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Introduction

We lave develcped a new large screen
full-color video digplay system using liguid
crystal display devices, for use in indooxr
open speceg., The developed display has
flat, thin screen structure and presents
clear full-color pictures.

A number of large screen full-color
displeys have Leen proposed and develcped,
especially projection displays are fcund
successfully their vses in application
fields as educational, theatrical, conmand
control displays and algo in home tv-sets.
But, the projection displays which require
relatively long projection distance ard
relatively high reflectarnce screen are
lirited their uses to "closed spaces" where
lighting environrents can te controlled.

For tke ultra-large screen displays,
ratrix type displays using an array of 1light
emitting devices suc%l§s flood-keam CRTs
@ave been developed. However, their
prirary application fields are in large open
spaces such as gports stadiums, because
their relatively large pixel requires very
long viewing distance.

On the other hand, advances in the liquid
crystal display (LCDS technologies prolifer-
ate application field of the LCD. A recent
parer reports a large screen display for the
messag%?genter using a malrix array of TLCD-
cells. " But it is limited to monochro-
ralic characlter displays.

This paper describes the developed
display system, raned "CRYSTAL COLOR"
("SPECTUS" in Japan). The display has =
nodular structure, where the modules of LCD
parels having 8 x 64 pixels are assembled to
build uwp full size screen. The display is
suitabhle for the applications in which the
viewing distances are located between
conventional projection displays and ultra-
large screen displays.

System configuration

The developed display system is divided
into two sections, the one is an
operational-control section and the other is
a screen section. Figure 1 shows the block
diagram of the system. The operational-
cor.trol section consists of videp, audio,
and corpuber subsystems. The video sub-—
systen, consisting of various video equip-
ments with a video switcher, produces
signalg of video pictures. The computer
subsystem produces sigrals of character
ressages ard/o1 graphic pictures. The
computer subsystem also controls the system
operation imcluding job scheduling. These
signals are fed to the screen section and
displayed on the screen. The video pictures
anrd the character/graphic pictures can be
displayed individuwally or overlapped under
control of tlie computer subsystem. The
audio subsystem is also equipped to have
more effective communications.

The screen section consists of a picture
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controller and a disgplay screen. The
picture controller includes A-to-T
converters for tlie color video signals anrd
video- and charazcter/graphic-tuffer
memories, and distributes the signals to the
driving circuits of the display screen.

The display screen is an array of self-
contained screen modules and described below.

Screen structure

The display screen is made up of the
self-contaired screen modules, eack module
containing a itransmissive LCD panel, its
driving circuits, and a illuminatiing
apparaius. The LCD panel constitlutes a rart
of tle surface of the display screen. The
cscreen modules ard the supporling frame are
designed to mairnteir. tre continuity of
displayed pictures without any perceivahle
dead spzce between panels, when the modulesg
are acsemhbled to make up & large screer.

The screen structure is shown in Figure 2.

Each LCD psnrnel has a rectangular array of
& x 64 pixels. The pixels are arranged to
have equal sepsraiions between all adjacent
pixels for mairtairing the picture
continuity even wher the LCD panels are
assembled irto the screen. The pixels are
arranged at intervals of 7.2mm. The pixel
dimensions are determined also considering
the planacd viewing distance ard the present
production technologies of tke LCD panels.
The gize of the LCD panel is approrinately
60mm x 460mm.

TN-type liguid crystal is adopted from
the aspects of its fastl response and gocd
reliability. The respcnse time of tre
developed liquid crystal is alout 30ms.

Each pixel is made of three subcells of
primary colcrs, red, green, and blue
respectively. The color of each subcell is
set by an optical filter. The CIE 1931
chromaticity ccordinates of emitted light
from the subcells are (x=0.65, y=0.34) for
red, (x=0.26, y=0.64) for green, (x=0.17,
y=0.16) for Tlue. The luminance of each
subcell is controlled fo reproduce various
color tones by additive mixture of color
stimuli. The range of color reproduction is
inside of thke triangle made of the vertexes
of aliove-mentiorned ccordirate values and
gshown in Figure 3. The coordinate values
are determined considering both of wider
reproduction range of colors and higher
transmittance of the cell. For controlling
the transmittance of tlie subcells, they are
driven by a static drive method %o obtair
higher contrast and wider viewing angle of
trke pictures.

Behind the LCD panrel, illuminating
apparsius is installed which illuminales the
gcreen from inside. The illuminating
apperatus consists of a Fluorescent lamp, a
diffuser placed just behind the panel, and a
reflector-diffuser tetween the penel and the
lamp. The illuminating apparaius realizes a
Ihigh degree cf luminance uniformity on all
over tle display screen with high luminance
level. Use of 3-band type fluorescent lamp



ig advantageous in realizing the hetter
color gquality and higher luminance level.

System characteristics

Pive standard screen sizes, approximately
from ¢.9m x 1.4m to 2.9m x 4.6m, 2re availa-
Lle for use as shown in Figure 4. The depth
of the screen is approximately 0.4m includ-
ing its frame. The screen of the system has
lower diffuse reflectance than projection
display screens. The system can be much
less influenced on the visibility of
pictures by lighting environments. It was
found more than 10 gradations could make
sufficient color reproductions of pictures.
The system refreshes pictures at 30Hz. No
protlem could be found about the response of
pixels at this rate even in rapid motion
pictures. The range of viewing angle is
+45° on the horizontal plare. Sufficient
picture quality was obtained within the
range. The range of viewing distance was
found to be more than 3m in case of pictures
by digital signels and more than 6m in case
of pictures by video signals fromw svbjective
evalrations. The white Bone luminance level
is approximately 250cd/m“. The power
consugption of the system is approximately
1kW/m~.

Cornclusion

An example of the stand-alone system of
"CRYSTAL COLOR" is shown in Figure 5.

The system car be more suitable in fields
where 10 to 1CO0 pecple sece the display at
the same time according to the range of
viewing distance. The following fields are
more applicable for the system;
advertising and sales promotion fields as
shopping centers and department stores,
information service fields as airport and
public spaces, information control fields as
control systems of power stations and trans-
portation control systems, event-
representation fields as theaters and sports
arinas.

It is important for this kind of system
to prepare softwares which match both an
object of the applicaiion and character-
istics of the system. We are planning to
continue our research in this field.
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Figure 1 Block diagram of system
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Screen module

Figure 2 Screen structure
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Figure 3 Range of color reproduction
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Figure 5 Stand-alone type of CRYSTAL COLOR



