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LECTURE 5 – Motion Blur
Motion Blur

What is motion blur?

The rapid movement of and objects across the screen can appear jerky without motion blur – often jumping across several pixels at a time. This can be thought of as a type of aliasing – temporal (related to time) rather than spatial.

Motion Blur can be considered a type of temporal (time-based) anti-aliasing.

In photography (and film), fast moving objects appear to blur. This is due to the fact that objects within the scene move during the shutter open/close time. This has the effect of blurring every frame of film. Seeing this blur in films is considered normal.

Frames per second

Capture speeds (resolution)

· Film displays at 24 frames per second

· The shutter of a camera lens is open for approximately 1/40th of a second during the 1/24th of a second spent on that frame.
· Human eyes do not look at a scene in fixed steadiness (unlike birds). Rather, the eye moves about (explore) the scene locating points of interest. This is how we build up a 3D visual map of our surroundings.

Saccades

Saccades are simultaneous rapid eye movements. 

The human eye updates at a much faster rate than film or video displays – thought to be less than10ms per saccade. This equates to a frame rate in excess of 100 fps
Saccadic Suppression

The human visual system has evolved to filter-out (selectively block) motion blur. As the eye focuses on a moving object, a snap shot image is captured at one time step. The human visual system is temporarily suspended (saccadic suppression), before grabbing the next frame.
Erdmann Dodge - Observation

Erdmann Dodge (1898) – first described the phenomenon that when you look into a mirror you are unable to see the motion of your own eyes.
Computer generated imagery does not inherently suffer from motion blur. However, it is often necessary to add motion blur to computer generated images to smooth out (blur) the motion – and to give it a more ‘filmic’ visual quality.
Visual Effect / Cost

Adding motion blur can be an expensive post-process. However, a scene running at 30fps with motion blur often looks better than one running at 60fps without

Approaches

There are several approaches that can be taken to model motion blur. Each method is more / less appropriate to specific situations.

Swipe Trails

· Model and render the blur itself – motion trails can be created using additional geometry to create simple ‘ribbon-like’ fades.
The ribbon is attached to the object. As the object moves, for each time step additional polygons are added to the ribbon (FIFO queue). Each polygon added fades out over a period of time.

Fixed camera

· Motion blur only affects moving objects. With a static camera, this generally means the background remains sharp (non-blurry), and objects in the foreground will move.
Tracking Camera

· If a camera tracks an object, then the object remains sharp, and the background blurs.
Velocity Maps

· Compute the world-space position for each pixel using the depth value (stored in the depth buffer) and the current view-projection-matrix

· Transform this world-space position using last frames view-projection matrix.
· Compare difference in viewport positions of the two points to calculate a velocity
· Interpolate along this velocity vector – blending pixel intensity values to create the output blurred pixel

NB> This approach falls short when dealing with edges of objects, and blurred objects moving behind static objects. Solution: stencil static (non-blurred) objects

Using the Accumulation Buffer

· The accumulation buffer can be used to average a series of images. The object (or entire scene) that needs to be blurred is (interpolated across a series of positions it occupies during the frame. The resulting images are then blended together to create the final output image. The results produced are of the highest quality. However this technique is not suitable for real-time rendering. 
· An alternative approach to using the accumulation buffer is to render a copy of each new frame into the accumulation buffer. Once the buffer depth has reached its’ maximum capacity each new frame gets added to the accumulation buffer and the first frame gets rendered again and gets subtracted from the accumulation buffer. In this way, only two renderings per frame are needed to maintain the blur effect.1
· A similar approach is to simply blend the previously blurred frame, with the current frame. The two frames can be blended at ¼ and ¾ intensity values respectively to obtain the overall motion blur effect
Exercises:
1. Creating a view through a rifle scope that uses an anti-aliasing post-effect technique as follows:
· Create a rendered image of your scene
· Select a screen position using the current mouse position

· Render a circular tile for the scoped image
· Paste an enlarged section of the background image as a texture across the surface of the circular tile
· Apply a suitable anti-aliasing technique to smooth out the jaggies

2. Motion Blur

· Create a motion blur effect for a fast moving object.

· Make a screen grab of the last frame before clearing the back buffer. Blend this image with the current frame.















































































� Real-Time Rendering 3rd Edition Tomas Akenine-Moller, Chapter 10.14, p490
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