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THIS ADVANCED HOME VIDEO GAME SYSTEM PROVIDES ACCESS TO MANY

TYPES OF GAME EXPERIENCES AND, VIA ITS COMMUNICATIONS FACILITIES, TO

APPLICATIONS SUCH AS ONLINE GAMING, WEB BROWSING, AND E-MAIL. THE

NEED FOR FLEXIBILITY AND THE ACCESS REQUIREMENTS INFLUENCED

DECISIONS THAT MOLDED THE ARCHITECTURE AND THE TECHNOLOGIES USED

IN THE PLATFORM DESIGN.

e s ewee Any new video game console must
deliver greatly improved performance and func-
tio[lality in the areas of graphics, sound, and
storage capability when compared with the pre-
vious generation console, Key technologies such
as sprite drawing, 31 polygons, full-motion
video, and pulse-code modulation (PCM)
waveform sound have provided this dramatic
game quality improvement with other systems.
Dreamecast designers needed o carefully plan
design targets to meet the challenge.

Clearly, performance boosts alone would
not provide the same paradigm shift as
occurred with the move from 2D to 3D game
environments. In the past, the home video
game system was isolated from other enter-
tainment areas such as handheld, arcade, and
PC, even though occasionally some cote tech-
nology sharing occurred and a few games were
laboriously ported between areas. We deter-
mined that breaking down barriers between
these areas would provide the desired leap in
capability and, consequently, we identified
three high-level design dircctions:

o Commeon development envivonment. Pro-
viding entertainment producr develop-
ers with the option of using Microsoft

Windows CE with Dreamcast allows easy
porting of titles between PCs and
Dreameast. It also lets PC players and
console players coexist and interact in a
single online environment.

Play and Communicate. Game consoles
can support several simultaneous players
via multiple controller interfaces. We
belicve that multiplayer experiences pro-
vide more enjoyment than those with
only a single-player, but practical issues
mean people often play alone. Thercfore,
Dreamecast has built-in communication
and netwotking capabilitdies so that lone-
player gaming can become a social expe-
rience. Developers applied the Play and
Communicate concept throughout the
design of Dreamcast and used it to mold
many design and implementacion issues.
Unifred Entertainment Warld. We decided
to use the core technologies of Dreamcast
as a common base for both the home sys-
tem and an arcade system, named Naoini,
This malkes porting of products easy, but
because arcade systems are rarely connect-
ed to other gaming systems, we destgned a
removable and portable memory device.
This device moves game characters and
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Figure 1. The links that provide a Unified _Enterfainment World.
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game positions between the home and
arcade environments (see Figure 1).

By removing thesc physical and develop-
mental barriers between the different enter-
rainment arcas, Dreamcast allows for a Unified
Entertainment World, which will promote new
styles of enterrainment and new applications.

Distributed computing architecture

To realize the Drcamcast concept, we
designed the system as separate intelligent sub-
systemns: CPU, video rendering. audio, media
playet, and modem. This distribured archi-
tecture, a continuation from previous Sega
platforms, provides a vast scope for optimiz-
ing cach subsyster’s architecture and clock fre-
quency. This approach provides maximum
fBexibility for interactive applicarion develop-
ment because the functions of game control,
video rendering, sound synrhesis, data access,
and telecommunications can proceed rapidly
and in parallel without complex programming,

and the viewer}, This provides
an enormous boost to the
effective fill rate, particularly
when compared to tradition-
al Z-buffer typc approaches. The rendering
engine also provides advanced features that
maintain high performance when handling
transparent or semitransparent polygons,
transterring the depth sorting tasks from the
CPU to the rendering engine.?

While this is not the first such use of
deferred rendering, previous implementations
required the CPU o slice the scene into sepa-
gate tiles and to feed lists of each tile’s polygons
to the rendering engine, For I3teamcast, we
provided additional hardware acceleration for
this task, streamlining the data flow from the
CPU to the renderer and, subsequently, to the
video buffer. A unificd memory architecture
stores the renderer’s polygon lists, rexture data,
and video buffer. This reduces the system cost
and, because of the deferred rendering features,
does not adversely affecr performance.

The performance of system LSI devices
such as that of the CPU, rendering engine,
and sound subsystem, has improved ten- to
twentyfold since the last gencration of con-



soles. However, in this five-year period, mem-
ory densities have only allowed a four- to five-
fold memoty capacity inctease at an
acceptable cost. For this reason, the system
devices within Dreamcast need to handle
comptessed data whenever possible. The three
main decomprcssion mechanisms are for full-
motion video, polygon texture, and audio
data. The full-mortion videos are stored as
MPEG-1 movies and decoded by the CPU.
The rendering engine can handle vector quan-
tization-compressed texture daca directly, and
the audio engine can decode adaptive-differ-
ential pulse-code medulation (ADPCM}-
encoded data then play it in real time, These
mechanisms provide high-qualicy audio and
video effects using a cost-balanced memory
size and reduce the size of the data on the
delivery media.

Expandahility and flexibility

The Play and Communicate and Unified
Entertainment World concepts guided the
design of both Dreamcast’s peripheral inter-
face and peripherals themselves,

Previous consoles had very simple interfaces
to the peripherals, restricting the number and
type of devices connected. To provide more con-
nection possibilitics, we developed a multidrop,
high-speed serial interface for Dreamcast that
is similar to the Universal Serial Bus interface
on PC and Macintosh computers. This facili-
tates hot swapping of input peripherals and lets
the console continually monitor che attached
devices and provide relevant data to application
software. Inpur peripherals currently include a
keyboard, a gun, a steering wheel, and an arcade
stick controller. Other peripherals such as a twin
stick arc in development.

Another peripheral feature supporting the
Unified Entertainment World concept is the
Visual Memory. The Visual Memory itself is
a small, self-conrained, handheld game sys-
tem comprising liquid crystal display, audio
output, nonvolatile memory, and control but-
tons. This unit can perform as either a stand-
alone system for simple handheld games or
connected to other devices via a socket on its
base. This allows connection to arcade
machines and Dreamcast or to another Visu-
al Memory for head-to-head gamies and data
cxchange. When the Visual Memory is
plugged into ane of two slots on the Dream-

Visual Memory

Controller
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Figure 2. Some elem_ems' of Drééméast's maodular peripher-

al and communications systém'“sf BiE L

cast control pad, it serves as a private viewing
arca, the absence of which has prevented effec-
tive implementation of many types of games
in the past.

Once we made the design decision to
include a Visual Memory slot in the con-
troller pad, we found many morc applications
for this slot, Therefore we included twao slots
for added flexibility, "L'he second slot is nor-
mally used for a vibration pack for ractile
feedback with games. Another application of
the slot is a microphone that provides audio-
input facilities for voice control and com-
munication between players. Other possible
uses include nonvolatile memory card 1/O,

Because Dreamcast includes a modem asa
standard feature, one of the many detailed
design problems to overcome was coping with
different modem specifications and different
communication technologies. Not only is the
home data delivery area changing rapidly with
the emergence of such systems as ISDN,
cable, asymmetrical digital subscriber lines,
satellite, and wircless, but the exact prescnta-
tion and penetration of these technologies
varies from territory to territory. To address
this issue, we made the communications
device modular, as shown in Figure 2, The
device is plugged into a cutout socket in
Dreamcast’s plastic molding., The device’s
styling is identical to that of the modules, so
it is not immediately obvious that a scparate
unit is accached. We can supply a different
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modem for different markets making manu-
facture easier and future advances upgrade-
able by the user.

The flexibility provided by this arrange-
ment of peripherals, removable Visual Mem-
ory, and a replaceable modem has already
allowed the development of many products
and will open up furure application areas,

Implementation

The block diagtam of Dreamcast is shown
in Figure 3, The main board includes a 200-
MHz, two-way superscalar reduced-instruc-
tion-set computing CPU; a 100-MHz system
ASIC with rendering core; a2 67-MHz sound
chip; two 64-Mbit SDRAMSs; and five 16-
Mbit SDRAMs. The 64-bit-wide, 100-MHz
system bus between the CPU and the ASIC
can transfer polygon data at up o 8 million
stripped triangles per second.

The CPU was cleatly an important part of
the Dreamcast specification, and selection of
the device was a lengthy and carefully con-
sidered process. Factors considered included
performance, cost, power requircments, and
delivery schedule. There wasn't an off-the-
shelf processor that could meet all require-
ments, but Hitachi’'s SH-4 processot, which
was still in developinent, could adapt to deliv-

et the 3D geometry calculation performance
necessary. The final form has an internal foat-
ing-point unit of 1.4 Gflops, which can cal-
culate the geometry and lighting of morc than
10 million polygons per second. Among the
features of the SH-4 CPU is the store queue
mechanism that helps send polygon data to
the rendering engine at close to maximum bus
bandwidth.! The final device is implemented
using a 0.25-micron, five-layer-metal process.

The systemn ASIC combines a PowerVR
rendering core with a system bus controller,
implemented using a 0.25-micron, five-layer-
metal process. Imagination Technologies (for-
metly VideoLogic) provided the core’s logical
design and Sega supplied the system bus.
NEC provided the ASIC design technologies
and chip layout, including qualification fot
100-MHz operation. Filk rates are a maximum
of 3.2 Gpixels per second for scenes compris-
ing purely opaque polygons, falling to 100
million pixels per second when transparent
polygons are used at the maximum hardware
sort depth of 60. Overall rendering engine
throughput is 7 million polygons per second,
but in Dreamecast, geometry data storage
becomes the limiting factor before pixel
engine throughput.

Yamaha developed the audio chip used by



Dreamcast. We used principles of intelligent
subsystems and real-time decompression
throughout the design. It therefore has an
ARMY7 CPU core, to allow it to generate sound
independently, and a memory controller for
local SDRAM, which can be used to store
ADPCM-compressed sound samples. ‘This chip
was originally designed using a 0.35-micron
process and has now moved to 0.25 micron.

By the cnd of 1999 the die size and package
of these chips will be as follows:

« CPU, 6.5 mm X 6.5 mm in a 256-pin
ball grid array;

o system ASIC, 8.9 mm X 13.14 mmin a
500-pin tape ball grid atray;

» sound, 4.0 mm % 4,0 mm in 100-pin
quad flatpack.

This chipset, which is currently the mini-
mum number needed to achieve the game con-
sole’s functionality, is mounted on one side of
asmall (159 mm x 142 mm), four-layer print-
ed circuit board. The two chips that dissipate
the most power are cooled using aluminum
heat sinks connected to a cooling fan (origi-
nally heat pipes were used). Such cooling is
essential to integrate high-performance chips
and other utilities in a very small enclosure.

GD-ROM

For the game program’s main delivery
media, we used an optical disc as it is best for
mass production, delivery cost, and accom-
modating large-size game programs. Current-
ly, normal CD-ROM media has a 650-Mbyte
storage capability requiring two or more discs
for some large games, DVD-ROM is a possi-
ble solution because of its large storage capac-
ity, however the high manufactuting cost of
the drive makes it impractical for a low-cost
game consocle. In addition, DVD-R technolo-
gy and DVD production tools are only just
appearing with the price, quality, and stabili-
ty tequited for games development.

The chosen solution is a double-density
CD-ROM system called GD-ROM (gigabyte-
disc read-only memory), developed jointly by
Sega and Yamaha. The internal volume com-
prising double-density media is roughly 1
Gbyte and surrounds a normal density com-
pact disc media near the disc’s center. Mass
producing this media at a similar cost to a nor-

mal CD-ROM is not difficult because the
same stamping machine and materials arc used
with minimal changes.

It was more difficult to develop and deploy
the media of the GD-R (gigabyte-disc record
once) and its burner. Sega had to internally
develop technologies such as the GD-drive
emulator for software development and the disc
copier and verifier units, Despite the develop-
ment issties, we felt the benefits of using a high-
er density formart were great, and this idea has
subsequently proved itself in the ficld.

Motem

A system with a CPU as powerful as the SH-
4 normally uses a software modem, but this is
not a good solution for a real-time system such
asa game COIlSOlC. Thc gﬂ.mC application takcs
about 100% of the CPU’s time and, conse-
quently, cannot tolerate interruptions to graph-
ics generation. Therefore, we chose Conexant
Systems’ controller-less modem, letting the
maodent’s ISP perform the real-time commu-
nications. Depending on the communication
purpose, the application can choose whether
the SH-4 CPU carrics out layer-2 modem
functions like compression and error detection,
For games, because communication latency is
more important than overall data throughput,
high-level protocols are not required, whereas
Web browsing and e-mail require high

throughput and an error-free connection.
ghp

Visual Memory

The Visual Memory design was in large parc
driven by the need to provide an extremely low-
cost unit becausc we expect that most Dream-
cast users will need several devices. The final
design uses an 8-bit Sanyo CPU with 128-
Kbyte flash ROM, a 48 x 32 liquid crystal dis-
play, audio sounder, battety compartment, x-y
direction pads, button switches, and a cennec-
tor that allows interfacing to Dreamcast,
Naomi, and other Visual Memory devices.

Naomi

The arcade market is not as price sensitive as
thar of the home console, allowing us to dou-
ble the system, video, and audio memory sizes.
The arcade marker also places greater empha-
sis on fast access times than on easily and quick-
ly changeable software, Therefore, we replaced
the GD-ROM with a flash ROM beard. This
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With Dreamcast, we achieved
our design goal of a small
video game console with a
tenfold improvement in video
and sound capability, coupled
with expandability, flexibility,
and connectivity achieved at

our target cost.
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board contains up to 160 Mbytes of data and
an advanced filing system provides emuladon
of the GD-ROM. Because of this high degree
of cotnpatibility between the Dreamcast and
Naomi, porting games is straightforward wich
most changes due to different market nceds
rather than different hardware configurations.

System environment

Dreamcast incorporates a boot ROM that is
used for such rasks as Visual Memory data man-
agement, playing CI) music, and system option
configuration. The boot ROM’s critical task is
to load the main operating system from GD-
ROM. A Dreamcast customized Microsoft
Windows CE operating system is available that
is heavily optimized for games delivery, The
adapted Windows CE provides a custom Direc-
X APT and many other Microseft technologtes
such as dynamic link libraries, allowing rapid
potting of games between PCs and Dreamcast
without sacrificing performance. Microsoft’s
Visual CH- facilitates this porting by providing
a common development environment between
the two pladforms.

Due to the high-performance, integration,
and complexity of the system hardware, direct
hardware programming is not a viable option.
Consequently, Dreamcast supports operating
systems such as Windows CE, several of Sega’s
own library APls, and various middleware
APIs, all of which are coordinated and dis-
tributed by Sega to ensure quality and future
hardwarce compatibility.

Final performance

With Dreamcast, we achieved our design
goal of 2 small video game consolc with a
tenfold improvement in video and sound
capability, coupled with expandability, flex-
ibility, and connectivity achieved at our tar-
get cost. The video-rendering capability is
20-50 times higher than the previous gener-
ation of consoles. Recent tests by Sega, using
the company’s graphics libraries proved that
Dreamcast uses 100% of the CPU and ren-
dering engine’s ability and delivers 6 million
textured and lit polygons per second,
Although game logic and physics reduce
peak graphic performance, the performance
of recent 3D titles for the system from many
companies clearly demonstrates the plat-
form’s graphics superiority.

The MPEG-1 decoding engine, fully
tuned, requires less than 40% of the CPU
cycles to decode 320 x 240-resolution
MPEG-1 images. This allows the creation of
hybrid images by superimposing 3D polygons
over the video, ot vice versa. If sufficient CPU
cycles are available, resolutions of 640 X 320
and 320 x 480 are also supported, Other tech-
nologies including video compression, sound
and voice compression, and voice recognirion
are available as middleware libraries to allow
development of high-quality, innovative
entertainment products.

Although the system supplies only 8
Mbytes of unified memory for texture, poly-
gon list, and video buffer, the real-time decod-
ing engine for vector quantization-compressed
textute provides roughly the equivalent of an
additional 18 Mbytes for texture storage. Vec-
tor quantization texeure compression is used
in most games without noticeable degrada-
tion of texture quality.

The sound subsystem can generate 64 voices
with ADPCM real-time decoding, and inter-
nal DSP effects, and provides ten times the
performance  of the previous (already
advanced) Saturn sound system.

The flexibility designed into the architec-
ture is proving effective, Software titles use the
Visual Memory for both data storage and
stand-alone games to enhance the product and
enable parts of the product to exist away from
the Dreamcast. GD-ROM titles access online
servers and thereby create online gaming com-
munitics by allowing remote multiplayer gam-



ing, sharing data, and game play results,

‘Table 1. Specifications of Dreamcast,
Table 1 summarizes the key aspects and per- P a

formance of Dreamcast. V’Asgp'ﬁét& : Specifications
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Dreamcast has superlative graphics and ,g’ewer dlsSIpatlon 22 W %
sound-gencration capabilities making it ? hiqnyelattte memary Via separate Visual Memory 1

a well-balanced video game console. Lts design @getating system Microsoft Windows CE (customlzéd for

promotes a new style of gaming and facilitates
the creation of a networked entertainment

community. It is a network terminal wich the RISC -
advantages of using a TV as a monitor and v 8-Kbyte instruction cacha, 16 Kbyte daia‘ e
having a user interface with no language bar- ; cache s

rier. In the future, as new technologics become
available the successtul implementation of the
systerns flexibility concept will allow realiza-

tion of many new applications. e PowerVR2 (DC) with deferred rendering} * °
(|ntegf3t@d Wlth system ASIC} accelsrator for automatlc polygori Ilst
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Fill rate greater than 3.2 Gpmels/s "
Main effects: aipha-blending, bump-mapplrgg, s
fog, MIP mapping, paletts, bi- and trlllnear
filtering, antialiasing, texture compressmn )
environment map, specular effect, mo“drf er“” E
volume R N
67-MHz clock, intelligent with own SDR Ml ;v
interface, 32-ait CPU (ARM7) (17 MLPS}’
sound synthesizer, digital signal processor
(64 voices with PCM or ADPCM)- L x
Major sound effects: reverberation and"3i)§‘
sound, time-variant filter L
Main system: 16 Mbytes
Video (unified): 8 Mbytes
Scund: 2 Mhytes
Controlier-less 33.6/56 Kbps, modular
12-speed CAV, double density
Average seek time; 200 ms
Built-in cache: 128 Khytes

Direct comments concerning this article to
Shiro Hagiwara at Sega Enterprises, Hardware
Development and Manufacturing Division,
Toleyo, Japan. 1-2-12 Haneda, Ohta-ku, Tokyo,
Japan 144-8531; HagiwaraS@soj.sega.co.jp.
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