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Summary

In this paper, we adopt a linear relative formula of a logarithmic
function between bitrate and quantization step-size for
homogeneous transcoding. Also we propose a novel transcoding
method to convert the bitrates between H.264 coded bitstreams.
The proposed transcoding method updates the model parameters
given for the previous picture or slice by using an approximated
relationship between bitrate and quantization step-size. In order
to meet a lower target bitrate, it finds a target quantization
step-size, and then generates a bitstream by a simple
re-quantization process. From the simulation, this paper
illustrates that the designated lower target bitrate can be obtained
by the re-quantization process after finding the proper
quantization step-size with simple implementation only without a
complex bitrate control, for the four test sequences with different
scene characteristics.
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1. Introduction

With the increase of extensive applications using
compressed video, a bitstream transcoding method has
been introduced in the inter-network communications.
Bitstream transcoding is the conversion operation from a
compressed video bitstream with specific syntax to other
compressed bitstreams that have the same or different
syntax. The bitstream transcoding algorithms [1-7], can be

classified by the homogeneous and heterogeneous methods.

The homogeneous bitstream transcoding maintains an
identical coding standard or syntax between the networks
of a different transmission environment, but converts the
bitrates, picture rates and resolutions. The heterogeneous
bitstream transcoding converts the coding standard or
syntax, that is, from MPEG-2 to MPEG-1 or MPEG-2 to
MPEG-4.

In this paper, a homogeneous bitstream transcoding is
treated with a H.264 encoding standard, MPEG-4 part
10[8-10]. The research on the homogeneous bitstream
transcoding was activated due to a VoD(Video on
Demand) application. Because the VoD data is stored as a
bitstream with high bitrate for good picture quality, the
bitrate reduction may be needed when a final user cannot
accept the bitrate of the originally stored bitstream. This
bitrate reduction is necessary for a network with a limited
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bandwidth range or congested network node. The bitrate
reduction algorithm converts from high bitrate video(a few
Mega bits per second) to lower rate video signal(a few
Kilo bits per second). Because the use of mobile networks
and satellite links is increasing, a bitrate conversion from
high bitrate to lower bitrate is becoming gradually more
important.

There are two types of bitrate down conversions. The first
one is full decoding and re-encoding. This method
accomplishes a re-ordering of the reconstructed pictures
and a re-estimation of motion vectors for the motion
compensated coding, thus the delay time and the
implementation complexity for the transcoding are
increased. The second one is to achieve the target bitrate
only with the re-quantization process in DCT (Discrete
Cosine Transform) domain. The bitstream is partially
decoded only by both the inverse VLC (Variable Length
Code) and inverse quantization. That is, the DCT
coefficients are obtained from an inverse quantization with
each quantization step-size. For reducing the video bitrate,
the DCT coefficients are re-quantized with a larger
quantization step-size. Finally, the coefficients generated
by the re-quantization are converted into a new bitstream
with a lower bitrate after the VLC encoding process. This
bitstream transcoding operation does not include the
re-ordering and re-estimation for the motion compensation.
Therefore, the bitstream transcoding by re-quantization
process requires lower complexity and a little more
processing time.

For the bitrate down conversion, the optimal schemes
[11,12,13] have been proposed in order to solve the
Lagrangian optimization based on each rate-distortion
formulation. The critical drawback of the optimization is
the heavy complexity required to measure the
rate-distortion data on all possible quantization settings. In
[14] and [15], accurate rate control methods for
transcoding are presented based on the linear relationship
between the number of bits generated from the quantized
DCT coefficients and the number of non-zero DCT
coefficients. Also, a rate control algorithm based on a
piece-wise linearly decreasing model of bitrate and
quantization parameter has been proposed [16]. This
method can obtain the quantization parameter to result in a
desired bitrate of a bitstream for MPEG-1 or MPEG-4
video coding.
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We also have proposed a model of bitrate and quantization
step-size for transcoding among MPEG-2 coded bitstreams
[17]. However, in this paper, we investigate another
relationship between bitrate and quantization step-size for
transcoding among H.264 coded bitstreams. The model is
modified to be applied the wider range of bitrates. We also
propose a novel transcoding method which updates the
model parameters given for the previous picture or slice
using an approximated relationship between bitrate and
guantization step-size according to the coded picture-type,
and finds a target quantization step-size, and then meets
the target bitrate by a simple re-quantization process.
Therefore, the proposed method converts to the target
bitrate by simple implementation without a complex
bitrate control.

2. Relation between bitrate and quantization
step-size for bitstream transcoding

For the bitstream transcoding, a relationship between
the bitrate and quantization step-size for an encoding
system must be illustrated first. A scalar quantizer is used
in H.264. The scalar quantizer is rounding off decimal
point numbers to the nearest integer. In the H.264
quantizer[25], a total of 52 quantization step-sizes are
supported in standard case and a step-size is used in the
indexed value matched by the quantization parameter, that
is, the value of a step-size is 0.625 for the index O of a
table of the quantization parameter and 225 for the index
51, and so on.

In the existing papers, the related formulas between
bitrate and quantization step-size have been introduced,
these are dependent on the quantizers and application
areas.

For an MPEG-1,2 encoding system, we have
proposed a formula based on a linear relation between
bitrate (R) and log function of a quantization step-size
(Qstep) in a small range of bitrate [17].

1
1
(Qstep) )
where, b and a are constants. Also, for an application to a

wider range of bitrates, the above formula was improved
as [18,19].

R=b+

R=b+a-log

a
Qstep” @
where, 0<y <2. The other relative formula having two
Qstep parameters was also proposed [20,21],
R=a-Qstep ™ + £-Qstep™” ©)
where, a and g are constants. Also, a linear relative
formula was proposed as a logarithmic function between
bitrate and quantization step-size [16, 22],
logQstep=b+a-log R 4
where, b and a are dependent on the video characteristics.

In this paper, in order to find a relative formula
between bitrate and quantization step-size for the bitstream
transcoding, a simulation was accomplished. For the
simulation, JM 9.5 [23,24] of H.264 was used, test
sequences were ‘Flower Garden’, ‘Bus’, ‘Foreman’,
‘Waterfall’ which have the same resolution of horizontal
352 pixels and vertical 288 pixels. The sequences were
coded by H.264 baseline profile[8,9,10], I-picture was
repeated by 15 pictures interval within 45 pictures in total.
One picture contains 18 slices of the same size.

In order to find the relationship between the bitrate
and quantization step-size required for the bitstream
transcoding, the video sequence reconstructed from a
bitstream coded with a particular bitrate should be
re-encoded by re-quantization processing. Fig. 1 shows the
relationship between the bitrate and quantization step-size.
The original sequence before re-encoding was encoded by
setting the quantization parameter of H.264 as 15 which
indexes 3.5 as the value of a quantization step-size.
Re-encodings for the transcoding were carried out by
increasing the quantization parameter from 16 to 51. The
solid lines of Fig. 1 were obtained by fitting an algorithm
of a least-square-error approximate method, based on the
model formula of Eq. (4).

Table 1 shows the values of a, b as the parameters of
the model formula. These parameters are dependent on the
characteristics of the video.

B lower

T R
‘H\,\K\ .

* waterill

log (G step)

—

“1.4 -2 -1 -ae -06 -04 -0z ] az a4 ns ns
log (R}

(a) I-picture

25
4
\ \F{‘;\}k e
+ pete + DU
i & foreman
b = e fall

L

log {Gsten)
>,
4

=as -3 =25 -2 =15 =1 05 0 as
log (R}

(b) P-picture
Fig. 1 Observed the relationship of R-Qstep by the re-quantization, a
sequence before transcoding was coded by quantization parameter as 15
(quantization step-size = 3.5) and then re-quantized by increasing the
quantization parameter from 16 to 51.
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Table 1: The model parameters a, b of Fig. 1.

Test sequence I-picture P-picture
a b a b
Flower Garden -1.23 1.45 -0.76 0.85
Bus -1.14 1.30 -0.87 0.79
Foreman -1.15 0.99 -0.93 0.32
Waterfall -0.94 1.25 -0.62 0.52

Also, we observed the relationship for the sequence
of another bitrate, that is, a sequence before transcoding
was coded by quantization parameter as 25 (quantization
step-size = 11) and then re-quantized by increasing the
quantization parameter from 26 to 51. Table 2 shows the
obtained values of a, b as the parameters of the model
formula.

Table 2: The model parameters a, b in the case of setting a quantization
parameter as 25 before transcoding.

Test sequence I-picture P-picture
a b a b
Flower Garden -1.33 151 -0.81 0.91
Bus -1.20 1.35 -0.93 0.82
Foreman -1.12 1.01 -0.91 0.27
Waterfall -1.04 1.32 -0.68 0.55

3. Proposed bitstream transcoding method

The proposed bitstream transcoding is based on the
re-quantization which adjusts quantization step-size by the
slice in the picture. In the re-quantization, a target
quantization step-size to match a target bitrate should be
obtained. If bitrate R; encoded by quantization step-size
Qstep, is given and a target bit rate R is fixed, then we can
obtain a target quantization step-size Qstep; from an
approximated model formula for bitstream transcoding. At
some narrow bitrate range, the approximation can be
allowed for simple implementation [26]. By using the
approximated model, a re-encoded bitrate can be different
with the target bitrate R;. The difference between both the
target bitrate and the re-encoded bitrate will be
compensated for in the next slice. That is, if the
re-encoded bitrate is generated as a larger value than the
target bitrate in the current slice, then the target bitrate in
the next slice will be assigned with a smaller value.
Otherwise, the target bitrate will be assigned with a larger
value.

3.1 Calculation of target quantization step-size

A target bitrate in bits per pixel, Ry(bpp) is
proportional to a target bitrate in bits per second, BRy(bps),
and already an encoded bitrate BR;(bps) in bits per second,
it appears as follows:

BR,
-—t.R 5
BR, ©)

where, Ry(bpp) is in bits per pixel, obtained from pixels in
a slice before the transcoding.

If Ry and Qstep; are given, R-Qstep model parameter
b is calculated by using the model of Eq. (4) as follows.

b =logQstep, —a-log R, (6)

The arrangement between R;and Qstepy of the relation
formula Eq. (4) is as follows:

Qstep, =10° 1% @)

If we substitute Eq. (5) and Eq. (6) into Eq. (7),
Qstepis expressed as follows:

Rt

BR a
log Qstep, +a-log——"- BR
Qstep, =10 BR = Qstep, | —- (8)
BR,
From the above equation, Qstep,can be obtained by a
fixed a. The following section explains a method to find
the value of the model parameter a.

3.2 Calculation of model formula slope a

The value of slope a will be different in each picture
within a video sequence. However the difference among
the sequences is not so noticeable as shown in Fig 1.
Therefore, we can assume that the slope a is almost
constant within same sequence for simple implementation.
To compensate for the small difference between the actual
and approximated values of slope a, we adopt a predicting
method for slope a which is deduced differently according
to the picture-coding types, (I-picture or P-/B-pictures).

e P-/B-picture (predicted as the value of the previous
picture)

Because the characteristics of the slices in the
spatially same position of adjacent P-/B-pictures are very
similar, the value of slope a is predicted as a value which
is obtained by Eq. (4) with two pairs of coded results. The
first pair is bitrate R; and quantization step-size Qstep;
before transcoding and second pair is target bit rate R; and
target quantization step-size Qstep; after transcoding,
obtained from a slice of the same position in the picture,
coded previously as similarly coded picture-type. Thus, the
predicted value of a for i'" slice of n" P-/B-picture, a,(n),

is obtained as follows:

a;(n)=2a;(n-1) ©)
where, aj(n-1), the value of a for i slice of (n-1)"
P-/B-picture is calculated by substituting the given Qstep;,
R; and the calculated Qstep;, R; after re-quantization into
the formula Eq. (4).

e |-picture (predicted as the average value of the previous
picture)
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Because the interval between adjacent I-pictures is
normally more than 12 pictures, and the characteristics
between slices in the spatially same position from adjacent
I-pictures can be greatly different from each other, the
value of slope a is predicted as an average value of all
slices within the previous I-picture. That is, the predicted
value of a for i"" slice of n" I-picture, a; (n) is obtained as

follows:
1 N
a(n=—)> a(n-1 10
i () NZ; i(n-1) (10)
where, N is the total number of slices in a picture.
3.3 Maximum limit of target quantization step-size

If the approximated value of slope a is used instead
of an exact one, the quantization step-size, Qstep,
calculated from Eqg. (8) will possibly have a largely
different value, compared to the quantization step-sizes of
adjacent slices.

Because the change of the values of quantization
step-sizes can directly affect the subjective picture
quality, we set a limitation of a maximum change of
quantization step-sizes among adjacent slices. A variable
T(K) is defined as: The accumulated change range, T(k) is
calculated by summing all the differences between
quantization  step-sizes  (Qstep;) before  bitstream
transcoding and quantization step-sizes (Qstep,) after the
bitstream transcoding of all slices before current k™ slice in
a picture. The difference is defined as follows:

T(k) = i (Qstep, (i) —Qstep, (1)) /(k-1), k>1 (11)

In order to avoid the abrupt change of quantization
step-sizes between slices before and after the transcoding,
also among adjacent slices, we set a limitation as follows.
If, Qstep, (k)—Qstep,(k)>T(k)+T(k)/2 then we fix an

upper limitation such as Qstep, (k) = Qstep, (k) +T (k)
+T(k)/2 and if Qstep,(k)—Qstep,(k) <T(k)-T(k)/2,
then we fix a lower limitation such as
Qstep, (k) = Qstep, (k) +T(k)-T(k)/2.

4. Simulation Results

For the simulation, JM 9.5 of H.264 was used, and
the test sequences have the same resolution of horizontal
352 pixels and vertical 288 pixels within 4:2:0 color video
signals. The sequences were coded by the H.264 baseline
profile, I-picture was repeated by a 15-picture interval
within 30 pictures, and each picture contains 18 slices of
the same size.

Fig. 2, Fig. 3, Fig. 4, and Fig. 5 show the simulation
results in the case where a bitstream, coded with the bitrate
of 1.5Mbps, is transcoded to the bitrate of 0.8Mbps. The

figures compare the quantization parameter QP1, bitrate
R1 before transcoding with the quantization parameter
QP2, bitrate R2 after transcoding, controlled by a slice unit
for 15 pictures in the 2nd GOP (Group Of Pictures) of
each sequence.
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Fig. 2 Transcoding results for ‘Flower Garden’ test sequence, 1.5Mbps
bitstream (R1, QP1) is transcoded to 0.8Mbps bitstream (R2, QP2).

us

=)
-
=
=

U
&

G
=

[ee)
[

[RERETRY
W o

Lo e o e T
W

QP (Quantization Parameter)

(]
(=33

(=]
=

0 18 36 54 72 90 108 126 144 162 180 198 216 234 252 270
Basic Unit (Slice)

Fig. 3 Transcoding results for ‘Bus’ test sequence, 1.5Mbps

bitstream (R1, QP1) is transcoded to 0.8Mbps bitstream (R2, QP2).
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Fig. 4 Transcoding results for ‘Foreman’ test sequence, 1.5Mbps
bitstream (R1, QP1) is transcoded to 0.8Mbps bitstream (R2, QP2).
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Fig. 5 Transcoding results for ‘Waterfall’ test sequence, 1.5Mbps
bitstream (R1, QP1) is transcoded to 0.8Mbps bitstream (R2, QP2).

We can see that the proposed method generates the
exact target bitrate for the transcoding, regardless of the
video characteristics, the complex texture sequences such
as ‘Flower Garden’ and ‘Bus’, or the simple sequences
such as ‘Foreman’ and ‘Waterfall’. Also, the variation
range between the quantization step-sizes before and after
transcoding is similar in slice unit to all sequences.

Fig. 6 shows the other simulation results in the cases
where the bitrate of 1.0Mbps was added for transcoding.
Also for the target bitrate 1.0Mbps, we can see that the
variation range between quantization step-sizes before and
after transcoding is similar in slice unit to all sequences.
For the ‘Flower Garden’ sequence, the average
quantization parameter is 30.5 in the case of bitrate
1Mbps; 32.4 in the case of bitrate 0.8Mbps; compared with
28.1 in the case of bitrate 1.5Mbps before transcoding.
Also, the ‘Bus’ sequence gets 31.4.9 for 1Mbps, 33.4 for
0.8Mbps, and 28.4 for 1.5Mbps. The ‘Foreman’ sequence
gets 22.3 for 1Mbps, 24.0 for 0.8Mbps, and 20.1 for
1.5Mbps. Finally the ‘Waterfall’ sequence gets 23.5 for
1Mbps, 25.3 for 0.8Mbps, and 21.5 for 1.5Mbps.
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Fig. 6 Quantization parameters before and after transcoding, where
1.5Mbps bitstream (QP1) is transcoded to 1Mbps bitstream (QP2(1.0M))
and 0.8Mbps bitstream (QP2(0.8M)).

5. Conclusion

This paper proposed an adaptive bitstream transcoding
method for the H.264 encoding system and showed a
relationship between bitrate and quantization step-size for
bitstream transcoding. A particular parameter of the model
formula is approximated to convert a bitstream to another
bitstream by slice unit. The model parameter for a slice
within a P-/B-picture encoded by motion compensation is
predicted according to the value of model parameter of
slice in the spatially same position as the previous picture
of the same picture-type. The model parameter for a slice
within I-picture is predicted according to the average value
of all slices of the previous I-picture. Also, the limitation
of the change range of quantization step-size among
adjacent slices is set in order to avoid the picture quality
deviation. From the simulation, this paper illustrates that
the target lower bitrate is obtained by the re-quantization
process after finding the proper quantization step-size with
simple implementation only.
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