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An Efficient Requantization Method for INTRA Frames
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Abstract

In this paper, we propose an efficient requantization method for INTRA frames in heterogeneous transcoding from
MPEG-1 to MPEG-4 simple profile. The quantizer for MPEG-1 INTRA MB usually uses a quantization weighting
matrix while the quantizer for MPEG-4 simple profile doesn't. As a result, the quantization step sizes of the two
quantizers may not be the same even for the same quantization parameter. Due to this mismatch in the quantization
step size, the transcoded MPEG-4 sequence suffers from serious quality degradation and the number of bits produced
by transcoding increases from the original MPEG-1 video sequence. To solve these problems, we propose an efficient
method to find a near-optimum reconstruction level in the transcoder. We also present a PDF (probability distribution
function) estimation method for the original DCT coefficients of MPEG-1 video sequence, which is required for the
proposed requantization. Experimental results show that the proposed method gives 0.3~0.6dB improvement in PSNR

over the conventional method, even at the reduced bit-rate about 5~7% from the conventional method.
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* EBIREEGL ETEEH l. Introduction

(Dept. of Electrical Engineering and Computer

Science, KAIST) Transcoding involves the sequential processing of
fEIESET H: 20014115 9H partial decoding of a bitstream, possibly modifying the

(221)



102 A 7] A8 =72 ( Journal of IKEEE ) Vol. 5, No 2

Header syntax

MV, MB type MPEG-4

syntax
generation
MPEG-1 MPEG-4
bitstream n » bitstream
VLD MPEG-1 MPEG-4 vLC
Degquant. Quant.

Fig. 1. Outline of the heterogeneous transcoder.

decoded [7-13].  The

transcoding is useful in a variety of applications. The

contents, and re-encoding
transmission of compressed video over channels with
lower bandwidth may require a reduction in bit rate
[7,10,11,12,13].  For

applications, one may need to produce in real-time a

through  transcoding other
compressed bit-stream containing the video at a lower
resolution than the original compressed video {7,9].
Note that the

performed between the same video standard, which we

manipulations have been generally
call a homogeneous transcoding. However, in our work,

video transcoding is regarded as a - hetérogeneous
process of converting an MPEG-1 video sequence into
corresponding MPEG-4 sequence. Only a few works
have previously dealt with heterogeneous transcoding
[8,9]. Acharya and Smith have studied
heterogeneous transcoding from MPEG-1 to MJPEG in
[8]. Shanableh and Ghanbari

heterogeneous transcoding from MPEG-1,2 to H.263 [9].

problem

have done work on

They focused on determining new motion vectors for
lower spatial resolution pictures and reformatting the
incoming bitstreams sequence structure by employing
PB-frame which is an optional mode of H.263+. In this
paper, we consider the requantization problem in the
from MPEG-1 video

transcoding sequence  into

corresponding ‘MPEG-4 simple profile sequence.

Fig. 1 shows the outline of heterogenecous
transcoding from MPEG-1 bitstream to MPEG-4 simple
profile Dbitstream. The input MPEG-1 bitstream is

decoded by the variable length decoder (VLD), which
gives the values of the quantized DCT coefficients in
addition to various coding information, such as
quantization parameter, MB type and motion vector. The
quantized DCT coefficients are dequantized and then
requantized with MPEG-4 quantizer. The requantized
coefficients are encoded by the variable length coder
(VLC) of MPEG-4 along with other information in
to MPEG-4 Fig. 2

conversion flows of the important syntax of MPEG-1 to

conformance syntax. shows the
its counterpart of MPEG-4 in a hierarchical coding
structure.

The main problems in heterogeneous transcoding are
the syntax mismatch and any difference in coding
algorithms between the associated video standards. In
our work, the main differenct coding block is the
quantizer. Usually the quantizer for MPEG-1 INTRA
MB uses a quantization matrix while the quantizer for
MPEG-4 '

quantization step sizes of the two quantizers may not

simple profile doesnt. As a result, the
be the same even for the same quantization parameter.
Due to this mismatch in the quantization step size, the
transcoded MPEG-4 sequence suffers from serious
quality degradation and excessive bit generation. . By
analyzing the quantizer characteristics of MPEG-1 and
MPEG-4, we propose an efficient requantization method
“to find, in the sense of MSE,

reconstruction level in the transcoder. For the proposed

a near-optimum

method, we also present a PDF (probability distribution

MPEG-1
bitstream ParseSeq | | ParseGOP ParsePic

Header Header Header

. partial decoding
ParseSli l ParseMB

MB to DCT
Header Header domain

L

vop_width vop_coding_type
vop_height vop_fcode
bit_rate vop_auant

fixed_vop_rate
aspect_ratio_info

MPEG4_Video
Objectlayer
Header

ObjectPlane
Header

MPEG4_Video

slice_quant [ele]0] reconstructed
dauant DCT block
CBPC.CBPY
MV
ﬂ MPEG-4
MPEG4_MB mpeG4 MB | Ditstream
Header Enceding

Fig. 2. Conversion flow of the important syntax.
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function) estimation method for the original DCT

coefficients of MPEG-1 video sequence in the
transcoder.

The organization of this paper is as follows. In
section II, we derive the quantizer characteristics for
INTRA MB of MPEG-1 and MPEG-4. In section III,
an efficient requantization method is proposed, and a
simple method for estimating the statistics of the
original DCT coefficients is presented in section IV.
Section V shows some experimental results and the

conclusion is provided in section VI

Il. Quantizer characteristics for INTRA
MB OF MPEG-1 and MPEG-4

2.1 Quantization Characteristics for INTRA
MB of MPEG-1

As the DC coefficient is separately handled for both
codecs, we only pay attention to AC coefficients. A
description of the quantizer characteristics of MPEG-1
INTRA MB is given in Fig. 3-(a). Fig. 3-(b) shows the
default quantization weighting matrix for INTRA MB,

where the weighting factor wi depends on the frequency

index i, i=1, 2, .-, 63. With this weighting factor, the
quantization step size A is specified as{3]
ViQ
8 ey
where Qp is the quantization parameter with 1,2,..
1.

In Fig. 3-(a), the quantizer Ql maps an original

A

DCT coefficient x into a reconstruction level y, which

takes values from a finite set of numbers{rx’ ~~~~~ ’rx.}.

The simplified process for this mapping is as follows:

define  {twm=L..L+1} a5 2 set of increasing
decision levels with tl and tL+1 as the minimum and

maximum values, respectively, of x. If x lies in the

interval [tm’tmﬂ), then it is mapped to Tm, the m-th
reconstruction level.

For a positive value x, the mapping is specified

as[3]
x 1
y:QKx%{lZ+EJAJ @)

where LaJ denotes the largest integer smaller or
equal to the given argument a.
If x belongs to the interval [tm’tmﬂ), it s

represented as

1616222427293437
1922262729343438

()

[816192226272934

2222262729343740
2226272932354048
2627293235404858
@ 2627293438 46 56 69
272935384656 6983 |

.
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I
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N
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Fig. 3. Quantizer for MPEG-1 INTRA MB: (a) block diagram (b) quantization weighting matrix (c) quantizer

characteristics.
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X’mZ{X|X€[[m,[mH)}. (3)
Then the amplitude level to represent Xm is
determined as
£y = Im 1 .
A2 @)

According to Egs. (2) and (4), X= is mapped into
the reconstruction level Tm
f =[0n-4] ®)
For a negative value x, the mapping can be similarly
specified as
y=-Q,(x|). ()
It can be seen that QI is a uniform quantizer

without a dead-zone as shown in Fig. 3-(c).

2.2 Quantization Characteristics for INTRA
MB of MPEG-4

Fig. 4-(a) shows the block diagram of the quantizer
for MPEG-4. Considering
transcoding, the input y corresponds to the output of
the MPEG-1 quantizer Q1.

A critical difference between Q1 and Q2 occurs from

the sequential process in

the quantization step size mismatch. Unlike MPEG-1,
MPEG-4 simple profile does not employ any weighting
matrix for quantization. Thus the quantization step size
A’ for MPEG-4 INTRA MB is defined asf4]

A'=2-Q, %)
For a positive value y, the mapping between y and

x”-is specified asf{4]

yi ., A& . .
H?J ‘A +7J if Q, is odd,

y , A . .
A+ —1-1 ifQ_ iseven.
“~ A,J 2 ,‘ Qp

P
If y belongs to the interval [‘m‘m), we represent it

x'= Q.=
@

as
vo=iyeltt. b

the

)]

Then amplitude level to represent Yn s

determined as

(224)
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Fig. 4. Quantizer for MPEG-4 INTRA MB: (a) block

diagram of the quantizer (b) quantizer characteristics

&

According to Egs. (8) and (10), ¥» is mapped into

O =

10

4
the reconstruction level n

\‘l’n -A'+-1-A'}
, 2
r =

1

[l;~A'+—2—A'J—l if Q, iseven.

if Q, is odd,

an

The qhantizer characteristics is shown in Fig. 4-(b),

where we can notice the existence of a dead-zone.

. Efficient requantization from
MPEG-1 to MPEG-4

From the quantization step size mismatch, as

evidenced in (1) and (8), A is always larger thanA™ if

the weighting factor wi is larger than 16. Referring to
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Fig. 3-(b), A and A" are the the

frequency index i of 1, 8 and 9 at which the weighting

same only at

factor is 16. Furthermore the quantizers of MPEG-1 and
MPEG-4 are different each other due to the dead-zone
mismatch, as evidenced in Fig. 3-(c) and Fig. 4-(b).
From these analyses, if requantization is performed
independently of the first quantization, the requantization
error cannot be avoided.

Fig. 5-(a) shows the sequential quantization process
to be considered in the heterogeneous transcoder. Figure
5-(b) the of the

sequential where each DCT coefficient

shows quantizer characteristics

process, X

t

belonging to the interval [tostan) s mapped into the

reconstruction level T by the quantizer Q1 and ™ is

mapped into the default reconstruction level ™n after

passing through the quantizer Q2. In conclusion, the

conventional method simply maps m into the default

. ’ . .
reconstruction level '. However, on closer inspection

of Figure 5-(b), there are multiple candidates, such as
f.:-l, T and ";H, for the final reconstruction level.
There is plenty of room for reducing requantization
by the

reconstruction level in the transcoder.

distortion selecting more  appropriate

The conventional method simply maps "= into the

,
rn.

default reconstruction level In the light of the

Lloyd-Max quantizer design, the conventional method is
reasonable if the probability distribution of the original
DCT coefficient is uniform, where all decision levels as
well as reconstruction levels are equally spaced.
However, this cannot generally be achieved in practical
situations, where the probability distribution of the

original DCT coefficient is not uniform. In Lloyd-Max

quantizer design, the optimum decision levels lie
halfway between the optimum reconstruction levels,
which, in turn, lie at the center of mass of the

probability density between the decision levels. From
the Lloyd-Max quantizer design rule, the PDF of x is
introduced to find a near-optimum reconstruction level
in the sense of MSE. By using the near-optimum
reconstruction level, the mean square error E[(x-x')2]

can be reduced when compared with the conventional

(225)
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X Q, y Q, X
(MPEG-1 quantizer) (MPEG-4 quantizer)
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Lo |
A
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Fig. 5. Sequential quantization process to be
considered in the heterogeneous transcoder: (a) block
diagram of the sequential quantization process (b)

quantizer characteristics of Ql(above) and Q2(below)

method.
For the proposed method, we define, at the following

equation, the collection of the subscripts in the decision

levels tp' which lie in the half-open interval [tm’tmﬂ)
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in Fig. 5-(b) as a set P.
P={pit elt,.t,)}

The collection of the subscripts to be considered in

m’tm+1 (12)
determining the near-optimum amplitude level is defined
as

K = PU{min{P}-1}

min{A}

(13)

where the operator extracts the minimum
element from set A. For the case of Fig. 5-(b), set P is

{n, n+1} and set K is {n-1, n, n+1}.

We select an element of K which satisfies the
following cost function as the subscript of the
near-optimum amplitude level.

T tmet
J X-p(x)dx
. ’, tm

k=arg rlgll?ICm —rk| where C, = —t———

J-‘ p(x) dx 14)

m

C. is the local center of mass in interval [t ton)

and p(x) is the PDF of x. Finally the amplitude level

’
with subscript k, £, is selected as the near-optimum
amplitude level and is variable length coded in the

transcoder.

IV. Method for estimating POF p(x) in
the transcoder

In order to apply the cost function Eq. (16), the

transcoder must know p(x). It has been generally
believed that the PDF of luminance AC DCT
components is Laplacian [1,2]:
_ A i
p(x)= 5 ¢ as)

where a single Laplacian parameter A determines the
characteristics of the distribution of x. Because of the
energy compaction property of DCT which packs most
of the energy in a few transform coefficients, the
distribution for each AC frequency index of an 8x8
block can not be expected to be identical.

Using Eq. (15), the mean of a random variable Ix! is

obtained as follows:

(226)
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Table 1. Laplacian parameters for AC luminance

coefficients by Eq. (17).

0 1
0.019

2
'0.027

3
0.040

4
0.057

5
0.076

6
0.107

7
0.170

1} 0.016 0.027 0.035 0.046 0.063 0.088 0.133 0.208

0.021 0.029 0.037 0.049 0.066 0.092 0.133 0.220

0.025 0.033 0.040 0.050 0.066 0.034 0.148 0.255

0.028 0.034 0.044 0.056 0.075 0.107 0.160 0.267

0.032 0.037 0.046 0.058 0.078 0.115 0.166 0.293

0.036 0.041 0.048 0.062 0.088 0.123 0.173 0.304

0.043 0.047 0.056 0.069 0.093 0.131 0.188 0.313

1
-

Eﬂx|)= _[:|x|~p(x)dx=£!x|-%—-e""‘ dx = (16)

As a result of Eq. (16), 4 can

as

be simply obtained

2= 1

This computation must be performed for each of the

amn

coefficients  because they may have different
distributions.
The Laplacian parameters for the luminance

coefficients of the first frame of the SIF-formatted
flower garden sequence were computed by using Eq.
(17). The results are shown in Table 1. As we can
expect from the energy compaction property of DCT,
the smaller values are generally located at the lower
frequency indices.

For verification of the results, Fig. 6-(a) plots the
Laplacian distribution with 4=0.046 and the actual
or (1,3)

coefficient. Similar plot for the frequency index of 46

distribution of the frequency index of 11

or (5,6) coefficient is shown in Fig. 6-(b). From these
results, we confirm the validity of the relationship Eq.
amn. .
Because the information about x in the transcoder is

which the reconstructed value of x, we

Y, is

approximate E(]xl) as
EQxl)s E(]yl)+ quu%\

(18)

where the second term E(]yuﬂ is added to



An Efficient Requantization Method for INTRA Frames in Heterogeneous Transcoding

107

008 T T T T T T
o actual
0.07 distribution
: A
0o | : - 5“"”
> :
=
- :
3 oes| :
£ o004 :
~ :
2
003 |

DCT values

(a)

Probability

. actual
distribution

X
ANl
26

DCT values

(b)

Fig. 6. Actual distribution against the Laplacian distribution: (a) Laplacian distribution with 4 =0.046 against the actual

distribution of (1,3) coefficient, (b) Laplacian distribution with A=0.166 against the actual distribution of (5,6)

coefficient.

compensate for the nonzero x values reconstructed as

zero in the transcoder, and defined as

EQy

)%! - EM P dy. (19)

The PDF of y needed to compute EGyH%I is given
by

p(y) = 2w

where A" = ! .
Eiy”

)ﬂ can be obtained as

(20)

Using Eq. (20), E(y

Table 2. Laplacian parameters for AC luminance
coefficients by Eq. (22).

] o 1 2 3 4 5 6 7
0| — 0018 0027 0.038 0055 0070 0.097 0.169
110016 0027 0035 0.043 0059 0082 0121 0.178
2| 0021 0.029 0036 0046 0061 0083 0.122 0.198
3| 0.025 0.032 0038 0.047 0.060 0.082 0.153 0.224
4| 0.028 0033 0.042 0.051 0.065 0.097 0.177 0.250
5| 0031 0035 0044 0.053 0.069 0.105 0.196 0.309
6| 0.035 0039 0045 0055 0076 0.133 0.287 0.415
7| 0.042 0044 0051 0.061 0.085 0.177 0.223 0.450

( 227

A

ﬂ(m

T A
g=2["y
);I 2 A by
With Egs. (18) and (21), it folows from Eq. (17)
that 4 can be estimated by the following relationship:
1 1

E(x) ™ Efy)+ Bl

EQy

'67” dy= 1 _e-A:/z( 1 + 2

A=

Pr

2- e'““(l + 1 M'J
2

To verify the validity of Eq. (22), a bitstream was
of the

SIF-formatted flower garden sequence with the same

(22)

generated by encoding the '~ first frame
quantization parameter of 10 within the frame. Then 4
(22) the

transcoder. The results are shown in Table 2.

values were estimated by using Eq. in

Comparison of the parameters in Table 1 and Table
2 shows that the estimated values are very similar to
those computed with actual x values. If we employ a
rate control where the quantization parameter is changed

on a macroblock basis, the quantization parameter for
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Fig. 7. Average PSNR comparison for flower garden

sequence.
the calculation of A in Eq. (22) is defined as the
average quantization parameter over the frame. Note that
the cost function Eq. (14) can be applicable at the cost
of only one frame delay for the estimation of 4.
Repeated complexity for the calculation of Laplacian
parameters for every picture can be avoided
comparatively for a long time by using the estimated
parameters of the most recently transcoded frame of the
same type, since image statistics do not change much

over a short period of time.

V. Experimental results

We used the Berkeley MPEG-1 decoder and the

MoMuSys MPEG-4 encoder, which are publicly
available, to build the heterogeneous transcoder as
shown in Fig. 1. The quality of the transcoded

sequence measured in PSNR and the amount of the

saved bit count were used for evaluation of the
proposed method.

The first simulation was carried out on the first ten
consecutive frames of the SIF-formatted flower garden
were encoded in the MPEG-1
same quantization parameter Qp.

the

sequence. All frames
INTRA mode with the
7

transcoded sequence by

Fig. shows the average PSNR ,values for

the proposed method as a

function of Qp. As references for the picture quality by

(228)
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Table 3. Average bit counts comparison per frame for

flower garden sequence

1

Quantization MPEG-1 Transcoded | Transcoded bit saving
[ parameter encoded P
4 297509 297456 288873 §583 (2.88%)
s 228122 225486 216834 8652 (3.84%)
3 187950 185324 174358 10966 (5.92%)
10 159041 156820 146432 10388 (6.62%)
12 138606 136491 127892 8599 (6.30%)
14 123148 121285 113698 7587 (6.26%)
16 111746 109453 102143 7310 (6.67%)
18 100669 97342 91624 5718 (5.87%)
2 92440 90138 85690 4448 (4.93%)
» 85294 83487 77847 5640 (6.75%)
2 79598 78400 73643 4757 (6.06%)
% 74153 73924 69320 4604 (6.22%)

the proposed method, the ‘average PSNR values of the
original MPEG-1 coded sequence and the transcoded
sequence by the conventional method are also shown in
the same plot. The PSNR gain of the proposed method
over the conventional one ranges from 0.35 to 0.61dB.

Table 3 shows the average bits per frame for the

three cases. From this table, we can observe two
interesting results. One is that the average bits
generated by the proposed method are saved by

approximately 2.8~6.7% from the conventional method.
We can explain this phenomenon with the statistics of
the DCT coefficient and the proposed method to find
the near-optimum reconstruction .level. As mentioned in
the previous section, the probability distribution of the

DCT  coefficient is Laplacian. With  Laplacian

distribution, the local center of mass C, lies on the

T,

m

left of the halfway between tm and tm+l. Because

lies halfway between tm and tm+l, C,. is usually

smaller than TIm, resulting in the increase of the

selecting smaller reconstruction level as
the

smaller bit

possibility of

near-optimum. The amplitude level for smaller

reconstruction level guarantees generation
according to the VLC table of MPEG-4 [4]. Another
in Table 3
transcoding are always smaller than that of the original

MPEG-1

noticeable result is that the bits after

sequence. The reason for this fact is that
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Fig. 8. Average PSNR comparison for table tennis
sequence

MPEG-4 simple profile uses the AC-DC prediction

algorithm, resulting in enormous bit saving compared to
MPEG-1 coding algorithm.

The second simulation was carried out on the first
ten consecutive frames of the SIF-formatted table tennis
sequence while other simulation conditions are the same
as the first simulation. The average PSNR comparison
is shown in Fig. 8. The figure shows that the proposed
method gives about 0.42~0.55dB improvement in PSNR
over the conventional method. Table 4 shows the
average bits per frame for the three cases. The bits

saving in percentage by the proposed method ranges

Table 4. Average bit counts comparison per frame for

table tennis sequence

Quantization

ncoted | comeniona | _tropoeay |
4 172314 168934 157380 11554 (6.83%)
s 124859 120867 115483 8384 (6.76%)
8 | s 94379 88309 6070 (6.43%)
10 80212 77398 72340 5058 (6.53%)
| n 67408 i 4844 (7.45%)
14 58334 55987 51891 4096 (7.31%)
16 52039 49768 46550 3218 (6.46%)
18 45919 43739 40652 3087 (7.05%)
R 21684 39587 36791 2796 (7.06%)
2 W10 | 36249 33837 2412 (6.65%)
24 35613 33695 31397 2298 (6.82%)
2% 33328 31636 29432 220446978 |

(229)
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Fig. 9. PSNR comparison for each I-picture

from 6.4 to 7.4%.

For the third simulation, we generated an original
MPEG-1 video sequence by coding the SIF-formatted
foot ball sequence at a fixed bit rate of 1.5Mbps.
Group of Picture (GOP) size was 10 with structure
IPPPPPPPPPL. To investigate the performance of the
proposed method, we concentrated only on every 11-th
frame of picture type INTRA. PSNR for each 11-th
frame by the proposed method is shown in Fig. 9,
where a PSNR gain of 0.3~0.5dB over the conventional
method can be observed. In this simulation, the average
bit count per I-picture was 184373 for the conventional
method and 173120 for the proposed method, resulting
up 6.1% bit

conventional approach.

in to saving compared with the

VI. Conclusions

We proposed an efficient requantization method for
INTRA MB in heterogeneous transcoding from MPEG-1
to MPEG-4 simple profile where the quantizer mismatch

is a critical cause for the quality degradation and

excessive bit generation. In order to minimize the

quality degradation, the degree of freedom that lies in

selecting a near-optimum reconstruction level is

exploited. For the efficient requantization method, we

have proposed, in the sense of MSE, a novel method to
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find a near-optimum reconstruction level or equivalently

amplitude level. The proposed method requires the
statistical property of the original DCT coefficients.
Thus we have also presented a simple method for
estimating the PDF of the original DCT coefficients
based on the Laplacian model. Experimental results
0.3~0.6dB

improvement in PSNR over the conventional method,

show that the proposed method gives
even at the reduced bit-rate about 5~7%.
Although we considered the specific heterogeneous
transcoding case from MPEG-1 to MPEG-4, the ideas
of this

heterogeneous transcoding cases,

work can also be applicable to other
where the quantizer

mismatch is likely to occur.
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