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Chapter 11: Digital Image and Video Processing 267

Sharpening or highpass filtering can be performed in the frequency domain,
as well as in the transform domain. Note that image blurring is the inverse
process of sharpening, where the image is blurred by low pass filtering.

The impulse response of a few sharpening filters is as follows:
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Note that the above filters are not strictly highpass filters. These filters can

be decomposed into two components: an allpass filter and a highpass filter.
For example, F, can be decomposed as
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The first component outputs the original image, whereas the second
component of the filter outputs a highpass image. Overall, a high frequency
emphasized output is produced.

® Example 11.5

A blurred Lena image is shown in Fig. 11.12(a). The image is passed
through the three sharpening filters F,, F,, and F, as mentioned above. The

sharpened images are shown in Figs. 11.12(b)-(d). It is observed that Fig.
11.12(d) has the most sharpened edges among the four images since its
corresponding high frequency component is strongest. However, it also has
maximum noise (the highpass filter also produces noise). Hence, there is a

trade-off between the edge sharpening and the noise content. ®

11.3 DIGITAL VIDEO

Digital video is one of the most exciting media to work with, and there are
numerous types of digital video processing techniques. The video
compression techniques, which provide a high storage and transmission
efficiency for various applications, were introduced in Chapter 9. In this
section, we focus on the content manipulation in digital video.

A digital video is a sequence of frames that are still pictures at specific
time instances. Consider a digital movie of 1-hour duration with a rate of 30
frames/sec. There would be 108000 frames. In order to perform a content-
based search, the individual frames may be grouped into scenes and shots,
as shown in Fig. 11.13. A shot is defined as a sequence of frames generated
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268 Multimedia Signals and Systems

during a continuous operation and representing a continuous action in time
and space. A scene consists of one or more shots not necessarily contiguous
in time. For example, it is possible to have two shots of the same scene, one
in the morning and the other in the afternoon. Consider the video sequence
shown in Fig. 9.2 (in Chapter 9). The video consists of three shots (and also
three scenes), with the shots having 34, 38 (approximately), and 40
(approximately) frames, respectively.

@ o (b)

Figure 11.12. Image sharpening performance of different filters. ) image to be
sharpened, b) output image produced by the filter Fj, c) output image

produced by the filter F,, and d) output image produced by filter F, .

Each shot in a video sequence consists of frames with different scenes.
There are two ways by which two shots can be joined together — i) abrupt
transition (AT), and ii) gradual transition (GT). In AT, two shots are simply
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Chapter 11: Digital Image and Video Processing 269

concatenated, while in the GT additional frames may be introduced using
editing operations such as fade in, fade out or dissolve.

video
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Figure 11.13. Video sequence can be grouped in terms of scenes and shots. In
order to increase the granularity further, the frames can be divided into regions
or objects as suggested by the MPEG-4 standard.
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11.3.1 Special Effects and Gradual Transition

There is a wide variety of techniques for introducing special effects while
combining two shots at the boundaries [5, 6] with gradual transition. These
techniques can be primarily divided into three categories: wipe, dissolve,
and fade.

In wipe, the images from one shot are replaced by the images from another
shot, separated by a border that moves across or around the frame. There are
different types of wipes depending on how the separated border is moved
across the frame. In dissolve, the images of one shot are gradually replaced
by the images of another using a weighted average of two boundary frames.
In fade, a video shot is gradually converted to a black (or white) image, or a
video frame is obtained gradually from a black (or white) frame. These three
techniques are presented in more detail in the following sections.

11.3.1.1 Wipe

As mentioned above, the transition from the last frame (I,) of the first
shot to the first frame (1,) of the second shot is obtained by a moving

border as if somebody is wiping one frame and replacing it with another
frame. Several wiping directions are possible such as left-to-right, right-to-
left, and top-to-bottom. In left-to-right mode, the wiping starts at the left
boundary of I,, whereas in the right-to-left mode the wiping starts at the

right boundary of I,.
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