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Abstract: The optical flow can be viewed as the assignment problem between the
pixels of consecutive video frames. The problem to determine the optical flow is ad-
dressed for many decades because of its central relevance. This paper gives a short
resume about classical methods. Afterwards advanced Markov random fields are de-
veloped. The challenge and beauty of this approach consists of the large spectrum of
mathematical and physical disciplines which work together.

1 Introduction

The optical flow gives to each pixel in a certain video frame the transformation vector

to the corresponding point in the succeeding frame. Of course, this is an approximate

assumption, which is never absolutely satisfied. The intensity of the pixel p = (px, py) at

time t is given by the function I(p, t). Here, x and y refers to the image coordinate system.

The propagation of the pixel is described by the optical flow f(p, t) = (fx(p, t), fy(p, t)),
i.e. a pixel p in frame t “moves” to a pixel p + f(p, t) in the frame t + 1. Under the

assumption that the intensity is constant along the pixels trajectory, one obtains

I(p+ f(p, t), t+ 1) = I(p, t) (1)

Using the derivative, one realize the following relation

∂I

∂x
(p, t)fx(p, t) +

∂I

∂y
(p, t)fy(p, t) = −

∂I

∂t
(p, t) (2)

Unfortunately, these constraints do not necessarily determine the optical flow in a unique

way. This effect is known as the aperture problem. Therefore, additional constraints are

needed, e.g. for the smoothness of the optical flow, which leads to numerous algorithms.

Perhaps, the optical flow seems to be an somewhere academic or artificial object. How-

ever, one can retort that it is very relevant for many applications: Stereo viewing, moving

object detection, 3D image generation, electronically camera stabilisation or camera con-

trol.

The structure of the paper is as follows: The second chapter recapitulates some classical

algorithms. For both local and global methods an example is given and the advantages
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