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Abstract

NTT Cyber Space Laboratories has developed a codec LSI called SARA that conforms to H.264/AVC,
the latest video coding standard. Proprietary architecture configuration technology enables SARA to be
applied to codecs for professional broadcasting use. Transcoder equipment using SARA can be used for
IP retransmission (retransmission of digital TV programs over an Internet protocol network) services on

the Next Generation Network (NGN).

1. From MPEG-2 to H.264/AVC

2. Requirements for professional broadcasting use

The MPEG-2 standard used for terrestrial and
broadcast satellite digital broadcasts is one of the
most widely used video coding standards today, but
the movement toward high-definition video in recent
years has prompted the standardization of H.264/
AVC (H.264) video coding, which can achieve about
twice the coding efficiency of MPEG-2. From this
background, we have developed an H.264 codec
(coder/decoder) large-scale integrated circuit (LSI)
called SARA (super advanced realtime codec archi-
tecture) [1].

NTT has been involved in the development of video
codec LSIs and equipment for over ten years (Fig. 1).
Our single-chip high-definition television (HDTV)
MPEG-2 codec LSI called VASA developed in 2002
has been deployed successfully in many broadcast
studios for transmitting video material in digital ter-
restrial broadcasting [2]. The SARA chip, which
applies technology developed for VASA, is a video
codec LSI for professional broadcasting use con-
forming to H.264/AVC, the latest video coding stan-
dard [3].
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Video transmission by broadcast facilities has three
main requirements:
(1) Material transmission between key studios: low
delay, high quality (4:2:2 format)
(2) Relay transmission between shooting location
and studio: low delay, compact configuration
(3) Delivery from broadcast studio to customers:
high compression, high quality (4:2:0 format)
In short, there are various requirements depending
on the transmission format, and the codec LSI must
have sufficient performance to cover all of them. In
particular, it must exhibit high performance for both
delay and image quality, for which there is normally
a tradeoff. Furthermore, in addition to the usual 4:2:0
chroma format, it must also support the 4:2:2 chroma
format that contains twice the chroma information.

3. SARA coding architecture

The coding architecture of SARA is shown in Fig. 2.
This is a multiprocessor system-on-a-chip consisting
of three RISC (reduced instruction set computer)
processors, dedicated hardware engines, and embed-
ded DRAM (dynamic random access memory). The
coding core is divided into two sections: the M-
CORE that performs motion estimation and compen-
sation and the C-CORE that performs arithmetic
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Fig. 1. Past video codec LSls and equipment and SARA.

coding and rate control. The chosen configuration
gives each of these sections a RISC processor to
enable detailed control of its dedicated hardware
engine.

The highly functional pre-analysis section (IR,
MBP, RIT) analyzes statistical information in the
input video and prior coding information (if present).
These functions enable high-compression, high-qual-
ity video to be achieved.

While standard definition (SD) video coding is
achieved with one SARA chip, HD video coding is
achieved by parallel coding using multiple chips, that
is, by screen-partitioned parallel coding. This
approach secures sufficient processing time and high
image quality for each of the partitioned areas while
minimizing delay.

The problem of the greater memory bandwidth
needed to support the 4:2:2 format is solved by using
eDRAM and proprietary memory mapping technol-

ogy.
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4. Modules and codec equipment

SARA not only supports HD encoding and decod-
ing, but can be implemented in a compact, postcard-
size module. In particular, the encoding module uses
mobile DDR SDRAM (double-data-rate synchronous
DRAM), which is ideal for small electronic devices,
to enable multiple SARA LSIs and external memory
to be arranged densely. This module design approach
not only allows for compact equipment but also
enables encoding/decoding modules to be flexibly
combined to produce MPEG-2-to-H.264 coding-con-
version equipment (transcoders) and highly functional
codec equipment like two-pass encoders (Fig. 3).

5. Application to IP retransmission services

Transcoder equipment using SARA can be used for
IP retransmission (retransmission of digital TV pro-
grams over an Internet protocol network) services on
the Next Generation Network (NGN). In Japan, it is
now being applied to retransmission of digital terres-
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Fig. 2. SARA coding architecture.
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Fig. 3. SARA LSIs, HD encoding/decoding modules, and codec equipment.
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trial broadcasts and will soon be used for retransmis-
sion of digital BS broadcasting (BS: broadcasting
satellite). In the service launched in May 2008,
MPEG-2 HD video of digital terrestrial broadcasts
encoded at about 14 Mbit/s is converted to H.264
video at 9 Mbit/s while image quality is maintained.
This level of compression enables multichannel
viewing.

Before this service could be launched, strict guide-
lines for delay and image quality had to be satisfied in
order to obtain approval for retransmission from the
broadcast studios involved. Our transcoder was rec-
ognized as the first codec equipment in the world to
satisfy these guidelines, and it was chosen for use in
the Tokyo and Osaka areas. The plan is to deploy this
transcoder in steps as the IP retransmission service
expands throughout Japan. The SARA LSI is des-

tined to be a key device in video codec equipment for
professional broadcasting use.
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