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Improvement on Rate-Distortion Performance of
H.264 Rate Control in Low Bit Rate
ShuMin Zhou, JinTao Li, JinHao Fei, and YongDong Zhang

Abstract—This paper points out some defects in the techniques
used in H.264 rate control and presents several new algorithms to
improve them. The improved algorithm has the following main features: 1) the bits allocated to each P-frame is proportional to the
local motion in it, i.e, more bits are allocated to a frame if the local
motion in it is stronger; 2) the quantization parameter for I-frame
is choosed based on a new bits allocation scheme for I-frame; 3) the
quantization parameter calculation is based on a simple encoding
complexity prediction scheme, which is more robust and of less
complexity than the quadratic model used by H.264 in low bit rate
video coding. Experimental results and analysis show that the improved rate-control scheme has significantly increased the average
peak signal-to-noise ratio up to 1.53 dB, reduced the variation of
buffer level, improved the perpetual quality of the reconstructed
video and reduced the computation complexity.
Index Terms—Bit allocation, low complexity, rate control, video
coding.

I. INTRODUCTION

V

IDEO encoding rate control has been the focus of research
in recent years [1]–[7]. The existing rate control schemes
can be classified into three major categories according to the
way of quantization step size calculation. 1) Analytical methods
based on rate-quantization parameter (R-Q) model, e.g., the rate
control scheme in MPEG-4 [6] and H.263 TMN8 [7]. 2) Empirical methods based on regressive search, e.g., the rate control scheme presented in [8]. 3) Simple parameter estimation
methods based on buffer level or encoding complexity, e.g., the
rate control scheme in MPEG-2 Test Model 5 (TM5) [1]. The
rate control scheme in H.264 JM7.6 [10], which is proposed
by Li [3], is the combination of the first and third category.
Although the techniques used in Li’s scheme are state of art,
there are some defects in them, especially for low bit rate video
coding.
Recently, Yuan et al. [7] proposed a rate-distortion (R-D) optimal solution to Li’s scheme, which improved the R-D performance of rate control by Lagrange optimization. However, the
defects in Li’s scheme has not been solved, especially in low
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bit rate video coding. This paper will present several new techniques to deal with these defects so as to improve the R-D performance of rate control. In the following, firstly, we will have
a brief look at the rate control scheme used in JM7.6. Then, the
defects of this method will be pointed out. Based on the analysis, three new techniques are proposed.
A. Rate Control Scheme in JM7.6
Fig. 1 illustrates the procedure of rate control scheme in
JM7.6, from which we can see that there are three main step
in this rate control scheme: a frame bits allocation scheme
similar to the one in Test Model 5(TM5) of MPEG-2, a fluid
flow buffer level control scheme and a quadratic formulation of
the R-D function. It should be noted that in Fig. 1 we do not
consider B-frame due to the fact that B-frame takes up only a
little part in total encoded bit stream, which can be ignored in
low bit rate. As a matter of fact, even in the rate control scheme
of Li’s, only a simple linear model is used to model B-frame.
In addition, low delay is one of the main features emphasized
in low bit rate video coding while B-frame would lead to extra
delay. Therefore, we only consider I- and P-frame in the paper.
The target bits estimation (also known as frame layer bits
allocation) mainly focused on how to effectively allocate bits
for each frame, which is a dilemma since we cannot obtain the
accurate bits count until the current unit has been encoded. In
JM7.6, a popular method, which is known as MPEG-2 TM5
[1], is adopted to solve the problem by assuming that neighbor
frames of same type have the similar encoding complexity [2],
i.e,
(1)
is the encoding complexity for frame ,
stands for
here
is quantization parameter.
bits used in frame ,
The buffer level control aims at preventing encoding buffer
from overflow or underflow. In JM7.6, a fluid flow control
scheme [3] and hypothesis reference decoder (HRD) [4] are
used to deal with the problem. In this scheme, target buffer
level is modified by using a simple linear model as follows
when there are no B-frames being considered [3]:
(2)
where
stands for target buffer level when encoding the
th frame in the th group of pictures (GOP),
is the size of
encoding buffer,
is the number of coded P-frames in current
indicates the second frame in GOP .
GOP and
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Fig. 1. Rate control scheme proposed by Li.

The QP calculation, which is the key part of rate control, is up
to calculate the quantization step according to the target bits and
buffer level requirement. As to Li’s scheme, a quadratic ratequantization step model, which is known as MPEG-4 Q2 [6], is
used to calculate the quantization step in basic unit layer (frame
layer control can be seen as a special case of basic unit) [3].
B. Defects Analysis in JM7.6 Rate Control
1) Defect in Bits Allocation: As is mentioned above, bits
allocation in Li’s scheme is based on the assumption that there
is similar encoding complexity between two neighbor frames.
However, the encoding complexity of neighbor frames in a
video sequence could be quite different when there is large
local motion change. Therefore, such a bits allocation scheme
would have poor R-D performance when the local motion
changes abruptly between the neighbor frames.
2) Defect in QP Calculation: Although progressive parameter prediction and Lagrange optimization are used in the
process of QP calculation of Li’s rate control scheme, the
analytical model (MPEG-4 Q2) cannot obtain accurate enough
bits estimation in low bit rate video coding since the local
motion information, which is distributed randomly over the
whole GOP and cannot be precisely described by using a single
analytical model, takes up quite a large scale in total bits of
inter frames. Thus, such an analytical model would deteriorate
R-D performance greatly when local motion is not evenly
distributed in a GOP.
3) Defect in Initial QP Estimation: In bit-rate constrained
encoding, the initial quantization step selection also has obvious

Fig. 2. Effect of initial QP on R-D performance, 100 frames (two GOP), all sequences here are QCIF, 30 Hz; the rate control scheme used here is Li’s method.

impact on R-D performance of rate control, which is illustrated
in Fig. 2. It can be seen clearly from Fig. 2 that the optimal
initial quantization step size is not only concerned with target
bit-rate and GOP length, but also the sequence itself. However,
the initial quantization step size is adjusted only according to
target bit-rate and length of GOP in Li’s scheme [3], which is
surely not comprehensive.
In consideration of all the defects mentioned above, several
new techniques are proposed to improve the R-D performance
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of rate control for H.264 in this paper. Firstly, we propose a
new initial quantization step size selection scheme based on
a balanced bits allocation strategy between I- and subsequent
P-frames. Then, a new frame layer bit allocation scheme for
P-frame is presented based on histogram of difference frame
(HOD), in which target bit allocation is sensitive to local motion change rather than dull. Finally, as to the inefficiency of
analytical R-Q model in low bit rate coding, a simple encoding
complexity prediction scheme is proposed to calculate QP, in
which encoding complexity of current coding unit is predicted
according to the distribution of its neighbor HOD and encoding
complexity.
Partial content of the paper has been presented in literature
[11] and [12]. This paper will give a comprehensive of the three
new techniques.
The rest of the paper is organized as follows. In Section II, as
to the defects in AVC rate control mentioned above, three new
techniques are presented in detail. Section III gives the improved
rate control scheme with the proposed new techniques and analyze its complexity. The experimental results and discussions
are given in Section IV. Finally, our summary and conclusion
are presented in Section V.

model for balanced bits allocation between I- and P-frames. In
addition, to simplify the deduction, we also assume that I- and
P-frame has the same analytical R-Q format in this section. Although such an assumption is not accurate, it is feasible theoretically at least.
To obtain optimal bits balance between I- and P-frame over
a GOP, we introduce a new variable which indicates the ratio
of bits assignment between I- and P-frame
(3)
where
stands for the bits allocation for I-frame,
indicates
the average bits allocation for P-frames in a GOP.
Based on Lagrange relaxation R-D scheme, the R-D cost
function of a GOP (format is IPPP) can be expressed as under
the constraint of certain target bit rate
(4)
where ,
stand for distortion and bits for frame ,
length of GOP, and is target bits.
-Q model can be provided as follows [5]:

is the

II. SEVERAL NEW TECHNIQUES
In the section, first, a sequence adaptive initial quantization
step size for I-frame is proposed. Then the HOD-based frame
layer bits allocation scheme is given. Finally, in order to deal
with the inaccuracy of analytical R-Q model in low bit rate, we
propose the new quantization step size calculation scheme based
on encoding complexity prediction, which is performed on basic
unit layer.

(5)
Here
is quantizer step size of frame . Note that frame 0 is
I-frame in a GOP.
The R-Q model can be approximately formulated as follows
in low bit-rate [5]:
(6)

A. R-D Optimal Initial QP Selection
As is shown in Fig. 2, the optimal initial QP for a GOP is
not only concerned with target bit rate and GOP length but also
sequence itself (e.g., motion strength and variance of I-frame
in a sequence). As to the problem, Pan has proposed a method
in which the initial QP is concerned with target bit rate, GOP
length and the mean absolute value (MAV) of the discrete cosine
transform (DCT) coefficient of the first frame [13]. Although
they take feature of I-frame into consideration in the paper, the
dependency between I- and P-frame has not been considered. In
this subsection, we develop a new scheme in which the initial QP
is obtained based on a balanced bits allocation scheme between
I- and P-frame.
In the following, first we will present the balanced bit allocation scheme for I-frame based on some reasonable assumptions;
then by using an accurate enough R-Q model, the QP can be
derived. Both of these are developed in spatial rather than DCT
domain, which is more favorable for H.264 than Pan’s model.
1) Balanced Bits Allocation Between I- and P- Frame: Since
target bit rate always can be predetermined, we present the balanced bits allocation for I- and P-frame under the constraint of
certain target bit rate at first. Then, the adaptive bits allocation
for I-frame among different target bit rate can be made out based
on the constrained result by experimental analysis.
Prior to encoding a GOP under certain target bit rate, we assume that all P-frames use the same bits so as to get an analytical

is the variance of source
Here
data, where is the luminance value of th pixel in frame .
It should be noted that when a GOP is considered as a whole,
the model in (6) is more feasible since we mainly focus on low
bit rate video coding in the paper. Thus, we can deduce the following equation based on the above assumptions and (3)–(6)
(See Appendix A):
(7)
is the average standard deviation
Here
is the standard deviation of the first
of P-frames in a GOP,
frame (I-frame).
The relationship in (7) is an ideal model of under certain
target bit rate, but it reflects the linear correlation between opat
timal and the ratio of standard deviation (RSD)
least. To confirm this, exhaustive experiments have been done,
in which foreman, akiyo, mother&daughter, coastguard, container, hallobjects, miss_am, suzie, and news are tested under
25, 50,70, 100, 150, and 300 kbps, respectively. All of the sequences used are QCIF(30 Hz). In the simulation, rate control
in JM7.6 is used to control the encoding bit rate; motion estimation (ME) accuracy is 1/4 pel (full block mode); the reference
frame number is 2 and frame mode is IPP.
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Fig. 4. Relationship between A, B , and target bit rate (L

Fig. 3. Linear model of optimal L (first GOP for each sequence). Note that here
the coding conditions are the same as in Fig. 2 except only one GOP is encoded
(50 frames).

The optimal is obtained by exhaustive search in the range
of [1,100] (the search step is 2) for each sequence under certain
target bit rate. The search scheme is detailed as follows.
Step 1) Select a value of under certain target bit rate, e.g.,
kbps; then the bits allocation for I-frame
can be made out.
Step 2) According to the bits allocation for I-frame, QP of
I-frame can be calculated by use of R-Q model for
I-frame, which will be shown in later section.
Step 3) Encode the sequence and take down average PSNR
performance; then change to another value, i.e.,
, go to step 1.
Step 4) Iterate the process in Steps 1–3 until all values of
are used out; choose the one which leads to highest
PSNR performance as the optimal value of in current target bit rate.
As to the average standard deviation of P-frames, since it is
mainly determined by local motion strength in a sequence when
target bit rate is fixed, we replace it with a statistic feature which
can indicate the local motion efficiently and be proportional to
. The statistic feature will be detailed later.
Fig. 3 shows the relationship between optimal and RSD
under certain target bit rate, from which we can see the
following.
is approximately linear with RSD when
1) The optimal
target bit rate is fixed, which verifies the validness of (7),
whose experimental model is given in (8)

= A 3 RSD + B ).

both and are approximately linear with target bit rate except that there is an abrupt change in gradient and offset when
the target bit rate is up to certain value. Thus, and can be
expressed as the function of target bit rate, which is shown in (8)
can be obtained as follows
also. The parameters , , ,
by linear regression in the paper:

where
and
are the target bit rate threshold of abrupt
change in gradient and offset, respectively. In the paper, both of
them are set to be 100 kbps through experiments.
With the in (8), balanced bit allocation for I-frame can be
calculated as follows:
(9)
where bit_rate is target bit rate, frame_rate is frame frequency.
2) Derived R-Q Model for I-Frame: According to R-Q model
for I-frame in literature [9], relationship between R and Q can
be expressed as follows in high bit rate:

Note that here only I-frame is considered, which is the typical
case of high bit rate coding. Therefore, the R-Q model for high
bit rate is used in the situation.
To confirm the accuracy of the relationship above, foreman,
akiyo and news are used to generate statistical data. All
of them are encoded in I-frame only. The total test frame
number is 100 for each sequence and QPs are set to be
[24,26,28,30,32,35,38,40]. Fig. 5 shows the results that R is
rather than linear. Thus, a more
quadratic function of
accurate R-Q function for I-frame is presented as follows:

(8)
(10)
where
is the abbreviation of target bit rate, , ,
,
are statistic constant.
2) Among different target bit rates, the gradient and offset of
each line, i.e., parameter and in (8), declines as the
target bit rate increases.
To make out the relationship between the parameters in (8)
and target bit rate, further experiments have been done, whose
results are shown in Fig. 4. It can be seen clearly in Fig. 4 that

where , , and are statistic parameters.
The value of , and can be obtained by linear regression:
,
,
.
The relationship between QP and in H.264 can be approx. Therefore,
can be easily
imately expressed as
is made out from (10) at certain target
obtained once
bits
.
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and
are the remained bits and frames in current
where
GOP before encoding frame , respectively.
Although (13) is suboptimal compared to (12), it eliminates
the encoding delay completely. In addition, as far as the adaptation to local motion change, both are effective.
When bits is used out in encoding process, the bits assignment will be negative which would lead to the quality deterioration of subsequent frames. In addition, if the bits assignment
for current frame is too high, the remaining bits for the subsequent frames will decrease greatly, which would deteriorate the
quality of subsequent frames also. Therefore, we truncate the
value of bits assignment in (13) for each frame:
(14)

Fig. 5. Relationship between bits per pixel (bpp) and ln(std=Q) for I-frame.

B. HOD-Based Frame Layer Bits Allocation
The target bit estimation scheme in H.264 JM7.6 rate control is proposed by Ma and Li [14], [3], in which target bits
for current frame is allocated according to the encoding complexity of last frame and current buffer fullness. Once there is
an abrupt motion change, however, such a scheme cannot adapt
to the change effectively, which would deteriorate R-D performance greatly. To deal with the problem, an alternative method
based on HOD image is proposed in this section. The HOD between frame and provides as follows [15]:

The LEAST_BITS and MAX_BITS are set to be 96 and
.
In addition, in order to avoid buffer underflow or overflow,
buffer occupancy should be considered in frame layer bits assignment, which can be given as

where
is the current buffer occupancy and
is obtained
from (2).
Then the final frame layer bits allocation is provided as
(15)
Here

is weighted coefficient.

C. Low Complexity QP Estimation Scheme
(11)
here
is the histogram of level in the difference frame
is image size in pixel. stands for the
between and ,
difference level threshold in hod computation.
As a matter of fact, Song has proposed such a scheme, in
which the target bits is allocated over the whole GOP [16]
(12)
Here
is the bits assignment for frame ,
is the average
is the total bits for a GOP,
HOD in current GOP,
is the HOD value of frame .
frames should be buffered before calculate
Obviously,
target bits allocation for frame in (12), which induces long
delay in encoding process. In low delay communication, such a
scheme is not feasible.
To eliminate the delay induced by (12), an alternative method
is presented, in which the overall average HOD is replaced by
progressive average

The QP calculation scheme in H.264 rate control was proposed by Li, in which QP is estimated by use of quadratic R-Q
model. As is mentioned above, such a method is inaccuracy for
estimate the bits of P-frame in low bit rate. Therefore, a simple
but effective QP estimation scheme is presented in this section
in which encoding complexity is adopted to estimate QP. In the
following, first we look at how to estimate the encoding complexity of current coding unit; then a HOD-based bits assignment scheme is presented, by which QP can be obtained.
1) Simple Encoding Complexity Estimation: Since motion
information takes up a large part in total bits of interframe
coding in low bit rate, we have the following assumptions.
• Encoding complexity of current unit is approximately proportional to local motion degree, which can be indicated
by HOD
• There are great correlation between the encoding complexity for current unit and its spatial and temporal neighbors
The spatial and temporal neighbors of current coding unit is
illustrated in Fig. 6. Thus, on one hand, the following relation is
reasonable according to the first assumption:
(16)

(13)

where
stand for the encoding complexity and
HOD of th basic unit in the th frame, respectively.
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memory are also carried out between the proposed scheme and
JM version 7.6 in this section.
A. Improved Rate Control Scheme

Fig. 6. Spatial and temporal neighbors of current basic unit k . Note that here
basic unit is set to a line of MBs.

With the new techniques proposed above, the improved rate
control process is developed as follows.
1) Step 1. Initial QP Estimation: In the paper, as is mentioned above, block variance difference [15] is used to replace
the average standard deviation of P-frames, which can be formulated as follows:

Therefore, the current encoding complexity can be provided

(17)
where is threshold, which is set to be 0.2 in the paper.
On the other hand, if the prerequisite of (17) is invalid, the current encoding complexity can be predicted based on its neighbors according to the second assumption, which is detailed in
pseudo code.
If

Then
Else if

Then

where
is the abbreviation of block variance difference,
is number of macroblocks (MBs) in a picture.
indicates
in frame .
is the frames used
the block variance of
to replace .
If the current GOP is the first GOP, in order to reduce the
is set to 2, i.e., two frames should be buffered at the
delay,
beginning. With the two frames, we can make out and estimate .
If the current GOP is not the first GOP, only the first frame
in current GOP needs to be buffered so as to make out . is
estimated by using the average block variance in last GOP.
With and , RSD can be obtained. Then, according to the
current target bit rate, the gradient and Offset in (8) can
be made out. With and , the optimal can be estimated
according to (8) and accordingly, bits allocation for I-frame can
be derived by (9).
Finally, the initial QP of current GOP can be made out as
follows:

Else
End If
here
is the average HOD of current frame.
2) HOD-Based Bits Estimation: As to the bits for current
coding units, we can estimate it based on HOD, which is presented as follows:
(18)
If the bits obtained from (18) is negative, QP for current unit is
directly. Otherwise, the QP estimation
set to be
for current coding unit is given as
(19)

III. IMPROVED RATE CONTROL SCHEME FOR H.264 IN LOW
BIT RATE
With the new techniques proposed in Section II, an improved
rate control scheme is presented in this section. In addition,
the analysis and comparison of complexity in computation and

others
where , , are the parameters in (10),
is the bits allocated.
2) Step 2. Frame Layer Bits Allocation: If the current frame
is the first P-frame in a GOP, we just skip this step. Otherwise,
calculate HOD for each basic unit between the current frame
and its preceding one. With these HODs, HOD between current
frame and its proceeding one can be obtained. Then bits allocacan be made out from (13) and (14).
tion
In addition, similar to H.264 frame layer bits allocation, we
need to take buffer fullness into consideration. Calculate
with (2) and get the final bits allocation for current frame by
(15).
3) Step 3. Basic Unit Layer QP Modification: For the first
P-frame in a GOP, QP is set to be the initial QP obtained from
Step 1. Otherwise, if current basic unit is the first basic unit of
current frame, current QP is set to be the average QP of the previous P-frames. In other cases, QP can be estimated as follows.
Step 1) Allocate bits for current basic unit by (18).
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Step 2) If the bits allocated is negative, we set the current QP
directly. Otherwise, predict the
to
encoding complexity of current basic unit by using
(17) and the pseudo code.
Step 3) Calculate QP for current basic unit by (19), which is
indicated by
Step 4) Truncate
in order to keep smoothness of video
quality:
4) Step 4. Information Update: After encoding the current
basic unit, calculate its encoding complexity and store it. If current frame is the last frame of a GOP, go to step 1; else if a frame
is finished, go to step 2; otherwise, go to step 3.

TABLE I
COMPARISON OF CONTROL PRECISION

B. Analysis of Complexity
In this subsection, we compare the complexity both in computation and memory between the proposed rate control scheme
and the one in H.264.
1) In H.264 rate control, for each basic unit, 2 linear regression are carried out (MAD prediction and Q2 model update) [3]. Assume the computation of either is , which
is proportional to window size. In order to make out the
QP, 1 square root operation is required for each basic unit.
In addition, as to each pixel in a frame, MAD operation is
carried on. Thus, the computation for a frame can be formulated as:

where
is the number of basic unit in a frame;
is the computation for each square root operation;
stands for all the other operations in a basic unit;
is
the total computation of MAD operations in a frame, which
is proportional to pixels number in a frame.
As for the improved rate control scheme, the computation
of HOD is proportional to pixels number in a frame, which
. In addition, the comis approximately the same as
putation in calculating QP for each basic unit is approxi. Thus, the total computation for
mately the same as
a frame is about to be:

Therefore, we can obtain the approximate computation
ratio between H.264 rate control and the proposed scheme:
(20)
Since only
is parallel to image size in (20), the larger
image size is, the smaller is. Therefore, the proposed
scheme is favorable in low bit rate application in which
image resolution is relatively small.
2) For H.264 rate control, two arrays are required to store
MAD for each basic unit and another two arrays are required to store QP and bits for each basic unit in estimation
window. For the proposed scheme, four arrays are required
to store HOD and encoding complexity for each basic unit.
, both
Therefore, when the size of window is near to
of them have the similar memory complexity.

IV. EXPERIMENTS AND DISCUSSIONS
Numerous experiments have been conducted to evaluate the
performance of the improved rate control algorithm. The test sequences used are in QCIF format, with I-frame appearing every
50 frames. Note that no frame skip is concerned here and ME
accuracy is 1/4 pel for full block mode (all block types are considered). Search range in ME is 16 and the reference frame
number is set to be 2. The entropy coding option is CAVLC if not
specified. The total frame for each sequence is 150 (3 GOPs) if
not specified particularly in these simulations. The target buffer
level can be obtain by (2) and buffer size is equal to one half of
target bit rate, i.e, there is 500-ms encoding delay. In the simulation, JM7.6 was used if not specifed.
Table I shows that the comparison of control precision
between the proposed scheme and H.264 rate control. All
sequences are 30 Hz (M&D is the abbreviation of mother and
daughter). It can be seen that the precision of rate control is
approximately the same.
Fig. 7 shows the PSNR of the reconstructed sequence
“foreman” by using Li scheme and the improved rate control
scheme. In order to observe the performance of the proposed
method in the case that there is scene change, the total frame in
this simulation is 350 (7 GOPs) because there is a scene change
in foreman sequence from frame 287 to 320. It can be shown
that, for the improved scheme: 1) the PSNR fluctuation of
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Fig. 7. PSNR results of sequence “foreman.”

Fig. 8. PSNR results of sequence “news.”

P-frames has been reduced; 2) it provides better adaptation capability to scene change than JM76; 3) the PSNR improvement
in earlier GOPs (i.e., GOP 1 to 3) is higher than in later GOPs;
and 4) the average PSNR has been improved about 0.14 dB.
Fig. 8 shows the PSNR of the reconstructed sequence “news.”
In the simulation, there is no scene change occurring. It is noted
that for the proposed scheme, the PSNR of nearly all frames in
a GOP are higher than Li’s scheme. Since the local motion variation is strong in the sequence “news,” which can be illustrated
in Fig. 10, the improved scheme works much better than Li’s
scheme: the average PSNR gain is about 1.1 dB!
Fig. 9 shows that the buffer level variations of sequence
“foreman” and “news” by using Li’s scheme. It can be seen
clearly that: 1) the buffer level surge occurs every time an
I-frame is encoded; 2) the strength of surge varies from one
to another; and 3) the actual buffer level deviates from target
buffer level. Fig. 10 shows the similar diagram by using the
improved scheme proposed in the paper. Compared to Fig. 9,
the buffer occupancy is higher at the beginning of a GOP now,
but the strength of variations reduced greatly. Also, the actual
buffer level follows the target buffer level quite closely. The
increase in the initial target buffer level is due to the fact that
the initial a few P-frames are allocated with more bits than the

1003

Fig. 9. Buffer level variations of JM76.

Fig. 10. Buffer level variations of the improved scheme.

Fig. 11. Comparison of local motion variation in neighbor frames.

average, which can better the R-D performance. In general, the
proposed scheme have greatly reduced the buffer level variation
and improved the accuracy of adaptation to target buffer level.
Similar results could be obtained for all the other sequences
that we have tested.
Fig. 11 shows the variations of local motion in neighbor
frames for sequence “foreman” and “news.” Here the local
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TABLE II
EXPERIMENTS OF TEST SEQUENCES, WHERE “NEW QP” INDICATES THAT
THE PROPOSED INITIAL QP ESTIMATION SCHEME IS USED AND “OLD QP”
INDICATES THAT THE DEFAULT INITIAL QP SCHEME IN H.264 IS USED

Fig. 12. Comparison of QP distribution variance.

motion variation (LMV) is indicated by the ratio of neighbor
HODs:

where MINHOD is set to be 0.0005 in the paper so as to prevent
the divisor being zero. For the first P-frame in a GOP, LMV is
set to 1.
It can be seen clearly that compared to sequence “news,” the
local motion variation of “foreman” is much smaller. Accordingly, the PSNR improvement of “news” by using the proposed
scheme exceeds the “foreman” greatly. Generally, for the proposed scheme in the paper, the stronger local motion variation
of a sequence is, the bigger R-D improvement can be achieved.
Fig. 12 shows the comparison of QP variations between
the proposed scheme and JM7.6 over 3 GOPs for sequence
“foreman” (target bit rate 40 kbps, 30 fps), from which it can
be seen that strength of QP variations of the proposed scheme
is a little bit higher than JM76. This is due to the fact that the
proposed scheme is sensitive to local motion change.
Further experimental results are reported in Table II, in which
two category experiments are carried out: with or without the
new initial QP estimation scheme. The following is noted for
the new techniques proposed in the paper. 1) Improvement of
PSNR is higher in low bit rate than in high bit rate, which is due
to the fact that in high bit rate, the encoding complexity estimation scheme is less effective since texture bits make up a large
scale. 2) The initial QP estimation has quite a great impact on
PSNR, which varies from sequence and target bit rate. 3) Generally speaking, the PSNR is improved (especially in low bit rate,
it is up to 1.53 dB); 4) Subjective tests also show very significant improvement, with higher video quality and smoothness
throughout the whole sequence thanks to the adaptation to local
motion more effectively.
In order to illustrate the performance of the proposed scheme
further, we compare the PSNR results of the proposed scheme
with Yuan’s method [8]. Since in Yuan et al. scheme JM10 is
used as benchmark software, we also use JM10 in this simulation. The total frames encoded are 150 frames and the length
of GOP is 50. The simulation results are given in Fig. 13, from

Fig. 13. Comparison of PSNR performance between the proposed scheme and
Yuan’s scheme. Note that JM10 is used in the simulation.

which we can see that in low bit rate coding, the PSNR performance of the proposed scheme is a little better than Yuan’s
method; while in higher bit rate, the performance of the proposed scheme is inferior to Yuan’s methods. Such a fact shows
that the proposed scheme is more effective in low bit rate video
coding.
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V. CONCLUSION
As to the defects in rate control scheme of H.264, the paper
presented a few new techniques to improve the rate control
scheme proposed by Li et al. These improvements are summarized as follows.
1) Adaptive initial QP selection scheme is introduced to
choose QP for I-frame according to target bit rate, the
length of GOP and the statistic feature of sequence itself.
Thus, a more reasonable initial QP can be estimated so as
to obtain a higher R-D performance.
2) HOD-based frame layer target bits allocation is introduced
so as to adapt bits allocation to local motion change more
effectively. With this method, the frame layer bits allocation can be more closely to the actual bits used so that the
buffer level control could be more accurate. In addition,
R-D performance is also improved with such a scheme.
3) A simple QP modification scheme is proposed based on
encoding complexity prediction, which overcome the defect of analytical R-Q model in low bit rate and improve
the R-D performance.
4) Since the complexity of the proposed QP modification
scheme is much lower than the one in JM7.6 (when the
sequence is QCIF, the ratio of complexity reduction is
about 3–4 times), the overall complexity of rate control is
reduced greatly.
Experimental results show that the improved algorithm significantly improved the R-D performance in low bit rate, reduced
the buffer level variation and improved the perceptual quality.
The proposed scheme can achieve better performance than the
most recent scheme proposed by Yuan et al. [8] in low bit rate.
Although this paper only targeted at low bit rate video coding
in constant bit rate (CBR) applications, it is applicable to VBR
situations. In addition, the idea presented in the paper is also effective to the other video coding recommendations [17].
APPENDIX
DEDUCTION OF THE OPTIMAL
In CBR applications, rate control aims at keeping bit-rate
to be constant. Therefore, it is reasonable to assume that all
P-frames in a GOP use the same bits approximately, which can
be expressed as according to (6) in Section II-A

Then, according to the assumptions in Section II-A, the following equations can be deduced from the assumptions (3), (5),
and (6):

(A.1)
Plug (5), (6), and (A.1) into (4), provides the result:

(A.2)

Then, the minimum of
derivatives to 0, i.e.,

is obtained by setting its partial

(A.3)
is the mean variance of
where
P-frames in a GOP.
From (A.3), (7) can be deduced easily.
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