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Scope / Overview
1.1. Scope
The main purpose of this Deliverable is to evaluate the current possibilities for high quality
film and video compression. The first step in this procedure is to define the term “high
quality”. This includes to answer the questions: were lies the level that will separate a low
from a high quality video or film? and how can we objectively (mathematically) measure it?
This actually done in chapter 5, see "Overview".

1.2. Overview
The report starts with an introduction into the main concepts of video compression (chapter
2). We are going to explain the necessity of data compression in the video area, due to the
huge size of uncompressed video. Furthermore we introduce the needed vocabulary and
take a deeper look into the theory of lossless and lossy compression approaches. The
chapter ends with an introduction into the human visual system (HVS), and points out how
directly the properties of the human eye are connected to the different video compression
approaches.
In chapter 3 we present different compression possibilities to reduce the amount of data
without losing too much visual quality, dividing the concepts into entropy, intraframe and
interframe approaches. We investigate already established compression schemes like
transformation based (DCT) coding as well as newer approaches like wavelets.
In general video compression can be applied to totally different application domains. These
domains can be divided into three main groups: low level streaming technologies (Internet),
broadcasting/delivery applications (DVD, VCD) and finally the professional mastering group,
which is interested in archiving and editing film and videos in highest quality. We neglect in
this research the first group, because it does not meet our high quality requirements.
Chapter 4 presents an overview of the most promising video codecs and formats for the two
application fields "broadcasting/delivery" and " professional mastering". The chapter is
divided into three main parts: intraframe, interframe and container-schemes. One of the
goals of this report is to choose the best method (codec) for each application field. In order
to perform this task important properties of the codecs have to be defined to measure
against.
Properties are resolution independence in spatial (are different standards like HDTV, SDTV,
2k, 4k supported?) and densiometric resolution and different quantization possibilities.
Another investigated point concerns the subsampling of interlaced signals. In the video
domain often subsampling is applied to visual signals because of bandwidth or storage
space requirements. Furthermore we investigate how easy we can fit the approach into
workflow, so we check for access characteristics, like if we can read from and write to a
specific single frame. It is important for video editing purposes that each frame can be fast
accessed.
Another property is the lossless and lossy compression ability. For codecs which provide
lossy compression the scalability of the compression scheme is of interest. Typical bitrates
are given. Finally we give hints about application fields in which a codec should be used.
One goal of the paper is to compare different codecs, so that we can make statements like
this one is more advanced than the other. The most important factor in comparing
compression algorithms – and in evaluating a video coding technique - is naturally the
quality of video at a specific data size. This is the most important and furthermore the most
challenging point, because it turns out to be very difficult to define objective criteria for
quality measurement. We are going to define different video quality impairments and ways to
extract scalar values to compare them in chapter 5.
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Chapter 6 describes the actual quality measurement. An explanation of the chosen approach
is followed by the description of the actually measured subjective quality values. Finally
results are given and interpreted for the two test cases, first the compression ratios and
encoding/ decoding time of lossless compressing codecs are evaluated and second
subjective quality is evaluated and measured for different lossy codecs.
Finally, in chapter 7 we present the results and give some conclusions by, comparing the
different codecs, giving a recommendation for a superior video codec for each application
field and state some outlook for necessary basic research in the high quality film and video
compression domain.
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Introduction
2.1. What is video compression, and why is it
important?
History of digital video compression
Way back in the day when digital video was first being born, video was stored in its pure,
uncompressed format, much like digital audio, where we started with the pure
uncompressed CD-format, reaching newer, compressed standards like MP3 , Dolby Digital
or MiniDisc.
Video files can be very large if no good compression algorithm is used. A live video can
contain between 24 to 30 frames per second. A SDTV video frame (720x576 pixel)
consumes around 1,000,000 bytes. This equates to 27MB per second of just video data
alone. How big is that? As an example a CD (650MB) would only store 24 seconds of video.
Even if the size is neglectable, current storage devices (CD, DVD or hard disk) generally do
not have enough throughput capabilities. This is valid for both reading or writing data.
The following table shows the qualitative transition from simple text to full-motion video data
and the disk space, transmission bandwidth, and transmission time needed to store and
transmit such uncompressed data.

Multimedia data types and uncompressed storage space
([Saha, 2000])
The examples above clearly illustrate the need for sufficient storage space, large
transmission bandwidth, and long transmission time for image, audio, and video data,
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especially considering that for our investigated domain “high quality video and film” we will
stay at the end of this table and far beyond of it (720x576 is not a high enough resolution for
example for professional mastering applications).
So one can imagine when digital video first came out, it was very hard to store
uncompressed video, because digital memory was small and quite expensive. Nowadays we
have space of up to 100 GB of persistent memory on consumer-systems, but a few years
ago, 1 GB was an enormous amount of space. However even 100 GB is still not enough
when storing uncompressed video (f.e. 250 Mbit/s Î 31 Mbyte/s Î 112 Gbyte/h !!!)
So something had to be done and that was the point where studies for video compression
first started, because it seemed to be the most practical solution to compress multimedia
data already before its storage and transmission, and decompress it at the receiver for play
back. For example, with a compression ratio of 32:1, the space, bandwidth, and transmission
time requirements can be reduced by a factor of 32, with acceptable quality.
Compression
So what is compression? Compression is a reversible conversion of data to a format that
requires less space, usually performed so that the data can be stored or transmitted more
efficiently. The size of the data in compressed form (C) relative to the original size (O) is
known as the compression ratio R (R=C/O).
Compression is similar to folding a letter before placing it in a small envelope so that it can
be transported more easily and cheaply. Compressed data, like the folded letter, cannot be
directly read and must first be decompressed, or unfolded, to restore it to its original form.
A device (software or hardware) that compresses data is often known as an encoder or
coder, whereas a device that decompresses data is known as a decoder. A device that acts
as both a coder and decoder is known as a codec.
One of the first standards for a codec ( COmpressor/DECompressor) was MPEG-1 (The
Moving Expert Group), which is already a decade old. And also the newer MPEG-2
standard, used at DVD’s , is more than a half decade old.
Lossless and lossy compression
Basically we can divide all compression-algorithms in two main parts: lossless and lossy
compression.
Lossless compression, as the name implies, means that after compressing the video, and
then decompressing it, exactly the same data will be received then before. Or in other words
a video can be compressed and decompressed as often as needed without loosing any data
(quality). This is comparable to something like ZIP or RAR, where, because we are
compressing program files, it is very essential not to lose any data. But you have to accept,
that you don't save nearly as much space as you would with other lossy compression
algorithms.
Lossy Compression is the form of video compression most people are familiar with. 95% of
all video codecs are lossy, meaning that when you compress the video and then
decompress it, you do not get back what you put in. Or in other words again, when you
compress and decompress a video more often, the loss of data will result in more and more
visible quality degradation. But you have to take into account, that this isn't as bad as it may
sound first. Obviously there exist certain kind of data (e.g. a text document) where you don't
want to lose any of the data, but with something like a picture, even if a few bits and pieces
aren't quite right, you can still make out the generally gist of the image.
So lossy compression algorithms try to fool the human eye. Although you lose some data,
the human eye won’t see any differences, if you do it well. At this point we speak of so-called
perceptual or visually losslessness, where the compressed images and video are still
acceptable to the human viewer. It is important to point out that if the compression and
decompression degrades the image in a way that is very similar or identical to the natural
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degradation of images, that might occur in the world , then the human visual system will not
object greatly.
Also loss of fine detail in an image is often acceptable because humans perceive objects in
the natural world with widely varying levels of detail depending on how close the human
viewer is to the object and whether the human viewer is looking directly at the object or not.
The human viewer sees less detail if an object is further away. If a human viewer looks
directly at an object, the viewer uses a small very high resolution part of the retina. If an
object is to one side of the direction of view, the viewer is using lower resolution parts of the
retina. Human beings are also used to certain natural forms of degradation such as rain,
snow, and fog.
Note that in all these natural viewing situation, the human viewer will still perceive sharp
edges and lines in an image regardless of the level of detail. The human viewer will usually
perceive the objects as the same object despite the variations in level of detail.
Coming back to the main topic of video compression, in the next chapter we are going to
concentrate on the human eye, its properties and how we can take advantage of these
properties in the compression algorithms.
Intraframe versus Interframe compression
For video compression, we can also distinguish two different possibilities, how compression
is being performed: Intraframe Compression – Compression that occurs within one frame or
Interframe Compression – Compression which involves more than one frame.
In other words Intraframe compression needs only a single frame to compress and
decompress the data within it. This means that you are basically encoding each separate
frame as an independent picture. Naturally all the well-known image compression algorithm
like JPEG will work. This approach causes a main advantage: you have the ability to
recreate each frame without the need of any other, which is very important e.g. for videoediting systems (for single frame access) and also in order to build simpler (and cheaper)
en/decoders (they do not need any buffering mechanisms). But you have to take into
account that you can't take advantage of the information in previous and forthcoming frames
in order to reach higher compression ratio.
Interframe compression relies on information in preceding and occasionally forthcoming
frames to compress an image. The most well-known way to do this, is by exploiting the fact
that the majority of a video image isn't always moving. Take a newscast, for instance, usually
the only thing moving is the anchor's body, while the rest of the set is staying perfectly still.
So we needn’t to store all of the data that makes up that background for every single frame.
Here’s an illustration from a comic video (from [Ermac, 2001]):

Frame 1 – Comic Video
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Frame 2

Frame 3

Difference Frame 1- Frame 2

Difference Frame 2 – Frame 3

The example shows three consecutive frames and the differences between them (pixel-bypixel subtracting). It clearly illustrates, that only a few parts of the frames change between
preceding frames, because only the chair is moving. So we will only have to remember these
changes and not each frame as a whole.
Almost all inter-frame compression is based on exploiting this fact about a video image. The
disadvantage of this is the loss of single frame access. You cannot actually see what the real
frame looks like without first looking back at some special frame – the so-called keyframe
and then applying the changes in the following frames.
A keyframe is a special frame which exists on its own - in other words it doesn't rely on any
other frames to store its data. Thus seeking to a particular frame usually involves first going
to the preceding keyframe and then applying each successive partial-frame until we reach
the desired one.
Unfortunately, this presents a major problem for video editing - if we want to cut the video on
a specific frame, we are unable to do this because most programs will only cut at a
keyframe. Naturally, this makes your editing options very limited unless you create lots and
lots of keyframes, but in this case you lose the benefits of inter-frame compression, like high
compression ratio, in the first place.

2.2. Human Visual System (HVS)
The problem of any signal compression is to achieve a low bit rate in the digital
representation of an input signal with minimum perceived loss of signal quality. In
compressing signals such as video the ultimate criterion of signal quality is usually that
judged or measured by the human receiver.
As we are looking for lower bit rates in the digital representations of these signals, it is
imperative that we design the compression algorithm to minimise perceptually meaningful
measures of signal distortion, rather than more traditional and tractable criteria such as the
mean squared difference between the input and the output of the coding system.
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So in this chapter we give an introduction to the general issue of Human visual modelling,
pursuing the aim to gain higher compression by taking into account the properties and
limitations of the human visual system. In this case we speak from a visually lossless
approach, by concentrating on perceptual unimportant data loss, where we can reach
compression ratios up to 10:1. The examples in the next chapter are from [Nadenau, 2001],
where you can find a more detailed introduction into this topic.

2.2.1. Physiology of Vision [Nadenau, 2001]
The human visual system is very complex and its visual properties are therefore not intuitive.
Even when they have been characterized by psychophysical experiments, physiological
evidence is the only way to understand the phenomenon completely. This chapter gives a
introduction to the main physiological concepts of the HVS that could also serve for its
modelling.
The physiology of human vision consists of different parts like the eyes and the retina where
vision is initiated, as well as the visual pathways and the visual cortex, where high level
perception takes place.
The eyes represent the first stage of the HVS. They can be understood as a complicated
camera continually in motion, allowing adaptation to different light levels and to objects at
various distances. The eyes have certain optical defects such as optical blur and chromatic
aberration, but normally these do not affect the rest of the processing chain.

The human eye ([Nadenau, 2001])
The most decisive role of the human eye plays the retina, which lies at the back of the eyes.
The retina is a dense layer of interconnected neurons, that are able to sample and process
visual information. The retina encodes the visual information before transmitting it along the
optical nerve, which is a channel with limited capacity. So we already need some kind of
compression of visual information at this stage. This compression is achieved by
replacement of the photographic image with spatial, temporal and chromatic characteristics
such as contours, colour and motion.
The primary function of the retina is the sampling of the optical signal by photoreceptors.
There are two kinds of photoreceptors, rods and cones. Rods are sensitive to low levels of
luminosity and saturate. For this reason and also because rods are almost non-existent in
the centre of the visual field, their contributions are generally neglected in image processing
applications.
Cones can be classified as L-, M- and S-cones according to their sensitivity to long, medium
and short wavelengths. They do not provide detailed spectral information, but a weighted
summation over the different sensitivity spectra. This means that three values should be
sufficient to reproduce human colour distinction capabilities, which leads to the description of
colour by tri-stimulus values. So colour is formalized as a three-dimensional vector space,
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which makes computations with colour values possible. This idea has been used in several
colorimetric functions like RGB.
Human colour perception is not directly related to the cone responses, but rather to their
differences. These are represented by an achromatic channel and two opponent-colour
channels, which code red-green and blue-yellow colour differences. This coding decreases
the redundancy between the signals of the three cone types, because it follows the principal
components of natural scenes. This efficient coding takes place in the retina, whereas in
image processing this coding is exploited in several colour spaces such as YCBCR, where Y
is the luminance channel and CB, CR the colour-difference channels.
The HVS and especially the retina are able to adapt their sensitivity to the input signal. This
allows to handle a wide range of light intensities with a small number of quantization levels.
The mechanism for adaptation include the iris, which controls the size of the pupillary
aperture and thus the retinal illumination, the photoreceptors, and the ganglion cells. These
adaptations greatly influence the perception of colour and luminosity contrast, hence HVSmodels should incorporate these mechanism of adaptation. For that reason a colour space
was formalized called L*a*b, a non-linear opponent-colour space adapted to the light source.
As mentioned above, a great amount of data reduction takes place in the retina before the
information is passed on through the optical nerve. Two main pathways have been identified
at the output of the retina, which are referred to as magnocellular and parvocellular
pathways. The magnocellular pathway carries blurred spatial information of luminance at
high speeds, which is important for reflex actions, whereas the parvocellular pathway carries
spatial detail and colour information, which is important for conscious perception.
In the visual cortex, many cells are tuned to specific stimulus properties such as orientation,
form, colour, temporal frequency, stereo information, or motion, and decompose the visual
information accordingly. Many stages in the visual cortex are still unknown, but new cortical
regions and functionality are now investigated.
The Visual Cortex ([Nadenau, 2001])

Despite of current knowledge of the HVS, its complexity makes it impossible to construct a
complete physiological model. Consequently HVS models used in image processing are
usually behavioural and are based on psychophysical studies.

2.2.2. HVS-Model for Imaging Application
It is useful to build a as exact as possible model to simulate the human visual proceedings.
Usually this is implemented in a sequential process of five consecutive blocks: Colour
Processing, Decomposition, Local Contrast & Adaptation, Contrast Sensitivity Function and
Masking Effects.
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Luminance and Color

The first stage in the processing chain of HVS-models concerns the transformation into an
adequate perceptual colour space, usually based on an opponent colour model. After this
step the image is represented by one achromatic and two chromatic channels carrying
colour difference information.
This stage can also take care of the so-called luminance masking or lightness non-linearity,
the non-linear perception of luminance by the HVS. In compression applications, it can be
considered by setting the quantization precision of the transform coefficients.

2.2.2.2

Multi-Channel Decomposition

It is widely accepted that the HVS bases its perception on multiple channels that are tuned to
different ranges of spatial frequencies and orientations. Measurements of the receptive fields
of simple cells in the primary visual cortex revealed that these channels exhibit
approximately a dyadic structure. This behaviour is well-matched by a multi-resolution filter
bank (cortex transform) or a wavelet decomposition (lifting scheme).

2.2.2.3

Contrast and Adaptation

The response of the HVS depends much less on the absolute luminance than on the relation
of its local variations to the surrounding background. Contrast is a measure of this relative
variation, which is commonly used in vision models.

2.2.2.4

Contrast Sensitivity

One of the most important issues in HVS-modelling concerns the decreasing sensitivity for
higher spatial frequencies. This phenomenon is parametrized by the contrast sensitivity
function (CSF). The correct modelling of the CSF is a difficult matter, especially for colour
images.

2.2.2.5

Masking

Masking occurs when a stimulus that is visible by itself cannot be detected due to presence
of another. Sometimes the opposite effect, facilitation, occurs: a stimulus that is not visible
by itself can be detected due to the presence of another. Within the framework of image
processing it is helpful to think of the distortion or coding noise being masked (or facilitated)
by the original image or sequence acting as background. So masking explains why similar
distortions are disturbing in certain regions of an image while they are hardly noticeable
elsewhere.

2.2.3. Impact of HVS on Image Compression
At the moment we are going to accept some data loss at image compression, we
concentrate on removing irrelevant information which for example just introduces slight
changes in the image that are below the perception threshold. In this case we speak from
visually or perceptual lossless compression, with which we can gain compression ratios of
up to 10.
For even higher compression ratios the visual appearance of the image changes compared
to the original - compression defects or image distortions arise. The objective of
incorporating an HVS-model into a compression scheme is to minimize these distortions and
to achieve the best visual quality for a given bitrate.
Generally, the process of image compression can be described by separate stages. First the
image is transformed into the compression domain, where it is represented by its transform
coefficients. These coefficients are then quantized and entropy-coded to create the
compressed bit-stream.
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First, for the HVS-model the image-data should be transformed into a visually meaningful
representation because only then it is guaranteed that the final visual quality can be well
controlled. And second the visibility of the compression-related distortions need to be
measured and controlled by the quantization and entropy coding.
The biggest advantage of a HVS-based compression model is shown at the following
pictures. While pixel-comparing approaches spend many bits in places that do not contribute
to a visual improvement, but only to a minimization of the mathematical error measure, the
HVS approach can concentrate on that data that is visually unimportant for the human
viewer.
The next example shows the original image which was compressed with the most recent
image compression standard, JPEG 2000 (see Chapter 4.1.2 for more details), once in its
plain version that optimizes the mean squared error, and once exploiting and integrated HVS
model. To facilitate the comparison, a magnified region is shown.
Sub-images (a) and (b) show the original image and a magnified sub-region. The
magnification of the compression result for the conventional JPEG 2000(c) and a HVSbased codec (d) demonstrate the visual impact. (from [Nadenau, 2001])

Even if the visual difference is reduced by the print quality the benefits of HVS based
compression are clearly visible. In the MSE-optimized image, the entire texture of the face is
lost, what appears blurred and unnatural to the human observer, while it is preserved in the
HVS-compressed image.

2.2.4. Human Visual System – Compression Summary
We can summarize the main concepts of the human visual based image and video
compression approaches, which can be used in the different codecs, in the following list
(from [Sebestyen, 2001])
•

PRESTO Consortium
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•

Contrast Recognition: The recognition of brightness is not linear, it varies
logarithmic with light-intensity. So areas appear in equal subjective contrast, only if
intensity is increased more than proportional.

•

Mach-Effect - Contrast recognition at edges: The human eye favours silhouettes,
so it recognizes especially contours. The brain enhances contrast changes at edges
corresponding a bandpass filter with slop-over. So contrast along edges is not
exactly recognized by the human eye

•

The oblique effect - recognition of horizontal and vertical structures: The
human eye is specialized for the higher resolution of horizontal and vertical
structures. So diagonal structures are recognized with lower resolution

•

Masking effect: Background with irregular patterns covers embedded objects. But
on the other hand homogenous areas with low activity are very sensitive especially
for noise or blocking defects. The Masking effect is not valid for moving objects.

•

Resolution of moving objects: Still objects are recognized much sharper than
moving objects

•

Motion resolution: Slow motion can be shown with low temporal resolution but fast
motion needs better temporal resolution

•

Colour resolution: The human eye resolves colour much worse than brightness.
So pixel resolution for colour can be lower than for grey value intensity.
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Compression Approaches
Each compression approach is based on two main concepts: redundancy and irrelevancy.
Redundancy is a reversible compression, and therefore lossless. It deals with information
that is known from spatial or temporal similarities or statistical dependencies. With this
approach compression about factor 2 is realizable.
Irrelevancy concentrates on information that is not visible or not important for the receiver.
This is an irreversible approach (lossy) but higher compression ratios about factor 40 are
possible.
So any compression scheme is based on removing redundancies and extracting relevant
information.
Fundamentally there are 3 principles for removing redundancy.
•

Exploiting temporal correlation

•

Exploiting spatial correlation

•

Exploiting statistical dependency of coded values

Reducing irrelevancy includes a data size reduction due to removing information which is
unimportant to the receiver. The main fact for this approach is to exploit limitations of the
human visual system (see chapter 2.2). Therefore we use methods like thresholding,
temporal subsampling, spatial subsampling, quantization of coefficients or vector
quantization, which we are going present in more detail in this chapter .

3.1. Entropy Coding
Entropy coding is the most important principle of redundancy reduction. It is totally lossless,
so we cannot gain very high compression ratios (about factor 2). This approach exploits the
properties of the signal source, specially the statistics of the signal levels described in an
adequate source model. Huffman coding, Arithmetic coding, Lempel-Ziv Coding, Run Length
Coding are kinds of Entropy coding approaches.

3.1.1. Run Length Coding
Run Length Coding saves bits by representing sequences of identical values by the value
and the number of repetitions. So, naturally Run Length Coding is most efficient with highly
correlated signals, and is very sensitive to transmission errors. One advantage of this
approach is, that we can gain possible improvement by an entropy coding of the zero run
length.

3.1.2. Huffman Coding
Huffman Coding is an example for encoding with variable word-length. It assigns short code
words to the most frequent values, and longer code-words to the rare values. Huffman
always finds a code assignment to signal values with minimum redundancy. The final goal is
to minimize the average length:
S

E[length(ci )] = ∑ p(s i )length(ci )
i =1

where the alphabet contains the symbols si and has the size S. Their corresponding
probability of occurrence is denoted by p(si) and the bit-codes are denoted as ci.
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The algorithm works like this:
1. sorting and merging probabilities: what is the most frequent value? what are the rare
values?
a. pick 2 symbols with lowest probability and merge them into new auxiliary
symbol
b. calculate the probability of the auxiliary symbol
c.

if more than 1 symbol remains, repeat steps 1 and 2 for the new auxiliary
alphabet

2. convert the code into a prefix code
a. attribute "0" and "1" to the remaining 2 probabilities
b. the merged value are step by step separated - "0" is added in the upper
branch and "1" in the lower branch
Within a Huffman Code Table no code word can be the beginning of a longer code word. So
a code word can never be used as a prefix of an other code word.

Huffman-Code example
This picture shows an example for a Huffman-Code: the different steps for gaining the final
lossless compressed code are illustrated.

3.1.3. Arithmetic Coding
The main concept of Arithmetic coding is to take a stream of input symbols and replace them
with a single floating point output number. The more complex the message, the more bits
are needed in the output number. The output from an arithmetic coding process is a single
number less than 1 and greater than or equal 0. This single number can be uniquely
decoded to create the exact stream of input symbols.
Each symbol to encode is assigned a fixed probability value and the corresponding range
along a “probability line”, which is nominally 0 to 1. It doesn't matter which characters are
assigned to which segment of the range, as long as it is done in the same manner by both
the encoder and the decoder.
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For example the probabilities and its ranges of a random message “Intraframe”:
Character

Probability
Range

I
0,1

N
0,1

T
0,1

R
0,2

A
0,2

F
0,1

M
0,1

E
0,1

0.00-0.10

0.10-0.20

0.20-0.30

0.30-0.50

0.50-0.70

0.70-0.80

0.80-0.90

0.90-1.00

The most significant portion of an arithmetic coded message belongs to the first symbol to
be encoded, in this example the symbol “I”. The final coded message has then to be a
number within the corresponding range, in our example between 0,00 and 0,10.
What happens during the rest of the encoding process is that each new symbol to be
encoded will further restrict the possible range of the output number. So the second symbol
“N” with range 0,10-0,20 means that the new encoded number will have to fall somewhere in
the 10th to 20th percentile of the currently established range. So the symbol “N” will further
minimize our output range to 0,01 and 0,02. Thus, arithmetic coding is just a loop over all
symbols, where for each one we further reduce the possible output number range.
Arithmetic coding is able to compress data at rates much better than 1 bit per byte when the
symbol probabilities are right.

3.1.4. Lempel/Ziv Coding
Lempel/Ziv Coding is a well known approach for entropy coding. Nowadays, there is a wide
range of so called modified Lempel/Ziv codings. These algorithms all have a common way of
working. It is based upon the source building up a dictionary of previously-seen strings, and
transmitting only the “innovations'' while creating new strings.
The LZ-Coding works as follows: The source stream is parsed until the shortest string is
encountered that has not been encountered before. Since this is the shortest such string, all
of its prefixes must have been sent before. The string can be coded by sending the index
from the dictionary of the prefix string and the new bit. This string is then added to the
dictionary.
In terms of a programming language it is just a short loop:
w = NIL;
while ( read a character k ) {
if wk exists in the dictionary
w = wk;
else
add wk to the dictionary;
output the code for w;
w = k;
}

The following is an example of a Lempel Ziv Coding of the random input
“+WED+WE+WEE+W”. It shows that this 13 symbol input gets reduced to a 5 symbol and 3
code output. Usually higher data compression with Lempel Ziv Coding starts until a large
number of bytes (e.g. > 100) are read in.
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w
NIL
+
W
E
D
+
+W
E
+
+W
+WE
E
E+

output
LempelkZiv Coding
dictionary -index
example
+
W
+
1
E
W
2
D
E
3
+
D
4
W
E
1
5
+
E
6
W
E
E
5
7
+
W
6
8
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symbol
+W
WE
ED
D+
+WE
E+

+WEE
E+W

This method becomes very efficient even on virtually random data. The average
compression on text and program data is about 1:2, the ratio on image data comes up to 1:8.
Here again, a high level of input noise degrades the efficiency significantly.

3.1.5. Area Coding
Area coding is an enhanced form of run length coding, reflecting the two dimensional
character of images. This is a significant advance over the other lossless methods. For
coding an image it does not make too much sense to interpret it as a sequential stream, as it
is in fact an array of sequences, building up a two dimensional object. Therefore, as the two
dimensions are independent and of the same importance, it is obvious that a coding scheme
aware of this has some advantages.
The algorithms for area coding find rectangular regions with the same characteristics. These
regions are coded in a descriptive form as an element with two points and a certain
structure. The whole input image has to be described in this form to allow lossless decoding
afterwards.
The possible performance of this coding method is limited mostly by the very high complexity
of the task of finding largest areas with the same characteristics. Practical implementations
use recursive algorithms for reducing the whole area to equal sized subrectangles until a
rectangle does fulfill the criteria defined as having the same characteristic for every pixel.
This type of coding can be highly effective but it bears the problem of a nonlinear method,
which cannot be implemented in hardware. Therefore, the performance in terms of
compression time is not competitive, although the compression ratio is.

3.2. Intraframe Coding
As the name suggests, Intra-Frame compression relies on only the single, specific frame it is
working with to compress the data within it. This means that basically each separate frame
gets encoded as its own picture. So naturally all the well-known Image Compression
algorithm like JPEG will work. The most important concepts how we can gain any intraframe
compression will be presented in this chapter. For a good overview about these approaches
see [Clarke, 1995]
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3.2.1. Predictive Coding
The Intraframe Predictive Coding is a very old scheme, which was developed on the fact that
images are captured, transmitted and displayed in a sequential, linear, one dimensional
mode - line by line scanning. It is based on the fact that significant areas of interesting
pictures have reasonably constant luminance or colour signal levels. So along any particular
image line, there will be sequences or "runs" of picture elements, the so-called pixels or pels.
The predictive coding schema now uses values obtained during the scanning of such a
sequence to estimate the value of the next element along the line. So a number of previous
elements are used to estimate the value of the present sample, and the difference between
the actual value and the estimate then forms the signal to be transmitted. Obviously the
better the prediction the smaller the transmitted signal and the more efficient the coding
process.
The decoder makes the same prediction, from previous decoded samples, to which the
received error signal is added to regenerate the present sample value, and so on... So we
get some problems with this approach because, since every sample along a line can only be
correctly decoded if the previous sample has itself been properly reconstructed, the system
is very sensitive to errors in storage or transmission of the difference signal.

3.2.1.1

Adaptive techniques for Prediction Coding

It is possible to improve upon the performance of the basic predictive coding scheme by
allowing system parameters to adapt to various influences. These approaches are called
adaptive quantization, where we concentrate on the fact that our algorithm breaks down
when sudden large luminance changes are encountered, and adaptive prediction, where we
modify the prediction schema to improve the performance.
Adaptive Prediction:
•

adaptive to local image structures e.g. horizontal, vertical or diagonal

•

typically 4 predictors: horizontal, vertical, textured, homogenous

•

forward prediction uses only pixels already known to predictor

•

backward prediction uses also information from "future" and needs side information
for receiver

Adaptive Quantization:
•

coarse quantization in structured areas

•

fine quantization in homogenous areas

•

switching between quantization by activity function

3.2.2. Transform Coding
The approach is to distribute a number of bits among NxN transform coefficients such that
the resulting distortion is minimum. So a set of data samples is taken and the object of the
transformation is to alter the distribution of the values representing the luminance levels so
that many of them can either be deleted entirely or, at worst, be quantized with very few bits.
Nowadays this is carried out two-dimensional.
The result of the two-dimensional transform carried out on blocks of the image is blocks of
transform coefficients of the same size but having entries of widely varying magnitudes, and
the task is now to process these for transmission in the most efficient way possible. Up to
this point no data compression has been achieved, and an inverse transformation applied to
the coefficients will result in the exact representation of the data blocks.
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Compression results from the deletion of any sufficiently small coefficients (threshold) and
the variable bit-rate quantization of the remainder. In order to carry this out it is necessary to
determine a suitable bit allocation and quantization strategy which will result in suitably small
impairments appearing in the reconstructed picture, but unavoidable some data gets lost
(lossy approach).
Analyzing our coefficient matrix will show that we will have large magnitude coefficients
situated in the top-left corner of the coefficient block and smaller ones further out towards the
bottom right-hand corner

Typical Bit Allocation - DCT
There have historically been two ways in which selection of coefficients for further
processing can be carried out.
At the first one, Zonal Coding, we have a fixed bit allocation for the whole matrix of transform
coefficients, where a fixed subset of coefficients is always deleted. Zonal Coding results in a
fixed loss of resolution.
The second approach, Threshold Coding, seems to be more logical, and it's this one which
is used in the JPEG standard. In this method a threshold, or a set of thresholds, is
established, and coefficients larger than the predetermined levels are saved and processed
further, those smaller being deleted. So we get the problem of identifying, for the decoder,
those coefficients which have been retained by the transmission of appropriate addressing
information, so the positions of non-zero transform coefficients has to be transmitted,
Certainly the Transformation-Matrix is very important for this algorithm. For example we can
use Walsh-Hadamard Transformation or a Discrete Cosinus Transformation (DCT) which
has proved to be most efficient for a Transform Coding.
Transform Coding is nowadays developed to a most advanced technique and has proofed
as an extremely efficient coding structure with excellent quality. For the transformation there
are appropriate Hardware components available at reasonable cost. The Transform Coding
based on the Discrete Cosinus Transformation is basis of most video compression
standards like JPEG, H.262, H.263 and MPEG-1 and MPEG-2.

3.2.2.1

The Discrete Cosinus Transform

The Discrete Cosine Transform (DCT) is a widely used transform in image compression.
The JPEG still image compression standard, the H.261 (p*64) video-conferencing standard,
the H.263 video-conferencing standard and the MPEG (MPEG-1, MPEG-2, and MPEG-4)
digital video standards use the DCT.
In all these standards, a two-dimensional (2D) DCT is applied to 8 by 8 blocks of pixels in
the image that is compressed. The 64 (8x8 = 64) coefficients produced by the DCT are then
quantized to provide the actual compression. In typical images, most DCT coefficients from a
DCT on an 8 by 8 block of pixels are small and become zero after quantization. This
property of the DCT on real world images is critical to the compression schemes.
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In addition, the human eyes are less sensitive to the high frequency components of the
image represented by the higher DCT coefficients, as we have seen in the previous chapter.
A large quantization factor can and usually is applied to these higher frequency components.
The de facto standard quantization matrix (a matrix of 64 quantization factors, one for each
of the 64 DCT coefficients) in the JPEG standard has higher quantization factors for higher
frequency DCT coefficients.
The quantized DCT coefficients are then run-length encoded as variable length codes that
indicate some number of zero coefficients followed by a non-zero coefficient. Because of the
specific structure of the DCT-coefficients block, zig-zag scan is used for this encodnig
approach. In this way, substantial compression of the image is possible.
The Discrete Cosine Transform itself is best explained as a 1 dimensional (1D) DCT first.
The 2D DCT is equivalent to performing a 1D DCT on each row of a block of pixels followed
by a 1D DCT on each column of the block of pixels produced by the 1D DCT's on the rows.
The one dimensional Discrete Cosine Transform is applied to a block of N samples (pixels in
an image or sound pressure samples in an audio file). The Discrete Cosine Transform is an
NxN matrix whose rows are sampled cosine functions

DCT( u , v ) =

1
( 2i + 1 )uπ
( 2 j + 1 )vπ
Λ( u )Λ( v ) cos
cos
f ( i, j )
∑
4 i ,j
16
16
 1
 2 for ξ = 0

Λ( ξ )= 
1 otherwise



where DCT(m,n) is the 1D DCT Matrix and m,n = 1,…N are the number of samples in block
Naively, performing a DCT on a block of N samples would require N*N multiplies and adds.
However, the DCT matrix has a recursive structure that allows implementation with order N
log(N) multiplies and adds (many fewer). This makes the DCT practical for implementation
on current CPUs and DSPs.
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Zig-Zag scan

This is an example of a possible DCT-compression. First, we see a 8x8 Window of our input
image and a corresponding 3D representation of its grey values. Next the Discrete Cosinus
Transformation is applied and as result we get the displayed DCT coefficients. Due to the
specific structure of the DCT-matrix almost all values are equal to zero. Because the nonzero values are concentrated at the upper left corner the matrix is transferred to the receiver
in zig-zag scan order. So just the 6 values: 700 90 90 -89 0 100 have to be transferred
followed by an End-Of-Block sign. It is easily imaginable that you can gain very high
compression ratios for this lossy approach.

3.2.3. Vector Quantization
The basic idea of Vector Quantization based image compression is to divide the image up
into blocks (f.e. 4x4 pixels), which are similar to other blocks although usually not identical.
The encoder identifies a class of similar blocks and replace these with a "generic" block
representative of the class of similar blocks. All these possible generic blocks, which
represent a class of similar blocks, get summarized into a “Codebook”.
The encoder provides this codebook that is nothing else as a lookup table that maps short
binary codes to the "generic" blocks. The binary codes that index into the table may be
called codewords. Typically, the shortest binary codes represent the most common classes
of blocks in the image. Then we only have to transfer these binary codes. The Vector
Quantization decoder uses the lookup table to assemble an approximate image comprised
of the "generic" blocks in the lookup table.
This is inherently a lossy compression process because the actual blocks are replaced with
a generic block that is a "good enough" approximation and not exactly the same to the
original block.
The encoding process is slow and computationally intensive because the encoder must
accumulate statistics on the frequency of blocks and calculate the similarity of blocks in
order to build the lookup table. The decoding process is very quick because it is lookup table
based.
Higher compression is achieved by making the lookup table smaller, fewer classes of similar
blocks in the image. The quality of the reproduced approximate image degrades as the
lookup table becomes smaller. So the most important parts of this approach is to find an
efficient search-algorithm and to design a usable codebook.
The classical approach for codebook design is reported by Linde and is known as the LGB
algorithm. In its basic form it uses a long (and hopefully representative) training sequence of
vectors whose members are first somehow partitioned into a number of categories equal to
the required number of reproduction codewords N. The second part of the operation
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determines optimum (minimum distortion) codewords for each category, and the algorithm
can then be iterated to minimise the overall distortion for a given training sequence and
value of N.
Strengths and Weakness of Vector Quantization
•

The encoding process is computationally intensive. Still cannot be done in real
time without dedicated hardware.

•

The decoding process is very fast.

•

Blocking defects at high compression.

•

Generally, block Discrete Cosine Transform and Discrete Wavelet Transform
based image compression methods can achieve higher compression.

A simple example
Consider the following 4 by 4 blocks of pixels. Each pixel has a value in the range of 0-255.
This is a greyscale image for simplicity.

128 128 128 128

128 128 128 128

127 128 128 128

128 128 128 128

128 127 128 126

128 127 125 126

128 128 128 128

128 126 127 128

125 126 127 128

128 128 128 128

128 128 126 128

128 128 126 128

In practice, the blocks will look the same to a human viewer. The second and third block
could be safely replaced by the first block. By itself, this does not compress the image.
However, the replacement block (Block 1) could be represented by a short index into a
lookup table of 4x4 blocks. For example, the index, in this case, could be 1.
128 128 128 128
128 128 128 128
LookupTable[1] =
128 128 128 128
128 128 128 128
The original image could be converted into a lookup table and a series of indices into the
lookup table, achieving substantial compression. In video, the same lookup table could be
used for many frames, not just a single frame.

3.2.4. Subband and Wavelet Coding
The sub-band coding approach is based on splitting the input-image into different frequency
bands and apply efficient techniques subsequently to the so produced individual "subbands". It is immediately apparent that the image cannot just be filtered into a set of
frequency bands, since this would simply multiply the amount of data by the number of
bands involved. Fortunately fundamental signal processing relationships indicate that, prior
to any sub-band coding operation, individual sub-bands can be sub-sampled in accordance
with the reduction in detail due to filtering; it thus turns out that the total number of data
elements is neither increased nor decreased by filtering.
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Wavelets are functions defined over a finite interval and having an average value of zero.
The basic idea of the wavelet transform is to represent any arbitrary function ƒ(t) as a
superposition of a set of such wavelets or basis functions. These basis functions or baby
wavelets are obtained from a single prototype wavelet called the mother wavelet, by dilations
or contractions (scaling) and translations (shifts). The Discrete Wavelet Transform of a finite
length signal x(n) having N components, for example, is expressed by an N x N matrix.
Despite all the advantages of JPEG compression schemes based on DCT namely simplicity,
satisfactory performance, and availability of special purpose hardware for implementation,
these are not without their shortcomings. Since the input image needs to be “blocked”,'
correlation across the block boundaries is not eliminated. This results in noticeable and
annoying “blocking defects'' particularly at low bit rates.
Over the past several years, the wavelet transform has gained widespread acceptance in
signal processing in general, and in image compression research in particular. In many
applications wavelet-based schemes (i.e. subband coding) outperform other coding
schemes like the one based on DCT. Since there is no need to block the input image and its
basis functions have variable length, wavelet coding schemes at higher compression avoid
blocking defects. Wavelet-based coding is more robust under transmission and decoding
errors, and also facilitates progressive transmission of images. In addition, they are better
matched to the HVS characteristics. Because of their inherent multiresolution nature,
wavelet coding schemes are especially suitable for applications where scalability and
tolerable degradation are important.
There are several ways wavelet transforms can decompose a signal into various subbands.
These include uniform decomposition, octave-band decomposition, and adaptive or waveletpacket decomposition. Out of these, octave-band decomposition is the most widely used.
This is a non-uniform band splitting method that decomposes the lower frequency part into
narrower bands and the high-pass output at each level is left without any further
decomposition.
In spite of all the advantages of the wavelet scheme it has to be mentioned that wavelets
include complex mathematical calculations and therefore compression can take a long time,
which, in some kind, is the weak spot of this approach.

3.2.5. Segmentation and Approximation Coding
At this approach the input image gets modelled as a mosaic of regions, each one
characterized by a sufficient degree of uniformity of its pixels with respect to a certain
feature, for example grey level or texture. Each modelled region then has the some
parameters related to the characterizing feature associated with it.
The operations of finding a suitable segmentation and an optimum set of approximating
parameters are highly correlated, since the segmentation algorithm must take into account
the error produced by the region reconstruction in order to limit this value within determined
bounds.
Classical examples of an approximation based approach are polynomial and texture
approximation. For polynomial approximation regions are reconstructed by means of
polynomial functions in (x, y), so the task of the encoder is to find the optimum coefficients.
In texture approximation, regions are filled by synthesizing a parametrized texture based on
some model (e.g. fractals, statistical methods, Markov Random Fields). Whereas in
polynomial approximations the problem of finding optimum coefficients is quite simple (e.g.
least squares approximation), for texture based techniques this problem can be very
complex.

3.2.6. Fractal Coding
Fractal compression is based on the patented work of Dr. Michael Barnsley. It offers the
advantage of being resolution-independent, in theory scaling up an image without loss of
resolution is possible.

PRESTO Consortium

Page 21

D5.4 HIGH QUALITY COMPRESSION FOR FILM AND VIDEO

PRESTO - IST-1999-20013
09/2002

This approach is another example for a block oriented one. But rather than representing
similar blocks in a lookup dictionary, fractal compression represents them as mathematical
(fractal) equations. So naturally it is highly asymmetric because determining the
mathematical equations is very compute intensive. However, decoding the image for display
is very fast.
The main concepts used are developing sets of affine transformations for a given image and
a principal result known as the "collage theorem". The collage theorem states that if an
image can be covered (approximately) with compressed affine transformations of itself, then
the image can be (approximately) reconstructed by computing the attractor (in the sense of
non linear dynamic systems) of this set of affine transformations.
While there is great promise in fractal compression, it has yet to gain significant use and it
has to be mentioned that at the current state fractal approaches are highly asymmetrical,
meaning that compression (complex calculations) can take much longer than
decompression.

3.2.7. Contour Based Coding
A contour is a line representing the outline of a figure, body, or mass. A texture is a
representation of the structure of a surface. Contour-based image coding represents images
as contours bounding textured regions. Since contours frequently correspond to the
boundaries of objects in a scene there is a close relationship between contour-based image
coding and object-based image coding. Object-based image coding represents an image as
a collection of objects.
For example, once contours and textures have been extracted from an image, the contours
can be encoded as the control points of a spline - a polynomial function used to represent
curves - fitted to the contour. The textures can be encoded as the transform coefficients from
a spatial frequency transform such as the Discrete Cosine Transform or the many variants of
the Discrete Wavelet Transform. Compression can be achieved through entropy coding of
scalar or vector quantization of the control parameters of the spline and the transform
coefficients used for the texture.
Contour-Based Image Coding is a very leading edge image coding technology. Extracting
contours, also known as edge or line detection, remains an unsolved problem in computer
science. Whereas human viewers have an easy sense of what is and is not a contour or line
in a scene, computer algorithms - so far - miss some contours, as defined by humans, and
also find spurious contours, as defined by humans. Extracting contours is one of a number of
pattern recognition and reasoning tasks that seem almost effortless in humans but have
proven difficult - impossible so far - to emulate with computers.
A number of edge detection and image segmentation algorithms exist that could be applied
to the contour extraction in contour-based image coding. In principle, contour based image
coding could circumvent the problems that transform coding methods such as the Discrete
Cosine Transform and the Discrete Wavelet Transform encounter at sharp edges, achieving
higher compression.
Crystal Net's Surface Fitting Method (SFM) may be an example of Contour-Based Image
Coding. The new MPEG-4 standard (see Chapter 4.2.1.3) incorporates some ideas
associated with Contour-Based Image Coding.

3.2.8. Quadtree Compression
Quadtree image decomposition has been widely used in many branches of image
processing for shape approximation, segmentation, smoothing and so on. For coding a very
simple structure is usually employed in which a variable resolution "region quadtree" is
generated by the successive division of an image into four equal quarters, each of which
may again be subsequently divided, and so on, down to individual picture element level if
desired.
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Some test determining the adequacy of the subsequent representation is now applied to
each region. So the decomposition is clearly represented by a tree structure. Sometimes we
need a "bottom up"-approach instead of the described "top-down", where elemental blocks
are merged into larger ones, again according to some acceptability criterion. Typically the
criterion might be mean-square, mean absolute or peak error.
With this approach we avoid the problems which arise, when we use adaptive techniques
with fixed block size, first (and more important) the region of adaptivity can never drop below
the fixed block size to deal accurately with, for example, very small, very spatial active areas
of detail; second, that it is inefficient to code very large, inactive areas of substantially
constant luminance or colour with fixed size blocks. So by using the quadtree approach we
have the significant advantage to be able to alter the processing block size, and at the same
time deal with the matter of efficient addressing.

3.3. Interframe Coding
Inter-frame compression relies on information in preceding and occasionally forthcoming
frames to compress an image. The most well-known way to do this, is by exploiting the fact
that the majority of a video image isn't always moving. Take a newscast, for instance, usually
the only thing moving is the anchor's body, while the rest of the set is staying perfectly still.
So we needn’t to store all of the data that makes up that background for every single frame.
Almost all inter-frame compression is based on exploiting this fact about a video image.

3.3.1. Frame Differencing
Frame Differencing exploits the fact that little changes from frame to frame in many video or
animation sequences (exploiting temporal redundancy). For example, a video might show a
ball flying through the air in front of a static background. Most of the image, the background,
does not change from frame to subsequent frame in the scene.
In frame differencing, the still image compression method such as vector quantization is
applied to the difference between the frame and the decoded previous frame. Often, most of
the difference is zero or small values which can be heavily compressed.
Most often, frame differencing uses "key frames" which are frames compressed without
reference to a previous frame. This limits accumulated errors and enables seeking within the
video stream.
If the compression scheme is lossy (vector quantization is lossy), errors will accumulate from
frame to frame. Eventually these errors will become visible. This necessitates key frames.
Strenghts and Weaknesses
1. Generally can achieve better compression than independent encoding of individual
frames.
2. Errors accumulate in successive frames after a key frame, eventually requiring
another key frame.

3.3.2. Motion + Motion Compensation
Frame differencing can be viewed as a predictive coding technique where the prediction is
simply the previous decoded frame. By improving the prediction, we can potentially obtain
better compression. Motion compensation is one such technique that uses a model of the
motion of objects between frames to form a prediction.
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Motion Compensation codes for motion within a scene such as a ball moving across a
background. The block Discrete Cosine Transform (DCT) based international video
standards MPEG-1, MPEG-2, MPEG-4, H.261, and H.263 use motion compensation.
Motion Compensation refers to a number of ideas and algorithms. The motion compensation
method used in MPEG and related international standards (H.261 and H.263) is described
below. This motion compensation works for translational motion only. This is suited for
objects moving across a background or panning of the camera. It does not work well for
spinning objects, resizing objects, or camera zooms. Alternative forms of motion
compensation exist which handle rotational, scaling, skewing, and other kinds of motion in a
scene.
Recognizing objects such as a flying ball in a scene is an unsolved problem in image
processing and understanding. A way to exploit the motion of the ball to achieve image
compression is to partition the image into blocks (16x16 pixels in MPEG-1). Code a "motion
vector" for each block which points to the 16x16 pixel block in a previous (or future) frame
that most closely approximates the block being coded. In many cases this reference block
will be the same block (no motion) and in some cases this reference block will be a different
block (motion).
The encoder need not recognize the presence of a ball or other object, only compare blocks
of pixels in the decoded and reference frames. Compression is achieved by sending or
storing only the motion vector (and a possible small error) instead of the pixel values for the
entire block.
Note that the reference block can be anywhere in the image. The coded or "predicted"
blocks must form a partition or tiling of the image (frame) being decoded. A reference block
can be any 16x16 pixel block in the reference frame (image) that most closely approximates
the coded or "predicted" block. The reference frame must be decoded prior to the current
frame being decoded.
However, the reference frame need not be presented before the current frame being
decoded. In fact, the reference frame could be a future frame. MPEG allows for this through
so-called B (bi-directionally predicted) frames (see chapter 4.2.1 for more details).
In the example of the ball in front of a static background, no motion occurs in most of the
blocks. For these cases, the motion vectors are zero. Motion compensation for these blocks
is then equivalent to frame differencing, where the difference between the block and the
same block in a previous (or future) frame is coded.
For the block or blocks containing the moving ball, the motion vectors will be non-zero,
pointing to a block in a previous (or future) frame that contains the ball. The displaced block
is subtracted from the current block. In general, there will be some left over non-zero values,
which are then coded using the still image compression scheme such as Vector
Quantization, the Block Discrete Cosine Transform, or the Discrete Wavelet Transform.
MPEG style motion compensation does not require recognition of the ball. An encoder
simply compares the block being coded with displaced blocks in the reference frame (a
previous or future frame). The comparison can use mean squared error or some other metric
of differences between images. The encoder selects the displaced block with the smallest
mean squared error difference. At no point has the encoder recognized an object in the
image.
The encoding process is called Motion Estimation. This finds the motion vector (or vectors)
for each block, while the decoding process is called Motion Compensation. Motion
Compensation achieves greater compression than simple Frame Differencing.
Strengths and Weaknesses
1. Motion compensation achieves high video compression in video generally superior
to frame differencing.
2. The encoding phase of motion compensation (known as motion estimation) is
computationally intensive. MPEG-1 with IP and B frames cannot be encoded in real
time without dedicated hardware, a silicon implementation of motion estimation.
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3. The motion compensation scheme used in the international standards MPEG,
H.261, and H.263 works best for scenes with limited motion such as talking heads.
In general, video with heavy motion such as sports video is hard to compress with
motion compensation.

3.3.3. Hybrid Coding
Hybrid image coding refers to the combination of two distinct techniques for bit-rate
reduction. Almost invariably hybrid coding involves DPCM in the temporal domain and some
other technique such as transform or subband coding in the spatial domain. Usually the
subband/transform coding is done inside the prediction loop, i.e. the spatial domain coding
technique is applied to the prediction error in the prediction loop.
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Codecs and Formats
4.1. Intraframe Formats
4.1.1. JPEG
JPEG is the result of a standardization effort known as Joint Photographic Experts Group
(JPEG) and was introduced in mid-80’s. It is regarded as the first international digital still
image compression standard. The goal of JPEG is to reduce the huge amount of data
required to represent large still images of good quality by a standardized compression
scheme and to have the flexibility of compressing to different, application adapted, image
qualities and compression ratios.
Nowadays JPEG is probably the most popular and also most efficient still image coding
scheme. It is to be noted that JPEG is designed for natural, real-world scenes and thus is not
so suitable for lettering, simple cartoons and line drawings.
JPEG is a lossy image compression scheme, meaning that the decompressed image is not
exactly the same as the original. It is designed to exploit known limitations of the human eye,
notably the fact that small color changes are perceived less accurately than small changes in
brightness (see Chapter 2.2.2 on Human Visual System for more details). Thus, JPEG is
intended for compressing images that will be looked at by humans. If the images need to be
analyzed by machines, the small errors introduced by JPEG may become a problem even if
they are invisible to the eye.
A major advantage of the JPEG coding scheme when compared to other popular standards
is the possibility of using millions of colors in an image and still end up with a compact file
size and good image quality.
Another major advantage of JPEG is that the quality of the image and the magnitude of the
compression can be specified independently for each image. So for images that do not need
to be as precise as possible, a trade-off between storage space and image quality is
possible.
JPEG compression
The JPEG compression approach consists of four main parts:
1. Dividing the source image into 8x8 pixel blocks
2. Discrete Cosinus Transformation(DCT) on these blocks (see 3.2.2.1)
3. Quantization of the cosine transform coefficients
4. Final binary encoding (see 3.1)
Usually the 8x8 pixel block that is given as input for the Discrete Cosine Transform has
already been preprocessed. This preprocessing step consists of converting the color data
from RGB to a system that identifies the brightness of each pixel. The reason for this is that
the human eye is much more aware of small changes in brightness (luminance) than small
changes in color. The most popular system for this step is the Hue-Saturation-Luminance
(HSL) model, but sometimes also the YCBCR model (Y is the luminance scale and CB and CR
are color scales) is used.
Another possible preprocessing option is to downsample the chroma components in 1:2 (i.e.
discard chroma information for every other pixel) horizontally and optionally also vertically. In
numerical terms this is highly lossy, but for most images it has almost no impact on
perceived quality, because of the eye’s poorer resolution for chroma info. Even if this is
done, the luminance component is left at full Resolution.
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Lossless JPEG (JPEG-L)
Lossless JPEG was added to the ITU-T JPEG recommendations in 1995. The lossless
mode does not use DCT, since roundoff errors prevent a DCT calculation from being
lossless. For the same reason there are no preprocessing steps like colorspace conversion
or downsampling included.
The lossless mode is an example for an predictive coding scheme (see chapter 3.2.1). It
simply codes the difference between each pixel and the predicted value for the pixel. The
predicted value is a simple function of the already-transmitted pixels just above and to the
left of the current one. There are eight different predictor functions permitted, f.e. a simple
average calculation. The sequence of differences is encoded using the same entropy coding
(Huffman or Arithmetic) used in the lossy mode.
JPEG-LS
JPEG-LS is the latest ISO standard (ISO-14495-1/ITU-T.87) for lossless coding of still
images. The standard is based on the LOCO-I algorithm (LOw COmplexity Lossless
COmpression for Images) developed at Hewlett-Packard Laboratories.
LOCO-I is a lossless compression algorithm which combines the simplicity of Huffman
coding with the compression potential of context models. The algorithm is based on a simple
context model, which approaches the capability of the more complex universal context
modeling techniques for capturing high-order dependencies. The model is tuned with a
collection of (context-conditioned) Huffman codes, which is realized with an adaptive,
symbol-wise, Golomb-Rice code.
This algorithm was designed for low-complexity while providing high lossless compression
ratios. However, it does not provide support for any functionality like scalability or error
resilience. For more details see [LOCO, 1999]

4.1.2. JPEG 2000
JPEG2000 is the official successor of the JPEG standard and was launched in march 1997
from the Joint Photographic Expert Group. The standard is intended to compliment and not
to replace the current JPEG standard. The features that this standard possesses are the
following: (from [Skodras, 2000])
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•

Superior low bit-rate performance: This is the highest priority feature of
JPEG2000, the standard should offer performance superior at low bit-rates, without
sacrificing performance on the rest of the rate-distortion spectrum. Naturally, this is
very important for any network image transmission applications.

•

Continuous-tone and bi-level compression: It is desired to have a coding
standard that is capable of compressing both continuous-tone and bi-level images.
The system should compress and decompress images with various dynamic ranges
for each colour component.

•

Lossless and lossy compression: It is desired that the standard provides
possibilities for lossy and lossless compression. Any image database is an example
for an application which needs this feature.

•

Progressive Transmission by pixel accuracy and resolution: Progressive
transmission that allows images to be reconstructed with increasing pixel accuracy
or spatial resolution is essential for many applications, especially for the World Wide
Web, where we have to find a trade-off between file size and good image quality.

•

Region-of-Interest: The main idea behind this concept is that certain regions of
interest’s of the image can be coded with better quality than the rest of the image.
The ROI scaling-based method used, scales up the coefficients so that the bits
associated with the ROI are placed in higher bit-planes. During the coding process,
those bits are placed in the bit-stream before the non-ROI parts of the image. So the
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ROI will be decoded, or refined, before the rest of the image, which is a very
interesting feature for Internet technologies.
•

Error Resilience: Many applications require the delivery of image data over
different types of communication channels. This gives rise to any bit errors. So the
standard includes different approaches for this like data partitioning and
resynchronisation, error detection and concealment, and Quality of Service (QoS)
transmission based on priority.

The approach to JPEG 2000 compression is similar to every transform-based coding
scheme. The discrete transform is first applied on the source image data. The transform
coefficients are then quantized and entropy coded, before forming the output codestream.
Like mentioned above JPEG 2000 can be lossy and lossless, this depends on the wavelet
transform and the quantization applied.
The main concept for JPEG 2000 is image tiling. The term tiling refers to the partition of the
original input image into rectangular, non-overlapping blocks, the so called tiles. These tiles
are compressed independently, as though they were entirely distinct images. All tiles have
exactly the same dimension, nominally exact powers of two.
The main technology used in JPEG2000 is the wavelet (see chapter 3.2.4), which replaces
the DCT used in the former JPEG standard. The tile components are decomposed into
different decomposition levels using this wavelet transform. These decomposition levels
contain a number of subbands populated with coefficients that describe the horizontal and
vertical spatial frequency characteristics of the original tile component planes.
The coefficients provide local frequency information and a decomposition level is related to
the next decomposition level by spatial powers of two. Fundamentally the Discrete Wavelet
Transformation can be irreversible (9-tap/7-tap filter) or reversible (5-tap/3-tap filter).
Compression ratios of 200:1 can be achieved with the 9/7 wavelet and 2:1 compression with
the lossless 5/3 wavelet.
The next step in the process is the quantization of the transform coefficients for reducing the
precision of the coefficients. Naturally this operation is lossy, unless the quantization step is
one and the coefficients are integers, as produced by the reversible integer 5/3 wavelet
(lossless JPG 2000).
The last step is to use an Entropy Coding approach where each subband of the wavelet
decomposition is divided into rectangular blocks, which are coded independently using
arithmetic coding.
JPEG2000 strives to overcome the worst effects of current JPEG compression, which
processes images in 8 x 8-pixel blocks, leaving coarsely spaced defects that spoil fine
details.
For more details on the JPEG 2000 standard see f.e. [Boliek, 2000]
Comparison of JPEG standards
A very good comparison of these JPEG still image compression standards can be found in
[SantaCruz, 2000]. In this paper these standards were tested with seven different test
images concerning compression ratios and encoding times, which revealed interesting
statistics, which can be seen in the next two tables.
Table 1 shows the lossless compression ratios obtained for each test-image, as well as the
average for each algorithm. It can be seen that lossless JPEG provides the best
compression ratios for almost all images, while JPEG 2000 just achieves competitive results.
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JPEG 2000 JPEG-LS JPEG
1,77
1,84
1,72
1,49
1,57
1,40
3,77
6,44
5,65
2,60
2,82
2,39
1,47
1,51
1,63
3,76
3,66
7,34
2,63
3,04
3,22
2,50
2,98
3,34

Table 1 – lossless compression ratios
Table 2 shows the execution time, relative to lossless JPEG for compression process. That
reveals that lossless JPEG in addition to providing the best compression ratios, is the fastest
algorithm, and therefore presumably the least complex.

bike
cafe
cmpnd1
chart
aerial2
target
us
average

JPEG 2000 JPEG JPEG-LS
4,60
1,90 2,01 secs
4,90
1,90 2,08 secs
7,10
3,60 0,07 secs
5,10
2,50 1,09 secs
4,80
1,90 1,64 secs
5,50
2,80 0,06 secs
5,30
1,00 0,06 secs
5,30
2,20
-

Table 2 – lossless compression times
So the surprising conclusion of these results is that the new standards do not provide any
truly substantial improvement in compression efficiency, especially for a lossless approach.
JPEG 2000 is significantly more complex than the JPEG approach, doesn’t provide much
better results, but from a functionality point of view, it offers anything (lossy and lossless
compression, error resilience, scalability, points-of-interest) a user wants.

4.1.3. Tagged Image File Format (TIFF)
The Tagged Image File Format (TIFF) is an accepted standard for lossless image
compression and was developed by Microsoft and Aldus Corporations. It was designed from
the ground up to alleviate the problems associated with fixed file formats and it's main
strengths are a highly flexible and platform-independent format which is supported by
numerous image processing applications.
The TIFF format was designed to solve common problems of other file-formats, but at the
same time it created a few all its own. The TIFF file structure is necessarily complex, more
complex that many other formats it was designed to replace. So much more code to manage
it is required, which results in slower execution times reading and writing files and in longer
TIFF code development cycles.
Tagged Image File Structure
TIFF files are build up by three main parts:
•
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•

Image File Directory (IFD)

•

Directory Entry (DE).
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The Image File Header must be located at offset zero in the file and contains important
information necessary to correctly interpret the remainder of the TIFF File. For example the
byte-ordering (IBM / Macintosh) is specified in the IFH and it contains a version field (a
decimal value) which is used to identify the file as a Tagged Image File Format.
The second data structure in the file, the Image File Directory may follow the IFH directly but
need not. So there is specified an offset in bytes from the start of the file to the Image File
Directory, which allows exact identification of the start position. In the IFD the needed
information for the following Directory Entries like amount, offsets and description are
specified.
The final and most important data structure is the Directory Entry (DE). It is the format of the
DE that gives TIFF its flexibility. The first field of the DE is the tag field. As the full name of
this image-file format indicates, the tag is the basis on which this file structure is based. The
raster data contained in a TIFF file is defined by the tags to which it is attached.
The advantages of a tagged image file are:
•

Application programs such as TIFF readers can safely ignore any tags they do not
understand.

•

New tags can be added at any time without invalidating any of the older tags. In a
sense, this prevents the TIFF file format from becoming obsolete.

•

Private tags can be defined to contain proprietary information within a TIFF file
without affecting other application programs. The tags with values between 32,768
and 65,535 are reserved for just this purpose.

All this tags can be separated into different categories: Basic Tags (ColorMap, ImageSize,
Compression..), Information Tags (Artist, Date, ImageDescription…), Facsimile
Tags(Group3options, Group4options) and Document Storage and Retrieval Tags (Document
Name, PageName…).
TIFF Data Compression
TIFF specification recommends support for five different types of data compression. A TIFF
writer must support at least one of the compression methods whereas a TIFF reader should
be able to understand all of the compression methods.
The method used to compress an image is stored in the "compression" tag. A TIFF reader
must read the "Compression" tag to determine the type of data expansion to apply to the
raster data contained in the TIFF file. Data compression applies only to the image raster
data. All other items of information contained in a TIFF file (the IFH, the IFDs, and the DEs)
are not compressed in any way.
The supported compression methods are as follows:
1. No compression but bytes are tightly packed
2. CCITT Group 3: 1-Dimensional modified Huffman RLE
3. Facsimile compatible CCITT Group 3
4. Facsimile compatible CCITT Group 4
5. LZW (Lempel-Ziv & Welch)
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4.1.4. Digital Moving Picture Exchange (DPX)
Digital Moving Picture Exchange (DPX) was developed as support for the transfer of
uncompressed images between telecine machines, and was later used for synthetic image
file transfer. DPX was standardized as a ANSI specification in 1994 as SMPTE 268M.
The images that make up a DPX file are uncompressed video. The format uses metadata to
specify the details of the image size, image shape, sample information, and some fixed
metadata. The SMPTE 268M standard also includes space for user-defined metadata.
DPX will continue to be used for uncompressed image transfers. It does not support
compressed video types or other features that are important parts of some of the new and
proposed formats. The cost of supporting uncompressed images in a new format is low.
However, it is not clear that a new format would offer sufficient advantages to overcome the
cost of converting existing systems.
The DPX File Structure
A DPX image is build up by four main parts:
•

Generic file information header: a general information header with a fixed format
consisting of different sections: generic, image, data format and image origination
information. So it contains information about header size, what’s in the image, the
size and resolution of the image and so on.

•

Motion Picture specific header: a industry (television, film) specific header which
includes information like frame position in sequence, sequence length in frame,
frame rate of original in frames/sec, frame identification and so on.

•

User-defined information: user-defined data of variable length, which format is not
defined by the DPX standard and may have a size of up to one megabyte.

•

Image data: the DPX format stores image data by pixels, separating each pixel into
its component values and storing each value. All components must be the same size
across all elements.

For more information on DPX see the ANSI specification ([SMTPE, 1994]).

4.1.5. SGI – RGB
SGI is a native Silicon Graphics image file format, which is also known as the RGB format.
These files have the extension .rgb and they support different types, including 24 bit color.
They can be uncompressed or run-length encoded (RLE).
The general structure of an SGI-file depends whether the image is run length encoded (RLE)
or not. If the image is not encoded the file consists of two main parts: the header and the
image data. For the other case the header is immediate followed by specific offset tables.
The header contains different information about the content of the file. For example the
magic number 474 saved as a short which identifies it as a SGI-file. Additionally it contains
information about the encoding (RLE or not), image dimensions, densiometric resolution and
so on.
Offset Tables are just used if the file is run length encoded. These tables describe what the
file offsets lead to the RLE for each scanline. So we have one entry in the table for each
scanline.
For more details see the RGB image specification at [SGI-RGB, 2001]
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4.1.6. PNG – Portable Network Graphics
PNG (Portable Network Graphics) is another example of a lossless compression file format.
It is an useful format for the storage of intermediate stages of editing and was designed to
replace, to some extent, the Tagged Image File Format. PNG has been accepted as an
image standard by the WWW Consortium and is therefore integrated into the major web
browsers including Netscape and Internet Explorer.
An important advantage of PNG to TIFF is that the PNG specification (see [PNG_2000])
leaves no room for implementors to choose what features they support, which means, that
saving the PNG in one application guarantees that it is readable in any other PNGsupporting application.
A PNG file consists of a specific signature (the first eight bytes of the file identifies it as a
PNG) followed by a series of chunks. Each chunk consists of four parts:
•

Length: an integer, which identifies the number of bytes in the chunk's data field

•

Type: 4-byte ASCII, which represents a chunk byte code and has to stick to specific
naming conventions

•

Data: data bytes appropriate to the chunk type

•

CRC: Cyclic Redundancy Check - a type of check value designed to catch most
transmission errors

PNG supports exactly one compression method, the so-called lossless compression method
0. This approach uses a 32K sliding window and is a derivative of the LZ77 compression
used in zip.

4.1.7. DV
DV is an international standard designed in the middle of the 90’s by a consortium of 10
companies for a consumer digital video format. So in contrast to other formats it is a
consumer market design, which tries to find a trade-off between high enough compression to
reduce the amount of data to manageable proportions and small processing expense at high
video quality. DV is the main format for digital camcorders and therefore has a relative high
importance in the field of video compression.
The design was based on the overall principle that the data will be stored on tape, so it was
designed for a single, fixed bit rate (25 Mbit/s), which allowed a wider range of compression
possibilities. Another focus lied in the development of a symmetric compression algorithm,
which means that compression and decompression should require the same time (realtime). That is an important advantage against the MPEG standards which are highly
asymmetric.
Because of the aim of compressing and decompressing in real time, DV is based on a
simpler intraframe compression approach, that means that each frame depends entirely on
itself and not on any other data from preceding or following frames. However, it also uses
adaptive interfield compression, which means that if the compressor detects little difference
between the two interlaced fields of a frame, it will compress them together.
DV starts with a conversion of data into the YUV 4:1:1 or 4:2:0 color spaces. The process of
converting from RGB to YUV spaces is a lossy process, because of two main reasons: first
the standard small loss due to the finite nature of digital data using 8 bits of precision (the
finite precision limits the accuracy and this will lead to rounding errors) and second the UV
component of the YUV data must be downsampled from 4:4:4 sampling to 4:1:1 or 4:2:0
following RGB-YUV conversion. This can be done by decimation or through digital filtering,
but in any case this introduces a further loss.
DV, equal to JPEG, is based on the Discrete Cosinus Transformation (DCT) to compress
pixel data, and so has all the advantages and disadvantages of this approach. Again, this is
a lossy process because of the finite precision of the digital data. The DV standard makes a
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provision for a new DCT-mode, which overcomes the major problem of producing inflated
AC coefficients which is related to the spurious high-frequency vertical detail caused by the
differing interleaved fields.
Rather than process the pixel data on a 8 x 8 block basis with the standard DCT, the new
DCT mode deinterlaces the pixel data in two independent 4 X 8 blocks and computes two
DCTs on the 4 X 8 pixel blocks, still producing a total of 64 DC and AC coefficients. The new
DCT mode was named the "2-4-8-DCT mode", whereas the old is referred to as the
“standard 8-8-DCT mode".
Once the DCT is computed, the Discrete Cosinus Transformation coefficients must be
weighted against a well-defined complex mathematical relationship. This is in fact a
mandatory pre-quantization step in DV. This weighting process make some AC coefficients
drop to zero when rounding to integer values. Thus this is also a lossy process. From this
point on the data must be further compressed using quantization of the AC coefficients and
entropy coding.
DV is also known from its professional sisters, which adopted the main idea. Especially Sony
and Panasonic made big effort in implementation leading to DVCAM from Sony and
DVCPRO and its extension DVCPRO 50 from Panasonic.

4.1.8. Huffyuv
Huffyuv is a very interesting example of the at the moment very popular research on video
compression technologies. It was invented by Ben-Rudiak-Gould and is free software, an
implementation is available at [HuffYUV, 2000].
Huffyuv is a very fast, lossless Win32 Codec and was intended to replace uncompressed
YUV as video capture-format. It is fast enough to compress full resolution CCIR 601 video
(720x480x30fps) in real time.
Huffyuv provides possibilities to trade off compression speed against compression ratio and
the output of the compression is the well-known Windows format AVI (see Chapter 4.3.1 for
more details).
Huffyuv's algorithm is roughly the same as lossless JPEG: it predicts each sample and
Huffman-encodes the error. There are three different predictor functions included:
•

Left: predicts the previous sample from the same channel

•

Gradient: predicts (left + above – aboveLeft) pixel

•

Median: predicts the median of left, above, and the gradient predictor

Each channel is compressed separately, but in RGB mode the channels used are actually RG, G, and B-G. This yields much better compression than R, G, B.
The error signal in each channel is encoded with its own Huffman table. On compression
Huffyuv picks appropriate tables from its built-in collection. These tables are then stored in
the output file and used when decompressing. This way future versions of Huffyuv can
decompress old files. A Huffyuv-savvy application can also specify the Huffman tables to be
used for compression instead of accepting the defaults.
Compressing video in Huffyuv is pretty fast, decompressing it slightly slower. Due to the very
large space requirements (e.g. compared to DV sometimes 4x more), disk throughput
becomes a very large factor. Playback at full resolution and full framerate is a daunting task
for even the fastest computers.
The next table shows a short comparison with the Lossless JPEG and the Motion JPEG
compression from PicVideo of a 720x480 resolution video. The interesting result is that the
free software of Huffyuv achieves almost similar results than the commercial products.
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results
Compression Method
PICVideo MJPEG/Q19,4:2:2
PicVideo lossless JPEG
Huffyuv - predict left
Huffyuv - predict gradient
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720x480, 30 fps
Compression Decompression
speed (fps)
speed (fps)
30,8
37,4
13,4
10,8
34,3
14,5
27,1
13,4

Compression
ratio
10,14:1
1,98:1
2,47:1
2,30:1

Comparison of compression schemas – 720x480

4.2. Interframe Formats
4.2.1. Moving Picture Expert Group (MPEG)
The Moving Picture Experts Group (MPEG) has defined a series of standards for
compressing motion video and audio signals using DCT (Discrete Cosine Transform)
compression which provide a common world language for high-quality digital video. These
use the JPEG algorithm for compressing individual frames, then eliminate the data that stays
the same in successive frames. The MPEG formats are asymmetrical - meaning that it takes
longer to compress a frame of video than it does to decompress it - requiring serious
computational power to reduce the file size.

4.2.1.1

MPEG-1

MPEG-1 was designed to get VHS-quality video to a fixed data rate of 1.5 Mbit/s so it could
play from a regular CD. Published in 1993, the standard supports video coding at bit-rates
up to about 1.5 Mbit/s, providing 352 x 240 resolution at 30 fps (NTSC based), with quality
roughly equivalent to VHS videotape.
The 352 x 240 resolution is typically scaled and interpolated. Scaling causes a blocky
appearance when one pixel - scaled up - becomes four pixels of the same colour value,
whereas interpolation adjacent pixels by interposing pixels with "best-guess" colour values.
Most graphics chips can scale the picture for full-screen playback, however software-only
half-screen playback is a useful trade-off. MPEG-1 enables more than 70 minutes of goodquality video and audio to be stored on a single CD ROM.
MPEG-1 data streams consist of three main components: the video stream, audio stream,
and system stream. The video stream consists strictly of the visual information, the audio
stream contains the sound information (MP3), and the system stream synchronizes the
video and audio streams. All timing information needed to play back the MPEG video and
audio data is included in the system stream.
MPEG is a transformation-based compression approach, where each frame is divided into
an array of macroblocks, each 16 x 16 pixels in size and comprising four blocks of Y
(luminance), one block each of U and V (colour) information. The colour information
therefore has half the horizontal and vertical resolution of the luminance information (CCIR
601). The Y, U and V information in each macroblock is then compressed using Discrete
Cosinus Transformation (DCT – see Chapter 3.2.2.1) encoding and Motion Compensation
(see chapter 3.3.2).
All sequences of MPEG video consists of three different types of frames which use a
combination of DCT and motion prediction for their coding. These are:
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•

I-frames (Intra coded frames): I-frames use DCT encoding only to compress a
single frame without reference to any other frame in the sequence. Typically Iframes are encoded with 2 bits per pixel on average. Since the initial data comprises
4 bytes of Y, 1 byte of U and 1 byte of V (total 6 bytes = 48 bits) per pixel, this gives
a compression ratio of 24:1. For random playing of MPEG video, the decoder must
start decoding from an I-frame. I-frames are inserted every 12 to 15 frames and are
used to start a sequence, allowing video to be played from random positions and for
fast forward/reverse. Decoding of video can start only at an I-frame.

•

P-frames (Predicted frames): P-frames use Motion Prediction and DCT encoding.
These farmes are coded as differences from the last I or P frame, whereas the new
P-frame is first predicted by taking the last I or P frame and predicting the values of
each new pixel. As a result P-frames will give a compression ratio better than Iframes but depending on the amount of motion present. The differences between
the predicted and actual values are encoded. Most prediction errors will be small
since pixel values do not have large changes within a small area. The error values
will therefore compress better than the values themselves. Quantization of the
prediction errors further reduces the information.

•

B-frames (Bidirectional frames): B-frames are coded as differences from the last
or next I or P frame. B-frames use prediction as for P-frames but for each block
either the previous I or P frame is used or the next I or P frame. P-frames use Motion
Prediction and DCT encoding. Because B-frames require both previous and
subsequent frames for correct decoding, the order of MPEG frames as read is not
the same as the displayed order. This gives improved compression compared with
P-frames, because it is possible to choose for every block whether the previous or
next frame is taken for comparison. It is the B-frames that enable compression ratios
up to 200:1

These frames are interleaved in a sequence such as IBBPBBP.. or IBPBPBPBP. The former
is more difficult to encode (more B-frames) but provides a higher compression ratio than the
latter.

This example shows a possible sequence of MPEG frames. Especially notice that the that
the display order can be different from the order in which they are read from the disc.
Discrete Cosinus Transformation is used in MPEG encoding to reduce the data required to
present a single frame. Each of the 6 blocks per macroblock (4 for Y and one for U and V) is
then encoded using DCT. This involves carrying out a Fourier Transform of the pixels in
diagonal lines within the block and encoding the result using Huffman coding.
Motion Compensation is used to predict the values of pixels by relocating a block of pixels
from the last picture. This motion is described by a two-dimensional vector or movement
from its last position. This is used in the prediction process and is particularly useful for pans
and other similar movement. This helps to avoid redefining blocks which do not change but
only move from frame to frame.
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MPEG-2

The MPEG-2 specification was designed for broadcast TV and other applications using
interlaced images. It provides higher picture quality than MPEG-1 but using a higher data
rate. At lower bit rates, MPEG-2 provides no advantage over MPEG-1. At higher bit rates
(above about 4 Mbits/s) MPEG-2 should be used in preference to MPEG-1. Unlike MPEG-1,
MPEG-2 supports interlaced TV systems and Vertical Blanking Interval (VBI) signals.
MPEG-2 also includes higher quality audio for the popular full surround sound with 5.1
channels, i.e. five full bandwidth channels and one sub-woofer channel. The channels
comprise left, centre and right front and left and right rear. A 7.1 channel version (with
additional left and right centre channels) is also possible.
MPEG-2 also allows variable video bit rate so that the overall bandwidth can be limited to 4
Mb/s or less without loss of picture quality. Broadcast applications, currently using MPEG-2,
generally use 6 to 8 Mb/s fixed data rate.
MPEG-2 uses the same frame types as MPEG-1 except that each frame comprises two
interlaced fields. Also each group of pictures is 15 (PAL) or 18 (NTSC) frames in length
maximum and comprises the following sequence:
I B P B P B P ....
i.e. there is only one B-frame between P-frames instead of two for MPEG-1.

4.2.1.3

MPEG-4

MPEG-4 achieved international standard level in 1999 and combines some typical features
of the other MPEG standards, but in general it defines a whole multimedia system for
communication of complex scenes. So the standard is divided into six main parts: Systems,
Visual, Audio, Delivery Multimedia Integration Framework (DMIF), Reference software and
finally Conformance.
In the next paragraphs we are trying to introduce the main concepts of the visual part of the
MPEG-4 standard. The main difference of MPEG-4 to its predecessors is the step to higher
level of data representation. Whereas MPEG-1 and MPEG-2 are based on a pixel data
representation, MPEG-4 is based on an object representation of data.
The foundation of this object-based representation is the audio-visual object (AVO) which is,
per MPEG-4 terminology, the representation of a natural or synthetic object that has an
audio and/or visual manifestation. A MPEG-4 scene may now consist of one or more of
these video objects, which are characterized by temporal and spatial information in the form
of shape, motion, and texture. The encoding proceeds in such a form that every video object
is coded separately. This is shown in the next diagram.

General block diagram of MPEG-4 coding ([CODING, 1999])
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An example of an audio-visual-object representing the main content of a scene is a
newsreader in front of a static background. There we have one AVO - the newsreader acting on a static background – the wall. MPEG-4 distinguishes between the AVO’s and the
rest of the video and handles each independently.

MPEG-4 scene with the newsreader as Audio-Visual-Object (AVO) ([CODING, 1999])
Therefore a MPEG-4 visual data stream provides a description of a visual scene in a
hierarchical format. MPEG-4 distinguishes between five different hierarchical levels, whereas
each one can be accessed directly with the help of special code values called start codes.
These five levels should be described in more detail:
•

Visual Session (VS): This is the highest hierarchical level, which represents the
complete MPEG-4 scene including any synthetic or natural objects and their
enhancement layers

•

Video Object (VO): This level represents a particular object in the scene, like
described before

•

Video Object Layer (VOL): This level represents the encoding in scalable (multilayer) or non-scalable (single-layer) form. Each video object (VO) can be encoded
using spatial or temporal scalability, reaching from low-level (streaming) to fine
(HDTV) resolution.

•

Video Object Plane (VOP): This level represents a time sample of a Video Object
(VO). There are two possibilities for encoding: first each VOP can be encoded
independently from each other (Intra) or second dependent on each other by using
motion compensation (Inter)

•

Group of Video Object Planes (GOV): Like the name suggests this level groups
video object planes together and offers the possibility to set points in the data
stream where VOP’s are encoded independently and thus can provide random
access points in the stream.

The main compression schemes used in MPEG-4 are motion estimation and compensation
(see Chapter 3.3.2). These approaches are similar to those used in the other MPEG
standards, with the main difference that the block-based techniques have been adapted to
the Visual Object structure used of MPEG-4. So MPEG-4 provides three different modes for
encoding a time sample of a video object: Intra-Video-Object (I-VOP), Predicted-VideoObject (P-VOP) and Bidirectional-Interpolated-Video-Object (B-VOP) which are similar to its
equivalent encoding schemes used in MPEG-2.
MPEG-4 allows higher bitrates at higher resolution, covering a wider range of application
domains where it can be applied. It supports low bitrates for streaming technologies in
Internet applications and high resolution compression for video archives. This is shown in
the following diagram.
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MPEG – Resolution/Bitrate comparison ([MPEG-4, 1999])
Extensive tests have shown that MPEG-4 achieves better or similar image qualities at all
bitrates, with the bonus of added functionalities like error robustness and error resilience
handle transmission errors, so it should be applied in advance to the older standards. For
more specific information see the MPEG-4 final draft at [ISO,1998].

4.2.1.4

DivXTM

DivXTM is a newer format for digital video and was developed from DivXNetworks with the
assistance of the open source community. DivXNetworks claims that DivXTM is totally based
on the MPEG-4 standard, but closer investigations of the codec revealed that they only
bases on the single issue of MPEG-4 video, neglecting other features like 2D/3D graphics or
synthetic audio, the capabilities given by the Audio-Visual Object representation approach.
Also spatial video resolution is limited to SDTV, where MPEG-4 standardizes up to highest
film resolutions.
The trend of downloading complete video films from the Internet constitutes the basis for the
success of DivXTM, which is a preferable format to use for burning films on CD. DivX
promises that with DivXTM compression ratios of up to ten time higher as with MPEG-2, at
acceptable video quality, are possible. For more details look at the DivXTM Homepage at
[DivX, 2001].

4.2.1.5

Motion-JPEG

Motion-JPEG (M-JPEG) is a variant of the ISO JPEG specification for use with digital video
streams. Instead of compressing an entire image into a single bitstream, Motion-JPEG
compresses each video field separately, returning the resulting JPEG bitstreams
consecutively in a single frame.
There are two flavors of Motion-JPEG currently in use. These two formats differ based on
their use of markers. Motion-JPEG format A supports markers; Motion-JPEG format B does
not.
The standards situation for Motion JPEG is complicated since there is no industry standard
for Motion JPEG. Microsoft has a Microsoft Motion JPEG Codec and a JPEG DIB Format
but most time Motion JPEG is packed in a Container Format like AVI.
Motion JPEG is used for editing and authoring, but rarely for distribution. Usually, once the
video has been edited, it is compressed further using other compression schemes, because
due to the lack of frame differencing or motion estimation support, better compression is
possible with other codecs.
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4.3. Containers
Basically, container like AVI or Quicktime are packages, a collection of file headers and
control information wrapped around some Audio/Video data to define the contents of a Video
File. In order to play a video file, you first need to know what it contains. The video can be
stored in different ways for example with different video resolutions or different compression
schemes/standards.
So a container file format holds information about the content of a video file: the number of
streams, their type, and format. Along with the stream descriptions, the file formats also
contain timing information for synchronizing the streams, particularly so the video and audio
can be played synchronous. The file formats also provide different mechanisms for
interleaving the video and audio data within the file so that they can be processed efficiently
and played synchronous in real time.

4.3.1. AVI
AVI (Audio Video Interleave) was created by Microsoft and is the classic audio/video file
format under Windows, so from version 95 on, Windows comes with the built-in ability to play
these AVI files right on your system.
An AVI-File is just a wrapper (like Quicktime), a package that contains some audio/visual
stuff, but without any guarantees about what’s inside. It’s just a specification for stocking
Audio/Video data in a file along with some control information about what is inside.
It’s like having a black box. There are rules for labeling the box, but anybody can put
anything he wants in it and at the first glance there is no chance to see what’s inside.
Someone has to explain or translate it, before the content can be used. Thus, some kind of
translator (=codec) is needed, otherwise it’s absolutely useless for you (and your operating
system).
Most operating systems come with some basic codec’s built-in, but there exist a lot of
different video-compression standards and so sharing video-files on PC’s can be quite
messy, and sometimes playing an AVI-File is not possible, because the operating system
doesn’t know (has not available) the underlying codec.
Following codec’s used during quality measurement (see section 6.2.1 and 6.2.2) are AVI
codec’s: MS MPEG-4 V2, DivX 5.02 and Huffyuv v2.1.1.

4.3.2. Quicktime
Quicktime from Macintosh follows the same approach as Microsofts AVI-Format. It’s just a
container format, a specification for putting video/audio in one file. Quicktime is supported by
many different codec’s, an example list is given in the following:
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•

Component video: useful for capturing, archiving, or temporarily storing video. It
has a relatively low compression ratio, so it requires relatively high amounts of disk
space.

•

Video: Useful for capturing and compressing analog video. This codec results in
high-quality playback from hard disk and moderate quality playback from CD-ROM.
It supports both spatial and temporal compression of 16-bit video. Data can be
recompressed or recompiled later for higher compression ratios with minimal or no
quality degradation.

•

Animation: Useful for clips that use large areas of solid colors, such as cartoon
animation. It supports lossless compression at a quality setting of 100 percent. The
Animation codec is based on run-length encoding.

•

Motion JPEG A and Motion JPEG B: Useful as transcoders, for transferring videocapture files to other computers equipped with video-capture cards, particularly
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across platforms. These codecs are versions of JPEG implemented by many video
capture cards. Some video-capture cards also include a special hardware support
for accelerated Motion JPEG.
•

DV - PAL and DV – NTSC: Digital video formats used by PAL and NTSC digital
video hardware. Most time they are applied to transcoding, for transferring digital
video across platforms and between computers equipped with digital-video capture
cards (see chapter 4.1.7 for more details)

•

Planar RGB: A lossless codec effective for frames that use large areas of solid
colors, such as animation. It uses run-length encoding and represents an alternative
to the Animation codec.

4.3.3. MXF
MXF (Material Exchange Format) is an interesting new file transfer format, which is openly
available to all interested parties. It is not compression-scheme specific and simplifies the
integration of systems using different approved schemes like MPEG and DV as well as
future, as yet unspecified, compression strategies.
MXF offers major advantages in interoperability-working with video and audio between
different equipment and different applications. Furthermore another major contribution is the
transport of metadata. By developing MXF from the beginning as a new file format,
considerable thought has gone into the implementation and use of metadata. Even this is not
essential for the proper functioning of MXF files, it will also enable powerful new tools for
media management.
So the Material Exchange Format is a file format for the exchange of material between
servers, tape streamers and to digital archives. Its contents may be a complete program as
well as complete packages or sequences. There are basic facilities available for cuts
between sequences and audio cross-fades. This way the sequences can be assembled into
programs.
MXF is self-contained, holding complete content without need of external material. It bundles
together video, audio, and program data, such as text together along with metadata and
places them into a wrapper. It’s body is stream based and carries the essence and some of
the metadata. It holds a sequence of video frames, each complete with associated audio,
and data essence, plus frame-based metadata. The latter typically comprises timecode and
file format information for each of the video frames. This arrangement is also known as an
interleaved media file.
The body can be based on several different types of material (essence) including MPEG,
DV, uncompressed video or film and audio, it also uses the SMPTE KLV data coding
system, which has the advantage of being a recognized standard.
MXF is targeted at professional video and broadcast applications, which excludes consumer
applications at one end and complex editing and authoring at the other. It is designed to
carry continuous program material and metadata.
So what does MXF provide?
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•

an extensible framework for interchanging metadata and essence

•

independence from compression formats

•

support for random access and partial file transfer

•

encapsulation for structural & descriptive metadata

•

a means of relating the metadata with the essence

•

a streamable file format for real time contribution

•

support for transfer while capturing

•

support for cut-edit versioning Material Exchange Format – Specification

Page 40

D5.4 HIGH QUALITY COMPRESSION FOR FILM AND VIDEO

PRESTO - IST-1999-20013
09/2002

A MXF File consists of three main parts: a File Header, followed by a File Body and
completed by a File Footer. (Picture from [ProMpeg, 2002])

The File Header is present at the start of every MXF File. It includes an optional Run-In, a
Header Partitioning Pack, Header Metadata and optionally an Index Table. The File
Metadata furthermore comprises structural metadata (describes contents of MXF Body) and
Descriptive Metadata (provides editorial metadata). The Index Table allows rapid access to
any point in the body through a byte offset value from a defined address.
The File Body provides a mechanism for embedding essence data within MXF files. The File
Body shall have one or more Essence Containers, each of which may be playable without
either the header or Footer. An essence container is an interleaved streamable file
comprising video and data essence plus temporal metadata essence. If there is more than
one Essence Container, they shall be multiplexed together using partitions.
The File Footer shall be located at the end of the file. It includes a Footer Partition Pack, an
optional repetition of the Header Metadata sets, optional Index Table Segments and an
optional Random Index Pack.
MXF Essence Container Specification
Each MXF Essence Container specification defines a core container of a specific currently or
in the future existing essence type (e.g. MPEG-2, DV-varieties, uncompressed video or film,
…). The MXF Format now defines the constraints for the specification of an essence
container. It’s important to point out that all essence container specifications must use KLV
coding, the SMTPE 336M standard.
For detailed information on MXF File format see [ProMpeg, 2002]
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(1) when I-frame only streams are used
(2) editing software functionality

(3) Broadcasting/Delivery
(4) Post Production Consumer
(5) Post Production Professional
(6) for lossless compression
compare with section 6.2.1.2

Sub-sampling
Support (7)

Lossless
support

Win, Linux

Win, Linux
Win, Linux
Win
Win, Linux
Win, Linux
Win, Linux
Win, Linux

Win, Linux

Win, Linux

Win, Linux

Win, Linux

4:4:4

4:1:1 (US),
4:2:0 (EUR)
4:4:4
4:4:4
4:4:4
4:4:4
4:4:4
4:4:4
4:4:4

4:2:0

4:4:4, 4:2:2

4:4:4, 4:2:2

yes

no
yes
yes
yes
yes
yes
yes

no

no

no

no

[Windows
[4:4:4, 4:2:2,
[yes or no]
or/and Linux] 4:2:0 or 4:1:1]

OS Support

1.0 / no

no / up to 100
~1.9 / up to 200
~2.5 / no
~1.9 / no
~1.9 / no
~1.5 / no
- / no

no / ~10

no / up to 400

no / up to 400

no / up to 300

[data size
decrease]

n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a

1,5Mbit/s 80 Mbit/s
5kbit/s1,8Gbit/s
5kbit/s10Mbit/s

[bits/sec]

Compression
Ratio Lossless / Typical bitrate
Lossy (6)

PPP

PPC
PPC, PPP
PPC, PPP
PPP
PPP
PPP
PPP

PPC

BRO

BRO / PPC

BRO / PPC

[BRO(3),
PPC(4),
PPP(5)]

Application
Field

(7) In the YUV colorspace (Y=Luminance, U=Colour difference component (R-Y), V=Colour difference component (B-Y))
the U and the V signals are sub-sampled. Amount of sub-sampling can be denoted by a triple K:L:M, whereas K stands
for how many samples are taken for Y out of 4 original samples, L stands for how many samples are taken in field 1 for U
and V out of 4 original samples and M stands for how many samples are taken in field 2 for U and V out of 4 original
samples. 4:4:4 stands for no sub-sampling.

no / no

no / no
no / no
no / no
no /no
no / no
no / no
no / no

yes / yes

yes / yes(2)

yes / yes(2)

yes / yes(2)

[yes or no]

Multi Frame
Stream
Read/Write
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yes / yes

all

DPX

lin, log.

8
8,16
8
8,16
8,16
8,16
8,16
8, 10, 12,
14, 16

all
all
all
all
all
all
all

JPEG
JPEG 2000
HuffYUV
PNG
JPEG-LS
TIF
SGI – RGB

yes / yes
yes / yes
yes / yes
yes / yes
yes / yes
yes / yes
yes / yes
yes / yes

lin

8

SDTV

DV

yes / yes

yes / yes(1)

lin
lin
lin
lin
lin
lin
lin

lin

8

SDTV

lin

DivX

SDTV,
8, 10, 12
HDTV, 2k, 4k

MPEG-4

yes / yes(1)

lin

8,10

SDTV, HDTV

MPEG-2

[yes or no]

[linear or/and
logarithmic]

[Bit]

[Pixel]

Format

Single Frame
Read/Write

Quantisation

Channel
Depth

Spatial
Resolution

We complete this chapter with a statistical overview of the described codecs and formats, investigating different properties. This table should finally help to choose
the best compression scheme for the different individual application domains.

4.4. Format Properties Overview
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Standard for Objective Video Quality Measurement
One goal of the paper is to objectively evaluate and compare the different standards of video
compression technologies. To do this, we first have to define methods and parameters how
to measure the quality of a compressed video.
In the process of developing appropriated Standards for Video Quality Measurement the
Institute for Telecommunication Sciences (ITS) played a key role during the development of
the ANSI standard T1.801 that can be used for gauging the quality of digital video systems.
This standard consists of four parts, part 3 defines several measurement methods which are
presented more in detail in section 5.1. In the following an overview of the different ANSI
standard parts.
1. ANSI T1.801.01-1995
"American National Standard for Telecommunications - Digital Transport of Video
Teleconferencing/Video Telephony Signals - Video Test Scenes for Subjective and Objective
Performance Assessment."
The first standard, ANSI T1.801.01, provides a set of video test scenes in digital format that
can be used for subjective and objective testing of digital video systems. Standardized test
scenes are important because video images with little detail or motion may retain their
quality during digital compression and transmission, while images with extensive detail or
rapid motion may become significantly impaired. Having standardized test scenes gives
users the ability to directly compare the performance of two or more systems.
2. ANSI T1.801.02-1996
"American National Standard for Telecommunications - Digital Transport of Video
Teleconferencing/Video Telephony Signals - Performance Terms, Definitions, and
Examples."
The second standard, ANSI T1.801.02, provides a dictionary of digital video performance
terms and impairments. This standard includes a video tape that illustrates common digital
video impairments such as tiling, smearing, edge busyness, error blocks, and jerkiness.
Thus, this standard gives end-users and service providers a common language for
discussing digital video quality.
3. ANSI T1.801.03-1996
"American National Standard for Telecommunications - Digital Transport of One-Way Video
Signals - Parameters for Objective Performance Assessment."
The third standard, ANSI T1.801.03, defines a whole new framework of objective parameters
that can be used to measure the quality of digital video systems. Many of the parameters in
this standard originated from the research and development efforts of ITS personnel.
4. ANSI T1.801.04-1997
"American National Standard for Telecommunications - Multimedia Communications Delay,
Synchronisation, and Frame Rate Measurement."
The fourth standard, ANSI T1.801.04, defines measurement methods for audio delay, video
delay, and audio-visual synchronisation. These performance parameters are important for
interactive (i.e. two-way) telecommunication services.
Another interesting patented approach to video quality research comes from Stephen Wolf,
Stephen Voran, Arthur Webster entitled "Perception-Based Video Quality Measurement
System."
ABSTRACT: A method and apparatus for objectively measuring the image quality of a
destination video signal generates measurement parameters that are indicative of human
image quality perceptions. Subjective human test panel results are generated for a variety of
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test scenes and types of image impairment. Objective test results are generated by the
apparatus of the present invention for the variety of test scenes and image impairments. A
statistical analysis means statistically analyses the subjective and objective test results to
determine operation of the apparatus. Accordingly, when the apparatus extracts test frames
form the actual source and destination video signals and compares them, image quality
parameters are output by the apparatus which are based on human image quality
perceptions.
Generally digital video systems introduce fundamentally different types of impairments than
those created by analogue reproduction methods. Examples of compression-related
impairments are
•

Edge busyness

•

Error blocks

•

Localized smearing

•

Jerkiness (i.e., jerky motion)

•

Blocking

•

Tiling

which we will introduce in more detail in the next chapter.
The Institute for Telecommunication Sciences (ITS) developed and standardized a
fundamentally new methodology for performing video quality assessment, which is already
patented. ITS extracts features that characterise fundamental aspects of video quality such
as spatial detail, motion and colour information. Furthermore perception based video quality
parameters are computed by comparing features of the output video signal to the input video
features which represent the reference values. Finally they produce a composite quality
score from these parameters that is highly correlated with the subjective assessments of
human viewer panels. Most of these approaches became standardized in the ANSI
TI.801.03 paper, which we are going to investigate in more detail in the next chapter.

5.1. The ANSI Standard for video quality research ANSI T1.801.03-1996 paper
5.1.1. ANSI's Gradient Model of Video Quality
The video quality research of the ANSI T1.801.03-1996 standard is based on a special
model, called the Gradient Model. The following section is a short introduction into the main
idea of this approach.
Main concept of the model is the quantification of distortions using spatial and temporal
gradients, or slopes, of the input and output video sequences. These gradients represent
instantaneous changes in the pixel value over time and space. We can classify gradients
into three different types, that have proven to be useful for video quality measurement.
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the spatial information in the horizontal direction (∆SIh ),

•

the spatial information in the vertical direction (∆SIv),

•

and the temporal information (∆TI).
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Spatial and Temporal Information in a video sequence
It is possible to obtain excellent metrics of video quality without comparing each pixel in the
input and output images. Summary statistics, or features, have proven to be more efficient,
they can first be extracted from the input and output images, and these summary statistics
can be compared to produce a parameter or metric.
Surprisingly parameters based on scalar features (i.e., a single quantity of information per
video frame) have produced significant good correlation to subjective quality measurement
(producing coefficients of correlation to subjective mean opinion score from 0.85 to 0.95).
This demonstrates that the amount of reference information that is required from the video
input to perform meaningful quality measurements is much less than the entire video frame.
This new idea of compressing the reference information for performing video quality
measurements has significant advantages, particularly for such applications as long-term
maintenance and monitoring of network performance, fault detection, automatic quality
monitoring, and dynamic optimisation of limited network resources.

5.1.2. Scalar Features for Video Quality Metrics
A scalar feature is a single quantity of information, evaluated per video frame. The ANSI
standard divides the scalar features into two main groups: based on statistics of spatial
gradients in the vicinity of image pixels and based on the statistics of temporal changes to
the image pixels.
The first group features are indicators of the amount and type of spatial information, or
edges, in the video scene, whereas the second one are indicators of the amount and type of
temporal information, or motion, in the video scene from one frame to the next. Spatial and
temporal gradients are useful because they produce measures of the amount of perceptual
information, or change in the video scene.

5.1.2.1

Spatial Information (SI) Features

To extract spatial information from one frame of our video signal, we start with applying
gradient or edge enhancement algorithms (i.e. Sobel Filter) to the frame. At each image
pixel, two gradient operators are applied to enhance both vertical differences (i.e. horizontal
edges) and horizontal differences (i.e. vertical edges). Thus, at each image pixel, one can
obtain estimates of the magnitude and direction of the spatial gradient. A statistic is then
calculated on a selected sub-region of the spatial gradient image to produce a scalar
quantity.
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Original Image

SI of Image

This example (from the ANSI specification) shows our original image on the left side, and the
edge enhanced output on the right side, which represents the desired spatial information. So
for example a blurred frame will contain lower spatial gradient magnitudes, which will result
in a darker SI image.
Examples of useful scalar features that can be computed from spatial gradient images
include total root mean square energy (SIrms), and total energy that is of magnitude greater
than rmin and within ∆θ radians of the horizontal and vertical directions (HV(∆θ , rmin)).
Parameters for detecting and quantifying digital video impairments such as blurring, tiling,
and edge busyness are measured using time histories of SI features.
Mathematical determination of spatial information
Like expressed before we need two different filters for determining the spatial information in
horizontal and vertical direction. For this we use 3x3 edge-enhancing Sobel filters:

-1

-2

-1

-1

0

-1

0

0

0

-2

0

-2

1

2

1

-1

0

-1

Sobel vertical filter (v)

Sobel horizontal filter (h)

The vertical filter (v) is used to enhance vertical differences (i.e. horizontal edges), whereas
the horizontal filter (h) is used to enhance horizontal differences (i.e. vertical edges). The
output of the vertical filter for a pixel x(i,j) denoted by SIV (i,j) is obtained by centering the 3x3
filter over pixel x, multiplying the filter coefficients by the neighbouring pixel and adding the
nine values together:

SI V (i, j)= x(i + 1, j − 1) − x(i − 1, j − 1) + 2x(i + 1, j) − 2x(i − 1, j) +
x(i + 1, j + 1) − x(i − 1, j + 1)
The formula for the horizontal spatial information is similar.
For video quality research, SIV and SIH are often replaced by their radius Sir and magnitude
SIΘ representation:
2

2

SI r (i, j) = SI H (i, j) + SI V (i, j)
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 SI (i, j) 

SI θ (i, j) = tan −1  v
 SI h (i, j) 
Many scalar features can be defined as primary statistics of the radius of the spatial
information (SIr) values. These features are based on the standard deviation of these SIr
values across all pixels in the selected sub-region.

SI mean =

1
∑ ∑ SI r (i, j)
P i j

1

2
SI stdev =  ∑ ∑ SI r (i, j) − (SI mean ) 2
P i j


Several other features can be computed using both the magnitude and the phase of spatial
information. For example the summation of the SI magnitudes that have horizontal or vertical
direction (HV) is such a feature:

HV(rmin , ∆θ) =

1
∑ ∑ SI r (i, j)
P i j

rmin is a threshold which represents the minimum SI magnitude to include in the summation,
and ∆Θ specifies the maximum angular deviation from the horizontal and vertical directions
to include in the summation.
Another important feature is the reciprocal of the HV feature, which is denoted as HV and is
calculated the same way as the HV. It is the summation of the SI magnitudes that do not
have horizontal and vertical directions.

5.1.2.2

Temporal Information (TI) Features

To extract temporal information, we first calculate temporal gradients for each image pixel by
subtracting, pixel by pixel, the preceding frame (n-1) from the actual frame n. So we will get
larger temporal gradients (white areas in a difference picture) due to subject motion. A
statistical process, calculated on a selected subregion of the temporal gradient image, is
used to produce a scalar feature.

Frame n

Frame n-1

TI

This example shows two successive frames of a rotating globe, and the difference between
them (subtract grey values for the corresponding pixels) which represents the desired
temporal information.
Parameters for detecting and quantifying digital video impairments such as jerkiness,
quantization noise, and error blocks are measured using time histories of temporal
information features.
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Mathematical determination of temporal information
The temporal information is calculated as the pixel-by-pixel difference between two
consecutive frames:

TI(i, j) = Yn (i, j) − Yn −1 (i, j)
Furthermore most time primary statistics like the standard deviation of these TI values are
applied:

TI mean =

1
∑ ∑ TI(i, j)
P i j

1

TI stdev =  ∑ ∑ TI 2 (i, j) − (TI mean ) 2
P i j

2

TI rms = TI mean + TI stdev

2

5.1.3. Feature Comparison
Next we have to define possibilities to compare the evaluated features. The ANSI-standard
suggests different approaches for each class of feature (scalar, vector, matrix). We are going
to introduce the most important scalar feature comparison functions in the next paragraphs.
In each case M is the number of video frames, tn is the position inside the video specifying a
particular frame and d is the alignment offset, which maps the output frame to the
corresponding input frame.

5.1.3.1

Scalar Feature Comparison Functions

Maximum (over time) of the log ratio
For this feature comparison function we have to calculate the log ratio, which is defined as
the base 10 logarithm of the ratio of the output feature to the input feature, for each of the
frames. The maximum of all these log ratio values is the desired final value.
−1
max time [lratio] = max{lratio}M
n =0

 a (t ) 
lratio(t n ) = log10  out n 
 a in (t n − d) 

Minimum (over time) of the log ratio
This comparison function is equal to the Maximum of the log ratio function, apart from that
we have to calculate the minimum of the log ratio values this time.
−1
min time [lratio] = min{lratio}M
n =0

Root Mean Square (over time) of the log ratio
This time we have to calculate the mean squared error of all the ratios for each frame, which
is the average of all the ratios raised to power two.
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1 M −1
∑ [lratio(t n )]2
M n =0

rms time [lratio] =

Maximum (over time) over the error ratio
For this comparison function we have to calculate the error ratio of each frame, which is
defined as the difference between output and input feature divided by the input feature. The
desired final value is the maximum of these error ratios.
−1
max time [errRatio] = max{errRatio(t n )}M
n =0

 a (t − d) − a out (t n ) 
errRatio(t n )=  in n

a in (t n − d)



Minimum (over time) of the error ratio
This approach calculates the minimum of all the calculated error ratios (see Minimum over
error ratio)
−1
min time [errRatio] = min{errRatio(t n )}M
n =0

Root Mean Square (over time) of the error ratio
This approach calculates the mean squared error (the average of the feature values raised
to power 2) of the calculated ratios.

rms time [errRatio] =

1 M −1
∑ [errRatio(t n )]2
M n =0

Root Mean Squared Error (over time) of the positive error ratio
The positive error ratio is defined as setting all negative error ratios equal 0, just accepting
positive values. The wanted final value is the mean squared error of these positive values.

 0 if x ≤ 0
[errRatio(t n )]pp = 
x if x > 0
Percent dropped samples
For this approach we have to count the number of output samples that fall below a threshold.
The desired value is the percentage of how many of all samples are dropped (are below the
threshold)

pds =
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Sum of the added frequencies
At this approach we compare the Fourier transform of the input sequence to the Fourier
transform of the output sequence. The aim is to determine if we have frequencies that are
not present in the input sequence (i.e. added frequencies). For more specific details see the
ANSI standard.

5.1.4. ANSI's Video Quality Parameters
The following provides a pictorial representation of the most important objective video quality
metrics in the ANSI T1.801.03-1996 standard. These metrics are based on the Spatial
Information (SI) and Temporal Information (TI) features described before. The response of
selected objective video quality parameters to several common digital video impairments are
illustrated. The definitions for the different video impairments are quotes from the ANSI
T1.801.02-1995 standard.

5.1.4.1

Blurring Measured with the Lost Edge Energy Parameter

Definition: Blurring = "A global distortion over the entire image, characterized by reduced
sharpness of edges and spatial detail."
The ANSI T1.801.03-1996 paper defines a Lost Edge Energy Parameter for measuring the
blurring-effect, which causes a loss of edge sharpness and a loss of fine details in the output
image. This loss is easily perceptible by comparing the Spatial Information (SI) of the output
image with the SI of the input image. The lost edge energy parameter compares the edge
energy of the input image with the edge energy of the output image to quantify how much
edge energy has been lost.

Input Image
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SI of Output Image

This examples shows the differences between the spatial information pictures (edge
enhancement) of the original image and the blurred one. The loss of edge information is
apparent as much lower gradient magnitudes values, ending up in a darker SI image.
Mathematical Measurement
1. Select the standard deviation of the spatial information SIstdev (see 5.1.2.1) to be
computed for each frame
2. Select a specific sub region over which to compute the feature
3. Select a sequence of input video frames and compute the time history of the
specified features to gain the ain value sequence
4. Select the corresponding output video frames and repeat step 3 for these to gain the
aout value sequence
5. Evaluate the maximum (over time) of the error ratio (defined in 5.1.3.1) comparison
function for the ain and aout values
The average edge energy difference is also part of this specification. This special parameter
represents the average distance between the edge energy of the input video signal and the
edge energy of the output video signal. It is computed the same way as above, just at step 5
we evaluate the root mean square (over time) of the error ratio.

5.1.4.2 Block Distortion (Tiling) Measured with the HV to non-HV Edge
Energy Difference Parameter
Definition: Tiling = "Distortion of the image characterised by the appearance of an underlying
block encoding structure."
The ANSI T1.801.03-1996 paper defines a HV to non-HV edge energy difference parameter
for quantifying the tiling impairment. In contrast to blurring which results in lost edge energy,
tiling creates false horizontal and vertical edges. By examining the spatial information (SI) as
a function of angle, the tiling effects can be separated from the blurring effects.
The following example illustrates the tiling effect, which reflects all discrete cosine transform
compression approaches. The first row shows the frames for the input and the tiled output.
In the second row the horizontal and vertical spatial information values (SIh and SIv) were
calculated for each image pixel, whereas in the third row a histogram was generated by
counting the number of image pixels at each discrete (SIh, SIv) location, and then displaying
this count as an intensity. Thus, brighter areas indicate more image pixels with those SIh and
SIv coordinates.
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Input Image

Output Image

SI of Input Image

SI of Output Image

SI histogram of input

SI histogram of output
As it is apparent in the two dimensional (SIh, SIv) histograms, tiling adds horizontal and
vertical spatial information, so the tiled output has more spatial information along the
horizontal SIh axis and the vertical SIv axis than the input.
Mathematical Measurement
1. Select the HV and HV features (defined in 5.1.2.1) to be computed for each frame.
Set rmin = 20 and ∆Θ = 0.05236 radians.
2. Select a specific sub region over which to compute the feature
3. Select the sequence of corresponding input video frames and calculate the ain
values the same way as in step 4
4. Select a sequence of output video frames and calculate the specified feature to gain
the aout values as:
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HVout (rmin , ∆θ) + 0.5
HV out (rmin , ∆θ) + 0.5

5. Evaluate the maximum (over time) of the error ratio (defined in 5.1.3.1) comparison
function for the ain and aout values

5.1.4.3

Error Blocks Measured with Added Motion Energy Parameter

Definition: Error Block="A form of block distortion where one or more blocks in the image
bear no resemblance to the current or previous scene and often contrast greatly with
adjacent blocks."
The ANSI T1.801.03-1996 paper defines a Added Motion Energy Parameter for detecting
and quantifying the perceptual effects of error blocks. The sudden occurrence of error blocks
produces a relatively large amount of added temporal information. So the Added Motion
Energy Parameter compares the temporal information (TI) of successive input frames to the
TI of the corresponding output frames.
The following example of a bird illustrates the effect of error blocks. Two successive input
images (frame 1 and frame 2) and their corresponding output images are displayed. The
input and output temporal information (TI) images were simply computed by subtracting
frame 1 from frame 2.
Motion leads to increasing values of the temporal information and is shown as whiter areas
in the TI images. The sudden occurrence of the error blocks in output frame number 2
produces the expected large amount of added TI (relatively large white areas). It is important
to point out that the perceptibility of error blocks is related to the logarithmic ratio of the
output TI value divided by the input TI value. In other words, error blocks become more
noticeable in low motion scenes than high motion scenes.
Input Frame 2

Input Frames Difference

Output Frame2

Output Frames Difference

Input Frame1
Output Frame1
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Mathematical Measurement
1. Select the TIrms feature (specified in 5.1.2.2) to be computed for each video frame
2. Select a specific sub region over which to compute the feature
3. Select a sequence of input video frames and compute the time history of the
specified features to gain the ain value sequence
4. Select the corresponding output video frames and repeat step 3 for these to gain the
aout value sequence
5. Evaluate the maximum (over time) of the log ratio (defined in 5.1.3.1) comparison
function for the ain and aout values

5.1.4.4

Noise Measured with Motion Energy Difference Parameter

Definition: Noise = "An uncontrolled or unpredicted pattern of intensity fluctuations that is
unwanted and does not contribute to the desired quality of a video image."
The ANSI T1.801.03-1996 paper defines a Motion Energy Difference Parameter for
quantifying added noise in the output video. A persistent noise affecting the video signal will
end up in a higher temporal information for all consecutive frames. So if we measure the
average Motion Energy of the input and output video and compare it, the influence of noise
will lead to a higher Motion Energy for the output. This effect is shown in the next diagram
(from ANSI specification) which evaluates the power of two of the TI of an original,
undisturbed picture and the TI of the same picture with some random persistent noise. It is
apparent that noise leads to this higher motion energy value.

Motion Energy (temporal information) of undisturbed and noisy video signal
The next example of a comic video should illustrate the effect of noise on consecutive video
frames. Two consecutive input images (frame 1 and frame 2) and their corresponding output
images (with some random noise added) are displayed. The input and output temporal
information (TI) images were simply computed by subtracting frame 1 from frame 2. The
random noise present in the output manifests itself as "snow" in its TI image.
Input Frame 1
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Output TI

Mathematical Measurement
1. Select the TIrms feature (specified in 5.1.2.2) to be computed for each video
frame
2. Select a specific sub region over which to compute the feature
3. Select a sequence of input video frames and compute the time history of the
specified features to gain the ain value sequence
4. Select the corresponding output video frames and repeat step 3 for these to gain
the aout value sequence
5. Evaluate the Root Mean Square (over time) of the log ratio (defined in 5.1.3.1)
comparison function for the ain and aout values

5.1.4.5 Jerkiness Measured with Lost Motion Energy and Percent
Repeated Frames Parameter
Definition: Jerkiness="Motion that was originally smooth and continuous is perceived as a
series of distinct snapshots."
The ANSI T1.801.03-1996 paper defines a Lost Motion Energy and Percent Repeated
Frames Parameter for measuring the jerkiness impairment.
The following example, which illustrates the influence of jerkiness is from the Video Quality
Research Homepage (see [[Video, 2001]). A sequence of ten input video frames are shown
together with their computed temporal information (TI) images. For this input video
sequence, the man and the magazine he is holding are moving and the motion is given by
the white areas in the TI images.
The sequence shown contains ten consecutive video frames, of which only the first, second,
and tenth are displayed. The output video was obtained from a transmission system that
failed to transmit every video frame and instead repeated some frames. So in this example
the output video is only updated once every ten video frames. The first output image and the
last output image represent these updates.
It is easily imaginable that when the output video is updated with a new frame, the
corresponding TI image contains all the motion of the last ten frames. Thus, the TI images
for output frames 1 and 10 have large amounts of motion compared to the input. Output
frames 2 through 9 are repeated and are identical to output frame 1. Thus, the TI images for
these output frames do not show any motion (black image).
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Frame 1

Frame 2

Frame 10

Frame 1

Frame 2

Frame 10

The graph below shows an example plot of temporal information of a compression schema
which performs such a frame repetition. The input (solid line) contains time varying amounts
of motion. The output (dashed line) contains repeated frames.

PRESTO Consortium

Page 56

D5.4 HIGH QUALITY COMPRESSION FOR FILM AND VIDEO

PRESTO - IST-1999-20013
09/2002

The percent repeated frames parameter counts the percentage of TI samples that are
repeated, whereas the average lost motion energy parameter integrates the fraction of lost
motion (i.e., sums the vertical distances from the input samples to the corresponding
repeated output samples, where these distances are normalised by the input before
summing).
A special case of the average lost motion energy parameter is the one where in the first step
random noise gets removed. For this parameter we have to estimate input and output
random noise power, and it is precise only for the case that the random noise is stationary.
We refer to this parameter as average lost motion energy with noise removed.
Mathematical Measurement
1. Select the TIrms feature (specified in 5.1.2.2) to be computed for each video frame
2. Select a specific sub region over which to compute the feature
3. Select a sequence of input video frames and compute the time history of the
specified features to gain the ain value sequence
4. Select the corresponding output video frames and repeat step 3 for these to gain the
aout value sequence
5. Evaluate the Minimum (over time) of the log ratio (defined in 5.1.3.1) comparison
function for the ain and aout values for the Lost Motion Energy Parameter or the
percent dropped sample comparison function for the Percent Repeated Frames
parameter

5.1.4.6 Temporal Edge Noise Measured with the Added Edge Energy
Frequencies Parameter
Definition: Temporal Edge Noise= "A form of edge busyness characterized by time-varying
sharpness (shimmering) to edges of objects."
The ANSI T1.801.03-1996 defines the Added Edge Energy Frequencies Parameter for
quantifying temporal edge noise. To evaluate the influences of temporal edge noise, it is
useful to investigate the time history of the spatial (edge) information, because the temporal
edge noise will lead to big swings in the graph.
The following graph illustrates this effect. The input is plotted with a green line and the output
is plotted with a red line where the resulting swings are easily apparent. The added
oscillations of the SI values for the output video sequence create extra high frequencies.
This is demonstrated by the accompanying graph of SI frequencies, where the output has
more energy over all frequencies.
Spatial Information time history plot

Spatial Information frequency plot

The following example should illustrate the temporal edge noise effect. Three consecutive
frames of the input video are shown for a test scene, which shows a bridge. The
corresponding spatial information (SI) images are shown to the right of each frame. The
input video has an approximately constant amount of edge energy (shown as white). The
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corresponding sequence of output video frames that contain temporal edge noise are shown
along with their SI images. Output frames 3 and 1 contain less SI than output frame 2. The
successive blurring and sharpening of the edges, perceived as a shimmering of the edges,
creates the large swings in the measured SI values for the sequence of output video frames.

Input

SI of Input

Output

SI of Output

Mathematical Measurement
1. Select the SIstdev feature (specified in 5.1.2.1) to be computed for each video frame
2. Select a specific sub region over which to compute the feature
3. Select a sequence of input video frames and compute the time history of the
specified features to gain the ain value sequence
4. Select the corresponding output video frames and repeat step 3 for these to gain the
aout value sequence
5. Evaluate the Sum of the Added Frequencies (defined in 5.1.3.1) comparison
function for the ain and aout values
The maximum added edge energy parameter is also part of this definition. This special
parameter represents the maximum amount of edge energy that has been added to the input
due to the compression process. It is computed the same way as above instead of step 5
where we have to evaluate the minimum (over time) of the error ratio.

5.1.4.7

MSE – Mean Squared Error / PSNR – Peak Signal to Noise Ratio

MSE and PSNR are traditional objective variable that does not effectively predict subjective
responses for video systems. But it should be mentioned because very often, as a
characteristic of a video quality, the MSE and the PSNR are pointed out.
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The MSE is the cumulative squared error between the original and the output frame,
whereas the PSNR is a measure of the peak error. The mathematical formulas are
(M,N…dimensions of image):

MSE=

1 M N
[I(x, y) − ˆI(x, y)]2
∑
∑
MN y =1 x =1

PSNR = 20 ∗ log10 (

235
)
MSE

The smaller the MSE value, the fewer the error, and as seen from the inverse relation
between the MSE and PSNR, this translates to a high value of PSNR. Thus, generally a
compression scheme having a low MSE (and a high PSNR) is a good one.

5.1.4.8

Negsob / Possob Parameters

These two parameters are supplements to the ANSI standard, a definition and interpretation
is given in the paper [Wolf, 1997] (section 3.7).
This paper reveals that the measurements in the introduced ANSI standard were selected
after an multilaboratory quality assessment study of video systems from bit rates of 64
kbit/sec to 45 Mbit/s: While 25 video systems were tested, this study did not include MPEG
video systems, and did not cover any bit rates between 1.6 and 10 Mbit/sec. The paper fills
this bit rate gap.
The most important parameters of this paper are two matrix parameters, the Negsob and the
Possob. With this parameters we can separate different types of errors and can overcome
the effect that with the scalar ANSI-parameters we are sometimes not able to distinguish
between different impairments.
Negsob – Negative Sobel Operator and
Possob – Positive Sobel Operator
The negative Sobel difference (Negsob) is defined as the mean of the negative part of the
input minus the output pixel-by-pixel difference of the Sir (see chapter 5.1.2.1) values.

Negsob = mean[Sobel(input) − Sobel(output)]np
0
[x]np = 
x

if
if

x≥0
x<0

The positive Sobel difference (Possob) is defined as the positive part of the input minus the
output pixel-by-pixel difference of the Sir (see chapter 5.1.2.1) values

Possob = mean[Sobel(input) − Sobel(output)]pp
0
[x]pp = 
x

if
if

x≤0
x>0

If we evaluate both parameters, false edges in the output picture (e.g., blocks, edge
busyness…) will lead to negative SI errors (Negsob), while lost edges (e.g. blurred…) will
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lead to a positive SI error (Possob). Thus, the two types of error can be clearly separated on
a pixel-by-pixel basis when both are present in the output image.

5.1.5. Parameter / Impairment Relationship
We complete this chapter with a final table, which represents a list of the previous
investigated objective parameters and the corresponding impairments terms. This table
offers a set of provisional associations to provide a perceptible interpretation of the
measured quantities.
The idea behind this list is that if you detect some impairments in your output video signal,
you can easily choose a suitable parameter from the list to measure the influence of these
impairments and gain an objective evaluation of the compression quality.
Objective parameters
Objective parameters

Impairments

Maximum added motion energy
(see section 5.1.4.3)

error blocks, jerkiness, noise

Maximum lost motion energy
(see section 5.1.4.5)

jerkiness

Average motion energy difference
(see section 5.1.4.4)

jerkiness, noise, error blocks

Average lost motion energy with noise removed
(see section 5.1.4.5)

jerkiness

Percent repeated frames
(see section 5.1.4.5)

jerkiness

Maximum added edge energy

spatial edge noise, block distortion,
tiling, noise

Maximum lost edge energy
(see section 5.1.4.1)

blurring, smearing

Average edge energy difference
(see section 5.1.4.1)

blurring, smearing, spatial edge noise,
block distortion, tiling, noise

Maximum HV to non HV edge energy difference
(see section 5.1.4.2)

block distortion, tiling

Added edge energy frequencies
(see section 5.1.4.6)

temporal edge noise, spatial edge noise,
edge busyness

Maximum added spatial frequencies

spatial edge noise, block distortion,
tiling, noise

Maximum lost spatial frequencies

blurring smearing

Table 2: List of defined video quality parameters and associated impairments terms;
from [ANSI, 1996].
In section 6 there can be found quality measurement results which focuses on the objective
parameters added edge energy and lost edge energy.
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Quality Measurement
The quality measurement bases on the comparison of an original Image Sequence (IS) and
an encoded/decoded IS, see also Figure 1.
In a first step the uncompressed ‘Original IS’ is trans-coded to the desired ‘Encoded IS’
format (e.g. MPEG-4, JPEG-2000, …) and is then trans-coded once again to the
uncompressed ‘Decoded IS’.
In the second step these two image sequences, the ‘Original IS’ and the ‘Decoded IS’, are
compared frame by frame by means of the ‘Quality Measurement Module’. Three quality
measures are found there, the PSNR, the Possob and the Negsob values. A description of
how they can be interpreted is given in section 6.1.
ORIGINAL
IMAGE SEQUENCE

ENCODED
IMAGE SEQUENCE

DECODED
IMAGE SEQUENCE

Transcoder

Transcoder

Quality
Measurement
Module

PSNR

POSSOB

NEGSOB

Figure 1: Quality measurement approach.
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6.1. Measured Parameters
6.1.1. PSNR
Peak Signal to Noise Ratio has been used for several years for video quality measurement.
In this measurement it has been selected for comparison reasons only. A definition can be
found in section 5.1.4.7.

6.1.2. Negsob and Possob
Negsob – Negative Sobel difference is an indication that false edges are present in the
output image,sequence e.g. caused by blocks, edge busyness, …(see also Table 2, page
60, ‘added edge energy’).
Possob - Positive Sobel difference is an indication for lost edges in the output image
sequence, e.g. caused by blurring or smearing (see also Table 2, page 60, ‘lost edge
energy’)..
A definition for both values can be found in section 5.1.4.8. Negsob and Possob are,
according to [Wolf, 1997]/section 5.3.1, very good single predictors for subjective video
quality. Figure 1 below from [Wolf 97] illustrates what can be detected with the Negsob and
the Possob parameters.
From [Wolf 97]:
‘Two matrix versions of the ANSI spatial information (SI) parameters were included in the
analysis. These two parameters (Negsob and Possob) are illustrated in Figure 1. Figure 1
(a) is the input image, Figure 1 (b) is the spatially registered output image, Figure 1 (c) is the
spatial information of the input image (SIr [input]), Figure 1 (d) is the spatial information of the
output image (SIr [output]), and Figure 1 (e) is the error between the two spatial information
images (i.e., SIr [error] = SIr [input] - SIr [output]). In Figure 1 (e), zero error has been scaled
to be equal to mid-level gray (128 out of 255 for an 8-bit display). When false edges are
present in the output image (e.g., blocks, edge busyness, etc.), the SI error is negative and
appears darker than gray (Negsob parameter). When edges are lost in the output image
(e.g., blurred), the SI error is positive and appears lighter than gray (Possob parameter). In
this manner, the two types of error can be clearly separated on a pixel-by-pixel basis when
both are present in the output image.’
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(a) Input

(b) Output

(c) SI of Input

(d) SI of Output

(e) SI of Input minus SI of Output
[Wolf 97] Figure 1: Illustration of Negsob and Possob Parameters
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6.2. Measurement Results
Two quality measurement cases were set up, one to evaluate the compression capabilities
of mathematically lossless formats on high (film) resolution material (see section 6.2.1), the
second to evaluate lossy formats on standard definition television resolution (see section
6.2.2).
For both measurement cases the following test environment has been used: Dual PIII-1
GHz, 1 GByte RAM, 64 bit PCI, 250 GByte Fibre Channel Storage.
All tools, encoders and decoders used for the measurements are listed in Table 3.
Encoder

Decoder

Link

TIF

Xnview/nconvert

Xnview/nconvert

http://www.come.to/xnview

JPEG

Xnview/nconvert

Xnview/nconvert

http://www.come.to/xnview

JPEGLS

nLoco

Nloco

http://www.hpl.hp.com/loco

JPEG
2000

Kakadu

Xnview/nconvert

http://www.kakadusoftware.c
om and
www.come.to/xnview

PNG

Xnview/nconvert

Xnview/nconvert

http://www.come.to/xnview

Huffyuv

Huffyuv v2.1.1

Huffyuv

http://math.berkeley.edu/~be
nrg/huffyuv.html

MPEG-2

MSSG,
MPEG-2 Encoder V1.2

MSSG,
MPEG-2 Decoder V1.2

http://www.mpeg.org/MSSG
and
ftp://ftp.mpegtv.com/pub/mp
eg/mssg/mpeg2v12.zip

MPEG-4

bmp2avi
Tool
and
Microsoft MPEG-4 V2
Microsoft MPEG-4 V2
Codec
Codec

http://www.divxdigest.com/software/bmp2av
i.html and
http://www.microsoft.com/wi
ndows/windowsmedia

DivX

DivX 5.02 Codec

http://www.divx.com

DivX 5.02 Codec

Table 3: Measurement Tools, Encoders and Decoders.

6.2.1. Lossless Compression on 2k Material
Table 4 describes the used test sequences.
Title

Movie Type, Motion, Defects

Sampling of Original

Autotocht in de Pyreneeën /
Car Ride in the Pyrenees,
1910

Hand stencilled color movie,
static background, local object
movement, strong dust and dirt
defects, grain,

2048x1536, 3*8Bit (RGB),
58 frames

Bucking Broadway, 1917

B&W western movie, partially
very fast motion, grain

2048x1536, 3*8Bit (RGB),
200 frames
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Title

Movie Type, Motion, Defects

Sampling of Original

Schneewittchen, late fifties

Comics, low local object
motion, dust and dirt defects,
camera instability.

2048x1556, 3*8Bit (RGB),
49 frames

Table 4: Lossless compression test sequences.
This test sequences has been encoded and decoded with several different codecs and the
results has been averaged over the sequences for each codec. Table 5 shows the results of
lossless compression measurement.
Average
Encoding Time

Average
Decoding Time

[seconds]

[seconds]

[percentage of
uncompr. size]

HuffYUV (Predict Gradient)

2,15

2,24

40,30

JPEG-LS

2,22

3,26

53,20

JPEG 2000 (loss-less)

4,43

11,83

51,74

PNG (loss-less)

6,71

1,47

52,56

TIF (LZW)

4,12

1,84

69,18

Codec

Encoded File Size

Table 5: Lossless compression measurement results on 2k images.

6.2.1.1

Encoding/Decoding Time

Huffyuv and JLS provides fastest encoding, PNG provides fastest decoding, also TIF and
Huffyuv allow fast decoding. The very high decoding time for JP2 can be explained by the
experimental
status
of
the
decoding
software
(see
also
http://www.ece.uvic.ca/~mdadams/jasper/jasper.pdf).
An relevant amount of the given encoding/decoding time is required for file I/O operation, the
file size of a single frame is about 9 MByte, input plus output file size is about 15 MByte per
frame for the encoding step as well as for the decoding step.

[sec]

Encoding/Decoding Tim es per Fram e
12,00
11,00
10,00
9,00
8,00
7,00
6,00
5,00
4,00
3,00
2,00
1,00
0,00

Encoding
Decoding

Huffyuv

JLS

JP2

PNG

TIF

Figure 2: Lossless compression encoding and decoding times on 2k images.

6.2.1.2

Compression rations

The storage space requirement varies for the different encoders. Best compression is
provided by Huffyuv (40% storage space required), before JLS, JP2 and PNG, TIF-LZW
provides worst compression capabilities (70% storage space required).
The compression values may differ for other kind of material (e.g. is has been shown that
TIF-LZW can reach about up to 50% compression on ‘clean’ material. During this evaluation
we used mainly historic film material with noise and grain. Similar quality can be expected for
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most archived material. Todays productions may produce ‘cleaner’ material and thus higher
compression rations.
Encoded File Size

[%] of uncompressed

100,00
90,00
80,00
70,00
60,00

Encoded
File Size

50,00
40,00
30,00
20,00
10,00
0,00
Huff yuv

JLS

JP2

PNG

TIF

Figure 3: Lossless compression storage space required compared to uncompressed data.

6.2.1.3

Conclusions

Huffyuv provides best overall features, with fast encoding and decoding and best
compression capabilities in the field. Huffyuv is followed by JLS, PNG, JPEG 2000 and TIFF.
Lossless compressed material needs about 40% to 50% storage space of uncompressed
material, which can be seen as a practically reachable value for mathematically lossless
intra-frame encoders.

6.2.1.4

Outlook

During this evaluation it was not possible to find any lossless inter-frame encoder. This
approach could benefit from temporal image redundancy like MPEG-1, -2 or -4 and thus
would allow much higher compression rations than with intra-frame encoders.
Initiatives in this direction are:
‘Digital Cinema’ at MPEG (ISO/IEC JTC 1/SC 29/WG 11); currently the requirements for
archival and distribution of motion pictures are consolidated. Basic requirement for archival
is mathematically lossless compression, for distribution it is visually lossless compression.
Further information is available at
http://mpeg.telecomitalialab.com/working_documents/explorations/dcinema/requirements.zip
.
‘Interframe Wavelet Coding’ at MPEG (ISO/IEC JTC1/SC29/WG11); December 2001 MPEG
decided to create an Adhoc Group for exploration of new tracks in video coding in the area
of interframe wavelet technology. Main goal is to standardize a ‘efficient and seamless
scalable coder’. Scalability includes different dimensions: spatial, temporal, SNR, complexity,
qualities (from lossy to lossless). Further information is available at
http://mpeg.telecomitalialab.com/working_documents/explorations/intwav/exploration_status.
zip.
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6.2.2. Lossy compression on SDTV material
Table 6 describes the used test sequences
Title

Movie Type, Motion, Defects

Sampling of Original

Autotocht in de
Pyreneeën / Car Ride
in the Pyrenees, 1910

Hand stencilled color movie, static
background, local object movement,
strong dust and dirt defects, grain.

720x576, 3*8Bit (RGB), 58 frames

Bucking Broadway,
1917

B&W western movie, partially very fast
motion, grain.

720x576, 3*8Bit (RGB), 200 frames

Enterprise, 1978

Color movie, fast local object motion.

720x576, 3*8Bit (RGB), 227 frames

Opernball, 1956

Color movie, low, local object motion,
strong dust and scratches, grain.

720x576, 3*8Bit (RGB), 249 frames

Schneewittchen, late
fifties

Color comics, low local object motion, dust
and dirt defects, camera instability.

720x576, 3*8Bit (RGB), 49 frames

Table 6: Lossy compression test sequences.
All these test sequences has been encoded and decoded with all the codecs listed in Table
7). For each codec the results has been averaged over the different sequences. In
this
evaluation one codec has been tested as a representative for a certain standard. Results
may differ for other codecs implementing a certain standard.
The compression ratio has been set to 80:1 for all codecs (compared to uncompressed RGB
data). Therefore the encoded material utilises a bandwidth of 3 MBit/second for all codecs,
except the MS MPEG-4 codec, which promises to be parameterisable to produce up to
6MBit/sec., in fact the encoder produces maximal 2 MBit/second streams.
Table 7 shows the results of the lossy compression measurement. Beside the required
encoding and decoding time the quality measures PSNR, Negsob and Possob (see section
6.1) has been calculated.
Codec

Encoding Time

Decoding Time

PSNR

Negsob

Possob

[seconds]

[seconds]

[dB]

[dB]

[dB]

MPEG-2

2,61

0,20

33,0

45,6

41,4

MPEG-4

0,26

0,18

33,3

45,5

41,2

DivX

0,26

0,21

32,7

49,6

40,8

JPEG

0,11

0,08

29,5

42,3

38,5

JPEG 2000

0,21

1,07

32,3

46,1

39,9

Table 7: Lossy compression measurement results.

6.2.2.1

Encoding/decoding Time

Encoding and decoding times depend heavily on codec implementation optimization, e.g.
Figure 4 shows that the used MPEG-2 encoder implementation is far from being optimal in
terms of speed. For JP2 the statement given in section 6.2.1.1 is also valid here.
An relevant amount of time of the given encoding/decoding time is required for file I/O
operation. The file size of a single uncompressed frame is about 1.2 MByte, which must be
read when encoding a frame and which must be written when decoding a frame.
Encoding and decoding times have been given here just for completeness and are not the
main focus of investigation in this section.
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Encodig/Decoding Tim e per Fram e
3,00
2,50

[sec]

2,00
1,50

Encoding

1,00

Decoding

0,50
0,00
MPEG-2

MPEG-4

DivX

JPG

JP2

Figure 4: Lossy compression encoding and decoding times on SDTV images.

6.2.2.2

Quality results

In Table 8 you can find some subjective annotations which bases on the inspection of the
different codec results by one person. Even this is not a representative evaluation it gives
hints about codec weakness and strength. Found properties can either be caused by
technology used for a certain standard (e.g. JPEG 2000 does not show any blocking effect
because of used wavelet approach) or can be caused by codec implementation (e.g. the
MPEG-2, the MPEG-4 and the DivX coded material is slightly blurred compared to the
original material, which seems to be a common codec implementation strategy for reaching
the low 3MBit/second bitrate).
Codec

Subjective Quality

MPEG-2

Slightly blurred (horizontal color edges and luminance edges in all
directions), blurred and slightly blocking with noisy material, natural
video impression, slightly busy edges

MPEG-4

Slightly blurred (horizontal color edges and luminance edges in all
directions), blurred and slightly blocking with noisy material

DivX

Blurred (horizontal color edges and luminance edges in all directions),
blurred with noisy material, natural video impression

JPEG

Strong blurred, very strong blocking in all areas (in continuous and
structured areas), very busy edges

JPEG 2000

Blurred to strong blurred with noisy material, slightly to medium busy
edges, natural video impression compared to JPEG
Table 8: Lossy compression subjective annotations.

The general quality of the two intraframe codecs JPEG and JPEG 2000 is significantly lower
than the quality of the interframe codecs. JPEG 2000 shows superior quality compared to
the JPEG codec with much more natural image impression.
Figure 5 shows quality measurement results.
The PSNR value indicates for JPG low quality, which correlates with the subjective
impression. PSNR also indicates that JP2 has as high quality as MPEG-2, MPEG-4 and
DivX what is not correlating with the blurred impression of JP2 coded material.
The Negsob value indicates high quality for DivX, medium quality for MPEG-2, MPEG-4 and
JP2 and low quality for JPG, which correlates very well with the subjective impression when
looking for blocking/tiling distortions. It also indicates high quality for JP2, what correlates
with the subjective impression in terms of blocking/tiling (there is no one) although JP2
suffers from blurriness, which can not be expressed by this value.
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The Possob value range, which is for the different codecs 4 to 8 dB below the Negsob value
range, indicates that all codecs produces blurred material, which correlates with the
subjective impression. The possob values indicates best quality for MPEG-2, MPEG-4 and
DivX, before JP2 and JPG, which correlates with the subjective impression.
The relative difference between the Possob (Negsob) values (for the different codecs) is
very low. This results from the calculation procedure. The calculation of the Possob
(Negsob) value for an entire frame is done by averaging the Possob (Negsob) value of each
pixel in the frame. In continuous tone areas the Possob (Negsob) values are very low when
the frame is sharp as well as when the frame is blurred, which has in both cases the same
impact on building the average. This makes the sharp and the blurred case less
distinguishable. An improvement would be to rely for the average calculation only on pixels
of structured frame areas.
Quality Measurem ent
Av. Disturbance Suppr. [dB]

50,0
45,0
40,0
35,0
30,0

PSNR

25,0

Negsob

20,0

Possob

15,0
10,0
5,0
0,0

MPEG-2

MPEG-4

DivX

JPG

JP2

Figure 5: Lossy compression quality measures.

6.2.2.3

Conclusions

DivX (3 MBit/sec.) encoded material shows best subjective impression, close before MPEG2 (3 MBit/sec.) and MPEG-4 (2 MBit/sec.). The intraframe codecs JPG and JP2 shows much
less quality than interframe codecs. JP2 shows superior quality compared to JPG.
PSNR is an objective quality measure which is partially able to describe subjective quality. It
fails when wavelet based coding techniques are used.
Negsob is an objective quality measure which is able to describe subjective quality in terms
of blocking/tiling effects very well.
Possob is an objective quality measure which is able to describe subjective quality in terms
of blurring/smearing well.
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Results and Conclusions
The paper shows that digital video/film is and will stay a very hot research topic in the new
century. More and more research work on different video compression approaches is going
on, all trying to handle the huge problem of compressing video and film data with high
compression ratios either without loosing too much visual quality (visually lossless) or
without loosing mathematically any information (lossless).
It turned out that the properties of the human visual system (HVS) are closely related to the
different compression approaches. The weaknesses of the human visual system can be
directly integrated into future visually lossless compression schemes.
The investigation of the different theoretical compression approaches revealed, that each
one has its own advantages and disadvantages, depending on the application field in which
we are going to use it. Thus, even older schemes like transformation coding with DCT are
still used, whereas newer approaches tend more to object-recognition and complex
interframe-based schemes, e.g. wavelet.

7.1. Standards / Formats Overview
It turned out that there are three main streams concerning video and film compression:
1. Low-quality streaming video - supports the increasing success of video over the
Internet
2. Broadcasting/Delivery – supports the trend of downloading and storing complete
films from the Internet to watch in acceptable quality on home platforms (MPEG-4,
DivX, SVCD,…)
3. Professional video/film mastering – supporting film and video editing and archiving
applications.
Our main attention turned to the second and especially the third category of video/film
compression research, so we investigated possibilities of high quality compression with the
final aim to find a perhaps superior to all other codec for all application domains. An facts
overview of all investigated standards/formats can be found in Table 1, page 42.
For the broadcasting/delivery application field we took a closer look on the MPEG related
standards, on JPEG related standards and on DV.
MPEG-2 constitute the basis for the tremendous success of the DVD and Digital Television
Broadcasting. MPEG-2 is today the main standard for video compression in the professional
broadcast field as well as for home users. It is scalable in terms of spatial resolution up to
HDTV. Within MPEG-2 it is also possible to store single frames (I-frame only) which enables
easy single frame access, e.g. for editing solutions.
For higher quality film and video compression the newer MPEG-4 standard is the right
choice, because of its wider range of possible output resolutions and its added functionality,
which makes it interesting even for archiving films. Proprietary ‘Partial MPEG-4’
implementations are available from DivX and Microsoft. DivX has a growing acceptance in
the home user market. Microsoft tries to establish its proprietary (WMV) codec in the server
as well as in the client market.
We investigated the Joint Photographic Expert Group image compression standards, which
are also often applied to video compression. We included an analysis of the newer JPEG
2000 approach, which revealed that for lossy compression it is more advanced than the
older JPEG standard. JPEG 2000 is based on the newer wavelet approach, which is
preferable for video compression because it overcomes the worst effect of all DCT based
approaches, the blocking defects.
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DV is the main standard for digital camcorders. Its advantage is that in contrast to the MPEG
standards DV is symmetrical, which means that encoding and decoding takes the same
time. This is possible because it is designed for a single fixed data rate so the compression
algorithm, an intraframe DCT based approach, can be much simpler. Furthermore the simple
approach leads to improved possibilities to access and edit single frames. The main
drawback of the DV standard is the limitation to SDTV resolution and the limitation of
bandwidth, which neglects our high quality needs.
For the professional mastering application field we took a closer look on JPEG-LS, JPEG
2000, TIFF, DPX, SGI-RGB, PNG and HuffYUV.
The JPEG-LS standard enables lossless high quality video compression with a simple
compression approach. This approach doesn’t support any extra functionality, whereas
JPEG 2000 includes special possibilities, such as Error Resilience or Region-Of-Interest.
Additionally JPEG 2000 is scalable in terms of compression ratio from about 2:1 (lossless) to
very high values (lossy) within one file format, which has the advantage of having the
opportunity to define the tradeoff between image quality and data size.
An interesting alternative to the JPEG standards is the well known Tagged Image File
Format (TIFF), which is acknowledged as a good lossless compression scheme. TIFF
supports five different lossless compression schemes. TIFF do not support any lossy
compression scheme, so for higher compression ratios as 2 the TIFF format cannot be the
choice.
PNG (Portable Network Graphics) is, to some extent, equally to the TIFF format. It is also a
lossless compression file format which offers several different compression schemes.
DPX was developed to support digital film transfer. DPX is established in high quality film
manipulation applications. It is an totally uncompressed format, but it is a well defined
standard and it will continue to be used for uncompressed data transfers. What makes DPX
uniquely is the support of logarithmic quantisation which allows to store scanned film more
efficiently than with linear quantisation which is used in all other formats mentioned in this
report.
SGI-RGB is another image transfer standard which was mentioned because it is currently
supported by many different systems. In contrast to the DPX standard it supports lossless
compression based on the run length encoding approach. It offers less compression
schemes than TIFF.
Another investigated lossless compression approach HuffYUV comes from the University of
Berkley from Ben-Rudiak-Gould. The compression scheme uses prediction and Huffman
encoding for compression of YUV and RGB data. HuffYUV is an AVI codec which is different
to the other lossless codecs, which are single frame codecs.
As conclusion of the theoretical investigation of the current market situation, it turned out that
there exists no universal scheme satisfying all requirements as defined in chapter 1, which
you can easily review in the promised format properties overview table of chapter 4.4. There
we have added for each investigated format the application field(s) in which the format can
be usefully applied.

7.2. Measurements
We have setup two measurements for the application fields we focused on, ‘Professional
Video/Film Mastering’ and ‘Broadcasting/Delivery’.
For the ‘Professional Video/Film Mastering’ application field we investigated the
mathematically lossless compression formats Huffyuv, JPEG 2000 (lossless), JLS, PNG and
TIFF (LZW) on high resolution (2000x1500 pixel) test sequences. Relevant measures are
encoding/decoding time and compression ratio.
It turned out that Huffyuv provides best overall features, with very fast encoding and
decoding and best compression capabilities in the field. Huffyuv is followed by JLS, PNG,
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JPEG 2000 and TIFF. For detailed results of encoding/decoding time see Figure 2 on page
65. For detailed results of compression ration see Figure 3 on page 66.
Lossless compressed material needs about 40% to 50% storage space of uncompressed
material, which can be seen as a practically reachable value for mathematically lossless
intraframe encoders.
For the ‘Broadcasting/Delivery’ application field we investigated always one representative
codec for the lossy compression formats MPEG-2, MPEG-4, DivX, JPEG 2000 (lossy) and
JPEG on SDTV resolution test sequences. Relevant measures are encoding/decoding time
and the subjective quality at the given compression ratio of 80:1 (corresponds to a bit rate of
3 MBit/second). The main focus has been lied on the quality measure. For detailed results of
encoding/decoding time see Figure 4 on page 68.
For subjective quality measurement it turned out that the approach of doing subjective
evaluation of encoded video/film quality by a test group would be best but a highly time
consuming task. Alternatively it turned out that there exist approaches to objectively
measure subjective video/film quality. These objective measures bases on statistics applied
on subjective test group evaluations.
A well structured standard which defines objective quality measures is the ANSI T1.801.031996. Within this project we have done a partial implementation of it with the PSNR, the
Possob and the Negsob quality measure.
It turned out that DivX (3 MBit/sec.) encoded material shows best subjective (and measured)
quality, close in front of MPEG-2 (3 MBit/sec.) and MPEG-4 (2 MBit/sec.). The intraframe
codecs JPEG and JPEG 2000 shows lower quality than the interframe codecs. JPEG 2000
shows significantly better quality than JPEG, because of its natural non-blocking impression.
For detailed quality measurement results see Figure 5 on page 69.
PSNR is an objective quality measure which is partially able to describe subjective quality. It
fails when wavelet based coding techniques are used (e.g. JPEG 2000). Negsob is an
objective quality measure which is able to describe subjective quality for blocking/tiling
effects very well. Possob is an objective quality measure which is able to describe subjective
quality for blurring/smearing effects well.
As final conclusion we have to point out again that today there does not exist any superior
video codec or compression scheme satisfying all requirements set by us. Each of them has
its own advantages and disadvantages, so the application field requirements will lead to the
selection of the best suited codec. The properties table in chapter 4.4 and the given
measurement results efficiently support decision makers in this process.
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Outlook
During this research it turned out that there is no standardized lossless interframe codec
scheme available. This approach could benefit from temporal frame redundancy like MPEG1, -2 or -4 and thus would allow much higher lossless compression rations than with today’s
intraframe encoders. ‘Professional Video/Film Editing and Archiving’ systems would directly
benefit from the lower storage space requirements. An initiative in this direction is ‘Digital
Cinema’ at MPEG (ISO/IEC JTC 1/SC 29/WG 11).
Additionally it turned out that there is no standardized wavelet based interframe encoder
available. Interframe encoders for all application fields (from low bitrate up to lossless) could
benefit from wavelet techniques with its ‘natural impression’ like today’s wavelet based
intraframe encoders (e.g. JPEG 2000) benefit from this approach compared to DCT based
compression schemes (e.g.JPEG). An initiative in this direction is the ‘Interframe Wavelet
Coding’ an adhoc group at MPEG (ISO/IEC JTC1/SC29/WG11).

PRESTO Consortium

Page 73

D5.4 HIGH QUALITY COMPRESSION FOR FILM AND VIDEO

9.

PRESTO - IST-1999-20013
09/2002

References
[ANSI, 1996]
ANSI T1.801.03-1996, "American National Standard for Telecommunications - Digital
Transport of One-Way Video Signals - Parameters for Objective Performance Assessment”
[Blood, 2000]
The Bloodgate JPEG Tutorial - http://www.bloodgate.com
[Boliek, 2000]
JPEG 2000 Part I Final Committee Draft Version 1.0; Martin Boliek, Charilaos Christopoulos,
and Eric Majani
[Clarke, 1995]
Digital Compression of Still Images and Video; Roger J Clarke; ISBN 0-12-175720-X
[CODING, 1999]
MPEG-4 Natural Video Coding - An overview from Touradj Ebrahimi and Caspar Horne Swiss Federal Institute of Technology
[DivX, 2001]
DivX – MPEG-4 based codec – http:///www.divx.com/divx
[Ermac, 2001]
ErMaC's Guide to All Things Video - The Ins and Outs of Video Compression
[GFDL, 1998]
GFDL Scientific Visualization Guide-Formats: www.gfdl.gov/~hnv/anim_formats.html
[HuffYUV, 2000]
HuffYUV – a lossless Win32 codec (http://math.berkeley.edu/~benrg/huffyuv.html) from Ben
Rudiak-Gould
[ISO,1998]
ISO/IEC 14496-1, Coding of audio-visual objects: systems, final draft international standard
[Johnson, 1999]
JPEG2000 wavelet compression spec approved – by R.Colin. Johnson – released 1999 by
EE Times
[LOCO, 1999]
LOCO-I: A Low Complexity, Context-Based, Lossless Image Compression Algorithm Marcelo J. Weinberger, Gadiel Seroussi, and Guillermo Sapiro - Hewlett-Packard
[MPEG-4, 1999]
MPEG-4 Studio Profile presentation from Hugo Gaggioni - Sony Electronics Inc., USA
[Nadenau, 2001]
Human Vision Models for Perceptually Optimized Image Processing – A Review; Marcus J.
Nadenau, StefanWinkler, David Alleysson and Murat Kunt
[PNG_2000]
Portable Network Graphics specification - http://www.libpng.org/pub/png/spec
[ProMpeg, 2002]
Proposed SMPTE Standard -Material Exchange Format (MXF) - File Format Specification
(Standard) http://www.pro-mpeg.com

PRESTO Consortium

Page 74

D5.4 HIGH QUALITY COMPRESSION FOR FILM AND VIDEO

PRESTO - IST-1999-20013
09/2002

[Pulsent, 2002]
Pulsent – Video Compression technology – http://www.pulsent.com
[Saha, 2000]
Image Compression - from DCT to Wavelets : A Review by Subhasis Saha – published at
ACM Crossroads student magazine
[SantaCruz, 2000]
A study of JPEG 2000 Still Image Coding versus other standards; Diego Santa-Cruz and
Touradj Ebrahimi
[Sebestyen, 2001]
Principles of Media Coding; Dr. Sebestyen/Dr. Hundt – Universität-Klagenfurt -IWAS
[SGI-RGB, 2001]
RGB image specification from SGI –
http://astronomy.swin.edu.au/~pbourke/dataformats/sgirgb/sgiversion.html
[Skodras, 2000]
JPEG2000: The upcoming
Christopolous and T.Ebrahimi

still

image

compression

standard,

A.N.Skodras,

C.A.

[SMTPE, 1994]
ANSI/SMPTE 268M-1994, SMPTE Standard for File Format for Digital Moving-Picture
Exchange (DPX), v 1.0 ( http://www.smpte.org )
[Video, 2001]
Video Quality Research Homepage – http://www.its.bldrdoc/gov/n3/video/Default.htm
[Wolf, 1997]
“Objective and Subjective Measures of MPEG Video Quality”; S. Wolf, M. Pinson, A.
Webster, G. Cermak and E. Paterson Tweedy; 139th SMPTE Technical Conference, New
York City, November 21-24, 1997

PRESTO Consortium

Page 75

D5.4 HIGH QUALITY COMPRESSION FOR FILM AND VIDEO

10.

PRESTO - IST-1999-20013
09/2002

Glossary
ANSI – American National Standard Institute
AVI – Audio Video Interleave
CSF – Contrast Sensitivity Function
DCT – Discrete Cosinus Transformation
DPCM – Digital Pulse Code Modulation
DPX – Digital Moving Picture Exchange
DV – Digital Video
DWT – Discrete Wavelet Transformation
HDTV – High Definition TeleVision (different profiles up to 1080x1920 pixel resolution,
aspect ratio 4:3
HVS – Human Visual System
ITS - Institute for Telecommunication Sciences
IS – Image Sequence
JPEG – Joint Picture Experts Group
LZW – Lempel / Ziv / Welch Coding
MPEG – Moving Picture Experts Group
MXF - Material Exchange Format
NTSC - National Television Standards Committee
PAL – Phase Alternation Line
PNG – Portable Network Graphics
RGB – Red / Green / Blue Colour model
RLE – Run Length Encoding
SDTV – Standard Definition TeleVision (Europe/PAL: 720x576 pixel, 50 fields; NTSC/US:
720x480 pixel, 60 fields)
SI - Spatial Information
SFM – Surface Fitting Method
TI – Temporal Information
TIFF – Tagged Image File Format

PRESTO Consortium

Page 76

