Motion Detection on H.264 streams

Project Team:

Moiz Golawala (moiz.Golawala@ge.com)

Erwin Hogeweg (Erwin@hogeweg.cc)

Motivation and Problem Description:

Motion detection has been of interest in many fields like medicine and security surveillance. Motion detection is used in ultrasounds to detect fetal movement in pregnant mothers. Specifically, video motion detection is used in security surveillance to raise alarms if a breach in security has occurred. 

In the recent past video surveillance allowed establishments to ensure that no breach has taken place. Establishments need guards to watch live video feeds from camera to be able to take action when it was needed. Typically, problems happen at hours when there is little activity at the establishment. The guard is required to be attentive while watching a live feed where nothing much is going on. There are times when guards get bored and distracted and problems can go unattended. 

This is where motion detection comes in. Algorithms could be designed to analyze live video streams and generate an alarm when significant motion is detected in the video stream. This way guard does not have to constantly monitor the live feed, he/she is alerted when an ‘object of interest’ appears (moves) on the screen 

Background:

There are several approaches to motion detection. All of the approaches are based on comparing the current frame to previous frames and analyzing what pixels have changed and where. Models have been developed that work well in detecting different kinds of motion. For example certain algorithms detect circular motion (a top spinning) while others can continuous motion of a man pacing in a room. 

The motion detection involves identification of pixels that have changed significantly in a sequence of images. This, ‘change mask’ could be the result of several factors; motion change against a background, appearance and disappearance of objects, or change in the brightness level of objects, e.g. cloud shadows moving over the scene

Usually one or more areas of interest can be defined and the weight, or importance of each area can be configured. This allows for masking out moving fans, trees, etc. or a hallway where people are allowed and supposed to pass by anyway.

Noise and illumination changes are considered unimportant changes and different frames within a video stream generally have these 2 factors changing. Illumination noise refers to the light level changes that occur over a period of time on in a video stream.  Several algorithms address this issue using “Geometric adjustments” and “Radiometric adjustments”. “Intensity Modeling”, “Homomorphic Filtering (Shading Model)”, and Illumination Modeling all employ Radiometric/Intensity adjustments to filter out illumination noise. To identify that an “important” change has occurred several algorithms exploit the close relationships between nearby pixels in both space and time to detect change. Several Temporal and Spatial models exists that help detect significant changes and filter out noise and illumination. Spatial models fit the intensity values of each block to a polynomial function of the pixel coordinates in 2 dimensions. Temporal models try to detect the pixel consistency in the same location over a period of time. 

Proposed Approach:

We propose to create an application that can detect motion in an H264 coded stream using the Macro Block motion prediction vectors. The application will allow the user to adjust the motion change sensitivity. Markov models will be used to detect the relevance of the motion in the stream. These models have been applied to MPEG-2 video streams and we plan to use them for motion detection on H264 motion vectors. This would involve mapping H264 motion vectors to MPEG 2 motion vectors before applying the model to detect the change. 

We plan to create a UI, which would superimpose arrows on the Macro Blocks to depict the amount of motion and the direction of the motion as coded by the motion prediction vector of the Macro Block. Additionally we would use a status bar that displays quantitative information on the degree of motion in within each frame. 

We make the assumption here that the video stream is recorded with a stationary camera and that there is only movement from the objects in the scene. The complexity of the problem greatly increases, and becomes a lot more interesting too, if we relax this assumption.

Roles:

Erwin would be working on finding or creating a representative video sample and converting this sample into an H264 stream by passing it through available encoders. He would then modify the Intel IPP H264 decoder to gather the image prediction vectors from each Macro Block (MB) in the frame and either store them in a file or pipe them, together with the information about the size and the location of the MB to an other process for further processing.

Moiz would take the extracted image vectors and figure out the mapping to MPEG-2 motion vectors to apply the Markov models. After applying the models, he would display the quantitative parameters corresponding to the motion on each frame within the stream, and whether or not the motion detection criteria were met, in a window below the rendered video. He would also superimpose an arrow depicting the speed and direction of the motion in each Macro Block, and overlay these vectors on the rendered frame, thus creating a visual verification of the motion.  
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