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Abstract

This paper introduces an HDD recording system that employs MPEG-2 to H.264/AVC transcod-
ing to achieve efficient storage of broadcast streams. Novel transcoding techniques are presented
and several system design issues are addressed. Experimental results show that high quality
video could be maintained with the proposed system.
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Abstract — This paper introduces an HDD recording system BMPEdG-z Egsplay
that employs MPEG-2 to H.264/AVC transcoding to achieve roadeedt e,

efficient storage of broadcast streams. Novel transcoding
techniques are presented and several system design issues are MPEG-2 HD

Display
addressed. Experimental results show that high quality video Decoder Processor
could be maintained with the proposed system.

I.INTRODUCTION -
. . . e H.264/AVC
MPEG-2 is the primary format for broadcast video, where the Encoder Decoder

data rate for high-definition video is approximately 20Mbps.
The latest video coding standard, referred to as H.264/AVC, is
able to achieve the same quality as MPEG-2 with about half
the data rate. Since the H.264/AVC format has been adopted
into storage format standards, such as Blu-ray Disc, we expect
H.264/AVC decoders to appear in consumer HDD systems .
. . _ Figurel. Storage system using MPEG-2 to H.264/AVC.
soon. Certainly, as more high-definition content becomes

ilable, | di de will b k Ili int f . . .
avaliable, fong recording mode will be & key sefling poin 0cr;alculated in the HT-domain is then performed. Finally, the
future HDD recorders.

. ) . . HT coefficients are coded using the selected modes to
To satisfy this need, we are developing novel techniquggnerate the output H.264 bitstream. This transcoder

that convert the MPEG-2 broadcast video to the more compagthitecture reduces the complexity requirement about 50%,
H.264/AVC format with low complexity. Complexity is kept while maintaining virtually the same coding efficiency. For
low by reusing information contained within the MPEG-Z2more information, please refer to [1].

broadcast video. At the same time high quality is maintainedB_ Inter transcoding techniques

The diagram of the proposed system is shown in Figure_llh kev 1o red th lexity for inter t ding is th
Since MPEG-2 decoder is present in existing systems, tha® K€Y to reduce the complexity for Inter franscoding Is the

challenge becomes how to integrate the simplifieg'o“on re-estimation and mode decision, which typically

0,
H.264/AVC encoding part of the MPEG-2 fo H.264/AVCSCCOUM for more tthag fr? & ‘;]‘:,"".f“'t' ';"26‘]}”*\/%6”09‘16“ g‘
transcoder into the system. IS paper, we exien e efncient transtorm-aomain moae

The remainder of this paper is organized as follows. Firsq?C'S'o_n algorithm propgsed in [1][2] for inter mode deisi
We first rank all candidate macroblock modes based on the

we describe proposed low-complexity transcoding techniques. i )

Then, we discuss issues related to the HDD recording systgr’%TD costs. For a block, the SATD cost is defined as:

design. Next, we provide experimental results demonstratirf@St(M = [E(m) DWi[, + Ayooe D40(1-(m=m") 1)

the advantage of using the H.264/AVC format for storag#here E(m) is the HT coefficients of the prediction residual
Finally, concluding remarks are provided. signal for a moden, Ayope iS the mode Lagrange multiplier,
and m" is the most probable mode for the block. The
operator represents a scalar multiplication or element-wise
We have developed transcoding techniques for intra and infggltiplication of two matrices. Note that the transform here i
pictures. These techniques are described further below.  the HT, not the Hadamard transform as used in JM software.

A. Intra transcoding techniques Next, we select only the fewk%£3) best modes with the

We developed a transform-domain MPEG-2 to H.264/avEMallest SATD co~sts for the evalzuatlon of Lagrange COSZtS:
intra video transcoder architecture. Input DCT coefficients a®ost(m) = |(E(m) = E(m) TW,) OW| * + 00 * RIM) (2)

the transform-domain. A fast rate-distortion optimized . : .
macroblock mode decision based on a simple cost functigT:wS'dual’R(m) Is the rate of the block using mode andW,

HDD / Blu-ray Disc

1. TRANSCODING TECHNIQUES



IV.EXPERIMENTAL RESULTS
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| To demonstrate the storage benefits using the proposed
| \ MPEG-2 to H.264/AVC transcoding techniques, we
nverse Compute Ccos | . . . .

Quantization (3=D+ixR) | | performed the following simulations. We use five
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1280x720x60p HDTV sequences: BigShips, Crew, Harbour,

Intrafinter E Determine | Jets, and Night. We encode them first using MPEG-2 at
Prediction —— distortion —@i@ 15Mbps. Then, we transcode them to H.264/AVC format
('?) , using our low-complexity transcoder to 7Mbps. The resultin
('\:"(')gt +—  quality in terms of PSNR is shown in Figure 3. For
_____ I comparison, we also include the case where the HDTV
sequences are encoded to a rate of 7Mbps using MPEG-2.
P’&‘gggo Bziggs Compared to the input MPEG-2 stream at 15Mbps, the
) o . average PSNR loss of transcoding to H.264/AVC at 7Mbps is
Figure 2. Lagrange cost calculation in transform domain. around 1dB, while the loss for MPEG-2 at 7Mbps is clase t
3.5dB.

andW, are scaling matrices to compensate the different norr--

of HT, inverse HT and H.264 quantization design [1]. Th 44
calculation ofcost is performed efficiently in the transform
domain (see Figure 2). Sincest is much simpler to compute
thancost, the complexity is significantly reduced.

Efficient motion re-estimation algorithm would rely on
intelligently reusing the motion information available ire th
incoming MPEG-2 video stream. Considering the larg 3 34 | o R/ E
amount of coding modes available in H.264/AVC, it would br 32 - -- %““
desirable to further reduce the complexity by optimizing 3o

motion estimation and mode decision jointly [3][4]. BigShips Crew Harbour Jets Night
HDTV (1280x720p) Sequences
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[11. SYSTEM DESIGN

. . L Figure 3. Performance of MPEG-2 to H.264/AVC transcoding
As mentioned earlier, existing HDD recorders have MPEG-geasured in PSNR for three cases: MPEG-2 encod@&Mbps

decoders and they are expected to have integrated H.264/AYWIPEG2-15M), transcoded AVC at 7Mbps (AVC-7M), and
decoder in the near future. Therefore, we only need HPEG-2 encoded at 7Mbps (MPEG2-7M).

integrate the transcoder into the recorders to achieve efficient

storage using H.264/AVC. To achieve a low-complexity V.CONCLUDING REMARKS

transcoder, macroblock information, including motion, mods\/e demonstrated that MPEG-2 to H.264/AVC transcoding
and quantization parameter, need be provided to it. Intuitivell){as great potential to provide efficient storage and long

the mglst kC(_)S]E effet<':t|ved.sollt1|t|ofn Wotl:]Id I\El)liEtg ZOl:pmdthFecording time in storage applications. We discussed low-
macroblockin orm_a_ lon directly rom_ N } e_co erComplexity transcoding techniques, which are the key to the
Then, the only additional component is the transcoder itself.

success of such recording system. We also discussed system

However, ) I may.not always be possible to ogtput th(?esign issues on how to integrate the low-complexity
macroblock information from MPEG-2 decoder. For 'nStanC?ranscoder into a recording system

there may be systems using off-the-shelf MPEG-2 decoders

that do not have macroblock information output. In this case, REFERENCES
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