, Smart video data mining, Law enforcement, Military security are some scenarios that handle the smart surveillance systems. 1.1 Object Detection Distinguishing foreground objects from the stationary background is both a significant and difficult research problem. It is commonly used in video surveillances, vehicle auto-navigation, motion capture in sports, child care applications and many more[1]. It is a general idea that if an object is changing its position with respect to a point in the space, then it is considered to be moving. Rest scene is said to be the background[2]. Almost the entire visual surveillance systems first step is detecting foreground objects. This creates a focus of attention for higher processing levels such as tracking, classification and behaviour understanding and reduces computation time considerably. There are two major issues in visual target tracking system and they are :Variations in light illumination Misinterpretation of shadow as background
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To solve these issues some nonparametric methods are used and a new algorithm developed. Following points are the thrust areas during the object tracking:It has been found that illuminance invariant method can detect the change in illumination but limitations are it is not adaptive for handling the scaling and orientation of the target and [3] many algorithms are available to track the moving object in static and dynamic conditions but occlusion which can be overcome by the use of Kalman filter. So a combination of illumination invariant method with Kalman filter for object extraction is used. False background detection can be due to illumination variation. Intensity of Light on human body can be varied depending upon the angle of motion. Darker area of human body can be misinterpreted as background and results in false object detection. To avoid this false detection an intensity illumination invariant method[4] based on discrete cosine transform is proposed along with Kalman filter. The Kalman filter is a recursive estimator [8],[10]. This means that only the estimated state from the previous time step and the current measurement are needed to compute the estimate for the current state. In contrast to batch estimation techniques, no history of observations and/or estimates is required.



II. Proposed Work:



Object tracking is done with Kalman filter. In object detection it is necessary that object should be clearly subtracted from the background as if there will be false detection then tracking will not be precise[5]. Illumination can be divided into two parts: reflection and luminance. The darker area of body represents the reflectance part whereas brighter area represents the luminance. Energy confined is more in luminance part as compared to reflectance. So to make uniform illumination, energy confined into luminance must be reduced. Normalization of Discrete cosine transform is used for this purpose.[11] Mathematically the illumination can be represented in terms of reflectance and luminance as: Illumination = reflectance* luminance To reduce the computational complexity these are represented in the logarithmic form as: Illumination = log (reflectance) + log (luminance) Discrete cosine transform is used to counter the luminance. DCT breaks the image into two different frequency components: low frequency and high frequency. Low frequency component contains high energy and can be considered as luminance part of image whereas reflectance is constituted by high frequency component as it contains the low energy The discrete cosine transform (DCT) helps separate the image into parts (or spectral sub-bands) of differing importance (with respect to the image's visual quality). The DCT is similar to the discrete Fourier transform which transforms a signal or image from the spatial domain to the frequency domain[11].



Figure1: Discrete cosine transform
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The general equation for a 2D (N by M image) DCT is defined by the following equation:  
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and the corresponding inverse 2D DCT transform is.:  
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The low frequency component of DCT contains the maximum information about an image whereas high frequency component only has fine details as shown in a desert fig. 2.1(a) & (b)
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(a) Figure2: (a) Low frequency coefficients, (b) high
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As shown in the above fig. that after converting the original image into gray scale low frequency coefficient shows the maximum information whereas high frequency coefficient depicts nothing [6].But in illumination invariant method normalization of DCT coefficients is done. The low frequency component contains a DC component having highest energy and then decreasing. So to reduce the luminance and make the image intensity uniform the low frequency coefficients pixel values are reduced. For this purpose first 20 pixels are divided by 50 and their pixels values are reduced. Not any information loses by this, so DC coefficient is increased by 10 % or 20%.



Figure3: Flow chart for illumination invariant method
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As shown in fig. the image thus obtained after making it illumination invariant is pass to the kalman filter where object tracking and background subtraction take place. Kalman Filter The Kalman filter, also known as linear quadratic estimation (LQE), is an algorithm that uses a series of measurements observed over time. The Kalman filter can be written as a single equation, however it is most often conceptualized as two distinct phases: "Predict" and "Update". In what follows, the notation represents the estimate of the time n given observations up to, and including at time m ≤ n. The state of the filter is represented by two variables:



), (*|*) a posteriori state estimate at time k given observations up to and including at time k;



-*|* a posteriori error covariance matrix (a measure of the estimated accuracy of the state estimate). Predict Predicted (a priori) state estimate



), , + * /* *|* = .* )*|*
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Update Innovation or measurement residual
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Optimal Kalman gain
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Fk is the state transition model which is applied to the previous state xk−1;
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Bk is the control-input model which is applied to the control vector uk; wk is the process noise which is assumed to be drawn from a zero mean multivariate normal distributionwith covariance Qk. Hk is the observation model Qk is the Gaussian process Rk is the covariance of the observation noise



Figure 5: Flow chart of Kalman filter with background Subtraction. III. Results In background subtraction or in image acquisition toolbox of MATLAB 7.8 is used to capture a real time video. 10 frames at the interval of 1 sec have been set and 10 RGB frames are at the output captured by laptop’s webcam. Before processing further each frame is converted into gray scale as gray scale color level also contains all information but reduces the computational complexity as shown in fig. 6.1
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Figure 6.1: Gray scale conversion of real time frames
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Figure6.2: An illumination invariant image A histogram is used in fig. 6.3 which shows a comparision of original image and an altered image After logarithmic output of low frequency coefficient and after DCT(Discrete cosine transform) and IDCT (Inverse Discrete cosine transform) we get a normalised IDCT for illumination invariant image shown in fig. 6.4
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Figure 6.3: Histogram of original and altered image



Figure 6.4: Normalized IDCT for illumination invariant
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Figure 6.5: Object tracked Background subtracted



Figure 6.6: Final image of background removal Notice the high illumination area behind the object. This high illumination area is made uniform by proposed illumination invariant method as shown in fig. 6.2. This invariant image is passed to Kalman filter with initialisation parameters of Kalman filter and this filter removed the background and foreground object was tracked as shown in fig. 6.6 250 Object Motion for original frame Object Tracking for original frame Object Motion for Compensated frame Object Tracking for Compensated frame
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Figure 6.7: Graph shows tracking and motion of both the images.



IV. Conclusion & Future Work In the proposed work illumination variation problem in object detection is solved out. Kalman filter is used to track the motion of the object. Basically the problem lies with the foreground subtraction as the Kalman filter uses the smallest rectangle coordinates which are predicted and updated. If there is illumination variance then false object detection may take place and tracking will not be precise. That’s why we develop an algorithm which is a combination of illumination invariance and Kalman filter which gives rise to correct tracking of object. This also reduces the time consumed in operation. A graph is also taken which shows the comparison between the motion and tracking of original and compensated image.
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There are still some limitations of this work like if background is having noise and very much dynamic like waving of trees leaves, then that may impose challenge to my object tracking work. For that purpose adaptive background subtraction or object tracking might not work well.
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