
WO 2004/023821 PCT/SG2002/000206  1 A METHOD AND AN
APPARATUS FOR CONTROLLING THE RATE OF A  VIDEO
SEQUENCE; A VIDEO ENCODING DEVICE This invention
relates to a method and an apparatus for  5
controlling the rate for encoding a video sequence and
a  video encoding device, wherein the available
channel  bandwidth and computational resources are
taken into  account. 10 Background of Invention Rate
control plays an important role in the encoding of
live  video over a channel with a limited bandwidth,
for example  over an internet or a wireless network,
and has been widely  15 studied by many researchers.
Existing results on rate control as disclosed in [1],
[2], [3], [4] are based on the  assumption that the
computational resources are always  sufficient and
hence, the desired encoding frame rate is  always
guaranteed. 20 However when a live video is encoded
via software under a  multi-task environment, the
computational resources of the  Central Processing
Unit (CPU) may not always be sufficient  for the
encoding process. This is due to the fact that the 25
computational resources of the CPU may be taken up by
other  processes having a higher priority. In real
time video  coding systems, encoded bits are stored in
a buffer before  they are transmitted over the network
to a decoder. When  insufficient computational
resources are allocated for the 



30 encoding process, the actual encoding frame rate is
less  than the desired frame rate, and the number of
generated  bits stored in buffer is too low. As a
result, the available WO 2004/023821 PCT/SG2002/000206
2 channel bandwidth is wasted. This phenomenon is
especially  common when the video encoding process is
implemented on a  handheld device with limited
computational capabilities. 5 Also, most existing rate
control methods are focused on the  case that the
available channel bandwidth for the  transmission of
the video is. constant. However, when the  live video
is transmitted over a limited bandwidth channel  like
the Internet or a wireless network, the available 10
channel bandwidth for the transmission of the video
usually  varies over time. When the available
bandwidth of the  channel decreases, the number of
bits in the buffer  accumulates. When the number of
bits in the buffer is too  large, the encoder usually
skips some frames to reduce the 15 buffer delay and to
avoid buffer overflow. Frame skipping  produces
undesirable motion discontinuity in the video
sequence. A recent teaching in reference [5] discloses
a rate control  20 method that can adapt the encoding
rate to the varying  available bandwidth. The rate
control method uses a fluid- flow model to compute a
target bit rate for each frame of  the video sequence.
However, the rate control method as  disclosed in [5]
does not take into account the available 25
computational resources. Moreover, the total number of
bits  



allocated to each Group of Pictures (GOP) are
distributed to  each P frame in the GOP evenly.
Summary of the Invention  30 It is an object of the
invention to provide a rate control  method that is
suitable for live video encoding process with WO
2004/023821 PCT/SG2002/000206  3 varying computational
resource and varying available  bandwidth. The object
is achieved by a method for controlling the rate  5
for encoding a video sequence, wherein the video
sequence  comprises a plurality of Group Of Pictures
(GOP), wherein  each Group of Picture comprises at
least an I-frame and an  Inter-frame, the method
comprising the following steps for  the encoding of
each Inter-frame in the Group of Picture; 10
determining a desired frame rate based on an available
bandwidth of a channel for transmitting the video
sequence  and on available computational resources for
the encoding  process; determining a target buffer
level based on the  desired frame rate and the
position of the Inter-frame with 15 respect to the
I-frame; and determining a target bit rate  based on
the target buffer level and the available channel
bandwidth, wherein the target bit rate is used for
controlling the rate for encoding the video sequence.
20 A GOP of the video sequence is assumed to comprise
an I- frame (an Intra-frame, i.e. a frame, which is
completely  encoded without performing motion
estimation and motion  



compensation) and a plurality of P-frames (Predictive-
frames, i.e. frames which are encoded using motion 25
estimation and motion compensation) or B-frames (Bi-
directional-frames, i.e. frames which are encoded
using  motion estimation and motion compensation from
two adjacent  Intra-frames) as Inter-frames. The bits
are allocated to  the I-frame based on its complexity,
and the bits are 30 allocated to each Inter-frame,
preferably of each P-frame,  using the rate control
method according to the invention. WO 2004/023821
PCT/SG2002/000206  4 Although the rate control method,
in particular the  determining of the target buffer
level and the corresponding  target bit rate, is
performed preferably on the P-frames of  the GOPs, it
should however be noted that the rate control 5 method
according to the invention may also be performed on
the B-frames. When encoding the Inter-frame,
preferably the P-frame, a  desired frame rate is first
determined based on the 10 available channel bandwidth
and the available computational  resources for the
encoding process. The desired frame rate  does not
remain constant, but changes adaptively for each
Inter-frame depending on the available channel
bandwidth and  the available computational resources.
15 When the available computational resources are
insufficient  to achieve the desired frame rate, the
encoded bits  accumulated in the encoder buffer is
therefore low,  



resulting in buffer underflow and wastage of channel
20 bandwidth. A target buffer level is therefore
predefined to  prevent buffer underflow by taking into
account the  available computational resource for the
encoding process.  The target buffer level defines how
the total number of bits 25 which are allocated to the
GOP are to be distributed to each  Inter-frame
(preferably P-frame) of the GOP, i.e. the budget  for
each Inter-frame. However, there is normally a
difference between the budget of each Inter-frame and
the  actual bits used by it. To ensure that each
Inter-frame, and 30 hence each GOP, uses its own
budget, the target bit rate for  each Inter-frame is
computed. The target bit rate is  computed using a
fluid flow model and linear system control WO
2004/023821 PCT/SG2002/000206  5 theory, and taking
into account the target buffer level and  the
available channel bandwidth. The desired frame rate is
determined by determining a target  5 encoding time
interval for the Inter-frame, preferably the  P-frame,
i.e. the time needed for encoding the Inter-frame.
The target encoding time is inversely proportional to
the  desired frame rate, and is determined based on
the available  bandwidth and also preferably based on
an average encoding 10 time. The average encoding time
interval for encoding the  Inter-frame is proportional
to the computational resources,  and hence is
indicative of the available computational  resources.
The available bandwidth can be estimated using  the
method disclosed in [6]. 



15 The target encoding time interval for encoding the
Inter- frame is determined using the following
equations:  Tfi(n)=Al *Tfi(n-1) if Bmad (n)>B1 *TBmad
(fl) 20 Tfi(n)=A2*Tf(n-1) if Bmad(n)<B2*TB,nad(n),
Tf(n)=Tfi(n-1) otherwise,  wherein Tfi(n) is the
target encoding time interval or the target  25 time
needed to encode the Inter-frame, Al is a parameter
wherein 0.80 < Al < 1.00,  A2 is a parameter wherein
1.00 < A2 < 1.10,  B1 is a parameter wherein 1.00 < B1
< 2.00,  B2 is a parameter wherein 0 < B2 < 1.00, 30
TBmad (n) is the average of Bmad (n) , and WO
2004/023821 PCT/SG2002/000206  6 Bmad(n) is related to
the average encoding time interval Tave  by u (n)
max~Tave (n -1), T, (n -1)~  Bmad fin) = MAD(n) 5
wherein  u(n) is the available channel bandwidth,
Tave(n-1) is the average encoding time interval for
the  Inter-frame, and 10 MAD(n) is the mean absolute
difference between the current  frame and the previous
frame. According to the invention, Al is preferably
set at 0.9, A2  



is preferably set at 1.05, B1 is preferably set at
1.5, and  15 B2 is preferably set at 0.25. The value
of the target encoding time interval Tfi(n)  obtained
is preferably further adjusted using the following
equation: 20 T. (n) = min 5 ,max 3 ,Tfi (n)  4F, 4F
The target encoding time interval Tfi(n) is inversely
related to the desired frame rate. 25 The average
encoding time interval is determined using
information on an actual encoding time interval for
encoding  the Inter-frame, the target encoding time
interval, and the  number of skipped frames due to
buffer overflow. WO 2004/023821 PCT/SG2002/000206  7
The average encoding time interval is determined using
the  following equation: TQVe(n)=(1-x)TaVe(n-1)+z*max
T,(n), -RTT,(n-1 ~  F, 5 wherein Tave(n) is the
average time interval for encoding the Inter- frame, X
is a weighting factor, T,,(n) is the actual time for
encoding the Inter-frame,  10 Fr is a predefined frame
rate, and 



RTst is further defined as RTT,(n)=0 if
max{TC(n),Tf(n)}<F -RT5,(n-1) or NPost (n)>0,  RTs,
(n) = max{TC (n), T. (n)}+ RTs, (n -1) {(max'[TC (n),
T. (n)}+ RTst (n -1))F, J  F,  15 otherwise, wherein
Npost(n) is the number of skipped frames due to
buffer overflow and the [aJ refers to the largest
integer  less than a. 20 The use of the sliding window
based method for computing  Tfi(n) has the advantage
of reducing the effect of burst  noise on the overall
performance of the whole encoding  process. 25 This
simple method of adjusting the desired frame rate
according to the invention is able to keep the quality
of  Inter-frames in a tolerable range under
time-varying channel WO 2004/023821 PCT/SG2002/000206
8 bandwidth and sudden motion change without obvious
degradation in the perceptual motion smoothness. The
desired frame rate is determined using information on
5 the average encoding time interval Tave(n), and
hence based  on the available computational resources.
In each GOP, the target buffer level in each frame is
predefined in a manner such that the more bits are
allocated  10 to the Inter-frames, preferably P-frames
nearer to the I frame of the GOP than the Inter-frames
which are further  



away and belonging to the same GOP. In this way,
Inter- frames which are near to the I-frame are
encoded with a high  quality, and subsequent
Inter-frames which are predicted 15 from these high
quality Inter-frames are also of a high  quality. As a
result, the prediction gain based on these
Inter-frames is improved. The target buffer level for
the Inter-frame is predefined  20 and determined using
the following equation: Nposr (n-1)+S, (n-1) T arg
et(n) = T arg et(n -1) - B~ (ti ,j - S BS W p05 (n +
j)  NgoP -1 wherein  Target(n) is the target buffer
level,  25 Ngop is the number of frames in a GOP,  BS
is the buffer size, B,, is the actual buffer occupancy
after the coding of I- frame, WO 2004/023821
PCT/SG2002/000206  9 S. is an average number of frames
skipped due to  insufficient available computational
resources for encoding  the Inter-frame according to
the desired frame rate, and  W0(l) is the position
weight of the lth Inter-frame which 5 satisfies  Ns p
-1 WP0S (1) = NgoP -1  and 10 



WP. (1):5 WP. (2) :5 ... 5 WPos (Ns0P - 1) The average
number of skipped frames due to insufficient 15
computational resources is determined based on an
instant  number of skipped frames S,(n) due to
insufficient  computational resources when the
Inter-frame is encoded.  The instant number of skipped
frames due to insufficient  computational resources is
determined using information on 20 the actual encoding
time interval and the target encoding  time interval.
The determining of the instant number of  skipped
frames due to insufficient computational resources
can be summarized using the following equations: 25
S,, (n) = LTST(n)*F,] wherein TST(n) is further
defined as WO 2004/023821 PCT/SG2002/000206  10
TST(n)=max O,TST(n-1)+maxfr (n),Tf(n)}-- Fr  and
TST(n-1) is defined as  TST(n-1)=TST(n-1)-
LTST(n-1)*Fri Fr  5 wherein  T. is the actual encoding
time interval, and Fr is a  predefined frame rate. 10
The average number of skipped frames due to
insufficient  computational resources is then
determined using the  following equation: S,(n)=
L(1-O)S,(n -1)+0 *SC(n),  15 



wherein 0 is a weighting factor. The advantage of
using the average number of frames skipped  S, instead
of an instant number of skipped frames for 20
computing the target buffer level is that the value of
S,  changes slowly. This slow change of SC coincides
with a  slow adjustment of a quantization parameter Q
used for the  encoding process of the video. 25 It
should however be noted that in an alternative
embodiment  of the invention, the instant number of
skipped frames S,(n)  can be used instead of the
average number of skipped frames  Sc(n) to determine
the target buffer level. WO 2004/023821
PCT/SG2002/000206  11 In the case when the channel
bandwidth is constant, the  complexity of each frame
the same and the desired frame rate  is guaranteed,
the target buffer level for the nth Inter 5 frame in
the ith GOP can be simplified to become  T arg et(n) _
-u - B (t`,i ) -s * B s yypos (n) F, N9op -1 As can be
seen from the above equation, the target buffer  10
level of the current Inter-frame is greater than the
target  buffer level of the subsequent Inter-frames.
In other  words, more bits are allocated to the
Inter-frame which is  nearer to the I-frame belonging
to the same GOP than the  Inter-frame which is further
away from the I-frame, i.e. 15 from the Intra-frame.
The target bit rate according to a preferred
embodiment of  the invention is determined based on
the average encoding  



time interval, the average number of skipped frame due
to 20 insufficient computational resource, the target
buffer  level, the available channel bandwidth and the
actual buffer  occupancy. In particular, the target
bit rate according to  a preferred embodiment of the
invention is determined using  the following equation:
25 r 7(n)= max{O, u(tn i )* maxTave (n -1),Tfi (n)}+
(Y -1)(Bc (tn i)-T arg et(n))j  wherein f(n) is the
target bit rate, WO 2004/023821 PCT/SG2002/000206  12
tn,i is the time instant the nth Inter-frame in the
ith GOP is  coded, and y is a constant. 5 Since the
available channel bandwidth u(tn,i) and the average
encoding time interval Tave(n-1) are used to determine
the  target bit rate for the Inter-frame, the bit rate
control  method according to the invention is adaptive
to both the  available channel bandwidth and the
available computational  10 resources. The target bit
rate for the Inter-frame determined above can  be
further adjusted by a weighted temporal smoothing
using  the following equation: 15 f(n)=max
u(t"=)*max{TaV,(n-1),Tf,1(n)}+H,,d,(n-1),yx
f(n)+(1-,u)x f(n-1)  3 t  wherein 



f(n) is the smoothed target bit rate, 20  is a
weighting control factor constant, and Hhdr(n) is the
amount of bits used for shape information,  motion
vector and header of previous frame. It should be
noted that in an alternative embodiment, the  25
actual encoding time interval Tfi(n) can be used
instead of  the average encoding time interval Tave
(n) for determining  the target bit rate. The
advantage of using the average  encoding time interval
Tave instead of TO for the computation  of the target
bit rate is that Tave changes slowly. This 30 also
coincides with the slow adjustment of the quantization
WO 2004/023821 PCT/SG2002/000206  13 parameter Q for
the encoding process of the video sequence.  Also when
the actual frame rate is less than the predefined
frame rate, i.e. 5 T.V, > F r more bits are assigned
to each frame. Therefore, the  possibility of buffer
underflow is reduced compared to any  existing rate
control method, and the utilization of the 10 channel
bandwidth is improved. Once the target bit rate for
each Inter-frame is computed,  the corresponding
quantization parameter for the encoding  process can
be computed, preferably using the Rate 15 Distortion
(R-D) method described in [5]. In a post-encoding
stage of the rate control method  according to the
invention, a sleeping time of the encoding  



process is updated using the following equation: 20 (
1  ST.(n)= max -RT,, (n -1)- max{Tr(n),TC(n)},0 + r F
Np` `n) r wherein ST,(n) is the sleeping time of the
encoding process.  The starting coding time of the
next frame is then given by  25 SCT (n) = TT (n) + SCT
(n -1) + ST, (n) wherein SCT(n) is the starting
encoding time. The starting  decoding time of the next
frame is given by WO 2004/023821 PCT/SG2002/000206  14
SDT(n)- SCT(n)*FT Fr  wherein SDT(n) is the starting
decoding time. The starting  5 decoding time is to be
sent to a decoder to provide information on the time
for decoding each frame of the  encoded video
sequence. Three points should be considered when
determining the 10 sleeping time ST.(n) and the
starting decoding time SDT(n)  No frame is to be
encoded twice, the time resolution is 1/Fr  and
necessary time should be elapsed when the buffer is in
danger of overflow. 15 Other objects, features and
advantages according to the  invention will be
presented in the following detailed  description of
the illustrated embodiments when read in  conjunction
with the accompanying drawings. 20 Brief Description
of the Drawings 



Figure 1 shows a block diagram of the rate control
method  according to a preferred embodiment of the
invention. 25 Figure 2 shows the channel bandwidth
used for each frame of  the "weather" and "children"
video sequences.  Figure 3 shows the computation time
needed to encode each 30 frame of the "weather" and
"children" video WO 2004/023821 PCT/SG2002/000206  15
sequences using the preferred embodiment of the
invention. Figure 4 shows the comparison of the PSNR
for the "weather"  5 video sequence. Figure 5 shows
the comparison of the PSNR for the "children"  video
sequence. 10 Figure 6 shows the comparison of the
actual buffer occupancy  for the "weather" video
sequence. Figure 7 shows the comparison of the actual
buffer occupancy  for the "children" video sequence.
15 Detailed Description of a preferred embodiment of
the  Invention 20 Fig.1 shows a block diagram of the
rate control method  according to a preferred
embodiment of the invention. The rate control method
according to the invention comprises  the following
three stages: 25 the initialization stage,  



the pre-encoding stage and  the post-encoding stage.
In step 101, a frame rate Fr is predefined for the
encoding  30 process for a Group of Pictures (GOP).
Practical issues  like the parameters/specifications
of the encoder and  decoder are to be taken into
consideration while choosing a WO 2004/023821
PCT/SG2002/000206  16 suitable encoding frame rate at
this point. Furthermore, it  is not always known
whether the hardware on which the video  encoding
process, including the rate control, is implemented
can support the predefined frame rate. 5 In step 102,
the buffer size for the video frames is set  based on
latency requirements. Before the encoding of the
I-frame, the buffers are initialized at Bs* 8 wherein
BS is  the buffer size and S is a parameter defined as
0:56:50.5. 10 The I-frame is then encoded in step 103
using a predefined  initial value of quantization
parameter Q. The encoding of  the I-frame in step 103
may be implemented using any of the  methods described
in [1], [3], [4], [5]. 15 After the I-frame is
encoded, the parameters of a Rate- Distortion (R-D)
model which is subsequently used to  determine a
suitable quantization parameter for encoding the
corresponding frames of the video are updated in the
post- encoding stage (step 104). In a further step 105
of the 20 post-encoding stage, the number of skipped
frames due to  buffer overflow Npost(n) is determined,
preferably using the  



method disclosed in [5]. In step 106, a sleeping time
SCT(n) of the encoding process  25 after the current
frame is determined, wherein the sleeping  time ST (n)
is used to determine a starting encoding time  SCT(n)
for the next frame. The determined starting coding
time SCT(n) is then used to determine the starting
decoding  time SDT(n) of the next frame in step 107,
wherein the 30 SDT(n) is transmitted to the decoder.
WO 2004/023821 PCT/SG2002/000206  17 Once the encoding
of the I-frame is completed, the next  frame, which is
an Inter-frame is encoded using the  quantization
parameter which was determined in the previous
post-encoding stage. 5 When the channel bandwidth or
the statistics of the video  contents is varying with
time, the quality of each frame of  the video sequence
will vary significantly if the encoding  frame rate is
fixed at the predefined frame rate Fr. To 10 avoid
this, a target or desired frame rate is determined in
the pre-encoding stage according to the available
channel  bandwidth and any sudden motion change. An
average encoding time interval Tave(n), or the average
15 time interval needed for encoding an P-frame, is
determined  in step 108. The average encoding time
interval Tave(n) is  then used to determined a target
encoding time interval  Tfi(n) in step 109. The target
encoding time interval Tfi(n)  is inversely related to
the desired frame rate. 



20 The determined desired frame rate is then used to
determine  a target buffer level for the P-frame in
step 110. In step  111, the target buffer level, the
actual buffer occupancy,  the available channel
bandwidth, the desired frame rate and 25 the average
encoding time interval Tave are used to determine  a
target bit rate f(n) for the P-frame. Based on the
target bit rate f(n), bits are allocated to the
P-frame in step 112. The corresponding quantization 30
parameter Q is computed as described in [5] in step
113  using the updated R-D model from step 104. The
quantization  parameter Q is used to encode the
P-frame in step 114. WO 2004/023821 PCT/SG2002/000206
18 When the next frame is a P-frame, the R-D model is
updated  again in step 104 of the post-encoding stage
and the whole  post-encoding and pre-encoding stage is
iterated for 5 encoding the next P-frame. If the next
frame is an I-frame  of a next Group of Pictures
(GOP), the encoding process  starts again at step 101
for the encoding of the next I- frame. 10 The
implementation of the steps 108 to 111 of the pre-
encoding stage and steps 106 and 107 of the
post-encoding  stage according to the invention will
now be described in  detail. 15 After the coding of an
ith I-frame, the initial value of the  target buffer
level is initialized at T arg et(0) = B, (ti, ) (1)  



20 wherein Bc(ti,I) is the actual buffer occupancy
after the coding of  the ith I-frame, and ti,I is the
time instant that the ith I-frame is coded. 25 To
determine the target bit rate of each P-frame of the
GOP,  the target buffer level for the P-frame needs to
be  determined. The first step of determining the
target buffer  level is to determine the desired frame
rate. This is  achieved by first determining the
average encoding time 30 interval of the P-frame
Tave(n) using the following equation  (step 108): WO
2004/023821 PCT/SG2002/000206  19 TRV,(n)=(1-X)
ave(n-1)+x*max Tc(n),I -RT,,(n-1) (2) r  wherein 5 X
is a weighting factor, T,,(n) is the actual time for
encoding the P-frame, and  RTst is defined as
RT,,(n)=0 if max{TC(n),T.(n)}< -RT,,(n-1) or Np05
(n)>0, (3)  F, 10 RT,(n)=max{Te(n),T.(n)}+RTs,(n-1)-
[(maxjle(n),Tf(n)}+RT,,(n-1))Fr J (4)  Fr  otherwise,
wherein [a] refers to the largest integer less than a.
15 The weighting factor X is 0 < X < 1, and is
preferably set  to a value of 0.125. The initial value
of the average  encoding time interval Tave(n) is
given by 



Tave(0)F (5)  r 20 and the initial value of RT5t(n) is
given by RTS,(0)=0 (6)  25 A variable Bmad(n) is
further defined by the following  equation: WO
2004/023821 PCT/SG2002/000206  20 Bmad (n) = u (n)
max~Tave (n -1), T f (n -1)} (7)  MAD(n) wherein  u(n)
is the available channel bandwidth, and 5 MAD(n) is
the mean absolute difference between the current
frame and the previous frame. The available channel
bandwidth u(n) can be estimated by the  method
described in [6]. 10 An average value of Bmad(n) is
then computed using the  following equation: TB,nad
(n) _ (1 )TBmad (n -1) + TBmad (jz) (8)  15 wherein
TBmad(n) is the average value of Bmad(n), and ~ is a
weighting factor, preferably at a value of 0.125. 20
After the value of TBmad(n) is computed, the target
encoding  time interval Tfi(n) can be calculated as
below (step 109)  Tf(n)=Al *Tf(n-1) if Bmad(n)'B1
*TBmad(fl), (9)  



T.(n)=A2*Tf(n-1) if Bmad(n)<B2*TBmad(n), (10) 25
Tf(n)=Tf(n-1) otherwise. (11)  wherein Al is a
parameter wherein 0.80 < Al < 1.00,  A2 is a parameter
wherein 1.00 < A2 < 1.10, WO 2004/023821
PCT/SG2002/000206  21 B1 is a parameter wherein 1.00 <
Bl < 2.00, and  B2 is a parameter wherein 0 < B2 <
1.00. The value of the target encoding time interval
Tfi(n) 5 determined from equations (9), (10) or (11)
may further be  adjusted using the following equation:
Tfi(n)=min 5 ,max 3 T (n) (12)  4F, 4F, 10 wherein the
initial value of Tfi(n) is given by Tr(0)= F (13)  r
After the desired frame rate is determined from the
inverse  15 of the target encoding time interval
Tfi(n), the average  number of frames skipped due to
insufficient computational  resources Sc(n) is
determined in order to determine the  target buffer
level. 20 Two time variables are defined as follow:
TST(n-1)=TST(n-1)- LTST(n-1)*F, I (14)  F, 1
TST(n)=max O,T9T(n-1)+max{Tc(n),Tf(n)}-- (15)  F,  



25 wherein the initial value of TST(n) is given by WO
2004/023821 PCT/SG2002/000206  22 TST(0)=0 (16)  An
instant number of skipped frame S,(n) due to
insufficient  computational resources is then given by
5 S.(n)=[TST(n)*F,j (17)  and the average number of
skipped frames due to insufficient  computational
resources Sc(n) is given by 10  S. (n) = L(1- 0)S, (n
-1) + 0 * S,, (n )j (18)  wherein 0 is 0 < 0 < 1, and
is preferably set at a value of  0.125. The initial
value of S,(n) is given by 15 S,(0)=0 (19)  The target
buffer level for the P-frame can now be  determined
using the following equation (step 110): 20 B t. CS *B
Nno (n-1)+S(n-1) T arg et(n) = T arg et(n -1) N -1 S *
W0 (n + j) gop j-0 (20)  wherein Target(n) is the
target buffer level, 25 Ngop is the number of frames
in a GOP, and Wpos(l) is the position weight of the
lth Inter-frame which  



satisfies WO 2004/023821 PCT/SG2002/000206  23  Ng a
-1 Wpos (l) = NgoP -1  and 5 WPos (1):5 W pos (2):5
... < WPos (NgoP -1) . As the R-D model is not exact,
there is usually a difference  between the target
buffer level for each frame and the  actual buffer
occupancy. A target bit rate is thus computed 10 for
each frame to maintain the actual buffer occupancy to
be  target buffer level. The target bit rate for each
frame is  determined by: f (n) = max{0, u(t" I )* max
frave (n -1),T fi (n)}+ (y -1)(Bo (t" i)-T arg et(n))}
(21)  15 wherein  f(n) is the target bit rate, tn,i is
the time instant the nth P-frame in the ith GOP is  20
coded, and y is a constant which is 0 < y < 1, and is
preferably set at  a value of 0.25 . Since the
available channel bandwidth u(tn,i) and the average
25 coding time interval Tave(n-1) are used to
determine the  target bit rate for each P-frame, the
bit rate control  method according to the invention is
adaptive to the channel  bandwidth and the
computational resources. WO 2004/023821
PCT/SG2002/000206  24 



Further adjustment to the target bit rate can be made
using  the following weighted temporal smoothing
equation:  .f(n)=max u(t"')*max{Ta1e(n-1),Ts,1(n)J
+Hhd,(n-1),xJ(n)+(1-)xf(n-1) 3  5 (22)  wherein f(n)
is the smoothed target bit rate, t is a weighting
control factor constant which is set  preferably at a
value of 0.5, and 10 Hhdr(n) is the amount of bits
used for shape information,  motion vector and header
of previous frame. Once the target bit rate is
determined, bits are allocated  to each P-frame based
on this target bit rate (step 112).  15 The
corresponding quantization parameter Q is also
calculated (step 113) using the method disclosed in
[5].  The corresponding quantization parameter Q is
then used for  coding the P-frame (step 114). 20 After
the coding of the P-frame is complete, the parameters
of the R-D model is updated and the number of skipped
frames  due to buffer overflow are determined in the
post-encoding  stage (step 104,105), respectively,
using the method  disclosed in [5]. 25 In a further
step of the post-encoding stage (step 106), the
sleeping time of the encoding process after the
current  frame is determined using the following
equation: WO 2004/023821 PCT/SG2002/000206  25 



ST,(n)=max -RT,,(n-1)-max{Tf(n),TT(n)},0 +NF (n) (23)
Fr  wherein ST. ,(n) is the sleeping time of the
encoding process.  5 The starting encoding time of the
next frame can then be  obtained using the following
equation: SCT(n)=T,, (n) + SCT (n - 1) + ST, (n) (24)
10 wherein SCT(n) is the starting encoding time. The
starting  decoding time for the next frame can then be
obtained using  the following equation (step 107):
SDT(n) = SCT~)*F, (25)  F, 15 wherein SDT(n) is the
starting decoding time. The SDT(n)  for the next frame
is then transmitted to the decoder to  decode the next
frame at the time indicated by SDT(n). 20 It should be
noted that in the determination of ST (n) and  SDT(n),
no frame is encoded twice, the time resolution is
1/Fr, and necessary time should be elapsed when the
buffer  is in danger of overflow. 25 To demonstrate
that the objective of the rate control method
according to the invention has been met, the rate
control  method according to the invention and the
rate control  method used in the standard MPEG-4
encoding device are WO 2004/023821 PCT/SG2002/000206
26 applied to two video sequences, and their
performances are  compared accordingly. 



The two video sequences are referred as "weather" and
5 "children", respectively, and are in the size of
QCIF. The  predefined frame rate, F,, is 30 fps
(frames per second),  and the length of each GOP is
50. The available channel  bandwidth and the
computation time used for encoding each  frame of the
video sequence are shown in Fig.2 and Fig.3,  10
respectively. The actual frame rate is above 17 fps,
which is less than  the predefined frame rate of 30
fps. The initial buffer  fullness is set at BS/8 and
the initial quantization 15 parameter Qo is set at 15.
Fig.4 and Fig.5 show the Peak Signal-to-Noise Ratio
(PSNR)  of the "weather" and "children" video sequence
using the  rate control method according to the
invention and the rate 20 control method used in
MPEG-4, respectively. The average PSNR of the
"weather" video sequence using the  rate control
method according to the invention is 34.16 dB,
wherein the average PSNR of the "weather" video
sequence 25 using the rate control method used in
MPEG-4 is 32.6 dB.  Similarly, the average PSNR of the
"children" video sequence  using the rate control
method according to the invention is  30.51 dB,
wherein the average PSNR of the "children" video
sequence using the rate control method used in MPEG-4
is 30 29.87 dB. WO 2004/023821 PCT/SG2002/000206  27
Therefore, it can be seen that the average PSNR of the
video  sequences using the rate control method
according to the  



invention is higher than using the rate control method
of  MPEG-4. 5 Fig.6 and Fig.7 show the actual buffer
occupancy for the  "weather" and "children" video
sequences using the rate  control method according to
the invention and the rate  control method used in
MPEG-4, respectively. 10 As can be seen from Fig.6 and
Fig.7, the occurrence of  buffer underflow using the
rate control method of MPEG-4 is  12 times for the
"weather" video sequence and 18 times for  the
"children" video sequence. There is no buffer
underflow 15 for the two videos sequences using the
rate control method  according to the invention. WO
2004/023821 PCT/SG2002/000206  28 The following
documents are used in this specification:  [1] H.J.Lee
and T.H.Chiang and Y.Q.Zhang. Scalable Rate  Control
for MPEG-4 Video. IEEE Trans. Circuit Syst.  5 Video
Technology, 10: 878-894, 2000. [2] T.Chang and
Y.Q.Zhang. A new rate control scheme using  quadratic
rate-distortion modeling. IEEE Trans. Circuit  Syst.
Video Technology, 7: 246-250, 1997. 10 [3] J.
Ribas-Corbera and S.Lei. Rate control in DCT video
coding for low-delay communications. IEEE Trans.
Circuit  Syst. Video Technology, 9: 172-185, 1999. 15
[4] A.Vetro, H.Sun and Y.Wang. MPEG-4 rate control for



multiple video objects. IEEE Trans. Circuit Syst.
Video  Technology, 9: 186-199, 1999. [5] Z.G.Li,
X.Lin, C.Zhu and F.Pan. A novel rate control  20
scheme for video over the internet. In Proceedings
ICASSP 2002, Florida, USA, Vol.2, pp. 2065-2068, May
2002. [6] Z.G.Li, N.Ling, C.Zhu, X.K.Yang, G.N.Feng,
S.Wu and  25 F.Pan. Packetization algorithm for MPEG-4
Fine  Granularity Scalability over the internet. In
the 3rd  workshop and Exhibition on MPEG-4, USA,
California, pp.  17-20, June 25-27, 2002. WO
2004/023821 PCT/SG2002/000206  29  What is claimed is
1. A method for controlling the rate for encoding a
video  sequence, wherein the video sequence comprises
a 5 plurality of Group Of Pictures, wherein each Group
of  Picture comprises at least an I-frame and an
Inter- frame, the method comprising the following
steps for the  encoding of each Inter-frame in the
Group of Picture:  Determining a desired frame rate
based on an 10 available bandwidth of a channel which
is used for  transmitting the video sequence and on
available  computational resources for the encoding
process;  Determining a target buffer level based on
the  desired frame rate and the position of the Inter-
15 frame with respect to the I-frame; and  Determining
a target bit rate based on the target  



buffer level and the available channel bandwidth,
wherein the target bit rate is used for controlling
the rate for encoding the video sequence. 20 2. The
method for rate control according to claim 1,
comprising the further steps of:  Determining a target
encoding time interval for the  Inter-frame; and 25
Determining the desired frame rate based on the
determined target encoding time interval. 3. The
method for rate control according to claim 2,  wherein
the target encoding time interval for the Inter- 30
frame is determined based on the available channel
bandwidth and an average encoding time interval used
for WO 2004/023821 PCT/SG2002/000206  30 encoding the
Inter-frame, wherein the average encoding  time
interval for the Inter-frame is proportional to the
available computational resources for the encoding
process. 5 4. The method for rate control according to
claim 3,  wherein the target encoding time interval
for the Inter- frame is determined using the following
equations: 10 Tf(n)=Al *Tfl(n-1) if Bmad(n)>B1
*TBmad(n),  Tfi(n) =A2 *Tf(n-1) if Bmad (n) < B2
*TBmad (n) ,  T.(n)=Tr(n-1) otherwise,  wherein 



15 Tfi(n) is the target encoding time interval for the
Inter-frame,  Al is a parameter wherein 0.80 < Al <
1.00,   A2 is a parameter wherein 1.00 < A2 < 1.10,
B1 is a parameter wherein 1.00 < B1 < 2.00, 20 B2 is a
parameter wherein 0 < B2 < 1.00,   TBmad(n) is the
average of Bmad(n), and   Bmad (n) is defined as \
u(n)maxtFav, (n -1),Tf (n -1)J  Bmad ~nl - MAD(fl) 25
wherein  u(n) is the available channel bandwidth,
Tave(n-l) is the average encoding time interval for
the Inter-frame, and WO 2004/023821 PCT/SG2002/000206
31  MAD(n) is the mean absolute difference between the
current frame and the previous frame. 5. The method
for rate control according to claim 4, 5 wherein the
target encoding time interval is further  adjusted by
Tf(n)=min 5 max 3 ,Tf(n)  4FT 4F, 10 6. The method for
rate control according to claim 3,  wherein the
average encoding time interval for the  Inter-frame is
determined based on an actual encoding  time interval
for the Inter-frame. 15 7. The method for rate control
according to claim 6,  



wherein the average encoding time interval for the
Inter-frame is further determined based on the target
encoding time interval and the number of skipped
frames  due to buffer overflow. 20 8. The method for
rate control according to claim 7,  wherein the
average encoding time interval for the  Inter-frame is
determined using the following equation: 25 T.ve (n) =
(1- x)TQVe (n -1) + max Tc (n), F - RT, (n -1) T
wherein  X is a weighting factor,  T,(n) is the actual
encoding time, WO 2004/023821 PCT/SG2002/000206  32
Fr is a predefined frame rate, and   RTst is further
defined as RTS, (zz) = 0 if max k (n), T, (n )} < -
RTSjn -1) or N05, (n) > 0 ,  5
RT,(n)=max{T,(n),Tf(n)}+RT,,(n-1)-
[(max,T1(n),Tf(n)}+RT,,(n-1))F, j  F,  otherwise,
wherein Npost(n) is the number of skipped frames due
to  buffer overflow. 10 9. The method for rate control
according to claim 5,  wherein the target buffer level
is determined such that  an Inter-frame which is
nearer to the I-frame in the GOP  



has a higher target buffer level compared to another
15 Inter-frame which is further from the I-frame
belonging  to the same GOP. 10. The method for rate
control according to claim 9,  wherein the target
buffer level is determined using the  20 following
equation: ((ti, l S BS Bc (i / - Np,51(n-1)+S, (n-1) T
arg et(n) = T arget(n-1)- N WP0,(n+ j) SoP 1=0
wherein  Target(n) is the target buffer level,   Ngop
is the number of frames in a GOP,  25 BS is the buffer
size,  Bc is the actual buffer occupancy, WO
2004/023821 PCT/SG2002/000206  33  S, is an average
number of skipped frames due to  insufficient
available computational resources for  encoding the
Inter-frame according to the desired  frame rate, and
5 WP,,(l) is the position weight of the lth
Inter-frame  which satisfies Ns n-1 WPos(l)=NgoP -1
and 10 W pas (1) WP0S, (2) s ... < WPos (Ngop - 1) 11.
The method for rate control according to claim 10,
wherein the average number of skipped frames due to  



15 insufficient available computational resources for
encoding the Inter-frame according to the desired
frame  rate is determined based on an instant number
of skipped  frames due to the insufficient
computational resources  while encoding the
Inter-frame. 20 12. The method for rate control
according to claim 11,  wherein the instant number of
skipped frames due to  insufficient computational
resources is determined based  on the actual encoding
time interval and the target 25 encoding time
interval. 13. The method for rate control according to
claim 12,  wherein the instant number of skipped
frames is  determined using the following equation: 30
WO 2004/023821 PCT/SG2002/000206  34  Si(n)=
LTST(n)*Fr] wherein TST(n) is further defined as  5
TST(n)=max O,TST(n-1)+max{Tc(n),Tf(n)} Fr  and
TST(n-1) is defined as TST(n-1)=TST(n-1)- ITST(n-1)*Fr
Fr  10 wherein   S,(n) is the instant number of
skipped frames due to  insufficient computational
resources, 



T,,(n) is the actual encoding time interval, and  15
Fr is a predefined frame rate. 14. The method for rate
control according to claim 13,  wherein the average
number of skipped frames due to  insufficient
computational resources is determined using  20 the
following equation: Sc(n)= L(1-0)Sjn-1)+0 *Sc(n),
wherein 25  0 is a weighting factor. 15. The method
for rate control according to claim 14,  wherein the
target bit rate is determined based on the WO
2004/023821 PCT/SG2002/000206  35 average encoding
time interval for the Inter-frame, the  average number
of skipped frames due to insufficient  computational
resources, the target buffer level, the  available
channel bandwidth and actual buffer occupancy.  5 16.
The method for rate control according to claims 8 and
15, wherein the target bit rate is determined using
the  following equation: 10
7(n)=max{0,u(tni)*maxk,,(n-1),Tf(n)}+(y-1)(B.(t"i)-Tar
get(n))J  wherein  f(n) is the target bit rate,  t,,,i
is the time instant the nth Inter-frame in the  15 ith
GOP is coded, and  y is a constant. 17. The method for
rate control according to claim 16,  



wherein the target bit rate is further adjusted by a
20 weighted temporal smoothing using f(n)=max
u(tn,,)*maxl~v,(n-1),Tf,i(n)~+H/,d,(n-1),xf(n)+(1-)xf(
n-1)  3 wherein  25 f(n) is the smoothed target bit
rate,  t is a weighting control factor constant, and
Hhdr (n) is the amount of bits used for shape
information, motion vector and header of previous
frame. 30 WO 2004/023821 PCT/SG2002/000206  36 18. The
method for rate control according to claim 1,  further
comprising the following steps:  Determining a
sleeping time of each frame after the  frame is coded,
5 Determining a starting encoding time of each of the
frame based on the computed sleeping time,
Determining a starting decoding time of a next frame
based on the computed starting encoding time, and
Transmitting the determined starting decoding time  10
to a decoder which is designed for decoding the  video
sequences. 19. The method for rate control according
to claim 18,  wherein the sleeping time is determined
according to the  15 following formula: ST, (n) = max
1 - RTS, (n -1) - max{T f (n), T,,(n)},0 + NpS` `nl  



Fr Fr  wherein ST (n) is the sleeping time of the
coding  process. 20 20. The method for rate control
according to claim 19,  wherein the starting encoding
time is determined  according to the following
formula: 25 SCT(n)=TT(n)+SCT(n-1)+ST,(n) wherein
SCT(n) is the starting encoding time. WO 2004/023821
PCT/SG2002/000206  37 21. The method for rate control
according to claim 20,  wherein the starting decoding
time is determined  according to the following
formula: 5 SDT(n)= SCT(n)*F,  F,  wherein SDT(n) is
the starting decoding time. 22. An apparatus for
controlling the rate for encoding a  10 video
sequence, wherein the video sequence comprises a
plurality of Group Of Pictures, wherein each Group of
Picture comprises at least and I-frame and an Inter-
frame, the apparatus comprises a processing unit being
adapted to perform the following steps for the
encoding 15 of each Inter-frame in the Group of
Picture:  Determining a desired frame rate based on an
available bandwidth of a channel which is used for
transmitting the video sequence and on available
computational resources for the encoding process; 



20 Determining a target buffer level based on the
desired frame rate and the position of the Inter-
frame with respect to the I-frame; and  Determining a
target bit rate based on the target  buffer level and
the available channel bandwidth,  25 wherein the
target bit rate is used for controlling the rate for
encoding the video sequence. 23. A video encoding
device for controlling the rate for  encoding a video
sequence, wherein the video sequence 30 comprises a
plurality of Group Of Pictures, wherein each WO
2004/023821 PCT/SG2002/000206  38 Group of Picture
comprises at least and I-frame and an  Inter-frame,
the encoding device comprises a processing  unit being
adapted to perform the following steps for  the
encoding of each Inter-frame in the Group of 5
Picture:  Determining a desired frame rate based on an
available bandwidth of a channel which is used for
transmitting the video sequence and on available
computational resources for the encoding process; 10
Determining a target buffer level based on the
desired frame rate and the complexity and the
position of the Inter-frame with respect to the I-
frame; and  Determining a target bit rate based on the
target  15 buffer level and the available channel
bandwidth,  wherein the target bit rate is used for
controlling  



the rate for encoding the video sequence. 


