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3

Image and Video Compression
Fundamentals

3.1 INTRODUCTION

Representing video material in a digital form requires a large number of bits. The volume of
data generated by digitising a video signal is too large for most storage and transmission
systems (despite the continual increase in storage capacity and transmission ‘bandwidth’).
This means that compression is essential for most digital video applications.

The TTU-R 601 standard (described in Chapter 2) describes a digital format for video that
is roughly equivalent to analogue television, in terms of spatial resolution and frame rate.
One channel of ITU-R 601 television, broadcast in uncompressed digital form, requires a
transmission bit rate of 216 Mbps. At this bit rate, a 4.7 Gbyte DVD could store just
87 seconds of uncompressed video.

Table 3.1 shows the uncompressed bit rates of several popular video formats. From this
table it can be seen that even QCIF at 15 frames per second (i.e. relatively low-quality video.
suitgble for video telephony) requires 4.6 Mbps for transmission or storage. Table 3.2 lists
typical capacities of popular storage media and transmission networks.

There is a clear gap between the high bit rates demanded by uncompressed video and the
available capacity of current networks and storage media. The purpose of video compression
(video coding) is to fill this gap. A video compression system aims to reduce the amount of
data required to store or transmit video whilst maintaining an ‘acceptable’ level of video
quality. Most of the practical systems and standards for video compression are ‘lossy’, i.e.
the volume of data is reduced (compressed) at the expense of a loss of visual quality. The
quality loss depends on many factors, but in general, higher compression results in a greater
loss of quality.

3.1.1 Do We Need Compression?

The following statement (or something similar) has been made many times over the 20-year
history of image and video compression: ‘Video compression will become redundant very
soon, once transmission and storage capacities have increased to a sufficient level to cope
with uncompressed video.” It is true that both storage and transmission capacities continue to
increase. However, an efficient and well-designed video compression system gives very
significant performance advantages for viswal communications at both low and high
transmission bandwidths. At low bandwidths, compression cnables applications that would
not otherwise be possible, such as basic-quality video telephony over a standard telephone
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Table 3.1  Uncompressed bit rates

Luminance Chrominance Trames per Bits per second
Format resolution resolution second (uncompressed)
ITU-R 601 858 x 525 429 x 525 30 216 Mbps
(siig 352 % 288 176 x 144 30 36.5 Mbps
QCIF 176 x 144 88 % 72 15 4.6 Mbps

Table 3.2 Typical ransmission/ storage capacities

Media/network Capacity

Ethernet LAN (10 Mbps) Max. 10 Mbps/Typical 1--2Mbps
ADSL, Typical 1-2 Mbps (downstream)
ISDN-2 128 kbps

V.90 modem 56 kbps downstrcam/ 33 kbps upstream
nVD-3 4.7 Gby1es

CD-ROM 640 Mbytes

connection. At high bandwidths, compression can support a much higher visual quality. For
example, a 4.7 Gbyte DVD can store approximately 2 hours of uncompressed QCIF video (at
15 frames per second) or 2 hours of compressed ITU-R 601 video (at 30 frames per second).
Most users would prefer to see ‘television-quality’ video with smooth motion rather than
‘postage-stamp’ video with jerky motion.

Video compression and video CODECs will therefore remain a vital part of the emerg-
ing multimedia industry for the foresecable fuiure, allowing designers to make the most
efficient use of available ransmission or storage capacity. In this chapter we introduce the
basic components of an image or video compression system. We begin by defining the
concept of an image or video encoder (compressar) and decoder (decompressor). We then
describe the main functional blocks of an image encoder/decoder (CODEC) and a video
CODEC.

3.2 IMAGE AND VIDEO COMPRESSION

Information-carrying signals may be compressed, i.e. converted to a representation or form
that requires fewer bits than the original (uncompressed) signal. A device or program that
compresses a signal is an encoder and a device or program that decompresses a signal is a
decoder. An enCOder/DECoder pair is a CODEC.

Figure 3.1 shows a typical example of a CODEC as part of a communication system. The
original (uncompressed) information is encoded (compressed): this is sowrce coding. The
source coded signal is then encoded further to add error protection (channel coding) prior to
transmission over a channel. At the receiver, a channel decoder delects and/or corrects
transmission errors and a source decoder decompresses the signal. The decompressed signal
may be identical to the original signal (lossless compression) or it may be distorted or
degraded in some way (lossy compression).
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e SOUTCE CODEQC oo oo iermr e
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Figure 3.1 Source coder, channel coder, channel

General-purpose compression CODECs are available that are designed o encode and
compress data containing statistical redundancy. An information-carrying sigpal usually
contains redundancy, which means that 1t may (in theory) be represented in 4 more compact
way. For example, characters within a text file occur with varying frequencies: in English,
the letters B, T and A occur more often than the letters Q, Z and X. This makes it possible to
compress a text file by representing frequently occurring characters with short codes and
infrequently occurring characters with longer codes (this principle is used in Huffrnan coding,
described in Chapter ). Compression is achieved by reducing the statistical redundancy in
the text file. This type of general-purpose CODEC is known as an entropy CODEC.

Photographic images and sequences of video frames are not amenable to compression
using general-purpose CODECs, Their contents (pixel values) tend to be highly correlated,
i.e. neighbouring pixels have similar values, whereas an entropy encoder performs best with
data values that bave a certain degree of independence (decorrelaied data). Figure 3.2
llustrates the poor performance of a general-purpose entropy encoder with image data.
The original image (a) is compressed and decompressed using a ZIP program 1o produce

(b)

o o Figure 3.2 (a) Onginal image; (b) ZIP cncoded
©) and decoded: (¢) JPEG encoded and decoded
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Onginal —_ | Source model » Entr
image / video opy encoder _______,}
Store / transmit
Decoded o | Source model | Entr j
image / video - 0py decoder

Figure 3.3 Image or video CODEC

image (b). This is identical to the original (lossless compression), but the compressed file is
only 92% of the size of the original, Le. there is very little compression. lmage (c) is
obtained by compressing and decompressing the original using the JPEG compression
method. The compressed version is less than a quarter of the size of the original (over
4 x compression) and the decompressed image looks almost identical to the original. (Itis in
fact slightly ‘degraded’ due 10 the lossy compression process.)

In this exarople, the JPEG method achieved good compression performance by applying a
source model to the image before compression. The source model atierapts to exploit the
properties of video or image data and to represent it in a form that can readily be compressed
by an entropy encoder. Figure 3.3 shows the basic design of an image or video CODEC
consisting of a source model and an entropy encoder/decoder.

Images and video signals have a number of properties that may be exploited by source
models. Neighbouring samples (pixels) within an image or a video frame tend to be highly
correlated and so there is significant spatial redundancy. Neighbouring regions within
successive video frames also tend to be highly correlated (temporal redundancy). As well
as these statistical properties (statistical redundancy), a source model may take advantage of
subjective redundancy, exploiting the sensitivily of the human visval system to various
characteristics of images and video. For example. the HVS is much more sensitive to low
frequencies than to high ones and so it is possible to compress an image by eliminating
certain high-frequency components. Image (¢) in Figure 3.2 was compressed by discarding
certain subjectively redundant components of the information: the decoded image is not
identical to the original but the information loss is not obvious to the human viewer.
Examples of image and video source models include the following:

3.2.1 DPCM (Differential Pulse Code Modulation)

Each sample or pixel is predicted from one or more previously transmitted samples. The
simplest prediction is formed from the previous pixel (pixel A in Figure 3.4). A more
accurate prediction can be obtained using a weighted average of neighbouring pixels (for
example, A, B and C in Figure 3.4). The actual pixel value X is suburacted from the
prediction and the difference (the prediction error) is transmitted to the receiver. The
prediction error will typically be small due to spatial correlation, and compression can
be achieved by representing common, small prediction errors with short binary codes and
larger, less common errors with longer codes. Further compression may be achieved by
quantising the prediction error and reducing its precision: this is lossy compression as it
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Previous line of transmitted pixels

J A A Current line of pixels

Pixel to be predicted

Figure 3.4 DPCM

becomes impossible to exactly reproduce the original values at the decoder. DPCM may be
applied spatially (using adjacent pixels in the same frame) and/or temporally (using adjacent
pixels in a previous frame to form the prediction) and gives modest compression with Jow
complexity.

3.2.2 Transform Coding

The image samples are transformed into another domain (or representation) and are
represented by transform coefficients. 1n the ‘spatial domain’ (i.e. the original form of the
image), samples are highly spatially correlated. The aim of transform coding is to reduce this
correlation, ideally leaving a small number of visually significant transform coefficients
(important to the appearance of the original image) and a large number of insignificant
coefficients (that may be discarded without significantly affecting the visual quality of the
image). The transform process itself does pot achieve compression: a lossy guantisation
process in which the insignificant coefficients are removed, leaving behind a small number
of significant coefficients, usually follows it. Transform coding {(Figure 3.5) forms the basis
of most of the popular image and video compression systerns and is described in more detail
in this chapter and in Chapter 7.

323 Motion-compensated Prediction

Using a similar principle to DPCM, the encoder forms a model of the curtent frame based on
the samples of a previously transmitted frame. The encoder attempts to ‘compensaie’ for
motion in a video sequence by translating (moving) or warping the samples of the previously
transmitted ‘reference’ frame. The resulting motion-compensated predicted frame (the
model of the current {rame) is subtracted from the current frame to produce a residual
‘error’ frame (Figure 3.6). Further coding usually follows motion-compensated prediction,
e.g. transform coding of the residual frame.

samples coefficients

//‘1 ' o e
i

i g i ised
Image Transform & Coefficients Quantise B Quanit
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Figure 3.5 Transform coding
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Figure 3.6 Motion-compensated prediction

3.2.4 Model-based Coding

The encoder attempts to crcate a semantic model of the video scene. for example by
analysing and inlerpreting the content of the scene. An example is a ‘talking head' model:
the encoder analyses a scene containing a person’s head and shoulders (a typical video
conferencing scene) and models the head as a 3-D object. The decoder maintains its own
3-D model of the head. Instead of transmitting information that describes the entire image,
the encoder sends only the animation parameters required to ‘move’ the model, together with
an crror signal that compensates for the difference between the medelled scene and the
actual video scene (Figure 3.7). Model-based coding has the potential for far greater

model parameters

error signal

reconstructed
\/\ ,
a Q\

3-D model 3-D model

Figure 3.7 Model-based coding
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compression than the other source models deseribed above: however, the computaiional
complexity required to analyse and synthesise 3-D models of & video scene in real time is
very high.

3.3 IMAGE CODEC

An image CODEC encodes and decodes single images or individual frames from a video
sequence (Figure 3.8) and may consist of a transform coding stage followed by quantisation
and entropy coding.

331 TZransform Coding

The transform coding stage converts (trausformy) the image from the spatial domain into
another domain in order to make it more amenable to compression. The translorin may be
applied to discrete blocks of the image (block transform) or to the entire image.

Block rransforms

The spuatial image samples are processed in discrete blocks, typically 8 x 8§ or 16116
samples. Bach block 18 transformed using a 2-D transform 1o produce a block of transform
coefficients. The performance of a block-based transform for image compression depends on
how well it can decorrelate the information in each block.

The Karhupen-Loeve transform (KLT) has the ‘best’ performance of any block-based
image transform. The coefficients produced by the KLT arc decorrelated and the energy in
the hlock is packed inte a minimal number of coefficients. The KLT is, however, very
computationally inefficient. and it is impractical because the functions required to carry out
the transform (‘basis functions’) must be caleulated in advance and transmiited to the
decoder for every image. The discrete cosine transform (DCT) performs nearly as well as
the XLT and is much more computalionally efficient. Figure 3.9 shows a 16 x 16 block of

- Encoder
___,/"‘/
Source ’ ! Entio;
— i L. __J 1opy e i
image Transform ‘——v Quantise >} Reorder " encode i
o i o ' o

Store /7 transmit

—— 7 o~ l ey
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Figure 3.8 lImage CODEC
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image samples (a) and the corresponding block of coefficients produced by the DCT (b). In
the original block, the energy is distributed across the 256 samples and the Jatter are clearly
closely interrelated (correlated). In the coefficient block, the energy is concentrated into a few
significant cocfficients (at the op left). The coefficients are decorrelated: this means that the
smaller-valued coefficients may be discarded (for example by quantisation) without
significantly affecting the quality of the reconstructed image block at the decoder.

The 16 x 16 array of coefficients shown in Figure 3.9 represent spatial frequencies in the
original block. At the top left of the array are the low-frequency components, representing
the gradual changes of brightness (luminance) in the original block. At the boitom right of
the array are high-frequency components and these represent tapid changes in brightness.
These frequency components are analogous 10 the components produced by Fourier analysis
of a tme-varying signal (and in fact the DCT is closely related to the discrete Fourier
transform) except that here the components are 2-D. The example shown in Pigure 3.9 is
typical for 2 photographic image: most of the coefficients produced by the DCT are
insignificant and can be discarded. This makes the DCT a powerful tool for image and
video compression.

Image iransforms

The DCT is usvally applied to small, discrete blocks of an tmage, for reasons of practicality.
In contrast, an imuge transform may be applied to a complete video mage (or to a lurge “ile’
within the image). The most popular transforin of this type is the discrete wavelet transform.
A 2-D wavelet transform is applied to the original image in order to decompose it into a
series of filtered “sub-band® images (Figure 3.10). Image (a) is processed in a series of stuges
to produce the ‘wavelet decomposition” image (b). This is made up of a series of components,
each containing a subset of the spatial frequencies in the image. At the top left is a low-pass
filtered version of the original and moving to the boutom right, cach component contains
progressively higher-frequency information that adds the ‘detail’ of the image. It is clear that
the higher-frequency components are relatively ‘sparse’. i.c. many of the values (or
‘coefficients’) in these components are zero or iusigunificant. The wavelet transform is thus
an efficient way ol decorrelating or concentrating the important information into a few
significant coefficients.

The wavelet transform is particularly effective for still image compression and has been
adopted as part of the JPEG-2000 standard and for still irnage “texture’ coding in the MPEG-4
standard. Wavelet-based compression is discussed further in Chapter 7.

Another image wtansform that has received much attention is the so-called frucral
trangform. A fractal wansform coder attempts to represent an image as a set of scaled and
translated arbitrary ‘basis patterns’. Fractal-based coding has not, however, shown suffi-
ciently good perfonmance to be included in any of the international standards for video and
image coding and so we will not discuss it in detail.

3.3.2  Quantisation

The black and image transforms described above do not themselves achieve any compres-
sion. Instead, they represent the image in a different domain in which the image data is
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Figure 3.10  Wavelet decomposition of image
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separated into components of varying ‘importance’ to the appearance of the image. The
purpose of guantisation is to remove the components of the transformed data that are
unimportant to the visual appearance of the image and to retain the visually important
components. Once removed, the less important components canpot be replaced and so
quantisation is a lossy process.

Example

{. The DCT coefficients shown earlier in Figure 3.9 are quantised by dividing cach
coefficient by an integer. The resulting array of quantised coefficients is shown in
Figure 3.11(a): the large-value coefficients map to non-zero integers and the small-
value coefficients map to zero.

2. Rescaling the quantised array (multiplying each coefficient by the same integer) gives
Figure 3.11(b). The magnitudes of the larger coefficients are similar to the original
coefticients; however, the smaller coefficients (set to zero during quantisation) cannot
be recreated and remain at zero.

3. Applying an inverse DCT to the rescaled array gives the block of image samples shown
in Figure 3.12: this looks superficially similar to the original image block but some of
the information has been lost through quantisation.

It is possible to vary the ‘coarseness’ of the quantisation process (using a quantiser ‘scale
factor” or ‘step size’). ‘Coarse’ quantisation will tend to discard most of the coefficients,
leaving only the most significant, whereas “fine’ qguantisation will tend to leave more
coefficients in the quantised block. Coarse quantisation usually gives higher compression at
the expense of a greater loss in image quality. The quantiser scale factor or step size is often
the main parameter used to control image quality and compression in an image or video
CODEC. Figure 3.13 shows a small original image (left) and the effect of compression and
decompression with fine quantisation (middle) and coarse quantisation (right).

3.3.3 Entropy Coding

A typical image block will contain a few significant non-zero coefficients and a large number
of zero coefficients after block transform coding and quantisation. The remaining non-zero
data can be efficiently compressed using a statistical compression method (‘entropy
coding’):

L. Reorder the quantised coefficients. The non-zero quantised coefficients of a typical image
block tend to be clustered around the ‘top-left corner’, i.e. around the low frequencies
(e.g. Figure 3.9). These non-zero values can be grouped together in sequence by
reordering the 64 coefficients, for example in a zigzag scanning order (Figure 3.14).
Scanning through in a zigzag sequence from the top-left (lowest frequency) to the
bottom-right (highest frequency) coefficients groups together the significant low-
frequency coefficients.



38 IMAGE AND VIDEO COMPRESSION FUNDAMENTALS

2000 -
1500 -
1000 -

500 ~

(b)

Figure 3.11  (a) Quantised DCT coefficients; (b) rescaled

2. Run-level coding. The reordered coefficient array is usually “sparse’, consisting of a
group of non-zero coefficients followed by zeros (with occuasional non-zero higher-
frequency coefficients). This type of array may be compactly represented as a series of
(run, level) pairs, as shown in the example in Table 3.3. The first number in the (run,
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Figure 3,12 Rcconstructed block of image samples

tevel} pair represents the number of preceding zeros and the second number represents a
non-zero value (level). For example. (5, 12) represents five zeros followed by 12

)

3. Entropy coding. A statistical coding algorithm is applied 1o the (ran. fevel) data. The
purpose of the entropy coding algorithm is to represent frequently occurring (run, level)
pairs with a shott code and infrequently occurring (ran. level} puivs with a longer code. In
this way, the run—level data may be compressed into a small number of bits

Huffman coding and arithmetic coding are widely used for entropy coding of image and
video data.

Huffman coding replaces each “symbol” (e.g. a [run, level] pair) with a codeword containing
a variable number of bits. The codewords are allocated based on the statistical distribution of

@ ® ©

Figure 3.13  (a) Original image: (b) fine quantisation: (¢) coarse quantisation
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Figure 3.14 Zigzag reordering of quantised coefficients

the symbols. Short codewords are allocated to common symbols and longer codewords are
allocated to infrequent symbols. Each codeword is chosen to be ‘uniquely decodeable’, so
that a decoder can extract the series of variable-length codewords without ambiguity.
Huffman coding is well suited to practical implementation and is widely used in practice.

Arithmetic coding maps a series of symbols to a fractional number (see Chapter 8) that is
then converted into a binary number and transmitted. Arithmetic coding has the potential for
higher compression than Huffruan coding. Each symbol may be represented with a fractional
number of bits (rather than just an integral number of bits) and this means that the bits
allocated per symbol may be more accurately matched to the statistical distribution of the
coded data.

3.3.4 Decoding

The output of the entropy encoder is a sequence of binary codes representing the original image
in compressed form. In order to recreate the image it is necessary to decode this sequence
and the decoding process (shown in Figure 3.8) is almost the reverse of the encoding process.

An entropy decoder extracts run-level symbols from the bit sequence. These are converted
to a sequence of coefficients that are reordered into a block of quantised coefficients. The
decoding operations up to this point are the inverse of the equivalent encoding operations.
Each coefficient is multiplied by the integer scale factor (‘rescaled’). This is often described

fable 3.3 Run-level coding example

Reordered coefficient data 24,3, -9,0, -2,0,0,0,0,0,12,0,0,0,2,...

Run-level pairs (0, 24), (0. 33, (0, =9, (1, =2), (5, 12), (3, 2). ..
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as ‘inverse guantisation’, but in fact the loss of precision due to quantisation cannot be
reversed and so the rescaled coefficients are not identical to the original transform
coefficients.

The rescaled cocfficients are transformed with an inverse transform (o reconstruct a
decoded image. Because of the data loss during quantisation, this image will not be identical
to the original image: the amount of difference depends partly on the ‘coarseness’ of
quantisation.

3.4 VYIDEQ CODEC

A video signal consists of a sequence of individual frames. Each frame may be compressed
individually using an image CODEC as described above: this is described as intra-frame
coding, where each frame is ‘intra’ coded without any reference o other frames. However,
better compression performance may be achieved by exploiting the temporal redundancy in
a video sequence {the similaritics hetween successive video frames). This may be achieved
by adding a ‘front end’ to the image CODEC, with two main functions:

1. Prediction: create a prediction of the current {rame based on one or more previously
transmitted frames.

o

Compensation: subtract the prediction from the cwrrent frame o produce a ‘residual
frame’.

The residual frame is then processed using an ‘image CODEC’. The key to this approach is
the prediction function; if the prediction is accurate, the residual frame will contain little data
and will hence be compressed to a very small size by the image CODEC. In order to decode
the frame, the decoder must ‘reverse’ the compensation process, adding the prediction to the
decoded residual frame (reconstruction) (Figure 3.15). This is inter-frame coding: frames
are coded hased on some relationship with other video frames, ie. coding exploits the
interdependencies of video frames.

ENCODER DECODER

S Subtract

"

[ e i
Current  ——p{ - MEGE [ Encoded image
l frame l I/\ encoder frame decoder

Create Create
prediction prediction |
r/I 5 ———
Pravious Previous
frame(s) frame{s)
-
/ //

Figure 3.15  Video CODEC with prediction
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Figure 316 (0 Current frame, (b) previous
frame: (c) residual frame (no motion compensa-
© tion)

3.4.1 Frame Differencing

The simplest predictor is just the previous transmitted frame. Figure 3.16 shows the residual
irame produced by subtracting the previous frame from the current frame in a video
sequence. Mid-grey arcas of the residual frame contain zero data: light and dark areas
indicate positive and pegative residual data respectively. It is clear that much of the residual
data is zero: hence, compression efficiency can be improved by compressing the residual
frame rather than the current frame.

‘Fable 3.4 Prediction “drift’

Encoder Encoder output/ Decoder
Encoder input prediction decoder input prediction Decoder output
Original frame 1 Zero Compressed Zero Decoded frame 1
frame 1
Origingl frame 2 Origiuval frame 1 Compressed Decoded frame 1 Decoded frame 2
residual frame 2
Original frane 3 Original frame 2 Compressed Decoded frame 2 Decoded frame 3

residual frame 2




VIDEO CODEC 43

e Subtract
4 Encoded
Current N — -
frame e — Image encoder —#  tame
L
Create
prediction
,/”L"/ y -
Previous - .
frame(s) image decodet
/—/’,
o

Figure 3.17 Encoder with decoding loop

The decoder faces a polential problem that can be illustrated as follows. Table 3.4 shows
the sequence of operations required to encode and decode a series of video frames using
frame differencing. For the first frame the encoder and decoder use no prediction. The
problem starts with frame 2: the encoder uses the original frame 1 as a prediction and
encodes the resulting residaal. However, the decoder only has the decoded trame 1 available
1o form the prediction. Because the coding process is lossy. there is a difference between the
decoded and original frame 1 which leads to a small error in the prediction of frame 2 at
the decoder. This error will build up with each successive frame and the encoder and decoder
predictors will rapidly ‘drift’ apart, leading to a significant drop in decoded quality.

The solution to this problem is for the encoder to use a decoded frame to form the
prediction. Hence the encoder in the above example decodes (or reconstructs) frame ! to
form a prediction for frame 2. The encoder and decoder use the same prediction and drift
should be reduced or removed. Figure 3.17 shows the complete encoder which now includes
a decoding ‘loop” in order to recomstruct its prediction reference. The reconstructed (or
‘reference’) frame is stored in the encoder and in the decoder to form the prediction for the
next coded frame.

3.4.2 Motion-compensated Prediction

Frame differencing gives better compression performance than intra-frame coding when
successive frames are very similar, but does not perform well when there is a significant
change between the previous and current {rames. Such changes are usually due to movement
in the video scene and a significantly better prediction can be achieved by estimating this
movement and compensating for it.

Figure 3.18 shows a video CODEC that uses motion-compensated prediction. Two new
steps are required in the encoder:

1. Motion estimation: a region of the current frame (often a rectangular block of luminance
samples) is compared with neighbouring regions of the previous reconstructed frame.
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Figure 318 Video CODEC with motion estimation and compensation

The motion estimator attempts to find the ‘best match’, i.e. the neighbouring block in the
referonce frame that gives the smallest residual block.

2. Motion compensation: the ‘matching’ reglon or block from the reference frume
(identified by the motion estimator) is subtracted from the current region or block.

The decoder carrizs out the same motion compensation operation (o teconstruct the
current frame. This means that the encoder has to transmit the location of the “best” matching
blocks to the decoder (typically in the form of a set of motion vectors).

Figure 3.19 shows a residual frame produced by subtracting a motion-compensated
version of the previous frame from the current frame (shown in Figare 3.163. The residual
frame clearly contains less data than the residual in Figure 3.36. This improvement in

Figure 3.12 Residual frame (MCP)
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compression does not come without a price: motion estimation can be very computa-
tionally intensive. The design of a motion estimation algorithm can have a dramatic effect on
the compression performance and computational complexity of a video CODEC.

343 Transform, Quantisation and Entropy Encoding

A block or image transform is applied to the residual frame and the coefficients are quantised
and reordered. Run-level pairs are entropy coded as before (although the statistical
distribution and hence the coding tables are generally different for inter-coded data). If
motion-compensated prediction is used, motion vector information must be sent in addition
to the run—level data. The motion vectors are typically entropy encoded in 4 similar way to
run~level pairs, i.e. commonly occurring motion vectors are coded with shorter codes and
uncommon vectors are coded with longer codes.

34.4 Decoding

A motion-compensated decoder (Figure 3.18) is usually simpler than the corresponding
encoder. The decoder does not need a motion estimation function (since the motion
information is transmitted in the coded bit stream) and it contains only a decading path
(compared with the encoding and decoding paths in the encoder).

3.5 SUMMARY

Efficient coding of images and vidco sequences involves creating a model of the source data
that converts it into a form that can be compressed. Most image and video CODECs
developed over the last two decades have been based around a common set of ‘building
blocks’. For motion video compression, the first step is to create a motion-compensated
prediction of the frame to be compressed, based on one or more previously transmitted
{rames. The difference between this model and the actual input frame is then coded using an
image CODEC. The data is transformed into another domain (e.g. the DCT or wavelet
domain), quantised, reordered and compressed using an entropy encoder. A decoder must
reverse these steps to reconstruct the frame: however, quantisation cannot be reversed and so
the decoded frame is an imperfect copy of the original.

An encoder and decoder must clearly use a compatible set of algorithms in order to
successfully exchange compressed image or video data. Of prime importance is the syntax or
structure of the compressed data. In the past 15 years there has been a significant worldwide
cffort 1o develop standards for video and image compression. These standards generally
describe a syntax (and a decoding process) to support video or image communications for a
wide range of applications. Chapters 4 and 5 provide an overview of the main standards
bodies and JPEG, MPEG and H.26x video and image coding standards.
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Video Coding Standards:
H.261, H.263 and H.26L

5.1 INTRODUCTION

The 1SO MPEG video coding standards are aimed at storage and distribution of video for
entertainment and have tried to meet the needs of providers and consumers in the ‘media
industries’. The ITU has (historically) been more concerned about the telecommunications
industry, and its video coding standards (H.261, H.263, H.26L) have consequently been
targeted at real-time, point-to-point or multi-point communications.

The first ITU-T video coding standard to have a significant impact, H.261, was developed
during the late 1980s/early 1990s with a particular application and transmission channel in
mind. The application was video conferencing (two-way communications via a video ‘link’)
and the channel was N-ISDN. ISDN provides a constant bit rate of p x 64 kbps, where p is an
integer in the range 1-30: it was felt at the time that ISDN would be the medium of choice
for video communications because of its guaranteed bandwidth and low delay. Modem
channels over the analogue POTS/PSTN (at speeds of less than 9600 bps at the time) were
considered to be too slow for visual communications and packet-based transmission was not
considered to be reliable enough.

H.261 was quite successful and continues to be used in many legacy video conferencing
applications. Improvements in processor performance, video coding techniques and the
emergence of analogue Modems and Internet Protocol (IP) networks as viable channels led
to the development of its successor, H.263, in the mid-1990s. By making a number of
improvements to H.261, H.263 provided significantly better compression performance as
well as greater flexibility. The original H.263 standard (Version 1) had four optional modes
which could be switched on to improve performance (at the expense of grcater complexity).
These modes were considered to be useful and Version 2 (‘H.263+’) added 12 further
optional modes. The latest (and probably the last) version (v3) will contain a total of 19
modes, each offering improved coding performance, error resilience and/or flexibility.

Version 3 of H.263 has become a rather unwieldy standard because of the large number of
options and the need to continue to support the basic (‘baseline’) CODEC functions. The
latest initiative of the ITU-T experts group VCEG is the H.26L standard (where "L’ stands
for ‘long term”). This is a new standard that makes use of some of the best features of H.263
and aims to improve compression performance by around 50% at lower bit rates. Early
indications are that H.26L will outperform H.263+ (but possibly not by 50%).
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52 H.261'

Typical operating bit rates for H.261 applications are between 64 and 384 kbps. At the time
of development, packet-based transmission over the Internet was not expected to be a
significant requirement, and the limited video compression performance achievable at the
time was not considered to be sufficient to support bit rates below 64 kbps.

A typical H.261 CODEC is very similar to the ‘generic’ motion-compensated DCT-based
CODEC described in Chapter 3. Video data is processed in 4:2:0 Y:Cr:Cb format. The
basic unit is the ‘macroblock’, containing four luminance blocks and two chrominance
blocks (each 8 x 8 samples) (see Figure 4.6). At the input to the encoder, 16 x 16 macroblocks
may be (optionally) motion compensated using integer motion vectors. The motion-
compensated residual data is coded with an 8 x 8 DCT followed by quantisation and zigzag
reordering. The reordered transform cocfficients are run-level coded and compressed with
an entropy encoder (see Chapter 8).

Motion compensation performance is improved by use of an optional loop filter, a 2-D
spatial filter that operates on each 8 % & block in a macroblock prior to motion compensation
(if the filter is switched on). The filter has the effect of ‘smoothing’ the reference picture
which can help to provide a better prediction reference. Chapter 9 discusses loop filters in
more detail (see for example Figures 9.11 and 9.12).

In addition, a forward error correcting code is defined in the standard that should be
inserted into the transmitted bit stream. In practice, this code is often omitted from practical
implementations of H.261: the error rate of an ISDN channel is low enough that error
correction is not normally required, and the code specified in the standard is not suitable for
other channels (such as a noisy wireless channel or packet-based transmission).

Each macroblock may be coded in ‘intra’ mode (no motion-compensated prediction) or
‘inter” mode (with motion-compensated prediction). Only two frame sizes are supported.
CIF (352 x 288 pixels) and QCIF (176 x 144 pixels).

H.261 was developed at a time when hardware and software processing performance was
limited and therefore has the advantage of low complexity. However, its disadvantages
include poor compression performance (with poor video quality at bit rates of under about
100kbps) and lack of flexibility. It has been superseded by H.263, which has higher
compression efficiency and greater flexibility, but is still widely used in installed video
conferencing systems.

53 H.263°

In developing the H.263 standard, VCEG aimed to improve upon H.261 in a number of areas.
By taking advantage of developments in video coding algorithms and improvements in pro-
cessing performance, it provides better compression. H.263 provides greater flexibility than
H.261: for example, a wider range of frame sizes is supported (listed in Table 4.2). The first
version of H.263 introduced four optional modes, each described in an annex to the standard, and
further optional modes were introduced in Version 2 of the standard (‘H.263 +"). The target
application of H.263 is low-bit-rate, low-delay two-way video communications, H.263 can
support video communications at bit ratcs below 20 kbps (at a very limited visual quality)
and is now widely used both in ‘established’ applications such as video telephony and video
conferencing and an increasing number of new applications (such as Internet-based video).
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5.3.1 Features

The baseline H.263 CODEC is functionally identical to the MPEG-4 ‘short header’ CODEC
described in Section 4.4.3. Input frames in 4 : 2 : 0 format are motion compensated (with half-pixel
resolution motion vectors), transformed with an 8 x 8 DCT, quantised, reordered and entropy
coded. The main factors that contribute to the improved coding performance over H.261 are the use
of half-pixel motion vectors (providing better motion compensation) and redesigned variable-
length code (VLC) tables (described further in Chapter 8). Features such as I- and P-pictures,
more frame sizes and optional coding modes give the designer greater flexibility to deal with
different application requirements and transmission scenarios.

5.4 THE H.263 OPTIONAL MODES/H.263 -+

The original H.263 standard (Version 1) included four optional coding modes (Annexes D,
E, F and G). Version 2 of the standard added 12 further modes (Annexes [ to T) and a new
release is scheduled with yet more coding modes (Annexes U, V and W), CODECs that
implement some of the optional modes are sometimes described as ‘H.263+" or ‘H.263++"
CODECs depending on which modes are implemented.

Each mode adds to or modifies the functionality of H.263, usually at the expense of
increased complexity. An H.263-compliant CODEC must support the ‘baseline’ syntax
described above: the use of optional modes may be negotiated between an encoder and a
decoder prior to starting a video communications session. The optional modes have a
number of potential benefits: some of the modes improve compression performance, others
improve crror resilience or provide tools that are useful for particular transmission
environments such as packet-based transmission.

Annex D, Unrestricted motion vectors The optional mode described in Annex D of
H.263 allows motion vectors to point outside the boundaries of the picture. This can provide
a coding performance gain, particularly if objects are moving into or out of the picture. The
pixels at the edges of the picture are extrapolated to form a ‘border’ outside the picture that
vectors may point to (Figure 5.1). In addition, the motion vector range is extended so that

Figure 5.1 Unrestricted motion vectors
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Figure 5.2 One or four motion vectors per macroblock

longer vectors are allowed. Finally, Annex D contains an optional alternative set of VLCs for
encoding motion vector data. These VLCs are reversible, making it easier to recover from
transmission errors (see Chapter 11).

Annex E, Syntax-based arithmetic coding  Arithmetic coding is used instead of variable-
length coding. Each of the VLCs defined in the standard is replaced with a probability value
that is used by an arithmetic coder (sce Chapter 8).

Annex F, Advanced prediction The efficiency of motion estimation and compensation is
improved by allowing the use of four vectors per macroblock (a separate motion vector for
each 8 x 8 luminance block. Figure 5.2). Overlapped block motion compensation (described
in Chapter 6) is used to improve motion compensation and reduce ‘blockiness’ in the
decoded image. Annex F requires the CODEC to support unrestricted motion vectors
(Annex D).

Annex G, PB-frames A PB-frame is a pair of frames coded as a combined unit. The first
frame is coded as a ‘B-picture’ and the second as a P-picture. The P-picture is forward
predicted from the previous I- or P-picture and the B-picture is bidirectionally predicted
from the previous and current [- or P-pictures. Unlike MPEG-1 (where a B-picture is coded
as a separate unit), each macroblock of the PB-frame contains data from both the P-picture
and the B-picture (Figure 5.3). PB-frames can give an improvement in compression
efficiency.

Annex I, Advanced intra-coding This mode exploits the correlation between DCT
coefficients in neighbouring intra-coded blocks in an image. The DC coefficient and the
first row or column of AC coefficients may be predicted from the coefficients of
neighbouring blocks (Figure 5.4). The zigzag scan, quantisation procedure and variable-
length code tables are modified and the result is an improvement in compression efficiency
for intra-coded macroblocks.

Annex J, Deblocking filter The edges of each 8 x 8 block are ‘smoothed’ using a spatial
filter (described in Chapter 9). This reduces ‘blockiness’ in the decoded picture and also
improves motion compensation performance. When the deblocking filter is switched on, four
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B-picture P-picture
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Figure 5.3 Macroblock in PB-frame

motion vectors per macroblock and unrestricted motion vectors are also enabled {Annexes D
and F).

Annex K, Slice structured mode This mode provides support for resynchronisation
intervals that are similar to MPEG-1 ‘slices’. A slice is a series of coded macroblocks

Prediction from above
R,

Prediction from left YYYYYYYY

YYYYYY wL

Current biock

Figure 5.4 Prediction of intra-coefficients, H.263 Annex |
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(a) Raster order (b) Arbitrary rectangular slices

Figure 5.5 H.263 Annex K: slice options

starting with a slice header. Slices may contain macroblocks in raster order, or in any
rectangular region of the picture (Figure 5.5). Slices may optionally be sent in an arbitrary
order. Each slice may be decoded independently of any other slice in the picture and so slices
can be useful for error resilience (see Chapter 11) since an error in one slice will not affect
the decoding of any other slice.

Annex L, Supplemental enhancement information This annex contains a number of
supplementary codes that may be sent by an encoder to a decoder. These codes indicate
display-related information about the video sequence, such as picture freeze and timing
information.

Annex M, Improved PB-frames As the name suggests, this is an improved version of the
original PB-frames mode (Annex G). Annex M adds the options of forward or backward
prediction for the B-frame part of each macroblock (as well as the bidirectional prediction
defined in Annex G), resulting in improved compression efficiency.

Annex N, Reference picture selection This mode enables an encoder to choose from a
number of previously coded pictures for predicting the current picture. The use of this mode
to limit error propagation in a noisy transmission environment is discussed in Chapter 11. At
the start of each GOB or slice, the encoder may choose the preferred reference picture for
prediction of macroblocks in that GOB or slice.

Annex O, Scalability Temporal. spatial and SNR scalability are supported by this optional
mode. In a similar way to the MPEG-2 optional scalability modes, spatial scalability in-
creases frame resolution, SNR scalability increases picture quality and temporal scalability
increases frame rate. In each case, a ‘base layer’ provides basic performance and the
increased performance is obtained by decoding the base layer together with an ‘enhancement
layer’. Temporal scalability is particularly useful because it supports B-pictures: these are
similar to the ‘true’ B-pictures in the MPEG standards (where a B-picture is a separate coded
unit) and are more flexible than the combined PB-frames described in Annexes G and M.
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Annex P, Reference picture resampling The prediction reference frame used by the
encoder and decoder may be resampled prior to motion compensation. This has several
possible applications. For example, an encoder can change the frame resolution ‘on the fly’
whilst continuing to use motion-compensated prediction. The prediction reference frame is
resampled to match the new resolution and the current frame can then be predicted from the
resampled reference. This mode may also be used to support warping, i.e. the reference
picture is warped (deformed) prior to prediction, perhaps to compensate for nonlinear
camera movements such as zoom or rotation.

Annex Q, Reduced resolution update An encoder may choose to update selected
macroblocks at a lower resolution than the normal spatial resolution of the frame. This
may be useful, for example, to enable a CODEC to refresh moving parts of a frame at a low
resolution using a small number of coded bits whilst keeping the static parts of the frame at
the original higher resolution.

Annex R, Independent segment decoding This annex extends the concept of the inde-
pendcntly decodeable slices (Annex K) or GOBs. Segments of the picture (where a segment
is one slice or an integral number of GOBs) may be decoded completely independently of
any other segment. In the slice structured mode (Annex K), motion vectors can point to areas
of the reference picture that are outside the current slice; with independent segment
decoding, motion vectors and other predictions can only reference areas within the current
segment in the reference picture (Figure 5.6). A segment can be decoded (over a series of
frames) independently of the rest of the frame.

Annex S, Alternative inter-VLC  The encoder may use an alternative variable-length code
table for transform coefficients in inter-coded blocks. The alternative VLCs (actually the
same VLCs used for intra-coded blocks in Annex I) can provide better coding efficiency
when there are a large number of high-valued quantised DCT coefficients (e.g. if the coded
bit rate is high and/or there is a lot of variation in the video scene).

Annex T, Modified quantisation This mode introduces some changes 0 the way the
quantiser and rescaling operations are carried out. Annex T allows the encoder to change the

Current frame

Reference frame

- s a - ed
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Figure 5.6 Independent segments
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quantiser scale factor in a more flexible way during encoding, making it possible to control
the encoder output bit rate more accurately.

Annex U, Enhanced reference picture selection Anncx U modifies the reference picture
selection mode of Annex N to provide improved error resilience and coding efficiency. There
are a number of changes, including a mechanism to reduce the memory requirements for
storing previously coded pictures and the ability to select a reference picture for motion
compensation on a macroblock-by-macroblock basis. This means that the *best’ match for
each macroblock may be selected from any of a number of stored previous pictures (also
known as long-term memory prediction).

Annex V, Data partitioned slice Modified from Annex K, this mode improves the
resilience of slice structured data to transmission errors. Within each slice. the macroblock
data is rearranged so that all of the macroblock headers are transmitted first. followed by all
of the motion vectors and finally by all of the transform coefficient data. An error occurring
in header or motion vector data usually has a more serious effect on the decoded picture than
an error in transform coefficient data: by rearranging the data in this way, an error occurring
part-way through a slice should only affect the less-sensitive transform coefficient data.

Annex W, Additional supplemental enhancement information Two extra enhancement
information items are defined (in addition to thosc defined in Annex L). The ‘fixed-point
IDCT’ function indicates that an approximate inverse DCT (IDCT) may be used rather than
the ‘exact’ definition of the IDCT given in the standard: this can be useful for low-complexity
fixed-point implementations of the standard. The ‘picture message’™ function allows the
insertion of a user-definable message into the coded bit stream.

5.4.1 H.263 Profiles

It is very unlikely that all 19 optional modes will be required for any one application.
Instead, certain combinations of modes may be useful for particular transmission scenarios.
In common with MPEG-2 and MPEG-4, H.263 defines a set of recommended profiles (where
a profile is a subset of the optional tools) and levels (where a level sets a maximum value on
certain coding parameters such as frame rcsolution, frame rate and bit rate). Profiles and
jevels are defined in the final annex of H.263, Anncx X. Therc are a total of nine profiles. as
follows.

Profile 0, Baseline This is simply the baseline H.263 functionality. without any optional
modes.

Profile 1, Coding efficiency (Version 2) This profile provides efficient coding using only
tools available in Versions 1 and 2 of the standard (i.e. up 1o Annex T). The selected optional
modes are Annex 1 (Advanced Intra-coding), Annex J (De-blocking Filter), Annex L
(Supplemental Information: only the full picture freeze function is supported) and
Annex T (Modified Quantisation). Annexes 1, J and T provide improved coding efficiency
compared with the baseline mode. Annex J incorporates the ‘best’ features of the first
version of the standard, four motion vectors per macroblock and unrestricted motion vectors.
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Profile 2, Coding efficiency (Version 1) Only tools available in Version 1 of the standard
are used in this profile and in fact only Annex F (Advanced Prediction) is included. The
other three annexes (D, E, G) from the original standard are not (with hindsight) considered
to offer sufficient coding gains to warrant their use.

Profiles 3 and 4, Interactive and streaming wireless These profiles incorporate efficient
coding tools (Annexes I, J and T) together with the slice structured mode (Annex K) and, in
the case of Profile 4, the data partitioned slice mode (Annex V). These slice modes can
support increased error resilience which is important for ‘noisy’ wireless transmission
environments.

Profiles 5, 6, 7, Conversational These three profiles support low-delay, high-compression
‘conversational” applications (such as video telephony). Profile 5 includes tools that provide
efficient coding; Profile 6 adds the slice structured mode (Annex K) for Internet conferen-
cing; Profile 7 adds support for interlaced camera sources (part of Annex W),

Profile 8, High latency For applications that can tolerate a higher latency (delay), such as
streaming vidco, Profile 8 adds further efficient coding tools such as B-pictures (Annex O)
and reference picture resampling (Annex P). B-pictures increase coding efficiency at the
expense of a greater delay.

The remaining tools within the 19 annexes are not included in any profile, either because
they are considered to be too complex for anything other than special-purpose applications,
or because more efficient tools have superseded them.

5.5 H.26L°

The 19 optional modes of H.263 improved coding efficiency and transmission capabilities:
however, development of H.263 standard is constrained by the requirement to continue to
support the original ‘bascline’ syntax. The latest standardisation effort by the Video Coding
Experts Group is to develop a new coding syntax that offers significant benefits over the
older H.261 and H.263 standards. This new standard is currently described as ‘H.26L’, where
the L stands for ‘long term’ and refers to the fact that this standard was planned as a long-
term solution beyond the ‘near-term” additions to H.263 (Versions 2 and 3).

The aim of H.26L is to provide a ‘next generation’ solution for video coding applications
offering significantly improved coding efficiency whilst reducing the ‘clutter’ of the many
optional modes in H.263. The new standard also aims to take account of the changing
nature of video coding applications. Early applications of H.261 used dedicated CODEC
hardware over the low-delay, low-error-rate ISDN. The recent trend is towards software-only
or mixed softwarc/hardware CODECs (where computational resources are limited, but
greater flexibility is possible than with a dedicated hardware CODEC) and more challenging
transmission sceparios (such as wireless links with high error rates and packet-based
transmission over the Internet).

H.26L is currently at the test model development stage and may continue to evolve before
standardisation. The main features can be summarised as follows.
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Figure 5.7 H.26L blocks in a macroblock

Processing units The basic unit is the macroblock, as with the previous standards.
However, the subunit is now a 4 x 4 block (rather than an 8 x 8 block). A macroblock
contains 26 blocks in total (Figure 5.7): 16 blocks for the luminance (each 4 x 4), four 4 x 4
blocks each for the chrominance components and two 2 x 2 ‘sub-blocks” which hold the DC
coefficients of each of the cight chrominance blocks. It is more cfficient to code these DC
cocfficients together because they are likely to be highly correlated.

Intra-prediction Before coding a 4 x 4 block within an intra-macroblock, each pixel in
the block is predicted from previously coded pixels. This prediction reduces the amount of
data coded in low-detail areas of the picture.

Prediction reference for inter-coding In a similar way to Anncxes N and U of H.263, the
reference frame for predicting the current inter-coded macroblock may be selected from a
range of previously coded frames. This can improve coding efficiency and error resilience at
the expense of increased complexity and storage.

Sub-pixel motion vectors H.26L supports motion vectors with % pixel and (optionally)
% pixel accuracy; i-pixel vectors can give an appreciable improvement in coding efficiency
over ;—pixel vectors (e.g. H.263, MPEG-4) and %—pixe] vectors can give a small further
improvement (at the expense of increased complexity).

Motion vector options H.26L offers seven different options for allocating motion vectors
within a macroblock, ranging from one vector per macroblock (Mode 1 in Figure 5.8) to an
individual vector for each of the 16 luminance blocks (Mode 7 in Figure 5.8). This makes it
possible to model the motion of irregular-shaped objects with reasonable accuracy. More
motion vectors require extra bits to encode and transmit and so the encoder must balance the
choice of motion vectors against coding efficiency.

De-blocking filter The de-blocking filter defined in Annex J of H.263 significantly
improves motion compensation efficiency because it improves the ‘smoothness’ of the
reference frame used for motion compensation. H.26L. includes an integral de-blocking filter
that operates across the edges of the 4 x 4 blocks within each macroblock.
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Figure 5.8 H.26L motion vector modes

4 x 4 Block transform After motion compensation, the residual data within each block is
transformed using a 4 x 4 block transform. This is based on a 4 x 4 DCT but is an integer
transform (rather than the floating-point ‘true’ DCT). An integer transform avoids problems
caused by mismatches between different implementations of the DCT and is well suited to
implementation in fixed-point arithmetic units (such as low-power embedded processors,
Chapter 13).

Universal variable-length code The VLC tables in H.263 are replaced with a single
‘universal’ VLC. A transmitted code is created by building up a regular VLC from the ‘universal’
codeword. These codes have two advantages: they can be implemented efficiently in
software without the need for storage of large tables and they are reversible, making it
easier to recover from transmission errors (see Chapters 8 and 11 for further discussion of
VLCs and error resilience).

Content-based adaptive binary arithmetic coding This alternative entropy encoder uses
arithmetic coding {described in Chapter 8) to give higher compression efficiency than variable-
length coding. In addition, the encoder can adapt to local image statistics, i.e. it can generate
and use accurate probability statistics rather than using predefined probability tables.

B-pictures These are recognised to be a very useful coding tool, particularly for applicat-
ions that are not very sensitive to transmission delays. H.26L supports B-pictures in a similar
way to MPEG-1 and MPEG-2, i.e. there is no restriction on the number of B-pictures that
may be transmitted between pairs of I- and/or P-pictures,

At the time of writing it remains to be seen whether H.261. will supersede the popular
H.261 and H.263 standards. Early indications are that it offers a reasonably impressive
performance gain over H.263 (see the next section): whether these gains are sufficient to
merit a ‘switch’ to the new standard is not yet clear.
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5.6 PERFORMANCE OF THE VIDEO CODING STANDARDS

Each of the image and video coding standards described in Chapters 4 and 5 was designed
for a different purpose and includes different features. This makes it difficult to compare
them directly. Figure 5.9 compares the PSNR performance of each of the video coding
standards for one particular test video sequence, ‘Foreman’, encoded at QCIF resolution and
a frame rate of 10 frames per second. The results shown in the figure should be interpreted
with caution, since different performance will be measured depending on the video
sequence, frame rate and so on. However, the trend in performance is clear. MIPEG
performs poorly (i.e. it requires a relatively high data rate to support a given picture
‘quality’) because it does not use any inter-frame compression. H.261 achieves a substantial
gain over MJIPEG. due to the use of integer-pixel motion compensation. MPEG-2 (with half-
pixel motion compensation) is next, followed by H.263/MPEG-4 (which achieve a {urther
gain by using four motion vectors per macroblock). The emerging H.26L test model achieves
the best performance of all. (Note that MPEG-1 achieves the same performance as MPEG-2
in this test because the video sequence is not interlaced.)

This comparison is not the complete picture because it does not take into account the
special features of particular standards (for example, the content-based tools of MPEG-4 or
the interlaced video tools of MPEG-2). Table 5.1 compares the standards in terms of coding
performance and features. At the present time, MPEG-2, H.263 and MPEG-4 are each viable

Video coding performance: "Foreman”, QCIF, 10 frames/sec
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Figure 5.9 Coding performance comparison
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Table 5.1 Comparison of the video coding standards

Target Coding

Standard application performance Features

MIPEG Image coding 1 (worst) Scalable and lossless coding modes

H.261 Video conferencing 2 Integer-pixel motion compensation

MPEG-1 Video-CD 3 (equal) 1. P, B-pictures, half-pixel
compensation

MPEG-2 Digital TV 3 (equal) As above: field coding, scalable
coding

H.263 Video conferencing 4 (equal) Optimised for low bit rates; many
optional modes

MPEG-4 Mutltimedia coding 4 (equal) Many options including content-
based tools

H.26L Video conferencing 5 (best) Full feature set not yet defined

alternatives for designers of video communication systems. MPEG-2 is a relalively mature
technology for the mass-market digital television applications; H.263 offers good coding
performance and options to support a range of transmission scenarios; MPEG-4 provides a
large toolkit with the potential for new and innovative content-based applications. The
emerging H.26L standard promises to outperform the H.263 and MPEG-4 standards in terms
of video compression efficiency® but is not yet finalised.

5.7 SUMMARY

The ITU-T Video Coding Experts Group developed the H.261 standard for video conferen-
cing applications which offered reasonable compression performance with relatively low
complexity. This was superseded by the popular H.263 standard, offering better performance
through features such as half-pixel motion compensation and improved variable-length
coding. Two further versions of H.263 have been released, each offering additional optional
coding modes to support better compression efficiency and greater flexibility. The latest
version (Version 3) includes 19 optional modes, but is constrained by the requirement to
support the original, ‘baseline’ H.263 CODEC. The H.26L standard, under development
at the time of writing, incorporates a number of new coding tools such as a 4 x4
block transform and flexible motion vector options and promises to outperform earlier
standards.

Comparing the performance of the various coding standards is difficult because a direct
‘rate-distortion’ comparison does not take into account other factors such as features,
flexibility and market penetration. It seems clear that the H.263, MPEG-2 and MPEG-4
standards each have their advantages for designers of video communication systems. Each of
these standards makes use of common coding technologies: motion estimation and
compensation, block transformation and entropy coding. In the next section of this book
we will examine these core technologies in detail.
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