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Abstract. In previous techniques of bit rate reduction transcoding,
reusing the mode of the input MB is widely adopted. However, directly
re-using the mode of input MB will cause additional losses for H.264
bit-rate scaling. Variable-size block-matching based motion estimation
makes H.264 much more efficient than other coding standards while in-
creasing its complexity. As the target bit rate changes, the best mode of
the MB may also change. In this paper we concerned two key techniques
for H.264 bit rate reduction transcoding: Mode decision and rate con-
trol. A fast MB mode decision algorithm and an improved rate control
algorithm depending on statistics of input streams is proposed.

1 Introduction

Bit-rate scaling is a key solution to media adaptation in hybrid networks. Cas-
caded decoder-encoder is a straightforward approach which can achieve the best
quality at the cost of high complexity. In the literature, some papers proposed
different techniques to get a trade-off between acceptable quality and complex-
ity over the past few years in which the focus has been centered on two specific
aspects, complexity and drift compensation [1-4]. Generally, two architectures,
close-loop and open-loop, are widely in use. Because open-loop systems are rel-
atively simple but subject to drift-error, close-loop systems are more common
in practical. [1] proposed an close-loop transcoder which requires one DCT and
one IDCT, while cascade decoder-encoder requires one DCT and two IDCT.
This architecture achieved nearly the same quality as cascaded decoder-encoder
with some arithmetic inaccuracy introduced. All of these transcoding schemes
are based on the assumption of fixed MB size for motion compensation. This
assumption is effective to many coding standards, such as MPEG-2, MPEG-4
and H.263.

Variable-size block-matching (VSBM) based motion compensation is a key
feature of H.264/AVS [5] which ensures its high coding efficiency. [6] proposed a
Lagragian mode decision technique by looping all available mode to select one
with minimized rate-distortion cost. It is a computationally heavy procedure.
However, directly reusing the mode of the input macroblock (MB) will cause
severe quality losses because the best mode varies when its QP changes. Table-1
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Table 1. Mode variations for different QP values, FOREMAN, CIF, 60 frames (ROW:
QP = 32; COL: QP = 28)

SKIP P-16X16 P-16X8 P-8X16 P-8X8 I-4X4 I-16X16

SKIP 4222 658 80 80 7 10 67
INTER-16X16 1933 3155 452 470 97 56 96
INTER-16X8 347 783 696 200 148 27 33
INTER-8X16 525 1006 234 921 151 36 34
INTER-8X8 148 624 535 597 1291 64 10
INTRA-4X4 26 107 79 80 51 2071 394

INTRA-16X16 158 53 14 10 3 101 820

demonstrates the variation of mode at different QP, where the column is the
mode distribution at the QP 32 and the row is at QP 28. From Table-1, we
can see that the best mode may change as the QP value changes. In general, in
the case of bit rate reduction transcoding for H.264 streams, the first step is to
decide a proper QP for the target rate, then decision of MB mode for MC must
be made. In this paper, two key techniques, rate control and mode decision, are
concerned.

This paper is organized as follows: in section II, a mode classification ap-
proach is introduced and simplified rate-distortion optimization based on this
mode classification is proposed. In section III, we propose a new rate control algo-
rithm which fully utilizes the information from the input stream. Section IV are
experimental result of our transcoding scheme and two comparison transcoders.

2 Mode Classification for Bit-Rate Scaling Transcoding

As we know, MPEG-2 [7] also supports variable block size motion compensa-
tion. Macroblcoks of P frame can be coded in INTRA, INTER-16x16 or SKIP
mode, and INTER-16x8 mode for interlaced videos. The small mode set makes
it unnecessary to re-select modes in transcoding. H.263 [8] specifies INTER-8x8
coding mode. H.263+ adds some improvements in compression efficiency for the
INTRA macroblock mode. Motion compensation in MPEG-4 [9] is based on
16x16 blocks and support INTER-8x8 mode. Also MPEG-4 includes alternate
scan patterns for horizontally and vertically predicted INTRA blocks. However,
the mode sets of these coding standards are rather small, and the reuse of the
previous mode in transcoding has little effect on the quality.

H.264 supports variable prediction mode for motion estimation. For I frames,
macroblocks can be coded in INTRA-16x16 or INTRA-4x4 modes, and further-
more, there are 9 prediction directions for INTRA-4x4 mode. For P frames,
mode of target macroblock must be selected from SKIP, INTER-16x16, INTER-
16x8, INTER-8x16 and INTER-8x8 mode respectively besides INTRA-16x16
and INTRA-4x4 modes. In case the INTER-8x8 macroblock mode is chosen,
each 8x8 block can be further partitioned into blocks of 8x8, 8x4, 4x8 or 4x4
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luminance samples. B frames are similar to P frames. Also, H.264 support multi-
frame motion-compensated prediction. When bit-rate scaling, the best mode and
best reference picture of target macroblock under the new rate may differ with
those under its original rate. To maintain the quality, we classified the modes
into different levels.

We know that the Lagrangian coder control will assign more INTER-8x8
or INTRA-4x4 mode to active regions and SKIP or INTER-16x16 to static
backgrounds. That means active MB’ mode level is high while static MB’s mode
level is low. So, we ordered the modes from low level to high level as SKIP,
INTER-16x16, INTER-16x8, INTER-8x8 and INTRA-4x4. In the case of QP
increases, the possible mode set follows the rule that the output mode order will
not higher than the input mode order. For example, if the input mode is INTER-
16x16, when the QP increases, the new best mode will be selected from modes
whose level is lower than INTER-16x16. So, we classified all these modes into
five classes for bit-rate scaling transcoding: 1.{SKIP, INTER-16x16};2.{INTER-
16x8, INTER-8x16};3.{INTER-8x8};4.{INTRA-4x4};5.{INTRA-16x16}.

Based on this classification, we propose our mode decision algorithm. This
mode decision algorithm decide the possible mode options for RDO which effec-
tively restricts the Lagrangian method loops in a small range. Detailed algorithm
is like the following pseudo-codes:

Switch( input macroblock mode)
{
case SKIP:

Target mode set = {SKIP, INTER-16x16};
case INTER-16x16:

Target mode set = {SKIP, INTER-16x16};
case INTER-16x8:

Target mode set = {SKIP, INTER-16x16, INTER-16x8};
case INTER-8x16:

Target mode set = {SKIP, INTER-16x16, INTER-8x16};
case INTER-8x8:

Target mode set = {SKIP, INTER-16x16, INTER-16x8,
INTER-8x16,INTER-8x8};

case INTRA-4x4:
Target mode set = {INTRA-4x4};

case INTRA-16x16:
Target mode set = {INTRA-4x4, INTRA-16x16, SKIP};

}

After mode decision, different motion compensation scheme is used for dif-
ferent modes. If one MB’s mode is decided as INTER-16x16, MV can be reused
and traditional transcoding techniques can be directly adopted. Otherwise, if
target modes includes INTER-16x8, INTER-8x16 or INTER-8x8, motion vec-
tors refinement is needed. Because in most sequences, SKIP and INTER-16x16
modes possess a large percent, the above algorithm can efficiently reduce the
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Fig. 1. 1: INTER-16x16 and SKIP mode, 2: INTER-16x8 and INTER-8x16 mode; 3:
INTER-8x8 mode, 4: INTRA-4x4, 5: INTRA-16x16 mode

computation complex while maintaining the acceptable quality. Furthermore, to
keep the quality of areas with high activity, in case the input macroblock mode
is INTRA-4x4, the target macroblock mode is INTRA-4x4.

Figure 1 illustrates the computational complexity participation in the case
of Table-1 as QP equals to 28. From figure 1, we can see that about 65%
macroblocks are INTRA or INTER-16x16 modes which doesn’t require RDO
and motion estimation and only 22% macroblocks’ mode can be selected from
INTER-16x8, INTER-16x16 or INTER-8x16, INTER-16x16, and only 14% mac-
roblocks require looping all INTER modes. So, the computational complexity
is greatly reduced by this method. Also, this classification can be helpful in
INTRA-Refresh technique for error-resilient transcoding to convert macroblocks
with high activity into INTRA modes.

3 Rate Control Algorithm for H.264 Transcoding

Video encoding rate control is important to achieve consistent video quality
and has been the interest of research in recent years [10-13]. As we know, the
key role of R-Q model is to determine the QP before encoding one frame by
available channel bandwidth, output buffer fullness, and picture and motion
complexity. There are two problems in rate control: the first one is target frame
bits allocation, and the second is the estimation of quantization parameters.
[12] proposed and improved method named “MAD ratio” for target frame bits
allocation. And in [14], the author proposed a two-pass QP prediction algorithm
based on TM5. In video transcoding, the statistics such as number of bits and
QP can be easily derived from the stream. We can compute the complexity of
the picture and target bit allocation based on these statistics. [15] proposed a bit
allocation algorithm based on the fact that the ratio of the complexity between
input and output pictures keeps constant. However, this algorithm needs the
information of the whole GOP, and is not fit for the sequences in which the
content changes severely. In this paper, the target frame bit number depends
on the actual coded bits number of the input frame and ratio of target rate
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and input rate, and then QP can be predicted based on the first-order R-Q
model. This rate control method can be adopted in frame level, object level and
macroblock level.

In our rate control algorithm, the fluid traffic model is applied the same as
that in [6]. Let Ri(j) , Bi(j) , Vi(j) and bi(j) denote the instant available bit
rate, total bits for the rest pictures, the occupancy of the virtual buffer and the
actual generated bits in jth picture respectively, where i and j means jth picture
in ith GOP to be coded. And Ni denotes the total number of pictures in ith

GOP, f is the frame rate.{
Ri(j)

f × Ni − Vi(j) j = 1
Bi(j − 1) + Ri(j)−Ri(j)

f × (Ni − j + 1) − bi(j − 1) j = 2, 3, .., N
(1)

Vi(1) =
{

0 j = 1
Vi−1(Ni−1) other

Vi(j) = Vi(j − 1) + bi(j − 1) − Ri(j−1)
f j = 2, 3, .., N

(2)

The determination of target bits for current P frame is composed of four steps
as the following:

Step 1: Compute the target bits, this step can be divided into 2 or 3 sub-steps
depends on whether frame level or basic unit level rate control is applied.

Sub-step 1: Determine target buffer level for current P picture

Si(2) = Vi(2)
Si(j + 1) = Si(j) − Si(2)

Np(i)−1 j = 2, 3, .., Ni
(3)

Sub-step 2 Compute the target for current P picture The target bits
allocated for the jth P picture is determined based on the target buffer level,
the frame rate, the available channel bandwidth, and the actual buffer occupancy
as follows:

Tbuf =
Ri

f
+ γ × (Si(j) − Vi(j)) (4)

Meanwhile, the remaining bits are also computed as:

Tr =
Borg(j)

Nj × (Rorg/f) −
j−1∑
k=0

borg(k)
× Bi(j) (5)

Where borg(j) and Rorg(j) are actual input bits of the jth picture and the channel
bandwidth of the input stream. The final target bit T is a weighted combination
of Tbuf and Tr

T = β × Tr + (1 − β) × Tbuf (6)

Where β is a weighting factor and its typical value is 0.5.
Our proposed improvement here: In [6], Tr is computed as follows:

Tr =
Wp,i(j − 1)

Wp,i(j − 1) × Np,r + Wb,i(j − 1) × Nb,r
× Bi(j) (7)
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Where Wp,i(j) and Wb,i(j) are the complexities of previous P picture and pre-
vious B picture respectively. This weighted factor will not be accurate when the
content of stream varies severely. In (5), we use ratio of the actual input bits of
current picture and the remaining bits of the input GOP as the weighted factor.
This factor represents the attributes of the current picture to the GOP which
will be much more accurate. In case of basic unit level rate control, the sub-step
3 is to compute the target bits for each unit as follows:

bl =
(bl,org − cl) × QPl,org

Nunit∑
k=l

(bk,org − ck) × QPl,org

× Tl (8)

Where bl is the target bits for the lth unit, bl,org , cl and QPl,org are the actual
bits, header bits and QP of the lth unit in the input stream respectively. In this
step, we use a first-order R-Q model similar to [10], in which the complexity can
be computed based on bits and QP like follows:

X = (R − c) × QP (9)

Where X denotes the complexity, R denotes the total bits of the unit, and
constant C is the header bits.

Step 2: After computing the target bit, QP can be computed as follows:
In case of frame level rate control:

Qstep =
(Torg − horg) × Qstep,org

T − horg
(10)

In case of basic unit level rate control:

Qstep,l =
(bl,org − hl,org) × Qstep,l,org

bl − hl,org
(11)

In this step, we use the header bits of input picture or basic unit as the
prediction of header bits for the current picture or basic unit.

Step 3: Perform RDO for all MBs in the current basic unit and code them
by H.264.

Step 4: Update the parameters

4 Experiment Results

Our experiments are based on JM7.6 codec. For simplicity, we implement a
cascaded decoder-encoder transcoder with our mode-decision algorithm and rate-
control algorithm. To compare the experiments results, two cascaded decoder-
encoder also implemented where one of them fully decode the input stream and
then re-encodes the reconstructed signals into the stream of target bit rate with
RDO, and the other reuses the MB mode of input stream without RDO. We
applied two types of input streams: the first one is CIF, 30Hz, 1024kbps, and



Key Techniques of Bit Rate Reduction for H.264 Streams 991

Table 2. Bit-Rate Scaling Results for Video Transcoding

Transcoding Cascaded Decode-Encoder with RDO Cascaded Decoder-Encoder without RDO
Bit rate PSNR Bit rate PSNR Bit rate PSNR
Foreman, CIF, 30Hz, 1024kbps, MB level rate control
192.15 33.08 192.58 33.21 192.72 31.05
256.23 34.59 256.61 34.79 256.97 33.24
384.48 36.9 384.71 37.02 385.14 35.95
512.76 38.51 513 38.66 513.15 37.94
768.63 41.69 769.2 41.86 769.33 41.01

Fig. 2. R-D curves for MB and SLICE level rate control for selected sequences A: Our
transcoding scheme, B: Cascaded Decoder-Encoder with RDO, C: Cascaded Decoder-
Encoder without RDO

the other is QCIF, 15Hz, 384kbps. In this experiment, for simplicity, B frames
are not considered. The input streams are transcoded into different bit rates.

Table 2 shows results for a set of test sequences and test conditions sele-
ceted to represent a bit-rate scaling transcoding application. The result of our
transcoding scheme is close to that of cascaded decoder-encoder with RDO, and
re-using mode without RDO have about 1dB loses. These results also prove our
rate control algorithm effective.

R-D curves for MB and SLICE level rate control for selected sequences are
plotted. From fig.2 we can see that the losses of cascaded decoder-encoder with-
out RDO increases as long as the target bit-rate decreases, while the results of
our transcoding scheme performs rather well at low bit-rate.

5 Conclusion

Experimental results show that RDO is necessary in H.264 transcoding. Our
fast mode decision algorithm notably reduces the complexity of RDO. Also ex-
periments show that our rate control algorithm is simple but effective especially
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when transcoding the input streams into low bit-rate streams. MB level rate
control performs better than frame level and slice level rate control.
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der contract No. 60333020, “863” project under contract No. 2002AA118010,
“973” project under contract No. 2001cca03300 and by Bairen project of CAS.
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