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AD_~FTI~'E BIT :4LLOCATIO~i FOR PICTLZtES E~iCODL'~iG Technical Fi~ld 5 The
present in ~ ention relates to a method and apparatus for encoding moving
picn:res sectuences. In par~icular, the present invention relates to a
method and apparan_s for bit allocatiot! in a video signal compression
system. Background ,4r c 10 Methods for encoding moving pictures er v7deo
had been developed~for e~cient transmission and storage. A cur. ent art of
such eacodir:g methods is found in MPEG2 Test Model ~, ISOI)FC
TTC11SC29/WG11~N0400, April 1993, and the disclosure of that document is
hereby expressly incorporated he: ein by reference. In this method, an
input video sequence is 1~ organized it;to sequence layer, group-of
pictures, pictures, slices, macroblocks, and finally biock layer. Each
picture in a group-of pictures will be coded actor ding to its determined
pictt:re coding type. TLe picture coding types used in the IvLDEG'' Test
Model ~ include infra-coded picture (I20 picture), predictive-coded picture
(P-picr~re), and bi-directionally predictive-coded picture (B-picture). The
I-pitta: es are used mainly far random access or scene update. The
Ppicrsres use forwar d motion pred,~ctive coding with : eference to
previously coded I- or Ppictures (anchor pict?sres), and the B-pictures use
both forvard and backward motion predictivr~iate:poiative coding with
reference to previously coded I- or P-pictures. A group 25 of pictures
(CrCP) is formed in encoded order sta.T-~ing with an I-picture and ending
with the pictwre before the next I-picture in the sequence. A picture is
partitioned into smaller and non-overlapping blocits of pixel data called
macroblocks (M3) before e:~coding. Each 1N~B from a P- or B-picture is
subjected to a 30 motion estisat;an process in which forward motion
vectors, and backward motion vectors for the case of a B-pict'are hfB, are
determined using reference pictures from a frame   22 November 2002 -,
buz~c. ~Yic`~ the de~w..nil^.ed rnation vectors) rnoson compensation is
perforned where the inu a- or inter-picture prediction mode of the h~ is
first deter rnincd according to t~`te accuracy of tae motion vectors found,
followed by genera~it~!g 4'~e necessary predicted N containir:g the
predic:ion er:or. The predicted hLB is tl.en ssbj~c:ed to discrete cosine
transform (DCT) and quantization of the DCT coeracients based on quanti:
azion aaa~-ices and quantiza~on step-size. The qua.ntized DCT co~~cie.^.ts
cf the 1Z3 is tier. run-lens h encoded with variable lengt.'~ codes (VLCI
and taultiplexed with additional information such as selected motion
vectors, 



10 coding wades, quant,.-.3tien step-sire; and.~or picture and sequence
information, to form the outpct bits eam. Local decoding is performed by
inverse quaztizing the quanu:.sd DCT coerucients, followed by inverse DCT,
and motion compeasa~on. Local decoding is performed such that the 15
re.ferenca pictures used in t~~ rsotien compensation are identical to those
used by any e;cte:nal decoder. The quantizatioa step-size (QS) used for
quanti~ng the DCT coeincients of each MB has a direct impact on the
nt:ritbe; of bets produced at the output of the run-length VLC encoding 20
process, and therefore tlve average output bit rate. it has also a direct
impact on the encoding quality) wbi.ch represents the ott~ut FiT~re
q,iality at the ca~~espoading decoder. In general, larger Q5 generates
lower eutpct bit rate and lower eacodi~g au pity. In order to control
output bit rate and picture quali~~ so that the resulting bi.tsti~a~n can
sans"ry channel bandwidth or storage Iirritation as well as c~~.:ali~~
requirements, rate control and qu3ntizatioa 2~ control alstorithms are
used. Socre tnethods for rate control and quanti.:a`~ion control can be
found in the above mentioned ~Ir'EG-Z Test Model 5. Tcese methods comprise
generally a bit allocation process, a rate control process, and as adaptive
e~uantiyation process. LZ the bit allocation process, a target 30 number of
bits is assi~ed for a ne~.v picnlre to be coded according to a number of
previously determined and pre-set par~atera Tae rate control step then
calculates a reference   22 November 2002 _; _ quantizrtion step-size for
each NiH based on the target bits for the picture and the number of bits
already used from the target bits in encoding hZBs from that picture. In
the adaptive quantization pr ocess, the calculated reference quanti: anon
step-size is scaled according to local activities of the MB, and an average
MB activity determined from the current or a S prey~iously coded picture.
This scaling is done accnrdine to a le~e1 of masking ef~r'ects of coding
noise by human perception for MB with hid. or low activities within a
picture. A video buffer verifier (VET may also be employed in such a way
that underflow and overflow of the decoder input buffer are prevented as
required by the MPEG standard to ensure a ' ~ target bit rate is
maintained. 10 It is assumed in the bit allocation process that the visual
quality of a coded picture can be qualined w-ir1'~ a sin5ie number VQ,
ezgressed by the formula: LQ = Q . ~1) where Q is the average quantization
step-size of the coded picture and K is a constant quality factor which
depends only on the picture coding type. It is also assumed that the 15
visual qualifies of all encoded pictures should be maintained at a similar
level within a GOP. Therefore) for all pictures within a GOP, the bit
allocation process maintains the 



following equality: Kf KP KB ~l ^ ~P ^ O9 (2) where Qr, QP, QB are the
respective average quanfization step-sizes of coded I-, P- ,and B picture,
and similarly K,, K~, Kg are respective pre-determined quality factors for
I-, P 20 ,and B-pictures. Although this equality does not apply to an
entire pictures sequence, it should be considered valid within a GOP as
well as across consecutive GOP boundaries. For simplicity, K" of equation
(2) is normalized to the value of 1. From the above assumptions) an
equation for determining target bit allocation for a picture 25 to be coded
can be derived for each of the picture coding types. The equations are
given   22 November 2002 as follows for each of the I-, P- and B-picture
coding type: T= R 1 + N Xr~r + N xrrr R xsKr Np + Ns~ x~d R x~a~ (5) x~rp
la 5 where ]fir "= St Qr~ ~'r = Sr Qr Xs = Ss Qa and Sr) S~, SB are number
of bits used by previously encoded I-, P-, B-picture IO respectively, Qr,
Q~) Q8 are the average quantization step-size used by previously encoded
I-, PB-picture respectively) N,. and NB are the number of P- and B-pictures
remaining in the current GOP with respect to the current picture to be
coded, 15 R is the remaining number of bits assigned to the GOP according
to a target bit rate, and T,) T~, T8 are the calculated target bit
allocation far a new I-, P-, B-picture to be coded respectively.  



22 November 2002 -5 An optional lower limit may be applied to the
d=termined target bit allocation as given in the MPEG2 Test Model ~) hence:
(T~ or TP or TB) Z L'Tt_Rate K~ x Pictr~re Rate where Bit Rate is the
target bitrate) Picture Rete is number of pictures coded per second) and 5
K, is a constrant (eg. 8). A typical video encoder system is designed to
code picture sequences with various characteristics and complexities. In
particular, sequences with little motion updates or complex motion scenes
creates different requirements for codin; pictures of difference 10 picture
coding types. Far example, a sequence with little motion updates tray be
best coded with higher ratio of bits allocated to the anchor pictures
(I-pictures and P-pictures) for visual quality improvements. On the other
hand) a sequence with comple~c motion scenes may be best Z 5 coded with
relatively even distribudon of bits to pictures of all picture coding types
for motion detail improvements, and hence higher ratio of bit allocation to
the B-pictures. Present systems based on f xed visual quality ratios, for
e,;ample according to equation (2)) do not adequately address these charges
in sequence characteristics. 20 In other words, the pre-determined and
fined quality factors K" K~ and KB have more or less determined the ratios
of the average quantization step-sixes (ie. g,, Q~, and Q8 ratios) to be
used for coding pictures of different picture coding types. This
relationship limits the adaptivity of bit allocation to different picture
coding types of different motion characteristics. 25 Furthermore, the
adaptiviry of bit allocation should depend on the visual quality itself.
When higher visual quality is achieved for the anchor pictures, a feature
which re   22 November 2002 -6 distributes the bits to B-picrires is
desired such that bot~'t visual quality and moaon details can be balanced.
Summary of the Invention It is an object of the present invention to
provide a method or apparatus for picture sequence compression which better
caters for changes in sequence and coding characteristics. Ln particular,
an object of the present invention is to provide a method or apparatus for
improving bit allocation. 



10 While.sophisticated methods of determining motion characteristics by
frame difference detection or motion vector analysis may be employed, such
methods may have signifcant impact on implementation cost. Implementation
cost naay be an important consideration for systems to be broadh: used. A
further object of the present invention is therefore to 1S provide a method
or apparatus for bit allocation with low implementation cotnplezity. One
way of solving the above mentioned problems is to adaptively determine new
quality factors K~, K~, and KB of equations (2), (3), (4), and (5)
according to characteristics or parameters obtained from past coded
pictures from a sequence. This is in effect changing 20 the target ratios
of the average quantization step-sizes for I-) P-, and B-pictures such that
visual quality andlor motion details can be improved depending on the
contents within the sequence. A further simplified approach is to
adaptively modify only the value of K8, therefore the 25 target ratios of
the average quantization step-size of B-pictures over that of I- or P
pictures' ) as expenmentally determined that the impact is not significant
in terms of solving above mentioned problems when K, or Kp are also
modified adaptively. The quality factors are modified adaptively in the
present invention according to the 30 average quantization step-sizes and
bit usage of past coded I-pictures, P-pictures and B   22 November 2002
pictures. Encoding quality and coding complet,ity of a picture may be
measured from its average quantization step-size and bits used. The ratios
of coding complexities of pictures of different picture coding types
together with erlcodL~g qualities may be used to indicate spatial and/or
motion complexity, and therefore) the quality factors may be determined 5
accordingly. A video encoding system encodes a video sequence of various
picture coding types (I-, P and B-pictures) with sequence adaptive bit
allocation according to the present invention. Initial values of necessary
parameters far coding may be pre-determined. Bits are allocated 10 to each
picture to be coded such that the resulting visual qualities defined as KlQ
of all pictures within a group-of-pictures remains at a similar level. The
quality factor K is dependent on the picture coding type; and furthermore,
K, is adaptively modified according to the averse quantization step-sizes
(Q) and bit usages of 15 past coded pictures. With bits allocated to a
picture to be coded, a rate controller is then used to regulate bits far
coding of each macroblock within the picture. A video encoding system
according to the present invention may include components that are similar
to those used in the MPEG2 20 Test Model 5. 



Brief Description of the Drawings The invention is described in greater
detail hereinafter, by way of example only, with 25 reference to a
preferred embodiment thereof and the accompanying drawings, wherein: Fig. 1
is a block diagram illustrating a video encoding system with sequence
adaptive bit allocation according to an embodiment of the present
invention; and Fig. 2 is a flow chart of an embodiment of a Quality Factor
Estimator of present invention. 30   22 November 2002 _8_ Detailed
Description of the Preferred Embodiment Figure 1 illustrates a video
encoding system 100 with sequence adaptive bit allocation accoraing to an
embodiment of'che present invention. An input video picture sequence is 5
encoded by a video encoder 101 to produce a compressed output bitstream
which may be transmitted to an eternal decoder via a communication channel
or recorded on digital storage media for playback applications. Each
picture from the input video sequence is coded according to its assigned
picture coding type (I-, P-, or B-picture). A group-of pictures (GOP) is
formed starting with an I-picture, and followed by possibly sets of P10
pictures and B-pictures. Typically, the video encoder 101 utilizes motion
estimation, motion compensation, discrete cosine transfom (DCT) coding, and
rua-fengthldifferential encoding with variable length codes (VLC) as video
compression techniques. A video encoder may be 1 ~ implemented such that
the output bitstceam is compliant to one of the ISOIIEC MPEG standards, and
can be decoded by the corresponding MPEG video decoders. A bit allocation
processor 103 is coupled to or forms part of the video encoder, and is
provided to determine a target number of bits (T') to be used for coding of
a gicture from 20 the input video according to its picture coding type and
target bit-rate. The target bit-rate and picture coding type are provided
as input to the bit allocation processor 103. Bits are allocated so that
the resulting visual qualities defined as KlQ of all pictures within a
group-of pictures remains at a similar level. The quality factor K depends
on the picture coding type (eg. K,, KP, KB) and Q is the average
quantization step-size used for coding 25 that picture type. Example
methods of bit allocation may be found in MPEG2 Test Model 5, as given by
equations (3), (4), (5) with an optional lower limit given by (6). A set of
initial values may be assumed for K,. KP) K8, ~fl, Xp and X8. After
determining the target bits (T)) a bit rate controller 104 and an adaptive
quantization 30 processor 105 are used to calculate the quantizarion
step-sizes for coding of each   22 November 2002 -9 macroblock (MB) in the
picture. The quantization step-sizes are used optionally together with
quantization matrices to quantize the NfBs within the video encoder 10I.
The his may be subjected to motion esrimation) motion compensation, and
discrete cosine transform prior to quantization. Frame Held adaptive
methods mentioned 'tn MPEG2 Test 5 11-IodeI ~ may also be applied. The
quanti~ Nfl3s are run-length encoded with variable length codes and
multiplexed with a11 necessary side in.omiation to provide the compressed
output bitstream. The rate controller 104 calculates a reference
quantization step-size for each NiB based on 10 the target bits (T) for the
pictures and the number of bits consumed from the target bits in encoding
MHs from that picture. For adaptive quancization 10~, the calculated
reference step-size is scaled a~ccordin' to Iocal activities of the W and
an average MB activity detetnined from the curent or a previously coded
picture. Methods of rate control and adaptive quantization rnay also be
found in MPEG2 Test Model 5. 1~ A quality factor estimator I02 is used to
estimate the values of K according to the picture coding type and bit
usages (S) of past coded pictures supplied as input from the video encoder)
and the average quantization step-sizes (~ which are supplied from the
adaptive quantization processor 105. Together with the average quantizativn
step-size Q, the 20 quality factor K determines the visual quality of an
encoded picture. A set of values for K rnay be determined for each picture
coding type. Hence, K,, K~, and KB may be adaptively determined.
Fu~-rhernore, the set of values for K may be updated at for each picture or
for every plurality of pictures, according to computation and visual
quality adaptivity needs. The estimated values of K are used by bit
allocation processor 103 to ZS determine the target number of bits to be
used for coding of each picture. 



Figure 2 illustrates a flow chart 2L0 of operational steps of the quality
factor estimator according to an embodiment of the present invention.
Starting with step 20I, coding information such as the picture coding
types, the average quantization step-sizes and bit 30 usages of coded
picrsres are obtained. For step Z02, encoding qualities are deterntined
22 November 2002 - lo using the average quantization step-sizes. The
encoding qualities for past coded pictures of different picture coding
types are determined for the purpose of re-distributing hits to B-pictures
when good encoding quality for P-pictures is achieved. Similarly, bits are
redistributed to I-pictures when goad encoding qualities for P-pictures and
B-pictures are 5 achieved. For ezample) it is possible to set a ma""irnum
and minimum limit for the value of K of a paricular picture coding type
using average quantization step-sizes for past coded pictures as one such
method. In particular, a simplified embodiment may be given as follows:
KB_M.N - CO KB _~ = CI x OP + Cz, and 5 KB _~Y S 10 where Co to C, are
constants (eg. 1.4, 0.3) -0.4, 1.4, 2.0 respectively), QP is the average
reference quantization step-size of a past coded P-picture, and K~,,.~ and
K~.M,N are the maxi.Tnum and minimum quality factor K for B-pictures.
Similarly, Kl,y,,,,~, KrM~" KP.,",,z) and Kp_,"~N for I-pictures and
P-pictures may be 15 determined. In fact, for simplicity K~_,~, Kr.,"1N,
KP-~c,.T, and Kr.,,uN may also be normalized to the constant value of I .0.
At 203, the coding complexities (.X,, X,g X~) of past coded pictures are
calculated. The coding complexity indicates spatial and/or motion
complexity in coding picture of a 20 particular picture coding type. It is
given as: Xl_Srxy XP - `SP x QP X9 o SB x ~8 where S,, 5p SB are the number
of bits generated by encoding a past I-picture, P-picture   22 November
2002 -11 and B-picture respectively) and ~r~ Qr. Qa are the average
quantization step-size used for encoding all macroblocks of the I-picture,
P-picture and H-picture respectively. 5 With the determined encoding
qualities and coding complexities, the quality factors (Kr) Kp, and KB) are
estimated at the neat sup 204. The ratios of coding complexity of different
picture coding type are used to define the ratios of the quality factor s
such that the bit allocation process can take into consideration spatial
andlor motion complexities of different picture coding types. Furthermore,
the ratios of the quality factors are also 10 limited according to the
determined encoding qualities so as to matimize visual quality and motion
details. For simplicity;, the quality factors can be normalized according
to the following example: Kr = CS x ~~ + C6, and set KI_~ s Kr s Kl ,~ (7)
r Kp = 1.0) (g) Kg = C~ x Xp + C8, and set KH ~ s KB s KB_~Y (9) a 



where Cf to Ce are constants. 15 The values of CJ to Ca may be
experimentally determined. It is also possible to fiuther simplify the
method by setting Cs to Ca to values of 0, 1, 1, 0 respectively. The bit
allocation process attempts to maintain similar visual quality which is
based on the average quantization step-sizes and the quality factors (Kr,
K~, and Ke) while encoding   22 November 2002 -13 pictures or groups of
pictures from an input video sequence. By adaptively modifying the quality
factors according to picture coding types, and eacoding qualities and
coding complexities determined by the average quantization step-sizes and
bit usaQes of coded pictures, a video encoder according to an embodiment of
the present invention can efficiently allocate bits from a target bit-rate
to encode each pictures within the video sequence. The quality factors are
adapted in such a way that more bits are used for motion detail
improvements when there are coraple~ motion scenes within the picture
sequence; and on I O the other hand, more bits are allocated to improve
visual (spatial) quality when scenes within picture sequence contain Little
motion updates. The bit alIocatioa is further checked with the encoding
qualities achieved so that the both motion details and visual duality can
be optimized to enhance the overall objective results of the video encoder.
IS   22 November 2002 -13 C.'I I . A moving picmtes ' encoder for encoding
pictures in a moving pictures sequence according to an overall target
bit-rate, each picture having an assigned picture coding type, 5 the moving
pictures encoder including: a quality factor estimator for determining a
quality factor according to the assigned picture coding type, a number of
bits used for past coded pictures of that type, and an average quantization
step size for post coded pictures; ' a bit allocation processor for
determining a target number of bits for coding a picture 10 according to
the overall target bit-rate, the assigned picture coding type and the
eorrespondtng quality Factor; a bit-rate controller for determining a
reference quantization step-size based on the 



target ztumber of bits and the number of bits used for the picture; and an
adaptive quantization processor for determining a coding quantization
step-size 15 based on the reference quantization step-size and picture
activities for the picture, and for deternvning said average quantization
step-size for past coded pictures. 2. A moving pictures encoder as claimed
in claim 1) wherein a corresponding quality factor is determined by the
quality factor estimator for each picture type. 20 3. A moving pictures
encoder as claimed in claim 2, wherein a value for the quality factor is
determined for coding of each picture of the corresponding picture type. 4.
A moving pictures encoder as claimed in claim 2) wherein a value for the
quality 2S faet~r is determined for coding of each plurality of pictures of
the corresponding picture type. 5. A moving pictures encoder as ciairned in
claim 2, 3 or 4, WlZez~ein minimum and rnaxiznum limits are set for the
quality factor of each picture type. 30 6. ~ A method for encoding pictures
in a moving pictures sequence according to an overall target bit-rate) each
picture having an assigned picture coding type, including the steps of:
22 November 2002 -14 determining a quality factor according to the assigned
picture coding type, a number of bits used for past coded picriires of that
type) and an average quantization step size far post coded pictures;
detertraiz~iz~g a target number of bits for coding a picture according to
the overall tar;et 5 bit-rate, the assigned picture coding type and the
corzesponding quality factor; determining a reference quantization
step-size based on the target number of bits and the number of bits used
for the picture; determining a coding quantization step-size based on the
reference quantization s tep size and picture activities for the picture,
and for determining said average quantization step 10 size For past coded
pictures; and encoding a picm~re accozding to the determined coding
quantization step size. 7. A method as claimed in claim 1, wllerezrt a
corresponding quality factor is determined for each picture type. IS 8. A
metliod as claimed in claim 2, wherein a value for the quality factor is
determined for coding of each picture of the corresponding picture type. 9.
A method as claimed in claim 2, wherein a value for the quality factor is
determined 20 for coding of each plurality of pictures of the corresponding
picture type. 10. A method as claimed in claim 2, 3 or 4, wherein minimum
and maximum limits are 



set for the quality factor of each picture type.   22 November 2002 _15_
I1. A moving pictttres encoder (l00) for encoding pictures in a moving
pictures sequence according to aiZ overall target bit-rate, each picture
having an assigned picture coding type, comprising: a quality (actor
estimator (102) including means (203) For determining a picture 5
complexity (X) for the assigned picture coding type on the basis of the
number of bits used (S) and an averabe quantization step Size ('or past
codc;d pictures of that type (Q); a bit allocation processor (103) for
determining a target number of bits (T) for coding a picture according to
the overall target bit-rate, the assigned picture coding type and a quality
factor (K) for the assigned picture coding type, defined as the product of
a 10 visual duality aiid the average quantization step size for pictures
o1`that type; a bit-rate controller (104) for detennitung a reference
quantization step-size based on the target number of bits (T) and the
number of bits used for the picture; and an adaptive quantization processor
(105} for detennizung a coding quantization step-size based on the
reference quantization step-size and picture activities for the picture 15
and for determining said average duantization step-size for past coded
pictures (Q), characterized in that said duality factor estimator {10?)
further comprises means (204) For detezmining a quality factor for the
assigned picture eosing type as a fitnetion of the ratio of the picture
complexities of different picture coding Lypes, determined for past coded
pictures. 20 12. A moving pictures encoder accordin3 to claim II, rwhercin
said means for determining a quality factor {204) coi~iprises means for
determining the ratio of said picture complexities of different picture
coding types. 25 I3. A moving pictures encoder as claimed in claim l 1 or
12, wherein a value for the qu..~Iily factor is determined for coding of
each picture of the corresponding picture type. 14. ?~ moving pictures
encoder as claimed in claim 11 or 12, wherein a value for the quality
factor is determined for coding of each plurality of pictures of the
corresponding 30 picture type.   22 November 2002 -16 15. A moving pictures
encoder as claimed in any one of claims 11 to 14, wherein minimum and
maximum limits are set for the quality !actor of each picture type. 



16, A method for encoding pictures in a moving pictures sequence according
to an 5 overall tarsct bit-rate, each piettire having an assisned picture
coding type, comprising the steps of: determining a picture complexity (X)
for the assigned picture coding type on the basis of the number of bits
used (S) and an average quantization step size (Q) for past coded pictures
of that type; 10 delennining a target number o1~ bits (T) !'or encoding a
picture according to the overai 1 target bi t-rate, the assigned picture
coding type and a quali ly Factor (K) for the assi5 ed picture coding type,
de~z~ed as the product of a visual quality and the average duanli~alion
step size for pictures of that type; detennining a reference duantiiation
step-sire based tin the target number pf bits IS (T) and the number oFbits
used fvr the picture; and detennining a coding quantization step-size based
on the reference quantization step-size and picture activities for the
picture and determining said average quantization step-size (Q) of past
coded pictures, characteri-red by the step of: 20 determining the quality
factor for the assigned picture coding type as a function of the ratio of.
the picture complexities of different picture coding types, deteiznined for
past coded pictures. 17. A rnethod as claimed irt claim 16) wherein said
step of determining the quality ZS factor comprises determining the ratio
of said picrtire complexities of different pict~~rc coding types. 30   22
November 2002 17 . 18. A method as claimed in claim 16, whcrcin said target
number ol' bits (T) arc determined according to the following equations: R
1 + N~ x~r~ + N ~ xa,~r~ XpUP B .YrJCQ 10 T Np +. N~~ x~r~ YpKa 



15 T = R ~'YY`YRl . Ne + N'lX~r 20 19. A method as claimed in claim 16,
wherein a value for the quality factor is dctcrrnincd for coding of each
picture of the correspondiztg pi cture type. 20. A method as claimed in
claim 16, wherein a value for the quality factor is 25 determined for
coding of each plurality of pictures of tile corresponding picture type.
21. A method as claimad in any one of claims 16 to 20, wherein minimum and
maximum limits are set for the qualify factor of each picture type. 30
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