
(19) United States 
US 20010021220A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0021220 A1 
FERT et al. (43) Pub. Date: Sep. 13, 2001 

(54) VARIABLE BITRATE VIDEO CODING (22) Filed: Jul. 29, 1998 
METHOD AND CORRESPONDING VIDEO 
CODER (30) Foreign Application Priority Data 

(75) Inventors; ETIENNE FERT, PARIS (FR); Jul. 29, 1997 (EP) ...................................... .. 974018236 
DANIEL KAISER, KIR CH GOENS Mar. 3, 1998 (EP) ...................................... .. 984005033 

BUTZBAC (DE) 
Publication Classi?cation 

Correspondence Address: 7 
CORPORATE PATENT COUNSEL (51) Int. Cl. ............................. .. H04B 1/66; H04N 7/12 
Us PHILIPS CORPORATION (52) US. Cl. ...................................................... .. 375/240.03 

580 WHITE PLAINS ROAD (57) ABSTRACT 
TARRYTOWN, NY 10591 

(73) Assignee: U.S. PHILIPS CORPORATION 

(*) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1.53(d). 

(21) Appl. No.: 09/124,674 

The variable bitrate coding method according to the inven 
tion comprises an iterative process including a ?rst analysis 
pass and a second prediction pass. The analysis pass alloWs 
for a picture coding of a sequence With a constant quanti 
Zation stepsiZe (and quality) and the prediction pass alloWs 
for a matching of the stepsiZe to the Wanted target bitrate. 
After some iterations, a last step alloWs for a ?ner adjust 
rnent of said stepsiZe With respect to said target bitrate. 
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VARIABLE BITRATE VIDEO CODING METHOD 
AND CORRESPONDING VIDEO CODER 

[0001] The present invention relates to a variable bitrate 
video coding method and to a corresponding video coder 
allowing to carry out said method. 

[0002] As described in the document <<MPEG Video 
coding: a basic tutorial introduction>>, S. R. Ely, BBC 
Research and Development Report, BBC-RD-1996/3, pp. 
1-10, MPEG activities started in 1988 With the aim of 
de?ning standards for digital compression of video and 
audio signals. The ?rst goal Was to de?ne a video algorithm 
for digital storage media such as the CD-ROM (Compact 
Disc Read-Only Memory), but the resulting standard Was 
also applied in the Interactive CD system (CD-I). AlloWing 
transmission and storage of picture data at bit rates in the 
range of 1 to 15 Mbits/s, this standard is based on a data 
compression achieved by using a block-based motion com 
pensation for the reduction of the temporal redundancy and 
a discrete cosine transformation (DCT) for the reduction of 
the spatial redundancy. 

[0003] With conventional CD standards such as CD-I and 
CD-ROM, the transmission bit rate is ?Xed and pictures can 
therefore only be coded at a constant bit rate. NeW standards 
such as the Digital Versatile Disc (DVD) alloW for trans 
mission of data at a variable bit rate (VBR): complex scenes 
can be coded at a higher bitrate than scenes containing less 
information, in order to maintain a constant quality. 

[0004] An object of the invention is to propose a VBR 
video coding method alloWing to obtain such a constant 
quality of the coded sequence, but under the constraint of a 
given total bit budget (i.e. according to a predetermined 
target bitrate). 
[0005] To this end the invention relates to a VBR video 
coding method characteriZed in that it comprises: 

[0006] (a) an analysis step, for coding a picture sequence 
With a constant quantization step and generating a bitstream 
for Which the average bit rate of the sequence does not ful?l 
necessarily a required constraint of a speci?c siZe, 

[0007] (b) a prediction step, for predicting the quantiZation 
stepsiZe Which must be used to code the bitstream according 
to a predetermined target bit rate; 

[0008] (c) at least one repetition of said analysis and 
prediction steps in order to get a more precise estimation of 
said stepsiZe; 

[0009] (d) a ?nal control step, relying on a comparison of 
the cumulative bit rate for all previous frames With the 
cumulative predicted bit rate, in vieW of an adjustment of the 
stepsiZe so that said target bit rate is matched. 

[0010] Another object of the invention is to propose a 
VBR video coder provided for implementing said coding 
method. 

[0011] To this end the invention relates to a variable bit 
rate video coder characteriZed in that it comprises: 

[0012] (a) a coding branch, including in series at least a 
quantiZation circuit and a variable length circuit; 

[0013] (b) a prediction branch, including in series at the 
output of said quantiZation device at least an inverse quan 
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tiZation device and a prediction sub-system and de?ning by 
subtraction the signal to be coded by said coding branch; 

[0014] (c) a control circuit provided for carrying out the 
implementation of the folloWing operations; 

[0015] a coding operation of a video sequence With a 
constant quantiZation stepsiZe; 

[0016] a prediction operation for an estimation of a 
quantiZation stepsiZe alloWing to code the bitstream 
With a speci?ed target bitrate; 

[0017] 
[0018] a ?nal controlling operation in order to match 

the total number of bits spent during the coding 
operation to said target bitrate. 

at least one repetition of said operations; 

[0019] The advantages of the invention Will noW be shoWn 
in relation With the folloWing description and the accompa 
nying draWings, in Which: 

[0020] 
and; 
[0021] FIGS. 2 and 3 illustrate for such a typical group of 
pictures the difference betWeen the display order of the 
pictures and their transmission order; 

[0022] FIGS. 4 and 5 shoW respectively the main steps of 
the coding method according to the invention and a corre 
sponding architecture of video coder alloWing to implement 
said method; 

[0023] FIG. 6 shoWs a control loop used for the imple 
mentation of the ?nal control step of said coding method. 

FIG. 1 shoWs some pictures of a group of pictures, 

[0024] Before describing the coding method according to 
the invention, some basic principles of the MPEG-2 video 
standard may be recalled. The ?exibility of this standard, 
intended to support a Wide range of possible applications, is 
obtained thanks to the de?nition of pro?les and levels 
alloWing to suit all of the application requirements. Apro?le 
is a subset of the MPEG-2 standard intended to support only 
the features needed by a given class of application, While a 
level de?nes a set of imposed constraints on parameters of 
the bitstream. 

[0025] The basic steps of the MPEG-2 compression, 
applied to colour pictures consisting of three components (Y, 
U, V), concern frames that are divided into small subsec 
tions, or macroblocks, themselves consisting of luminance 
and chrominance blocks. These steps are: motion estimation 
and compensation (based on 16 piXels><16 lines macrob 
locks), discrete cosine transformation (based on 8 piXels><8 
lines blocks), run-length coding. 

[0026] Three types of frames, or pictures, are de?ned. 
Intra pictures (or I pictures) are coded Without reference to 
other pictures, predictive pictures (or P pictures) are coded 
using a motion-compensated prediction from a past I or P 
picture, and bidirectional-predictive pictures (or B pictures) 
use both past and future I or P pictures for motion compen 
sation. The motion information is given in the form of 
motion vectors obtained by implementation of a block 
matching search (in Which a large number of trial offsets are 
tested in the coder and the best one is selected on the basis 
of a measurement of the minimum error betWeen the block 
being coded and the prediction). 
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[0027] As indicated in FIG. 1 that illustrates hoW, on the 
basis of the motion vectors, the P and B pictures are de?ned, 
the different pictures typically occur in a repeating sequence 
Which is termed a group of pictures, or GOP, and consists of 
an I picture and all succeeding pictures until the next I 
picture occurs. A typical GOP is shoWn in display order in 
FIG. 2 (the black arroWs correspond to forWard predictions 
and the White ones to backward predictions, the sequences 
and the predictions repeating periodically) and in transmis 
sion order in FIG. 3 (P4, P7, I10, P13 designate the 
re-ordered frames), said orders being different to enable at 
the decoding side backWard predictions from future pictures. 
[0028] A regular GOP structure can be described With tWo 
parameters, N and M. The parameter N, de?ned as the siZe 
of a GOP, is, as shoWn in FIG. 2, the number of pictures of 
said GOP, i.e. the number of pictures betWeen tWo I pictures 
plus one. The parameter M is the spacing of P pictures, or 
(Which is the same) the number of adjacent B pictures plus 
one. In the illustrated example of FIGS. 1 to 3, M=3 and 
N=9. Obviously other combinations are possible: 

Picture display order N M 

IPPPPPIPP 6 1 
IBPBPBPBI 8 2 
IBBPBBPBBPBBIBBP 12 3 

[0029] N and M being chosen independently from each 
other. 

[0030] After a decision about the kind of macroblock 
compensation has been taken, the prediction error for each 
pixel of the concerned macroblock is obtained by subtract 
ing the estimated macroblock from the original one. A DCT 
is then performed on the prediction error, for a block of 8x8 
pixels (hence six DCT transforms are determined for each 
macroblock: four for the luminance component, tWo for the 
chrominance components), and the frequency components 
thus obtained are quantiZed. The quantiZation stepsiZe deter 
mines the bitrate and the distorsion of the decoded image: if 
the quantiZation is coarse, feW bits are needed to code a 
picture, but the ?nal quality is loW, While, if the quantiZation 
stepsiZe is ?ne, many bits are needed to code the picture, but 
the quality is high. As the human eye is less sensible to the 
higher frequencies than to the loWer ones, it is advantageous 
to use coarser quantiZers for the high frequency components 
(in fact, in order to achieve the frequency dependent quan 
tiZation, a Weighting matrix is applied to a basic macroblock 
quantiZation parameter: a lot of coef?cients, especially those 
at high frequencies, is equal to 0 after said Weighted quan 
tiZation). 
[0031] Each block is then ZigZag scanned and the obtained 
list is coded. The run-length coding is done by determining 
a pair (A, NZ) Where A designates the number of consecu 
tive Zeros (0 to 63) and NZ the amplitude of the folloWing 
non-Zero coefficient. Avariable length code is then assigned 
to this pair (A, NZ), depending on the frequency of occur 
rence of this pair (a combination (A, NZ) Which is common 
is assigned a short variable length code, Whereas a pair 
Which is less frequent is assigned a long one). 
[0032] The functions hereabove described are summariZed 
for example in the document <<Hybrid extended MPEG 
video coding algorithm for general video applications>>, C. 
T. Chen and al., Signal Processing: Image Communication 5 
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(1993), pp.21-37, part 2.4, Which includes the scheme of a 
generaliZed MPEG-2 coder. The aim of the VBR coding 
method noW proposed is to guarantee that the siZe of the 
?nal bitstream Will ?t exactly on a storage medium With a 
?xed capacity like a DVD. A diagram of said method is 
given in FIG. 4, and an architecture of video coder alloWing 
to implement said method is illustrated in FIG. 5. 

[0033] The coding method is divided into three steps 41, 
42 and 43. The ?rst step 41 is an analysis one, in Which a 
picture sequence is coded With a constant quantiZation 
stepsiZe Qc (and therefore With a constant quality). At the 
end of this step, a regular MPEG-2 compliant bit stream has 
been generated, but the average bit rate of the Whole 
sequence thus processed (ie the quotient of the total num 
ber of coded bits over the sequence by the total number of 
pictures in that sequence), unknoWn before the end of said 
step, does not ful?l the required constraint of a speci?c siZe 
of the bitstream. 

[0034] The second step 42 is a prediction one, intended to 
predict the quantiZation stepsiZe Q Which must be used to 
code the bistream according to the speci?ed target bit rate. 
Once said prediction step is completed, the analysis step 41 
may be repeated (arroW in FIG. 4) as often as necessary in 
order to get a more precise estimation for Q (hoWever, a 
good prediction is generally obtained after a feW runs, for 
instance tWo). 
[0035] As the quantiZation stepsiZe Q available at the end 
of this second step is only an estimated value, the total bit 
budget is not exactly matched if every picture is coded by 
using said predicted value. The last step is a ?nal pass 43 that 
alloWs to guarantee that the constraint on the total average 
bit rate is strictly observed. To ensure that the ?nal output 
bitstream has indeed exactly the desired siZe, a quantiZation 
stepsiZe control process is implemented. This process is 
based on a control loop relying on a comparison of predicted 
and real bit rates. After the coding of each picture in the ?nal 
step, the control process compares the total number of bits 
that have been spent With the alloWed one. If more bits have 
been spent than the budget alloWs, the quantiZation stepsiZe 
is increased, and the bit rate of the folloWing pictures is 
reduced. If feWer bits have been spent than the budget 
alloWs, Q is decreased and the bit rate is increased, the total 
target bit rate being ?nally exactly matched. 

[0036] Said VBR coding method is implemented in the 
coder of FIG. 5, Where each block corresponds to a par 
ticular function that is performed under the supervision of a 
controller 55. The illustrated coder comprises in series an 
input buffer 51, a subtractor 549, a DCT circuit 521, a 
quantiZation circuit 522, a variable length coding circuit 
523, and an output buffer 524. The circuits 521 to 524 
constitute the main elements of a coding branch 52, to Which 
a prediction branch 53, including an inverse quantiZation 
circuit 531, an inverse DCT circuit 532 and a prediction 
sub-system, is associated. This prediction sub-system itself 
comprises an adder 541, a buffer 542, a motion estimation 
circuit 543 (said estimation is based on an analysis of the 
input signals available at the output of the buffer 51), a 
motion compensation circuit 544 (the output signals of 
Which are sent backWards to the second input of the adder 
541), and the subtracter 549 (receiving both output signals 
of the buffer 51 and output signals of the motion compen 
sation circuit 544, for sending their difference toWards the 
coding branch). 
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[0037] The output of the illustrated coder is sent towards 
the controller 55 that includes the control loop provided to 
carry out the ?nal step 43. The main elements of said control 
loop for the ?nal pass of the VBR coder are shoWn in FIG. 
6. As already explained, it is necessary to adjust the quan 
tiZation stepsiZe during this ?nal coding pass, in order to 
ensure that the total target bit rate given by the operator is 
exactly rnatched. Said loop ?rst comprises a ?rst computa 
tion circuit 61 in Which the output of the loop (ie the 
cumulative prediction error) is multiplied by a factor KP. 
This factor is itself equal to a constant QC, (chosen by the 
operator) multiplied by a Weighting factor Qint/APG, Where 
Qint is an integrative estimation of Q and APG the total 
number of bits for a GOP (of N frarnes). 

[0038] An adder 63 then adds the output Q-prop of said 
circuit 61 and the signal Qint, available at the output of a 
second cornputation circuit 62 provided for yielding an 
integrative estimation of Q. Aconversion circuit 64 gives the 
cumulative bitrate for all preceding frames, on the basis of 
a relation R=fi(Q) (betWeen the quantization factor Q at the 
output of the adder 63 and R) stored in said circuit 64. The 
cumulative bitrate thus obtained is compared in a cornpara 
tor 65 With the cumulative predicted bitrate available on a 
second input of said cornparator and is used, after an 
integration in a circuit 66, in order to modify Q accordingly. 

[0039] The VBR coding strategy as presented above is an 
improvement With respect to previous VBR coders because 
it achieves a better equalization of the perceptive quality of 
the decoded sequence. The classical VBR coders adjust the 
quantiZation parameter Q While coding a frame, so that the 
predicted bit rate is matched for every picture. Hence they 
alloW the quantiZation parameter Q to vary inside a frame, 
and no constant spatial quality of the picture can be 
achieved. This variation in quality occurs Whether the bit 
rate of the frame is correctly predicted or not. For the 
proposed VBR coder, Q is kept constant over a frame and the 
spatial quality of any picture in the video sequence does not 
vary. If the frame bit rates and the quantiZation stepWidth are 
correctly estimated, the Q before adaptive quantiZation, and 
thereWith the subjective distortion, rernains exactly constant 
for all rnacroblocks of the sequence. Since the quantiZation 
stepWidth and the frame bit rates are only estimated, a 
variation of Q, and hence of the quality of the sequence, 
occurs from frame to frame, but, after tWo analysis passes, 
the deviations of Q, averaged over a frame, are generally 
beloW 1%. 

[0040] Apart from the attainment of a constant intra-frarne 
quality, several other important aspects of the neW VBR 
strategy may be mentioned: 

[0041] it is possible to improve the prediction of the 
quantiZation factor in an iterative Way by increasing 
the number of analysis passes: if, after the analysis 
run, the deviation from the Wanted target bit rate is 
still too high, a better estimation for the quantiZation 
factor can be calculated using the results from the 
previous coding passes; 

[0042] as the neW VBR coding strategy predicts Q, 
analysis passes that are performed With another 
frarne order than the predicted pass can be exploited: 
this is impossible using old strategies, and this is a 
major advantage of the neW coding concept; 
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[0043] if, in the ?nal pass, the variations of Q and 
consequently of the quality turn out to be unaccept 
ably high, the ?nal step can be used as an analysis 
pass for the prediction of Q and of the bitrate for the 
subsequent pass: using this feature, it is possible to 
develop a coder that performs as many coding passes 
as needed until the characteristics of the output 
bitstrearn are Within certain limits de?ned by the 
operator; 

[0044] as the control loop has an integrative charac 
ter, short-terrn bit rate prediction errors cancel each 
other out: therefore, systernatic, frarne-type depen 
dent prediction errors do not seriously affect the 
performance of the proposed VBR coder. 

1. Avariable bitrate video coding method characteriZed in 
that it comprises: 

(a) an analysis step, for coding a picture sequence With a 
constant quantiZation stepsiZe and generating a bit 
strearn for Which the average bit rate of the sequence 
does not ful?l necessarily a required constraint of a 
speci?c siZe; 

(b) a prediction step, for predicting the quantiZation 
stepsiZe which must be used to code the bitstrearn 
according to a predetermined target bit rate; 

(c) at least one repetition of said analysis and prediction 
steps in order to get a more precise estimation of said 
stepsiZe; 

(d) a ?nal control step, relying on a comparison of the 
cumulative bit rate for all previous frames With the 
cumulative predicted bit rate, in vieW of an adjustment 
of the stepsiZe so that said target bit rate is matched. 

2. A variable bit rate video coder characteriZed in that it 
comprises: 

(a) a coding branch, including in series at least a quanti 
Zation circuit and a variable length circuit; 

(b) a prediction branch, including in series at the output of 
said quantiZation device at least an inverse quantiZation 
device and a prediction sub-systern and de?ning by 
subtraction the signal to be coded by said coding 
branch; 

(c) a control circuit provided for carrying out the imple 
rnentation of the folloWing operations: 

a coding operation of a video sequence With a constant 
quantiZation stepsiZe; 

a prediction operation for an estimation of a quantiZa 
tion stepsiZe alloWing to code the bitstrearn With a 
speci?ed target bitrate; 

at least one repetition of said operations; 

a ?nal controlling operation in order to match the total 
number of bits spent during the coding operation to 
said target bitrate. 

3. A variable bitrate video coding device according to 
claim 2, characteriZed in that said controlling operation is 
carried out by means of a control loop that rnodi?es said 
stepsiZe according to the result of a comparison betWeen the 
cumulative bitrate for all previous frames and the curnula 
tive predicted bitrate. 


