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DESCRIPTION 

BUFFER MANAGEMENT IN VARIABLE BIT-RATE 

COMPRESSION SYSTEMS 

The present invention relates to a method and apparatus for the 

compression of digital video signals and in particular to the use of such method 

and apparatus in the encoding and decoding of signals. 

10 Variable bit rate {VBR) video compression is known to give advantages 

over constant bit-rate (CBR) video compression. The main reason for this is 

that in a CSR system the bit rate has to be set so that the worst case quality 

is acceptable while in a VBR system the bit rate is set so that the quality {which 

is kept constant) is acceptable. The difference between the average bit rate 

15 of a VBR compressed signal compared to the bit rate of a CSR compressed 

signal has been found to be to be close to 30% in favour ofVBR compression. 

Though VBR compression is better than CBR, it can only be used in a 

limited number of applications. In principle the medium should be able to 

corivey variable bit-rate signals. In terms of the ISO/OSI model, almost every 

20 medium conveys a fixed bit rate at the physical layer. On a higher level, the 

medium can be converted into a (logically) variable bit rate medium. 

One particular application of VBR compression js joint bit-rate control, 
.. . . . 

in which a number of sources make use of a single channel. In the case of 

joint bit-rate control the bit-rate of the video signals is controlled such that the 

2s individual bit ram,$· can be varying (through optimal allocation of bit rate} but so 

that the sum of:aU .. bit rates is constant. This type of system may occur in for 

instance cabl~--~ision or in satellite tetevision services. 

The idea of joint bit-rate control for multi-program video signal encoding 

has been founcl to be advantagec;>us, particularly for video signals coded 

30 according to the ISO MPEG standards. Basically a system for joint bit-rate 

control needs technical measures for two problems, namely the bit allocation 
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and the buffer management. To deal with bit allocation, the bit need of the 

programs is measured and the bits are spread accordingly over the programs. 

Buffer management eneompasses several sub-problems, some of which are -

described in "Constraints ori variable bit-rate video for ATM-networks" by Amy 

5 Reibman and Barry Haskell; in IEEE Transactions-on Circuits and Systems for 

Video Technology, Vol 2, No. 4 December 1992::pp. 361-372. The Reibman 

and Haskell paper -examines the constrairits:resulting from encoder and 

decoder buffering in ·an asynchronous transfer mode (ATM) network, in 

particular the additional constraints needed to prevent overflowing or 

10 underflowing of the decoder buffer wheh a variable bit.;;rate data _channel links 4 
encoder and decoder. -They describe a method in Which the number of 

encoded bits· for each video frame -and -the number· of bits·· transmitted across 

the variable bit;.rate channel are seledect joirittY' a necessity imposed by the 

differing constraints imposed on the transmitted bit rate by the encoder and 

15 decoder buffers respectively. 

In all these applications the transtnission of video can be ln the MPEG 
- -

format. AnMPEG decod-er contains a physical' buffer, and correct MPEG bit 

streams must fulfil the video buffering verifier (VBV) constraintS, which means 

thatthe signals may notoverflow or underflowihypothetical decoder buffer. 

20 As will be shown hereinafter, an incorrect buffermanagement may limit the 

performance of a VBR compression system. The analyses of buffering systems 

rely strongly on the concept of a system delay whereby, in order to have a 

continuous display of video, the delay must be constant. This requirement has 

an effeCt on the buffering strategy. 

25 

30 

For CBR systems,· given a fixed decoder buffer size,. the delay must be 

relatively large fOr a loW· bit-rate and relati~ely low for a high bit-rate in order to 

- make full use of the available :buffering space iri the -decoder. If the bit rate is 

variable a compromise -setting of the buffering system must be used. As a 

consequenc~ of this cC>mpron1ise the effective buffer size -in the decoder is too 

low for an acceptable performance at low bit rates. Essentially I tWo things are 

required, namely a Cc.>nstant end-to-end delay,--and a low buffering delay for 
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high bit rates and a high buffering delay for low bit rates. These requirements 

would appear to be incompatible. 

It is an object of the present invention to provide improved stability of 

decoder buffer operation. 

s It is a further object of the present invention to provide greater efficiency 

in encoder buffer management. 

In accordance with the present invention there is provided a method of 

compression for transmission of encoded digital video signals having a variable 

1 o number of data bits per image frame, comprising the steps of: 

15 

a) detecting a first bit rate of the encoded digital video signal bit 

stream; 

b) sequentially writing the signal bit stream into a buffer at the first 

bit rate; 

c) deriving a second bit rate as a percentage of the first bit rate, 

changes in which percentage are inversely related to changes in the first bit 

rate; 

d) reading the bit stream out of the buffer at the second bit rate. 

By the provision of the "tunable delay" resulting from the varied output 

20 and input bit rates in the encoder buffer, the contents of the nominal decoder 

buffer will remain substantially constant. The relationship between input and 

output rates means that at high input signal bit rates, where the remainder of 

the buffering system (provided by the encoder stage and the decoder) provides 

a relatively low delay, the tunable delay provides a retatively high delay. At low 

25 input signal bit rates, the tunable delay is reduced to counter the relatively 

higher delay introduced by the remainder of the buffering system. 

The range of possible input bit rates may suitably be divided into discrete 

levels with.a derived secand bit rate being maintained constant until an input 

signal bit rate within a different one of the levels is detected at which point the 

30 second bit rate is recalculated. For a minimum input bit rate, the second bit 

rate is suitably set to equal that bit rate: in other words, at minimum input bit 
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rate, the delay is set to zero:· 

Successive groupings of one or m.ore image mimes may be specified 

~ith the second bit rate being derived from the' 'first frame of the grouping and 

maintained constant until the bit rate of the first frame of a succeeding 

grouping is detect~d., Ttie groupings may·· be determined on the basis of 

successive frames within a range of bit rates· as mentioned ·above or may be 

specified on other · crite~ia. For signals encoded according to the MPEG 

standard, a first grouping may be specified for I-pictures, with one or more 

other groupings for other types of irnage. 

, o Also in accord an~ with the present invention there is provided a· video f 
signal ' encoding 'appar~tus •. operable to enoode a digital video signal for 

transmission, the apparatus comprising an encoder stage operable to encode 

a received video ~ignal ·according to a· predeterinined coding scheme and to 

output the signal as a variable bit-rate data stream and a buffer coupled to 

1 s receive the said variable bit-rate data 'stream 'ft()m ·the encoder and arranged 

to output a data signal for transmission; characterised by means operable to 

detect the bit-rate of the said variable bit-rate data stream, to derive a second 

bit rate as a percentage of the encoder stage'output'bit rate, whi~h percentage 

changes· in inverse relation to changes in the ·encoder stage output rate, and 

20 

25 

30 

to control ,the b'uffer outpuf data sigilal bit rate at the said second bit rate. 

Further in accordance With the present invention there is provided an 

encoded video sigllal compressed (for transmission) by the method recite~ 

above. The. signal, comprising a bit stream of encoded data for a succession 

of image frames, has its iristantaneous bit' rate inversely related to the bit 

density of an imag~ frame n frafue periods later where n is determined by the 

said bit density. A~ will be understood, the bit rate of the uncompressed signal . . 

is determined by the bit derisitY, and the. n frame periods. (where n is not 

necessarily an integer) corresponds to the lag introduced by the tunable delay. 

Preferred embodiments of the p·resent'invention will now be described, 

by way of example only, and with refereriee to the accompanying drawings in 
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which: 

Figure 1 schematically represents a series of image frames coded 

according to the MPEG standard; 

Figure 2 is a block diagram of part of an e~coder apparatus embodying 

s the invention; 

10 

15 

Figure 3 represents usage of the encoder buffer of the apparatus of 

Figure 2 in relation to decoder buffer usage; 

Figure 4 graphically represents increase in decoder buffer fullness over 

time; 

Figure 5 represents a modified version of Figure 3 embodying the 
'· 

present invention; 

Figure 6 schematically illustrates the combination of video and MPEG 

program streams; and 

Figure 7 represents skew resulting from bit-rate changes. 

The following description is concerned with the management of MPEG­

coded video signals by way of example, although it will be readily appreciated 

by the skilled practitioner that the invention is not restricted to such coding 

standards. 

20 The '1rf PEG. standard describes a syntax and semantics of bit streams 

for compres~d video and associated audio. Whilst the semantics in principle 

specify the functionality of the decoder, the standard provides no prescriptions 

for the decQder architecture. Each decoder witl have an input buffer of some 

sort but how thi$ is. to b~ realized and what exact size this buffer must have is 

2s not specified. 

Recognising the importance of random access for stored video and the 

significant bit•(ate reduction, that may be obtained through motion-compensated 

interpolation1 the MPEG,standard recognises three types of pictures (frames) 
. . 

namely intra-.pictures, predicted pi~ures and interpolated pictures, generally 
-~ • I .-

ao referred to as 11 P, and 'Q~pictures respectively. 1- pictures provide access 

points for random pictures and accordingly have only limited compression. P-
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pictures are coded with reference to a past {I or P) picture and often form a 
. . . .. 

reference for future P".'pictures. B-pictures · have the highest degree of 

compression but require both a past and f~tu~~ reference for ph!diction. A 

typical MPEG sequ~nce of I, .• P and B-pictures. i$ shown in Figure 1. 

5 A schematic representation of an MPEG encoder is shown in Figure 2. 

10 

A received video signal v,N is passed. to :~iicoder stage. 10 together with a 

control signal a which vafies the quantisation co~rsenes$ of the encoding. In 

many cases (although not for joiritbit rate enc6c:i'it1g) the control signal a is kept 

constant to·maintain coarseness at the same average level. The control signal 

Q is derived .on the basis of th~ in.coming ~itieo.tiig'ni!I V1N by detector {DET) 12. 

The output of the encoder stage 1 O is passed to a'n en6oder ·buffer 14 at a first 

bit rate and· also to a ciilculation ·unit 16., ·rhe· calculation· unit 16 derives a 

value for a second bit rate and passes this to ·~ ·h~~der i~sE!rtion stage {HIN) 

18 which reads the signal bit stream out of'.the buffer at the second bit rate and 

15 places the bit stream CBour on a communication channel for transmission to a 

20 

. . 

receiver/decoder. The. basis of the calculati()nsp~riormed by unit 16 to derive 

an appropriate second bit ·rate will now be described i~ te.rms ·of a theoretical 

encoder/decoder buffer arm·· gement. 

The MPEG standam constrains bit streams such 'that they may not 

overflow or underflow a tiypoth~tical buffer: this hypothetical buffer can be 

related to the physical buffers appearing in th~ signal eneoder and decoder 

stages. 

In studies of buffer management pro'blerris, analysis of the combination 

of the encoder buffer and the d~coder buffer u~~s a model of the two buffers 

25 as shown in Figure 3: this model will be used to explain the problem that 

30 

occurs in a variable bit-rate situatibrl. 

The MPEG standard is partitlo~ed :in thr~e ·parts:· the video part, the 
. .. 

audio part and the sy~tems part. The video part contains ·a mechanism called 

the VBV and the systems part contains a· part called the transport system 

target decoder (T-STD). MPEG decoders are re~lisable because the· signal 

(bitstream) has to fulfil certain conditions, and bitstreams that fulfil the VBV 
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condition (or simil~r for T-STD) are said to be compliant. Since bitstreams 

must fµlfil. the VBV condition it is possible to design decoders that can 

decode compliant bitstreams. 

The VBV df:tfinition is based on a hypotheti~al decoder which reads the 

s compressed pictures in zero time from the VBV buffer and a channel that 

continuously fills up the buffer. Figure 4 shows characteristic VBV buffer 

contents as a function of time for a part of the MPEG frame sequence of 

Figure 1. The VBV is specifically defined for constant bit-rate operation. In 

case of . v~r~able bit-rate operation, the MPEG standard specifies that the 

10 definition of the VBV buffer is overruled by the definition of the T-STD. 

The bitstream is written into the buffer at the bit-rate specified in the 

sequence header. The bitstream contains information about the contents of 

the VBV buffer. This information is presented in a field in each picture 

header called the VBV delay, which specifies the time between the moment 

1 s that the header enters the VBV buffer and the moment of decoding the 

picture. 

In the systems part of the MPEG standard, mechanisms are defined 

that provide means to synchronise the decoder. These mechanisms are 

called the decoding time stamp (DTS) and the presentation time stamp (PTS) 

20 which are measured in time units. The mechanism of system clock reference 

(SCR} is used to recover th~ correct time. The complete decoding operation 

is described again in terms of a hypothetical decoder which is referred to as 

the standard target decoder (STD}. The systems part describes two types of 

systems layer: the transport stream and the program stream. The STD for 

2s the transport stream is referred to as T-STD and for the program stream the 

term P-STD is used. tn the following the difference between these streams 

is explained. 

In princjple the program stream is defined for applications which have 

a very low e,rror probability such as optical recording. The basic 

30 characteristic of the program stream is that it can convey only one program 

and that the bit-rate can be varying: as such it may be of limited general use. 
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Of greater utility is the tra~'sport stream, which is intended for multi-program 
·. environments. -The bit.:.ra1:e for each program ls ali.o"'1~d to v~ry. but the sum 

of all bit-rates must ·be constant. The ··tr~nsport 'str~am uses. a fixed size 

packets of 188 -bytes. ihe T-STD can be Jsed for HD-CD (VBR optical 
5 medium) by reading a variable bif·rate from tlie disk· and.adding an artificial 

empty program to the bitstream iri passing the il'lforfuation from the reader 
on to the decoder such. that tt1e total bit-rate :i~ constant.' ; The definition of 

the functionality oi both the P~STD and- th~ t-STD is similar~ We have 

recognised that a problem ii'l CCJnventional h~ffer:.management is that the 
10 available bu'ffer space in the decoder de'pends'tm th~·bit rate. At low bit rate t 

~e have too sm~ll an effective decoder buffer a~ailable that will hamper the 
image quaiity. ·. -_ 

15 

20 

25 

30 

Referring back.· now to the model ofFigure 3~ the buffering model uses 

the following par~meters 
• the (discrete) time n 

• the current bit rate R[n] 

• the in.put-out~ut delay d · 

• physical encoder buffer size Be 

e physical decoder buffer size B0 

·•.-encoder buffetpoiriter E[n] 

• decoder buffer pointer D[nJ 

e range of dec~der buffer poi-nter D~nlnJ s D[n] < DmaxlnJ 

• r~nge of encoder buffer pointer Em1nln] s E[n] < Emaxln] 

It will be_ noted that the range of the" b:uffer points 'is introduced as a 
separ~te variable- which is time dependerlt, Wi1:li 'the current buffer pointers 
E[n] and D[n) representing 'the buffer contents. A key variable in the buffer 

system_is the input-output delay d which denotes the tirrie between inputting 
a picture to the ~ncoder and tlie time that this picture is decoded by the 

decoder. In the following derivatiCJris, we assume d to be ah integer number 
of pi~tur~s,· althciugh n1~n:.intege·r-values are possible as well .. This variable 

- ' 

is necessarily: constant over the ·entire ·$$quence since otherwise a non-
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continuous display would result, affecting rriotlbn portrayal. 

We assume that the buffers are operated in the following way 

E[n] = E[n-1] - R[n) + p[n] 

D[n] = D[n-1 l + R[n] - p[n-d] 

(Equation 1) 

In this model we assume an action (next n) every new picture. From 

this buffer behaviour model the following relation between the encoder buffer 

contents and the decoder buffer contents can be derived 

n 
D[n] + E[n-d] = E R[1l 

i=n-d+1 
(Equation 2) 

From Equation 2 we can derive relation between the boundaries of the 

buffer contents which yields 

n 
Dmax[n] = E 

i=n-d+1 
R[I] - Erninln-d] 

n (Equation 3) 
Dm1nln] = E Rlll - Emaxln-d] 

i=n-d+1 

This equation shows that underflow in the encoder is linked to 

overflow in the decoder and vice versa; the encoder buffer and decoder 

buffer have dual behaviour. Clearly, there is a lag of d samples between 

25 encoder and decoder constraints. 

30 

A common choice (that is made in the Reibman and Haskell paper 

mentioned previously) is to select: 

(Equation 4) 

This choice means that underflow in either of the two buffers is in fact 
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a physical underflow and, hence, a loss ofdata. Underflow in the encoder 

means the following violation on the decoder· side of 

with 

D[n] > Dmaxln] 

n 
Dmsx [n] =+ L R[t1 

i=n-d+1 

{Equation 5) 

(Equation 6) 

Hence the maximum avaiiable buffer space in 'the decoder depends on 

the (integrated) bit rate over the past d samples·. This niay lead to problems 

1 s if, for instance, the bit rate is constant over more than d samples. In such 

a situation we have 

{Equation 7) 

20 hence at a low bit-rate we have a small effective decoder .buffer available. 

At a low bit-rate we still may have relatively large I-pictures, which .can 

happen for scenes·· with high detail and ·absolutely no motion. Since the 

available .. buffer space is small~ it is a conventional technique to reduce the 

quality of that 1.:picture such that the buffer constraint in Equation 5 is not . 

2s violated. 

Our solutio~ to this problem is to ·t,~ve a small tunable delay TD, as 

shown in Figure 5, between theencoder {EB.) and ·decoder (08) buffers on 

the encoder side of the transmission channel TC, and also to use a relatively 

high bit-rate for the I-picture. ·The small delay average~ out over a small 

30 · number of pictures, and hence a small bit-rate peak will help. The special 

treatment of I-pictures means that .over a series of pictures such as the 
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sequence of Figure 1 , we use two bit-rates; a relatively high one for the 

period of time containing the I-pictures and a lower one for the other classes 

of pictures. This provides us with higher peak bit-rates. For the sequence 

of Figure 1 , we therefore have three groups of pictures (GOP' s), one for each 

s of the I-pictures and one for the GOP of P- and B-pictures between them, 

with the bit-rate remaining constant {either high or low) in each GOP. -If 

desired, a third bit-rate (between the relatively high and relatively low levels) 

may be specified for P-pictures in which case the sequence of Figure 1 would 

comprise five GOP with the bit-rate following the pattern of high-low-

10 medium-low-high over the series. 

The use of this specified bit-rate technique in the encoder may be 

detected from the decoder by testing Equation 5 on the bit stream. If the 

equation yields an "overflow" it shows the technique to have been used. 

The choices for our larger encoder buffer and appropriate bit-rate over 

1s time will now be described. The conventional choice made in Equation 4 is 

the source for existi!'lQ problems: we have appreciated that by making an 

alternative choice more flexibility in the decoder is provided. We choose 

20 

25 

30 

Dmin = 0 

Dmax = Bo 

(Equation 8) 

which may be considered as an advance selection of the largest possible 
. . 

decoder buffer. As will be shown, this choice leads to a larger encoder 

buffer. Note that an alternative choice for the buffer, such as 

Dmax[n] = A+B • [ f, Rl1l] 
i=n-d+1 

(Equation 9) 

will yield similar conclusions for the encoder buffer, unless A = 0, B = 1 
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(which is the case i~ the original problem). 

and 

Substituting the choices from Equation 8 in Equation 3 yields 

n 
Em;,/n -d} = E R[i} - B0 

i=n-d+1 

n 
Emaxln-d] = L R£11 

i=n-d+1 

(Equation 10) 

(Equation 11} 

These eq~~tions show that the lower limit of the encoder buffer 

contents is no_n-zero which means thaf the encoder buffer must be larger 

than is convention~!~ In fact the physic.al size of the ~ncoder buffer equals 

that of the decoder b'uffer plus some margin. ·The margin is calculated from 

the maximum and minimum bit rate on the channel as will be demonstrated 

below. 

Considering Equation 10 for our analysis, analysis of the extremal 

20 values of Emin yields insight in important system characteristics. One end of 

25 

the scale is reached when Emin = 0. This situation will occur if we transmit 

for more than d symbols at the minimum bit rate. Substituting these 
. . .. 

assumptions in Equation 1 0 y_ields 

(Equatio~ 12) 

Thus. we use the minimum bit rate to select the required delay. It is 

appreciated that this delay will generally be larger than in the conventional 

situation, bu.t the actual value remains acceptable, especially in the case of 

30 recording applications. 

At the other end of the scale we find the required extra buffer size by 
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considering that the encoder buffer size can be written as 

BE = 80 + margin (Equation 13) 

s where the margin is equal to the maximum value of Emin· The maximum value 

is reached if the bit rate is at its maximum value for more than d samples 

(pictures). In this case we find 

10 
• - d•R 8 Rmax margin - max = o•-

Rmin 
(Equation 14) 

Turning now to the calculation of the time dependent bit rate R[n], the 

decoder buffer content is required to be the same at the beginning and at the 

15 end of a GOP. Figure 4 illustrates this condition using the decoder buffer 

fullness. 

From Equation 1 it can be seen that this condition means 

20 
n n 
E p(i-d] = E 

i=n-d+1 i=n-d+1 
R[ll (Equation 15) 

and keeping the bit rate R[i] = R constant over a GOP of length N pictures 

2s we have 

30 

n 
E p[i-dJ = N•R 

i=n-d+1 

(Equation 16) 

From Equation 1 5 it will be appreciated that the channel bit rate has 
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to change d samples after the soutce bit rate has changed -and also that the 

bit rate will generally have to be changed within_ a picture, rather than at the 

header of a picture~- although this may occasionally occur. The bit rate 

changes are shown in terms of the MPEG syntax in Figure 6, where the 

s - reference numerals denote the following·: -

- 10 

101: pack layer in systems syntax -· 

102: PES layer in systems syntax 

103: video layer (payload in systems syntax) 

1 04: picture header in video layer 
. ~ ·; . 

105: PES header in systems bit stream containing DTS and PTS 

106: pack header in systems bit stream _ containing ESCR and 

ES RATE ---
The MPEG transport stream is meant for multi-program environments 

and the'progri:im stream is meant for enviforlments with one program, like 

15 optical recording~ -Figure 6 shows how a video bit stream-can be wra'pped 

in a program stream. In the program stream we have the MPEG concepts 

PACK-headers and PES;.headers (PES-packetized elementary stream). The 

PACK-header contains information on the elementary stream rate (=ES­

RA TE). Since PACK-headers are not necessarily constrained to precede 

20 picture-headers or PES"-headers we are allowed to change the bit rate at any 

moment. 

The consequences of Equation 1 5 and Equation 16 are shown in Figure 

7 which shows the skew between moment of inputting the groups of 

pictures to the buffer -a·nd the moment of _- chan'ging the bit rate: the 

25 continuous lines represent the time interval in which the bits resulting from 

compressing a GOP are written into the buffer, and the dashed lines indicate 

the time interval for which the output bit rate calculated for that GOP is 

applied. 

In the foregoing, we have shown an enhanced buffer management 

ao strategy that does not put constraints on the quality of compression, for only 

a small extra delay. 
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From reading the present disclosure, other modifications will be 

apparent to persons skilled in the art. Such modifications may involve other 

features which are already known in the design, manufacture and use of 

digital video signal encoding and decoding systems and devices and 

s component parts thereof and which may be used instead of or in addition to 

features already described herein. Although claims have bene formulated in 

this application to particular combinations of features, it should be 

understood that the scope of the disclosure of the present application also 

includes any novel feature or any novel combination of features disclosed 

10 herein either explicitly or implicitly or any generalisation thereof, whether or 

not it relates to the same invention as presently claimed in any claim and 

whether or not it mitigates any or all of the same technical problems as does 

the present invention. The applicants hereby give notice that new claims 

may be formulated to such features and/or combinations of such features 

1 s during the prosecution of the present application or of any further application 

derived therefrom. 
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CLAIMS Hll\11\·\\\l\rlll\\ \\l\J ·\\\\I\· 
"ti C L M 

1 . A method of. compressio.n for tran'smis~ion of encoded digital 

video sign~ls ·having a variable· number of data .bit~. per image frame, 
comprisi~g t.he steps of: · . · · 

a) cietectin·g a first bit rate of th~ ~n~oded ·digital video signal bit 

stream; 

b) sequentially writing the signal bi~,~~ream Into a buffer at the first 

bit rate; 

c) . deriving a second bit rate' as ~ pe:rcentage' of the first bit rate, 

changes in which .percentage are inversely -re.lated to changes in the first bit 

rate; 

d) reading the bit stream out of the buffer'atthe second bit rate. 
'· ... . 

• .. •. 

2. A method as.claimed ·in Claim' ,;··wherein for a specified range 

of first bit rates, the second bit rate equals the-- first bit rate at the minimum 

first bit rate value. 

25 4. A method as claimed in Claim 3; whe~ein for signals encoded 

according to ~he MPEG standard·, a first grouping is assigned to I-pictures and 

a second grouping is assigned to ,,, nier types of image. 

5. Video signal encoding apparatus operable ·to encode a digital 

30 video signal for transmission, the apparatus. comprising: 

an encoder stage operable to encode a received video signal according 
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to a predetermined coding scheme and to output the signal as a variable bit­

rate data stream; and 

a buffer coupled to receive the said variable bit-rate data stream from 

the encoder and arranged to output a data signal for transmission; 

5 characterised by means operable to detect the bit-rate of the said 

10 

15 

variable bit-rate data stream, to derive a second bit rate as a percentage of 

the encoder stage output bit rate, which percentage changes in inverse 

relation to changes in the encoder stage output rate, and to control the buffer 

output data signal bit rate at the said second bit rate. 

6. Apparatus according to Claim 5, wherein the encoder stage is 

configured to encode the received video signal in accordance with the MPEG 

standard. 

7. Apparatus according to Claim 5, wherein the means operable to 

detect encoder stage output bit rates specifies a plurality of contiguous 

ranges of bit rate values and is configured, on first detecting an encoder 

output bit rate value with a first one of the ranges, to maintain the derived 

second bit rate substantially constant until a bit rate within another of the 

20 ranges is detected. 

8. An encoded digital video signal compressed by the method of 

Claim 1, comprising a bit stream of encoded data for a sequence of video 

image frames, characterised in that the instantaneous bit rate of the signal is 

25 inversely related to the bit density of an image frame n frame periods later 

where n is determined by the said bit density. 


