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VIDEO DATA COMPRESSION 

BACKGROUND OF THE INVENTION 

[0001] 

[0002] 

[0003] 
[0004] Some video data compression systems, such as 
systems de?ned by the MPEG II standardl, use a number of 
different coding techniques to encode successive pictures of 
a video signal. 

1. Field of the Invention 

This invention relates to video data compression. 

2. Description of the Prior Art 

[0005] Typically, the video signal is divided into succes 
sive groups of pictures (GOPs). Within each GOP at least 
one picture is encoded as an “I-picture”, or intra-picture, 
using only information present in that picture itself. This 
means that I-pictures can later be decoded Without requiring 
information from other pictures, and so provide random 
entry points into the video sequence. HoWever, the converse 
of this is that the encoding of I-pictures cannot make use of 
the similarity betWeen successive pictures, and so the degree 
of data compression obtained With I-pictures is only mod 
erate. 

[0006] Further pictures Within each GOP may be encoded 
as “P-pictures” or predicted pictures. P-pictures are encoded 
With respect to the nearest previous I-picture or P-picture, so 
that only the differences betWeen a P-picture and the previ 
ous P- or I-picture needs to be transmitted. Also, motion 
compensation is used to encode the differences, so a much 
higher degree of compression is obtained than With I-pic 
tures. 

[0007] Finally, some of the pictures Within a GOP may be 
encoded as “B-pictures” or bidirectional pictures. These are 
encoded With respect to tWo other pictures, namely the 
nearest previous 1- or P-picture and the nearest folloWing I 
or P-picture. B-pictures are not used as references for 
encoding other pictures, so a still higher degree of compres 
sion can be used for B-pictures because any coding errors 
caused by the high compression Will not be propagated to 
other pictures. 

[0008] Therefore, in each GOP there are (up to) three 
classes of picture, I-, P- and B-pictures, Which tend to 
achieve different degrees of compression and so tend to 
require different shares of the overall available encoded bit 
stream. Generally, I-pictures require a large share of the 
available transmission or storage capacity, folloWed by 
P-pictures, and folloWed by B-pictures. 

[0009] HoWever, this is only a general rule, and While the 
trends might remain the same, the number of bits required to 
achieve an equal subjective quality of encoding for the 
pictures in a GOP may vary from GOP to GOP. Any errors 
in the allocation of transmission or storage capacity betWeen 
pictures can lead to uneven or reduced subjective quality of 
the encoded frames, because errors, artifacts and noise due 
to compression Will not be distributed evenly betWeen the 
frames of the GOP. 

[0010] It has been proposed to allocate shares in the 
available encoded bitstream to individual pictures Within a 
GOP on the basis of the degree of compression obtained for 
corresponding pictures in a preceding GOP. 
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[0011] It is a constant aim in the ?eld of video compres 
sion to improve the subjective quality of the encoded (and 
subsequently decoded) images. 

SUMMARY OF THE INVENTION 

[0012] This invention provides video data compression 
apparatus in Which successive groups of tWo or more images 
are encoded subject to a predetermined limit on the quantity 
of output encoded data to be generated for each group of 
images, the apparatus comprising: 

[0013] a trial encoder for encoding at least a subset of 
images of a current group of images to generate 
trial-encoded data for each trial-encoded image; 

[0014] a data quantity allocator, responsive to the 
quantities of trial-encoded data generated by the trial 
encoder, for allocating respective quantities of out 
put encoded data for each image in the group of 
images; and 

[0015] a ?nal encoder for encoding each image of the 
group of images in accordance With the quantities of 
output encoded data allocated to that image by the 
data quantity allocator. 

[0016] The invention recognises that even the technique 
described above in Which shares in the available encoded 
bitstream are allocated to individual pictures Within a current 
GOP on the basis of the degree of compression obtained for 
corresponding pictures in a preceding GOP does not neces 
sarily lead to a satisfactory prediction of the quantity of 
encoded data Which Will be required to encode each picture 
of the current GOP to a substantially equal subjective 
standard. For eXample, because difference data (representing 
a motion-compensated difference betWeen that picture and 
one or more reference pictures) is encoded for P- and B 
frames, if a scene change occurs during the current GOP, the 
frame at Which the scene change occurs Will have a great 
deal of difference data and Will require a larger number of 
bits to encode to a standard similar to that of other pictures 
in the GOP. 

[0017] The invention addresses this problem by providing 
at least a partial rehearsal of the encoding of pictures Within 
a GOP. In other Words, at least some (and possibly all) of the 
pictures Within a GOP are subjected to a trial encoding stage 
before being passed to a ?nal encoding stage. The trial 
encoding stage does not need to assess the actual number of 
bits Which Will be required to encode each picture (bearing 
in mind any overall limit for each GOP imposed by the 
storage or transmission channel to be used), but is used 
merely to assess the relative proportions of the overall 
bitstream to be allocated to each picture. 

[0018] In one embodiment, to save on hardWare require 
ments, a single encoder may be operable alternately for each 
group of images as the trial encoder and the ?nal encoder. If 
operation is required in real time, then preferably the single 
encoder is operated as both the trial encoder and the ?nal 
encoder for a group of images during a time period equal to 
a display period of the group of images. 

[0019] In one embodiment the trial and ?nal encoders are 
full encoders, using decoded versions of one or more other 
trial-encoded or ?nal-encoded images in the group of 
images. HoWever, since the trial encoding is performed to 
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assess the relative data requirements of the images in the 
group, processing resources can advantageously be saved by 
using input (rather than decoded) images in the trial encoder. 

[0020] In one embodiment, for accuracy of operation of 
the data quantity allocator, the trial encoder is operable to 
trial-encode all of each group of images. In this case, 
preferably the data quantity allocator is operable to allocate 
quantities of output encoded data to each image of the group 
of images in proportion to the respective quantities of 
trial-encoded data for each image. 

[0021] HoWever, for economy of processing time or 
resources, in another embodiment the trial encoder is oper 
able to trial-encode a subset of each group of images. In this 
case, preferably the data quantity allocator is operable to 
allocate quantities of output encoded data to each trial 
encoded image of the group of images in proportion to the 
respective quantities of trial-encoded data for those images, 
and to allocate output encoded data to each non-trial 
encoded image of the group of images in proportion to the 
total quantity of trial-encoded data generated for that group 
and a respective predetermined ratio associated With each 
non-trial-encoded image of the group. 

[0022] Preferably the trial encoder comprises a stage of 
data quantising, the data quantising stage operating using a 
predetermined degree of quantisation for each image in the 
group of images. 

[0023] It is preferred that the predetermined degree of 
quantisation is selected to provide harsher quantisation of 
images in the group not used as reference images in the 
encoding of other images. This tends to lead to a greater data 
quantity allocation to images Which are used as references 
for other images, thus tending to improve their subjective 
quality. HoWever, although it may be eXpected that the 
subjective quality of the more harshly quantised images 
Would then suffer, in fact, because the reference images are 
better, the non-reference images can also improve. Thus by 
the counter-intuitive step of quantising the non-reference 
images more harshly, all of the images’ quality can poten 
tially be improved. 

[0024] The invention also provides a method of video data 
compression apparatus in Which successive groups of tWo or 
more images are encoded subject to a predetermined limit on 
the quantity of output encoded data to be generated for each 
group of images, the method comprising the steps of: 

[0025] trial-encoding at least a subset of images of a 
current group of images to generate trial-encoded 
data for each trial-encoded image; 

[0026] allocating respective quantities of output 
encoded data for each image in the group of images 
in response to the quantities of trial-encoded data 
generated by trial-encoding; and 

[0027] ?nal-encoding each image of the group of 
images in accordance With the quantities of output 
encoded data allocated to that image by the data 
quantity allocator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] The above and other objects, features and advan 
tages of the invention Will be apparent from the folloWing 
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detailed description of illustrative embodiments Which is to 
be read in connection With the accompanying draWings, in 
Which: 

[0029] FIG. 1 is a schematic diagram of a video data 
compression apparatus; 

[0030] FIG. 2 is a schematic diagram of a video picture 
illustrating different levels of image activity; 

[0031] 
[0032] FIG. 4 is a schematic timing diagram illustrating 
the operation of the auto-quantiser of FIG. 3; 

[0033] FIG. 5 is a schematic diagram of a second video 
data compression apparatus; 

[0034] FIG. 6 is a schematic diagram of a third video data 
compression apparatus; 

FIG. 3 is a schematic diagram of an auto-quantiser; 

[0035] FIG. 7 is a schematic diagram of a fourth video 
data compression apparatus; 

[0036] FIG. 8 is a schematic diagram of a ?fth video data 
compression apparatus; and 

[0037] FIG. 9 is a schematic diagram illustrating the 
Weighting of target bit rates. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0038] FIG. 1 is a schematic diagram of a video data 
compression apparatus comprising a frame reorderer 10, an 
activity detector 20, a motion estimator 30, a motion pre 
dictor 40, a subtractor 50 an adder 60, a bit allocator 70, a 
Wavelet transform unit 80, an auto-quantiser 90, an entropy 
encoder 100, an entropy decoder 110, an inverse quantiser 
120 and an inverse Wavelet coder 130. 

[0039] (Where a reference is made in this description to 
Wavelet encoding, it Will be appreciated by the skilled man 
that other encoding techniques, for eXample the discrete 
cosine transform or DCT, may be used instead). 

[0040] Many features of the apparatus of FIG. I operate 
in a very similar manner to corresponding features of an 
MPEG encoder. Such features Will not be described in detail 
here. 

[0041] Brie?y, therefore, the frame reorderer 10 receives 
input video data and acts on successive groups of pictures 
(GOP) to reorder the pictures so that each picture Within the 
GOP is compressed after those pictures on Which it depends. 
For example, if a B-picture (bi-directionally predicted pic 
ture) depends on a folloWing I- or P-picture, it is reordered 
to be compressed after that I- or P- picture. 

[0042] For example, if a GOP comprises the folloWing 
four initial frames (in the order in Which they are displayed), 
IOB1 B2P3 . . . , Where the P-picture uses the I-picture as a 

reference and the tWo B- pictures use the surrounding I- and 
P-pictures as references, then the frame reorderer 10 Will 
reorder the GOP to be compressed in the folloWing order: 

I0P3B1B2 . . . 

[0043] I- pictures are intra-picture encoded, that is to say 
the encoding is not based on any other reference pictures. An 
I- picture in a GOP is therefore passed from the frame 
reorderer 10 to the Wavelet transform unit 80, the auto 
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quantiser 90 and the entropy encoder 100 to generate output 
compressed data representing that I- picture. 

[0044] The compressed I-picture data is also passed from 
the entropy encoder 100 through a decompression chain 
formed by the entropy decoder 110, the inverse quantiser 
120, and the inverse Wavelet transform unit 130. This 
reconstructs a version of the I- picture present in the decoder 
Which is passed to the motion predictor 40. 

[0045] The neXt picture of the GOP to be compressed, 
Which Will generally be a P-picture Which depends on the I 
picture as a reference, is passed from the frame reorderer 10 
to the motion estimator 30 Which generates motion vectors 
indicative of image motion betWeen the I- and P- pictures. 
The motion predictor 40 then generates a predicted version 
of the P picture using the motion vectors and the decoded 
version of the I- picture. This predicted version of the P 
picture is subtracted from the actual P- picture by the 
subtractor 50 and the difference betWeen the 2 frames is 
passed to the Wavelet transform unit 80 for compression. As 
before, the encoded (compressed) difference data is output 
by the entropy encoder and is then decoded by the decom 
pression chain 110,120,130 to regenerate a version of the 
difference data. 

[0046] In the adder 60 the difference data is then added to 
the previously decompressed version of the I- picture to 
generate a decompressed version of the P-picture Which is 
then stored in the motion predictor 40 for use in the 
compression of the neXt picture. 

[0047] This process continues, so that each picture Which 
uses other pictures as a reference is in fact compressed by 
encoding difference data betWeen the input picture and a 
version of the input picture formed by motion prediction 
from a previously compressed and then decompressed ver 
sion of the reference picture. This means that the compres 
sion is performed With respect to the pictures Which Will be 
available at the decompressor. 

[0048] The activity detector 20 detects the image “activ 
ity”, or “degree of detail” in blocks of each input image. This 
process Will be described in more detail With reference to 
FIG. 2 beloW. 

[0049] The bit allocator 70 allocates target bit rates to 
Whole pictures or blocks of the pictures in dependence on the 
image activity of pictures of the current GOP and the degree 
of quantisation obtained for I-, B and P- pictures of the 
preceding GOP. In fact, the allocation can be made by 
allocating an overall target bit rate for each GOP (TBRGOP) 
in proportions dependent on the actual quantity of data 
generated for the corresponding frame in the preceding GOP, 
or in accordance With the actual I:B:P ratio achieved With the 
preceding GOP. In this Way, the allocation or the I:B:P ratio 
can be “steered” to re?ect the type of image content in use. 

[0050] The target bits rates are supplied to the auto quan 
tiser 90 Which generates a suitable quantisation factor to be 
applied to the Wavelet encoded data to comply With the 
target bit rates. The auto quantiser Will be described in more 
detail With reference to FIG. 3 beloW. 

[0051] FIG. 2 is a schematic diagram of a video picture 
illustrating different levels of image activity. 

[0052] The “activity” of a block of a picture is a measure 
of the degree of detail in that block. This means that a block 
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representing a plain, bland area of the picture, such as an 
area of sky 190 in FIG. 2 has a loW image activity. Ablock 
Which includes a great deal of image detail such as an area 
192 of the tree in FIG. 1, has a high activity. FIG. 1 also 
illustrates an intermediate area 194 at the edge of the tree, 
Which has an activity value betWeen that of the block 190 
and that of the block 192. 

[0053] The activity of each block of piXels in the image of 
FIG. 2 can be measured by determining the variance (02) of 
the luminance values of the piXels in that block. The block 
activity is then derived by dividing the luminance variance 
for each block by the mean of variances for all of the blocks 
in the image. This yields a normalised block activity value: 

block J2 
mean (0'2) 

block activity : 

[0054] The image activity is monitored and sudden 
changes of at least a predetermined threshold betWeen 
successive images of a GOP are detected. This type of 
sudden change can be indicative of a scene change occurring 
during the GOP. If such a sudden change is detected, then the 
bit allocator responds by resetting the “steered” I:B:P ratio 
to a default value intended to cope reasonably With the 
image content after the scene change. 

[0055] Afurther justi?cation for measuring image activity 
is that available space in a compressed video data stream can 
be allocated block-by-block (or by groups of blocks) 
depending on the respective measured block activities. In 
other Words, the degree of data compression applied to each 
block or group of blocks is varied depending on the activity 
measured for that block or group of blocks. 

[0056] The degree of compression can be varied (by 
varying the target bit rates supplied to the auto-quantiser 90) 
in dependence on the activity values because it has been 
observed that compression artifacts and distortions are more 
subjectively disturbing in blocks of loW detail content (loW 
activity, such as the plain sky area 190) than in blocks of 
high detail content (high activity, such as the block 192 of 
the tree in FIG. 2). This is because the high level of detail 
in a block of high activity tends to distract the eye from the 
compression artifacts or distortions. Therefore, the target bit 
rates for areas or blocks of loW image activity can be set to 
be higher than those for areas or blocks of high image 
activity. 

[0057] One Way of varying the target bit rates in response 
to the image activity is to increase or decrease the target bit 
rates by up to, say, 50%, in proportion to the image activity 
value. Here, the values should be normalised over the entire 
image or GOP so that the overall effect of the activity-value 
Weighting of the target bit rates does not cause the target bit 
rates to eXceed TBRGOP. 

[0058] FIG. 3 is a schematic diagram of the auto-quantiser 
90. (In fact, the apparatus of FIG. 3 performs the function 
of the auto-quantiser 90 and the entropy encoder 100 of 
FIG. 1). 

[0059] The auto-quantiser 90 receives frequency separated 
video data on an input terminal 200 and an initial quanti 
sation coef?cient value, Qs(0), on an input terminal 210. 
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[0060] The initial Qs value, Qs(0), may be a predeter 
mined or preset number such as 64, or could be generated in 
response to the properties of the current video data being 
compressed. 

[0061] The quantiser/encoder 240 quantises the current 
block of video data using the initial OS value supplied, and 
either performs a full Huffman coding process on the quan 
tised data or simply detects the length of a variable length 
code Which Would result from the Huffman coding process 
(both of these are knoWn techniques). In this Way, the 
quantiser/encoder detects the amount of data Which Would 
result from quantising the input frequency separated video 
data using the supplied initial OS value. 

[0062] A Qs generator 232 compares the output bit rate of 
the quantiser/encoder 240 using the current OS value With 
the target bit rate for the current picture/area of a picture. If 
the detected output bit rate is loWer than the target bit rate, 
then the quantisation scale factor should be reduced to apply 
less harsh quantisation to the frequency separated image 
data. Conversely, if the detected output bit rate is higher than 
the target bit rate, the quantisation scale factor should be 
increased. The qs generator 232 therefore either increases or 
decreases the initial Qs value, Qs(0) by a predetermined 
proportion such as 50%, and supplies the modi?ed Qs value, 
Qs(1) to a second quantiser/encoder 242. Accordingly, if the 
initial Qs value is 4, then the value qs(1) Will be either 2 or 
6. 

[0063] This process is continued at each stage of the 
auto-quantiser, until the last 244 stage is reached. There the 
qs value Which Will result in the quantity of output data 
being close to but not exceeding the target bit rate for the 
current picture area is used as qs(out). 

[0064] The apparatus of FIG. 3 involves a three-stage 
binary search process to obtain the qs value. It Will be 
appreciated that in practice more stages could be used to 
de?ne the qs value to a higher resolution. 

[0065] The ?nal quantisation scale factor generated by this 
process, OS (out) may simply be output to a separate 
quantiser and entropy encoder. HoWever, an alternative is 
illustrated in FIG. 3, Where a ?nal quantiser/encoder 246 
takes the place of a separate quantiser and the entropy 
encoder 100 of FIG. 1, to generate the compressed output 
video. 

[0066] The selection of the output quantisation scale factor 
OS (out) can be made for individual blocks of the image e.g. 
8x8 blocks of piXels, for groups of blocks, for regions of the 
image such as “slices” (horiZontal strips of the image) or for 
an entire picture. 

[0067] FIG. 4 is a schematic timing diagram illustrating 
the operation of the auto-quantiser of FIG. 3. 

[0068] The eXamples shoWn in FIG. 4 is that of processing 
each image as a series of “slices”, ie horiZontal stripes 
formed of groups of macroblocks. HoWever, as mentioned 
above, the staged processing illustrated in FIG. 4 could be 
performed on various types of blocks of each picture. It is 
advantageous if the blocks on Which the staged processing 
of FIG. 4 is performed are co-sited With the blocks for Which 
individual target bit rates are de?ned. In other Words, 
co-sited blocks of the same siZe or larger that those for Which 
the TBRs are de?ned are preferred. 
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[0069] The ?rst process is that stage one of the auto 
quantiser (the quantiser/encoder 240 of FIG. 3) processes a 
?rst slice of an image. When that processing is complete, 
that stage processors second, third, fourth and so on slices of 
the image. 

[0070] When the processing of slice 1 has been completed 
by stage one, stage 2 takes on the processing of slice 1. 
When this has been completed, stage 3 Works on slice 1, and 
?nally When this has been completed, stage 4 Works on slice 
1. This technique leads to loWer delays being caused by the 
auto-quantiser; if each stage had to Wait until a preceding 
stage had completed processing of a Whole image, the 
4-stage auto-quantiser of FIG. 3 Would have a minimum 
delay of 4 picture periods. This delay is much reduced using 
the processing technique With individual blocks. 

[0071] FIG. 5 is a schematic diagram of a second video 
data compression apparatus. The apparatus of FIG. 5 no 
longer uses the activity detector 20 or compression perfor 
mance results from a previous GOP to set target bit rates for 
individual pictures of a GOP, but instead performs a trial or 
rehearsal compression and decompression of at least some 
of the pictures of each GOP. 

[0072] The apparatus of FIG. 5 may be considered as a 
trial encoder 300, Which operates in much the same Way as 
the apparatus of FIG. 1, and a ?nal encoder 310, Which 
again operates in much the same Way as the apparatus of 
FIG. 1. The main difference betWeen the trial encoder 300 
and FIG. 1 (apart from the lack of the activity detector and 
bit allocator) is that it uses a ?xed quantiser 320 With a 
predetermined quantising factor. 

[0073] In operation, the trial encoder 300 compresses a 
GOP (or at least some of the pictures of a GOP), using a 
?Xed quantisation factor. The purpose of this is to assess the 
relative quantities of compressed data required by the dif 
ferent pictures or types of picture Within the GOP. 

[0074] While the trial compression is being performed, the 
GOP is stored in a delay unit 340. 

[0075] The compressed data output by the entropy encoder 
of the trial compressor 300 is supplied to a bit allocator 330. 
The Way in Which the bit allocator 330 operates depends on 
Whether all or some of the pictures are subject to trial 
compression. 

[0076] If all of the pictures of a GOP are subject to trial 
compression, the bit allocator 330 then allocates target bit 
rates for ?nal compression in accordance With the ratio of 
quantities of data generated during trial compression and 
subject to the overall limit on the storage or transmission 
channel’s capacity (eg 30 Mbps—Mega bits per second). In 
order Words, each picture in a GOP is allocated a quantity of 
data according to the folloWing derivation: 

0 

TBRn = 

[0077] Where bn is the quantity of trial data generated for 
the nth picture in the GOP and TBRn is the target bit rate 
allocated to the nth picture. 
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[0078] If only some of the pictures in a GOP are subject 
to trial compression, but that sub set of pictures includes 
each type of picture present in the GOP, then an I:B:P ratio 
can be established for use With all pictures in that GOP. An 
I:B:P ratio, according to Which the pictures in the GOP are 
then allocated quantities of compressed data, is derived 
using the following formulae: 

2b. 
I * pi ctures 

2 b. 
Pipictures 

NrrialU) I Ntrial(P) I 

2 b. 
Bipictures 

Ntrial(B) 

[0079] Finally, if the GOP contains I, B and P pictures, but 
only I- and P- pictures are subject to trial compression, a B:P 
ratio must be used to allocate quantities of data to the B 
pictures based on that available to I- and P- pictures. This 
B:P ratio could be ?xed, or could be steered using the output 
of the ?nal entropy encoder of the ?nal compressor 310 
having compressed the preceding GOP. 

[0080] It Will be appreciated that the above techniques can 
also be applied to sub-areas (e.g. blocks or “slices”) of the 
pictures. 

[0081] Once the bit allocation has been performed by the 
bit allocator 330, the GOP is passed from the delay unit 340 
into the ?nal compressor 310. The auto quantiser of the ?nal 
compressor 310 controls the degree of quantisation applied 
to the image data so that the overall bit rate complies With 
the target bit rates generated by the bit allocator 330. 

[0082] FIG. 6 is a schematic diagram of a third video data 
compression apparatus. 

[0083] Again, the apparatus of FIG. 6 comprises a trial 
compressor 350 and a ?nal compressor 310, With the trial 
compressor 350 supplying trial compressed data to a bit 
allocator 330 to control target bit rates to be used in ?nal 
compression. 

[0084] In contrast to the apparatus of FIG. 5, the trial 
compressor 350 does not have a feedback loop of an entropy 
decoder, an inverse quantiser and an inverse Wavelet coder. 
Instead, during trial compression, B- and P- pictures are 
compressed With respect to the input versions of the respec 
tive reference pictures. This means that the compression Will 
be slightly less accurate than a full compression using the 
feedback loop described above, but since the compression is 
only for the purposes of assessing approXimate relative 
quantities of data required by each picture of the GOP, this 
slight inaccuracy does not matter and is more than compen 
sated for by a saving in hardWare or processing resources. 

[0085] FIG. 7 illustrates a similar arrangement being used 
in the trial compressor 350 and in a ?nal compressor 360. 
Again, this can be useful Where economy of processing 
resources is as important as compression accuracy. 

[0086] FIG. 8 is a schematic diagram of a ?fth video data 
compression apparatus. This apparatus comprises a single 
compressor 400 Which acts alternately as the trial compres 
sor and the ?nal compressor of any of the embodiments 
described earlier. This is achieved by running the processing 
of the compressor 400 at a faster speed than the data rate of 
the input video. 
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[0087] For eXample, a standard video data rate for the 
input video supplied to the frame reorderer 10 is 30.5 MHZ. 
HoWever, if the compressor 400 is operated at a basic video 
data rate of, say, 27 MHZ, it has the ability to process the 
input video data of a GOP once for trial compression (in 
Which the auto quantiser in fact operates at a ?Xed quanti 
sation level) and then again for ?nal compression in Which 
the bit allocator 330 uses the quantities of data generated 
during trial compression to control the auto quantiser (noW 
Working With a variable quantisation factor). 

[0088] If, for eXample, a 12 frame GOP is being processed 
and it is desired to perform trial quantisation on 4 frames of 
the GOP, the compressor 400 can be operated at ‘V3 of the 
basic video data rate of 13.5 MHZ, ie 18 MHZ. 

[0089] Finally, FIG. 9 is a schematic diagram illustrating 
the Weighting of target bit rates Within an image. 

[0090] As already described, target bit rates can be allo 
cated to individual macroblocks, groups of macroblocks, 
slices, stripes and various other shaped blocks Within an 
image. In the eXample shoWn in FIG. 9, separate target bit 
rates are allocated to individual code blocks 410 of an 
image. 
[0091] A Weighting is applied to the target bit rates for 
blocks of the image, so that blocks toWards the centre of the 
image are given higher target bit rates, all other factors being 
equal. This is done for tWo main reasons: 

[0092] (a) the vieWer’s centre of attention tends to be 
the middle of the picture, and so the vieWer tends to 
notice coding errors more in the centre of the picture 
than at the edges, and 

[0093] (b) many domestic television sets overscan so 
that the eXtreme periphery of the picture is not seen 
by the home vieWer at all. 

[0094] Accordingly, the allocation scheme Weights the 
allocation toWards the centre of the pictures. This Weighting 
toWards the centre is also of particular bene?t With so-called 
“letterboX” ?lm transmission. 

[0095] The graphs at the side and bottom of FIG. 9 
illustrate one possible envelope for Weighting coef?cients to 
be applied to the target bit rates for different blocks in the 
image. 
[0096] In all of the above schemes for allocating target bit 
rates, each block, slice or image is allocated at least a 
predetermined minimum (non-Zero) target bit rate by the bit 
allocator. This alloWs for image content not anticipated by 
the bit allocator and avoids areas of the picture being 
allocated such a small target bit rate that the image cannot 
be encoded. 

[0097] In another preferred feature, the target bit rates (and 
in turn the degree of compression applied) can be varied in 
direct dependence on the picture type. In particular, in an 
I:B:P system a B picture (or areas of a B-picture) can be 
allocated a loWer TBR than other pictures, since it is not 
used as a reference for any other pictures. This tends to lead 
to a higher bit allocation to pictures Which are used as 
references for other pictures. HoWever, although it may be 
eXpected that the subjective quality of the more harshly 
quantised images Would then suffer, in fact, because the 
reference pictures are better, the non-reference pictures can 
also improve. 
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[0098] Although illustrative embodiments of the invention 
have been described in detail herein With reference to the 
accompanying drawings, it is to be understood that the 
invention is not limited to those precise embodiments, and 
that various changes and modi?cations can be effected 
therein by one skilled in the art Without departing from the 
scope and spirit of the invention as de?ned by the appended 
claims. 

We Claim: 
1. Video data compression apparatus in Which successive 

groups of tWo or more images are encoded subject to a 
predetermined limit on the quantity of output encoded data 
to be generated for each group of images, said apparatus 
comprising: 

a trial encoder for encoding at least a subset of images of 
a current group of images to generate trial-encoded data 
for each trial-encoded image; 

a data quantity allocator, responsive to the quantities of 
trial-encoded data generated by said trial encoder, for 
allocating respective quantities of output encoded data 
for each image in said group of images; and 

a ?nal encoder for encoding each image of said group of 
images in accordance With the quantities of output 
encoded data allocated to that image by said data 
quantity allocator. 

2. Apparatus according to claim 1, comprising a single 
encoder operable alternately for each group of images as 
said trial encoder and said ?nal encoder. 

3. Apparatus according to claim 2, in Which said single 
encoder is operable as both said trial encoder and said ?nal 
encoder for a group of images during a time period equal to 
a display period of said group of images. 

4. Apparatus according to claim 1, in Which: 

said trial encoding of at least some of said images in each 
group of images is dependent on decoded versions of 
one or more other trial-encoded images in said group of 
images; and 

said ?nal encoding of at least some of said images in each 
group of images is dependent on decoded versions of 
one or more other ?nal-encoded images in said group 
of images. 

5. Apparatus according to claim 1, in Which: 

said trial encoding of at least some of said images in each 
group of images is dependent on one or more other 
input images in said group of images; and 

said ?nal encoding of at least some of said images in each 
group of images is dependent on decoded versions of 
one or more other ?nal-encoded images in said group 
of images. 

6. Apparatus according to claim 1, in Which: 

said trial encoding of at least some of said images in each 
group of images is dependent on one or more other 
input images in said group of images; and 
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said ?nal encoding of at least some of said images in each 
group of images is dependent on one or more other 

images in said group of images. 
7. Apparatus according to claim 1, in Which said trial 

encoder is operable to trial-encode all of each group of 
images. 

8. Apparatus according to claim 7, in Which said data 
quantity allocator is operable to allocate quantities of output 
encoded data to each image of said group of images in 
proportion to the respective quantities of trial-encoded data 
for each image. 

9. Apparatus according to claim 1, in Which said trial 
encoder is operable to trial-encode a subset of each group of 
images. 

10. Apparatus according to claim 9, in Which said data 
quantity allocator is operable to allocate quantities of output 
encoded data to each trial-encoded image of said group of 
images in proportion to the respective quantities of trial 
encoded data for those images, and to allocate output 
encoded data to each non-trial encoded image of said group 
of images in proportion to the total quantity of trial-encoded 
data generated for that group and a respective ratio associ 
ated With each non-trial-encoded image of said group. 

11. Apparatus according to claim 10, in Which the respec 
tive ratios are derived from said quantities of trial-encoded 
data obtained for said trial-encoded images. 

12. Apparatus according to claim 1, in Which said trial 
encoder comprises a stage of data quantising, said data 
quantising stage operating using a predetermined degree of 
quantisation for each image in said group of images. 

13. Apparatus according to claim 11, in Which said 
predetermined degree of quantisation is selected to provide 
harsher quantisation of images in said group not used as 
reference images in said encoding of other images. 

14. A method of video data compression apparatus in 
Which successive groups of tWo or more images are encoded 
subject to a predetermined limit on the quantity of output 
encoded data to be generated for each group of images, said 
method comprising the steps of: 

trial-encoding at least a subset of images of a current 
group of images to generate trial-encoded data for each 
trial-encoded image; 

allocating respective quantities of output encoded data for 
each image in said group of images in response to said 
quantities of trial-encoded data generated by trial 
encoding; and 

?nal-encoding each image of said group of images in 
accordance With said quantities of output encoded data 
allocated to that image by said data quantity allocator. 


