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Displav Svstem Utilising Multiple Display Units

Field of Invention

The present invention relates to display methods, particularly to a method for
displaying high resolution images utilizing a plurality of display units, with each

display unit displaying a sub-image and combining the sub-images to form a complete,

. seamless, high resolution image.

Background of the Invention

The most widely used display is the.cathode ray tube ("CRT") display such as is
employed in v'televisio‘n"receivers,‘ computer displays and the like. However, CRT screen
sizes of above 36 inches afe rare, due to high manufacturing costs and weigh'f of the
display. Liquid Crystal Dlsplays (LCDs) and plasma displays have also become popular
lately due to 1mprovements in the manufactunng process leadmg to reduced costs.
However, they are still limited to screen sizes of below 50 inches, larger d1sp1ays are
extremely expensive. For even Iarger displays, normally a conventional optical
projection displays is ﬁsed. Optical préjection displays have the advantage 6f being
able to vary the dlsplay size sunply by adJustmg the zoom 1ens (1n some models) or by

adjusting the distance between dlsplay unit'and screen.

In addition to the desire for large image size, there is also a need for high image

resolution along with large size. This need is evident, for example, with regard to high;
definition television (HDTV) systems and displays used in industrial and military
applications. For high-definition displays of maps and charts, or of surveillance
images, displays having resolutions of 100 dots per inch over a 30.times.40 inch display
are desired. Such images include 12 mega-pixels of. displayed informatioﬂ.
Unfortunétely, displays having such capabilities do not exist with conventional
technologies. It is further desirable that such large display devices be easily transported

and set up, and that they are available at a reasonable cost.
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However single projector systems suffer from two major drawbacks, a larger
reproduced image on screen corresponds to a dimmer image, since the display unit
lamp power is fixed and must be spread over a larger screen area. Secondly, the

reproduced image resolution is also fixed and dependent on the display unit used. A

- high resolution source image, such as those taken with a modern 8 mega pixel digital

camera, will be reproduced at display unit resolution (typically less than 1 mega
pixels), thus resulting in a blurry image on screen. High-resolution display units are

extremely expensive.

Rather than relying on a single display unit, discrete tiling systems that combine several
single projection systems to create a display that scales Iinearly‘ in both resolution and
Brightness are known. However, existing projection display technology suffers from

two significant visible drawbacks.

Front-projection systems have great difficulty in projecting a flawless combined image
in the seam areas, which-are usually sought to be minimized by involved and time-
consuming complex set up and‘ alignment procedures.“ E'\}en with rear—projecﬁon
sysféfns, the mullions of their respective diffuser panels leave a ikisible image—lessA
seam. In any of the foregoing arrangements, differences in resolution, geometry,
brightness, intensity, and colour between the portions o_f the combined image, or sub-
images, produced by the various display units making up a larger display can produce
noticeable variations in the displayed image. Such effects are well known and easily -
seen, for example, in the jumbo television displays often used at sporting arenas,

concerts and outdoor events.

Efforts to overcome these problems are known. United States Patent 6,456,339
describes a method to correct images from multiple display units by utilising image
blending and positional coﬁection of each display unit. However, the described method
is computationally very intensive and would require a powerful computer to implement
since it relies on almost real time correction of reproduced images via a feedback loop.
The problem is especially acute for moving images, since the processor would be

loaded with doing multiple tasks at the same time.
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United States Patent 6,611,241 also describes another method to seamlessly display
high resolution images from multiple sub-images. The invention utilises a client server
model. While broadly similar to United States Patent 6,456,339 above, it utilises
5 commercially available special purpose multi media processor in the clients to achieve
its computational requirements. It however does not address the issue of displaying
moving images specifically. It assumes that all clients would be able to simultaneously.
display th\e same frame of ﬁoving image. This is not necessarily the case, especially if

the client is heavily loaded with processing tasks. |

10

Among the hurdles to overcome in practically realizing a large display area ,'are
limitation iﬁ screen size and resolution. Most modern computer operating systems such
_as Windows XP, are GUI based. This makes it easier for users to 6perate the system
since they do not have to remember arcane commands. However, a limitation of GUI .
15 based systems is the lack of ‘screen real estate’. This has led to the ever—incréasing size
of comlﬁuter monitors, from 14 inches a decade ago to 17 and 19-inch models today to
allow more objects to be displayed. Displays above 20 inches are starting to make their
way to the market. Furthermore, resolution did not increase much with increase in
.'monitor' sizes. Thereforé life-size and realistic (;bjects could not be properly display as

20 graininess will be visible to the viewers when objects are enlarged.
Summary of the Invention

It is the object of this invention to develop a display system that is affordable for
25 widespread use by utilising standard, off the shelf components, yet at the same time be

capable of displaying still and moving images with high resolution and brightness.

The system can be a centralized coordinated system or decentralized coordinated
system. An example of a centralized coordinated system comprises a control terminél,
30 amaster image server, a plurality of image servers, each image server being associated
with a display unit. Thus a 2 x 2 display arrangement would require a master image

server, 3 image servers and 4 display units, as the master image server itself can also be
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the control terminal. A video playback program running on each of the image server
and master image server perform the necessary tasks required for generating sub-
images and modifying appropriate pixel characteristics of the sub-images before being
displayed through the display units. The clients can be any standard personal
computers (PCs) or any media devices in communication with each other that are
capable of playing back multimedia files while the display units can be any front or rear

projectors.

In a decentralized coordinated system, similar software and hardware are used except

that none of the image server is designated as a master image server. Coordination is

~ realized by implementing in an inter-server communications protocol on all the image

servers.

A specific feature of the present invention is the capability of the system to synchronize
the display of moving video imagés, e.g. from a HDTV source, so that each image

server displays the same video frame at the same time.

Another feature of the present invention is the ability to operate a Graphical User
Interface (GUI) based operating system across mulﬁple screens. This gives the user an
ex‘tremely large screen to work on. Consequently life-size and realistic objects can be

displayed.
Brief Description of the Drawings

The invention will now be described by an example of its embodiment together with

references to the accompanying drawings, where:

. Figure 1 shows an exemplary embodiment of the system.

Figure 2a shows a first type of test pattern displayed side by side.
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Figure 2b shows a plot of output colour value vs. input colour value for two different

display units displaying the test patterns illustrated in Figure 2a.

Figure 2c shows a normalised plot for output colours for two display units according to

Figure 2b.

Figure 3a shows a second type of test pattern di'splayed side by side.

" Figure 3b shows a plot of oﬁtput colour value vs. input colour value for two different

display units displaying the test patterns illustrated in Figure 3a.

Figure 3c shows two normalised plots for output colours fbr_two display units

according to Figure 3b.-

Figure 4a shows the method for obtaining colour primarieé and mapping dominant

input colour components.

F igure 4b shows plot for the output of two display units when they are switched off.

Figure 4c shows plot for the oufput of two display units when the left display unit is -

switched on but no input has been applied yet.

Figure 4d shows plot for the output of two display units when the right dispiay unit is

switched on but no inpﬁt has been applied yet.

Figure 4e shows plot for the output of two display units when they are switched on but

no input has been applied yet.

Figure 4f shows plot for the output of two display units when an x-level of red colour

input has been applied.
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Figure 4g shows a Commision Internationale Eclairage (CIE). chromaticity diagram
where the colour of a pixel is represented by P and colour primaries are represented by
Ri, G;, B; for two different display units.

Figure 5 shows overlapping areas in an exemplary display with four display units.

Figure 6 shows a typical display of a distributed GUI system.

Détailed Description of the Preferred Embodiment

-

System Overview

Figure 1 shows an exefnplary embodiment of the system. In an embodiment that uses
centraliz{ed‘ coordination, a master image server (100), is connected to multiple image
sefvers (110).‘Ea.ch image server (110) is cormected: to a display unit (120), such as a
projector that can be used for both front projection> and back projection. Both master
ifnage server (100) and image server (110) can be standard‘ personal computers (PCs) or
6thcr devices capable of playing back multimedia files and communicating with similar
dew}ices via a means of éommunication‘such as-a rie‘twork.r The system is capable of
reproducing tiled image on a large screen (130)‘as shown in Figure 1 by.means‘ of front
bf back projéction. A sensor, in this case a charged-coupled device (CCD) digital
camera (140), is used for capturing images of test pattern for colour correction of the
each sub-images. ’Iﬁe master image server (100) and image sefvers (110) are in
communication via a means of data communication, such as an Ethernet local area
network (LAN), and shown physically connected via a standard 10/100 Mbps hub
(150).

In an embodiment that uses decentralized coordination, similar software and hardware
are used except that none of the image server is designated as a master image server.
Coordination is realized by implementing in an inter-server communications protocol

on all the image servers.
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Image servers (110) are apparatus for playing back still images or moving images. The
still image or moving image files are stored on mass storage devices on image servers
(110). The image server (110) can be a computer or similar hardware capable of
playing back still images or moving images. They must also be capable of
communicating with other similar devices via a means of data communication. Image
servers are also capable of reading from different mass storage devices such as hard '
disk drive, Video CD (VCD), Digital Video Disc (DVD) and other currently available
magnetically or optically readable storage medium. All the image servers can have
identical hardware configuration. However for the working of one embodiment of thé
invention, one of the image servers (110) éan be dedicated as a master image server

(1 OO) as to be further disclosed later.

In an embodiment of the invention, one of the image servers (110) may function as a
control terminal and it has two video display cards. ‘One of the video display card is
used for displaying a suB-image on to the projection screen while the other video
display card is connected to a separate display unit for displaying the whole tiled
image. In another embodiment of the invention which is easier to execute practically,
the ciontrol terminal (160) is a separate workstation connected to other image servers
via a means of communications, éuch as a hub (150) iﬁ a LAN network. The
workstation (160) can function as a control terminal to enable a user to view the entire
tiled image on the video monitor of the workstation (160). Either the image server with
two video display cards or the workstation (160) can also be used by a user as a control
terminal to control the entire operation of displaying the whole tiled-image. "The
control terminal (160) can also be further extended to perform other functions such as
displaying graphical user interface (GUI) objects as will be further disclosed later. All

hardware used are off the shelf items and easily obtainable.

Correcting Display Unit Output Colours

Before first use, output characteristics of each display unit (120) used has to be
measured. In the preferred embodiment, a CCD digital camera (140) is used to capture
images of a test pattern produced by the display units (120), one of which is designated
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as the reference display unit. The test pattern (210), as shown in Fig 2a, is reproduced
side by side on a screen (130) by each display unit and captured by the camera (140).
The test pattern is composed of a colour plot with each red R, green G and blue B input
colour equal to one another (R= G= B) and increasing at same increment (increasing in
grey scale) and continually in a fixed direction on the test pattern. Preferably, a white
band (R = G = B = 255 in the case of a 24-bit colour system) is disposed next to where
all the colour component is equal to zero so as to indicate the start of black colour
wherein all input colour value R=G =B =0. On the‘other side of the plot is the edge
of the colour plot where R, G, B is at their maximum value. In the test pattern (210)
exerﬁpliﬁed in Figu.r.e 2a that is accdrding the present descript"i‘qn, the increase of input
colour is from left to right only. Thus for this particular test pattern (210), relative
positions along the bottom edge of this test pattern represents the input colour values.
Two or more images from each display unit (_120) can be éaptured by the camera (140).
at a time. The number of test pattefn images that can be simultaneously captured -
depends on the resolution of the camera. This is repeated for test patterns ﬁ'o-m all *

display units are captured.

‘The captured images are downloaded into a computer and analysed. With reference to

- Figure 2a and 2b, the colour of the output ifgiage on the screen that is captured by the

20

25

30

CCD camera (220) is compafed against input colour (222) provided by the test pattern
(210) file to the graphics card. The intensities (220) of Red (224a, 226a), Green (224b, |
226b) and Blue (224c, 226¢) components reproduced on screen are plotted against their
input colour values (222). An example of a typical capture plot (212) for two display
units (224, 226) is shown in Figure 2b. It can be seen, for the same input colour values,
such as red colour (224a, 226a), the reproduced output colours on screen from different
display units are different. This would be true even if both display units were the same
model and belong to the same production batch.

To derive the correction values, the display unit with the smallest dynamic range is

+ designated the reference display unit; in this case it is the left display unit (224).

Taking the red colour (224a) as an example, a straight line (224d) is drawn from the
point marked X to X’. Similarly, a straight line (226d) is also drawn for red colour
graph (226a) of the right display unit (226) from point marked Y to Y’. The gradient of
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both lines (224d, 226d) are not necessarily the same. This can be more clearly seen in
Fig. 2c on a typical normalised plot (300a) which has a common pixel input axis
(222a). As can be seen, for a given output colour value (such as 100 in this example),
both display units require different input colour, in this case red input colour R= 122
for the left display unit (224) and red input colour R= 130 for the right display unit
(226) respectively. In order to reproduce the same output on the right display unit, red
colour input (e.g. 122) on an original image file playback by right display unit must be
increased or decreased by the correct amount to intended value (i.e. 130) so that thé
right display unit will reproduce the same output as the left display unit. This ensures
all display units réproduce the same output colour as each reproduced image to be

played later was intended to be part of the entire tiled image.

A second method for correcting the output‘colour for each display unit according to the
designated reference displdy unit is to use a second test pattern (310a), as shown in Fig.
3a and perform most of the steps outlined earﬁef. instead of having all three R, G, B
colour components, only a single colour cofnponent is used at a time and its input
colour value is increased step\'zvise in the second test pattern. Preferably the width of
each band of input colour value is equally wide. Input éolour value of one of the colour
'component e.g. red obtained from the second type of test pattern (310a) is plotted as
indicated by (324al) and (326al) in a plot (312a) of output colour value (320) versus
input colour (322) as shown in Figure 3b. The plots of input colour values for the left
display unit (324) and the right display unit (326) increase stepwise instead of

increasing continuously. -

The width of uniform input colour value may be set to be as wide as needed to obtain
the most reliable average value for each output colour value and they appear as steps in
Figure 3b. The difference between the highest input colour value and the lowest input
colour value in a single test pattern may be smaller than the full input colour value
range; Either one of these variations may result in more than one test patterns of the
second type to cover the full input colour value range. If more than one test patterns of
second type are used for abovementioned reason, then plots from each second type of

test pattern are joined together. After that, best-fit straight lines (324d1, 326d1) are
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drawn through the midpoints of the steps in Figure 3b and reproduced on the left hand
side of Figure 3c. Alternatively, the midpoints of the steps in Figure 3b are joined to

adjacent midpoints with straight lines (324d2, 326d2) to obtain the normalized plot as

- shown on the right hand side Figure 3c.

After obtaining the plots (324d1, 326d1) or plots (324d2, 326d2), the corrected values
are obtained from the new plots n thé similar manner of mapping as outlined for the
first embodiment of colour correction method disclosed earlier. E.g. for a given output
colour value (such as 100 in this eicample), both display units require different input
colour, in this case red input colour R= 122 for the left display unit (324) and red input
colour R= 130 for the right display unit (326) respectively. In order to reproduce the
same ouiput on-the right display unit (326), red colour input (e.g. 122) on an original
nnage file playback by right display unit must be increased or decreased by the correct
amount to intended value (i.e. 130) so that the right display unit will reproduce the

same output as the left display unit.

The differences between the second and the first method of colour correction are
different test pattern and way of obtaining the straight liries is used Itis noted that the .
straight hnes (324d1, 326d1) or plot of points joined with lines (324d 326d2) define

the mapping relationships for correcting display unit colours.

Still another method as exemplified in Figure 4a for obtaining a set of colour primaries
for each display unit (Ri, G;, Bi where i = 1, 2, 3.... denotes each display unit) can be
used for correcting display unit’s output colour. In this embodiment, the test pattern
(not shown) is a uniform display of a single input colour such as red (r =x, g =0, b = 0)-
instead of a changing gradient of input colour value as with earlier embodiments of the
colour correction method. In the uniform display of a single input colour, that input
colour would be known as the dominant component or colour while other colour
components will be known as auxiliary components or colours. Furthermore, input
colour of this test pattern can be altered on the spot when the calibration method

exemplified in Fig. 4a is being carried out.
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The purpose of the steps as outlined in Figure 4a is to firstly, i) determine the dominant

input colour component of a display unit that produces the dominant output colour

component that matches the dominant output colour component of a reference display

unit for a given dominant input colour component for the reference display unit and
secondly, ii) recording the corresponding output colour component values (R, G, B) for
each of input colour test pattern for each display unit. Colour primaries R;, Gi and B:

for each display unit are, determined from ii) as will be further explained later.

Figures 4b to 4f ar¢ plots of output colour‘vailu'es for a test pattern produced from each

display wunit.- Egcﬁ R, G and B .label refers: to red, green and blue component

. respectively. A CCD digital camera (140) as shown in Figure 1 is used now also to

. capture the displayed image of test patterns pfaced side by side by different display -
units. In the case of a projector (120) linked up to an image Server (110) as shown in
Figure 1, the test pattern file is altered on board of the image server (110) and input

colour value is inputted to the graphic device control card.

_ This techniqﬁe"uses a commercially available camera, preferably a CCD camera to

cai)ture the display image of the test pattern. According to this technique, test pattern
from each dispjay unit is diéplayed side-by-side and captL;red by the camera in a single -
frame. The characteristics and the output colour level of different colour components
of the displayed test patterns can then be compared.vs;ith each other. As aresult, a great
deal of measurements can be derived which would otherwise be impossible or

otherwise require the use of expensive detection or measurement devices.

CCD camera has detector voltage biasing and signal processing circuits that
automatically maximize the contrast between the lowest intensity and the highest
intensity detected. For this reason some images of reproduced test patterns wherein the
input colour value are relatively high, are captured by the camera (140) with
background lighting instead of in total darkness, while some images wherein the input
colour value are relatively low, are captured in total darkness. The background lighting
helps to prevent the camera from being driven to saturation at high output colour

values. Saturation of the camera (140) will happen the when camera is exposed to
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relatively high intensity light in a totally dark background (i.e. a large difference of
intensities). One knows that detector saturation has set in when a recorded output
colour value in images does not increase anymore (e.g. maximum value 255 for 8-bit
colour per component CCD camera) but the input colour values can s;cﬂl be further

increased.

Before reproducing the test pattern by each of the display unit, a preliminary reading of
any light produced by the display unit before reproducing the test pattern (that is no
input is fed to the display unit,r=0, g=0,b = 0) is desirable. The CCD camera (140)

.' captures any lights emitted from the display unit that is reflected off the screen (130)

(cross reference F ig. 1 and 5) when i) the display units are turned off (600); ii) either
one of them is turned on (602, 604) but with input colour components set to zero (i.e. r '
=0, g= 0, b =0) and iii) both display units (606) are turned on as shown in Figure 4a.
Typical results obtained from steps (600), (602), (604) and (606) are shown in Figures
4b, 4c, 4d and 4e respectively. These figures show output colour produced by each
display unit that are derived from images captured by the CCD camera (140).

)Then, test patterns having same input colour component value (e.g. r = X,g=0,b= O) '
will be reproduced by each display unit as shown in step (612) of .F igure 4a. One of thé .
input colour component values (following given example i.e. r = x) of a test pattern of
the display unit under calibration such as a displé,y unit 2, will Be adjusted as éhown in
step (614) so that the dominant output colour componént will be the same as that of the
reference display. unit. The respective auxiliary output colour components between the
two display units however can be different. Figure 4f are two typical plots of output
colour for the same sets of input colour values. In each case, test pattern initially
reproduced by one display unit initially has the same r, g and b input values as the other
test pattern reproduced by the other display unit. These figures show test pattern

before adjusting the input colour component as in step (612).

When there is a difference between two dominant output colour components such as
red colour between the two display unit, the input colour value (e.g. r2 = x) of the

display unit under calibration (e.g. display unit 2) is altered (614) until its dominant
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output colour component (e.g. R;) is the same as the reference display unit (e.g. R)).
The new input colour value r; for display unit 2 which matches the unchanged input

colour value r; for reference display unit is noted.

During this exercise, when the dominant output colour component approaches
saturation, the background light is turned on and the changes in output colour is noted
as shown in step (616). As indicated by step (618), steps (612), (614) and (616) are

carried out for each dominant input colour values. For each dominant input colour

component value (such as red) that is recorded, the auxiliary colour compdnent output
values (following the example given i.e. green, blue) are also .recérded if the(y‘are
present (which will most likely be the case). Four sets of values thaf are i) dominant
input colour component values, r, of display unit 2, i) dominant input colour
component values, 1, of the reference display unit, iii) the output colour components
values for display unit 2, i.e. Ry, G, Ba and iv) the output colour components values for
reference display unit i.e. Ry, Gi, B are noted. Thé procedure from step 612 to 618 is
repeated for other colour components (continuing from the example i.e. green and blue)
for the same dispiay unit. F or'example, when the blue primary is being calibrated, blue
will be the dominant input colour cbmponeﬁt and set to non-zéro and other auxiliary
cdlqur components e.g. red and green will be set to zero (b= x; r= 0, g= 0). Other
display units that will be used are sifbj ected also to the éame procedure ﬁ‘om‘ step 600 to

618 for all the input colour coﬁppnents.

It is also' noted that for almost all display units, there are instances where auxiliary

output colour compbnents change as well when input colour component under
correction is being altered. In this case, when red input colour component is being
altered, green and blue will be the auxiliary colour components. This is a device
dependent problem which results in each display unit having a different colour gamut.
Besides differences in colour gamut, the resultant output colour will also be different
for the same input colour component values. Needless to say, it is not possible to
obtain an output colour in a pure colour component. With all these facts in mind, colour
is corrected according to a chromaticity correction approach that is different from direct

mapping of each colour component as outlined earlier.
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According to this approach, the ratio of the red input colour component to the sum of
all input colour component, p, for a new given input colour (simply referred to as the
“red input colour ratio” hereinafter) and the ratio of green output colour component to
the sum of all output colour component, p, (simply referred to as the “green input
colour ratio” hereinafter) for the same input colour are calculated. The red input colour
ratio, pr and the green input coldt}r ratio, p, are calculated according to équations (1a,
1b), .

PG =Ti I( ri+g;+bi)... (1a)

Peo=& /(i +g+b)... (1b)

wherein pg, 3 and p, i correspond to the weighting factors for the vectors (R- B) and
(G- E) where R, G, B are the colour primaries on a Commision Internationale
Eclairage (CIE) chromaticity diagraﬁ as illustrated in Figure 4g and sub-i =1, 2, 3...

to denote each display unit. '

Then, red and green output colour ratios are calculated in order to derive the colour

primaries' Of both a reference dlsplay unit (R(x, 1)s R(y; 1)y G(x, 1)s G(y, 1)s B(x, 1)y B(y, 1)) and a

. display unit under correction (e.g: display unit 2, R, 2, Ry, 2, Gx, 23, Gy, 20 Bx 2, By, 2)

according to equations (2a, 2b),

Ceup=Ri/(R+G+By)... (2a)

Cy,n=G/( Rit+ Gi+ B))... (2b)

wherein C is one of the red R, green G or blue B colour primaries andi= 1, 2, 3... and
so on to denote different display units. It must be pointed out that the colour primaries

are different from one display unit to the other.

Then, p;, p; and the colour primaries are used to represent the input colour inputted to
the reference display unit as a point with coordinates (P, Py) from equations (3a) and
(3b), .
Py =B, n t Pe nRex 1 — B ) + P, 19(Gex, 1y — B 1)+« ' (3a)
Py =By, + P 1(Re, 1y = By, ) + g 1(Ges, 1y = By 1) (3b)
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wherein Py and P, corresponds to the x, y coordinates of the output colour for the
reference display unit on the same Commision Internationale Eclairage (CIE)

chromaticity diagram.

By representing the reference display unit input colour (r, gi, b)) as a point with
coordinates (Px, Py) on a CIE chromaticity diagram, other display units (e.g. display unit
2, 3...and so on) can refer to it to determine their respective input colour (r;, g, b;) for
the purpose of colour correction. Based upon Py and Py, red and green input colour
ratios, pg, » and pe 1 for a display unit under correction (e.g. display unit 2, 3...and so
bn) can be obtained from equations (3a) and (3b) again by substituting the reference
display unit colour primaries (Rex, s Riy, 19, Gix, 135 Gy, 19 Bix, 13 Bey, 1) With these (R, iy, Ry,

s Gx, 1 Gy, s Be, 19 Bey, ) for each of the display unit gnder correction.

That is
Pe=Bun + PR b — Bex ) + Pee, (G, — Bew, 1)
Py =By, » + P, s(Re, » — By, ) + Pre (G, — By, )

and solve for pg, ;) and pg, i~

Finally, input colour'values for disblay unit .under correction (e.g: diéplay unit 2) are
obtained from its own red and green outpﬁt colour ratios, p¢, 2y and pe, 2 and the value of
one of the input colour component, such as r; by using equations (1a, 1b) again

Py =0 /(r2+ g + b2) ' '

Per=g /(12 + g+ b)

and solve for the other two output colour component values, g, and b,.

It is necessary that one of the input colour components (r or g or b) on a display unit
that matches that on the reference display unit be known beforehand. This has already
been obtained earlier during the calibration process outlined in Figure 4a in step (614).
Since input values of each colour component for each display unit have been matched
with the reference display unit, any set of the colour component values can be used.
Preferably, the input colour component that has the largest value is chosen for

convenience of computation.
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It is conceivable that all the steps in the calibration can be automated so that a
comprehensive set of matched input colour values and the related colour primaries can
be obtained. Furthermore, these vast sets of values can be stored in different types of
programmable read-only memories (PROMSs) on board of specially desigﬁed graphics
device control card for runtime colour correction. This functionality can also be

performed on any other hardware that controls a display unit.

Image Blending

Display units- in general exhibit different display‘ characteristics, such as slightly
different colour outputs or light intensity, which vary across different makes of display
unit as well as within séme make or even same models. Before combining images from
these display units, it is necessary to correct the colour of the images of the display
units so- that they appeéf to be same. This is done by applying colour correction as
described in the previous section to.individual pixels. The correction value makes the
reproduced intensity of each colour pixel (Red? Green or Blue 'as' the case may be)
uniform across the whole display. Thus a blue‘écreen would look uniformly blue across
the. entire 4 sub-images, except in areas where the sub—i;ﬁageé overlap, which would

obviously be brighter.

Therefore, a sub-image needs to be blended with adjacent sub-image so that the
overlapping regions appear seamless. Image blending requires the ability to correct at
least the intensity of the overlapping pixels of each sub-image. Referring to Fig. 5, -
there are at least 2 regions in the display screen (130) where overlaps occur ina 2 x 2-
display unit configuration, i.e. along.the overlap edges (410) of adjacent sub-images,
and at overlap corner (420) of the sub-image. Thus the image correction software
running on the image servers (110) must adjust the intensity of the overlapped pixels
such that these artefacts do not appear during image playback. This requirement is
addressed by image processing that adjusts or pre distorts each sub-image, on a pixel-

by-pixel basis, and controls the intensity of the pixels that made up such sub-image.
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A first image blending method is used, whereby the intensity of the displayed pixels is
linearly reduced across the overlap region. For example, if the overlapped region (410)
is 20 pixels wide between display 1 and display 2, the pixel intensity from display 1
would reduce from 100% at (430) to 0% at (440), in ste@s of 5%. For wider overlapping

regions, the pixel intensities would be reduced in smaller steps.

Image blending method can be subsequently modified to reduce intensity in a nonlinear

- fashion across the overlap region. As such the size of the step is non-uniform and may

vary from one another. The siz'e of the step for any pixel in the overlapped region can
be arbitréry or depends on the intensity variation profile that is adopted. Intensities of
pixels at the corner of the overlapping images (420) are further attenuated in a similar
manner in comparison to the pixels at the edges of the ovér]apping images (410) so that
the oyérall image appears seamless. In essence, colour- intensity of any said
overlapping pixels are reduced so that the desired intensity is reproduced when said

pixels are overlapping.

Present performance limits of personal compﬁtér do not allow for the splitting of the
source image file and modifying of pixel intensities in real time for moving images,
however these tasks caﬁ be done in real time for still images. Thus video files must be
pre-processed with correct pixel intensitywatuies and copied to the image servers (1 10)
beforehand. It is conceivable that as computing performance continues to 1mprove

such tasks may be done in real tlme in the future.

S}@chromiation

In the display of moving images, it is exiremely important that sub-images sent by the
image servers are synchronized at the frame level so that they all show image frame
corresponding to the same frame number at the same time. For example, in a two-hour
show for example, a few sub frame slips in the beginning might not be too noticeable.
However as these frame slips accumulate towards the end of the show, each display

unit could be displaying image frames depicting very different images. ‘
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To prevent this from happening, a video play back program that runs on the master
image server in a centralized coordination setup sends out a frame synchronization
message from time to time, preferably after every several frames have elapsed, to
synchronize image frame displayed by each image server so that each image frame
displayed has the same frame number. Similar video playback program is running on
each image server to receive the frame synchronization message. If any image server is
not displaying image frame according to that particular frame number as contained in
the message (eithér in front or behind said frame number), it would skip to the imagé
frame according to the frame number contained in the synchronization message as
requested by the; master image server. In this manner, frame synchronization errors

cannot accumulate.

In a decentralized coordinafion setup, one of the image servers performs the same

- function of sending out the synchronization message to synchronize image frames

displayed by image servers.

"Multiple Displays from Multiple Sources

The present invention is not limited to only displaying images from a single source

only. With multiple display units, it can also display multiple images from different

sources. In this case, each image server is loaded with different image files.
Distributed GUI

In this display system, a distributed graphical user interface (GUT) model is adopted to
further enable the system to display GUI objects apart from images. The display system
further comprises a workstation (160) as a control terminal in comnection with the
image servers (100, 110) that are in communication with each other. With the addition
of this control terminal (160), full display of the tiled image can be displayed thereon.
The distributed GUI system is distributedly executed on the image servers and the
control terminal where each image server or the control terminal runs a part of the

distributed- GUI in a coordinated fashion. As explained'earlier, one of the image
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servers (100, 110) can be implemented as the control terminal instead of the additional
workstation (160). . Depending on the computing resources available any particular
image server, it is understood that one of the image server such as the master image
server (100) can be implemented as the control terminal, which is preferably the image

server that has the most computing resources.

A user can interact with the GUT objects to be displayed by input device means such as

,keyboafd, mouse or other pointing .devices connected to the control terminal (160).

States of GUI objects are distributedly stored in the memory of the control terminal
(160) and also in the memory of the image servers (100, 110).

With reference to Fig. 6, a GUI object may be a pointer (500), an iconora window. In
the case of a mouse cursor, the control terminal sends updatéd cursor coordinates to one
of the image server, 1n this case a first image server ’(110a) when the user moves the
mouse or pointiﬁg device. The first image server (110a) will calculate the correct
cursor location and display it on the display area of its display unit. When the GUI
object is moving from the disblay area of first display unit to second display unit, first

image server (1 IOa) informs a second image server (110b) the states of the GUI object .

 which iﬁcludes alerting the second image server (110b), which is controlling a second

20

25

30

disﬁlay unit, and sending the mouse coordinates to it. Meanwhile, the second display
unit (1 105) takes over the function of displaying the GUI object based upon the state of
the GUI object informed by the first image server (110a). .In this manner, the cursor

will appear to move seamlessly across display areas. The user can either view a

‘snapshot of the aggregate of display areas or only some or part of the aggregate in the

control terminal (160). The same principle of operation applies to other GUI objects

such as icons or windows.

In addition, with appropriate pointiﬁg device connected to the control terminal (160),
the display system can accept three-dimensional input. Besides using keyboard, two-
dimensional input device such as joystick, mouse, track ball, or touch screen can be
suitably adapted by software or hardware methods to accept three-dimensional input.

Three-dimensional input devices such as multiple cameras for detecting 3D motion, 3D
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motion sensors or haptics can also be used as the pointing device to move GUI objects
in the third dimension, i.e. the perspective axis (530). Before displaying the GUI
objects and other display objects that needs to take the perspective axis into account, a
perspective point or an angle of view must be first predetermined. The perspective axis
(530) will be set by fixing the angle of view. GUI objects will be reduced and enlarged
in size according to their location along the perspective axis (530) according to
coordinate iﬁformation received from the thryee—rd'imensiona_l pointing device when it is

moved in the depth dimension. .

While the present invention has been desé:ribed in terms of the foregoing exemplary .
embodiments, variations within the scope and spirit of the present invention as defined
by the claims following will be apparent to those skilled in the art. For example, display
systems of greater or fewer number of display units than shown in the exemplary
embodiments herein 'may be'qopstructed in _éccordance with the principieé of “the

present invention.
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A system for displaying high resolution images comprising:

a plurality of displays units; and

at least one image server, characterized in that one said display unit is connected to
one said image server, each said display unit displays a sub-image on a screen, said.
sub-images are combined to create at least one high resolution image, said image
servers are connected to each other and working in synchronization with one

another one to display said sub-images.

The7 system as claimed in claim 1, wherein the system is working in centralized

coordination and one of said image servers is a master image server.

The system as claimed in claim 1, wherein the system is working in decentralized

.coordination and said image servers coordinate with each other using an inter-

server communications protocol.

The system as claimed in claim 1, wherein said image server and said image servers
are connected together by a m.eans for connecting devices located in local

geographical area,

The system as claimed in claim 4, wherein said means for connécting devices
located in local geographical area is a local area network-type (LAN-type) means of

connection.

The system as claimed in claim 1, wherein said said image servers are computer

central processing units (CPUs).

The system as claimed in claim 1, wherein said image servers are hardware for
playing back images, each said hardware are adapted for communication with a

plurality of similarly adapted hardware.
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The system as claimed in claim 2, wherein said master image server runs a video
playback program that sends out from time to time a frame synchronization

message to said image servers.

The system as claimed in claim 3, wherein one of said image server runs a video
playback program that sends out from time to time a frame synchronization

message to other said image servers.

The system as claimed in claims 8 and 9, wherein said synchronization message
carries a frame number corresponding to image frame to be displayed by all said

image servers.

The system as claimed in claim 10, wherein each said image server, except the
image server that sends out said synchronization message, runs a video playback

program that receiveés said synchronization message.

. The system as claimed in claim 1, wherein input colour of each said sub-images is

corrected so that all display units reproduce the same output colour for an intended

colour. -
The system as claimed in claim 1, wherein intensity of overlapping pixels of said -
sub-images is corrected so that overlapping region of said high resolution image
appears to be seamless with respect to nom-overlapping regions of said high

resolution image.

The system as claimed in claim 1, wherein any said overlapping pixels have
reduced intensity so that said overlapping regions will have the same intensity as

said non-overlapping regions.

The system as claimed in claim 1, further comprising a control terminal in

communication with the system.
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The system as claimed in claim 15, wherein said control terminal is a workstation.

The system as claimed in claim 15, wherein said control terminal is a master image
server, said master image server further includes an additional video display card in
connection with an additional display unit for displaying the whole high resolution

image.

The system as claimed in claim 15, wherein said control terminal is one of said
image server, said image server functioning as control terminal further includes an
additional video display card in connection with an additional display unit for

displaying the whole high resolution image.

The system as claimed in claim 15, wherein said control terminal and said image
server runs a distributed graphical user interface operating system on board for

displaying graphical user interface objects.

The system as claimed in claim 19 wherein states of said graphical user interface

objects are distributedly stored in said image servers and said control terminal.

The system as claimed in claim 19, wherein a first display unit and a second display
unit among any of the said display units is each connected to a first image server
and a second image server respectively, said first image server informs said second
image server and other relevant said image servers when any said graphical user
interface object moves from the display area of said first display unit to the display
area of said second display unit and said second image server takes over the
function of displaying portions of said graphical user interface object that falls in

said display area of said second display unit.

The system as claimed in claim 19, wherein said workstation is connected to an
input device to allow a user to interact with said graphical user interface object from

said control terminal.
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. The system as claimed in claim 22, wherein said input device allows three-

dimensional input.

The system as claimed in claim 23, wherein said input device is a three-dimensional

input device.

. The system as claimed in claim 23, wherein said input device is a two~dimensional

input device.

The system as claimed in claim 23, wherein said input device is a keyboé:rd.

. The system as claimed in claim 19, wherein size of said graphical user interface

object reduces and enlarges in size proportionally according to its Jocation along a
preset perspective axis when said graphical user interface object moves along said

perspective axis.

A method for displaying high resolution images; comprising the steps of:

composing said high resolution images from a plurality of sub-images acco;'ding‘ to

the number of image servers available;

storing each said sub-image on each said image server wherein each said imagé
server controls a display unit connected to respective said image server; ‘
displaying each said sub-images by means of respective said image server and said -
display unit; and

synchronizing image frame displayed by respective said display unit.

The method as claimed in claim 28, wherein one of said image server runs a video
playback program that sends a synchronization message containing a current frame
number from time to time and said step of synchronizing image frame is carried out
by sending said synchronization message to other said image servers so that all said

display units display image frame according to said current frame number.
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The method as claimed in claim 28, further comprising the step of correcting

colours displayed by each said display unit.

The method as claimed in claim 30, wherein said step of correcting colours
displayed includes the steps of measuring simultaneously output colour
characteristics of two or more display units, designating one said display unit as a
reference display unit and determine the corresponding input colour values for

matched output colour between each said display unit.

The method as claimed in claim 31, wherein said step of measuring simultaneously
output colour characteristics of two or more display units includes displaying
simultaneously test patterns from the reference display unit and one or more said
display units and capturing the images of the displayed test patterns with an image'
cap;turing device in the same frame for cbmparisons of the characteristics of the
displayed test patterns and inferring characteristics of the display units from the

comparisons made.

The method as claimed in claim 32, wherein said image capturing device is a

charge-coupled device (CCD) camera.

The method as claimed in claim 31, wherein said stép of measuring output colour
characteristics includes capturing the images of a first type of test pattern
comprising red input colour component value that is equal to both green and blue
input colour component values at every pixel, said input colour components of

different values are distributed spatially at different locations within the display

-area of each display unit.

The method as claimed in claim 31, wherein said step of measuring output colour
characteristics includes capturing the images of a second type of test pattern
comprising only a dominant input colour component value at every pixel, said input
colour component of different values are distributed spatially at different locations

within the display area of each display unit.
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The method as claimed in claim 34 and 35, wherein said step of determining
corresponding input colour values includes the steps of obtaining a best fit line of a
plot of the output colour versus the input colour, wherein the input colour
component is increasing along a specific direction within the display area of each |
said test pattern image, and mapping said input colour value of one of said display
unit to input colour value of reference display unit for the same value of output

colour with the aid of the best fit lines corresponding to each said display unit.

. The mefhod as claimed in claim 35, wherein said step of determining corresponding

input colour values includes the steps of joining a point at a step of the output value -
with a similar point before and after said point to obtain a plot of the output colour
versus the i;iput colour, wherein the input colour component is increasing along a
specific direction within the display area of each said test pattern image, .and
mapping said input colour value o.f one of said display unit to input colour value of
reference display unit for the same value of output colour with the aid of the plot

corresponding to each séid display unit.

The method as claimed in claim 37, wherein the x-coordinate of said point is the
midpoint of the step and the y;coordinate of said point is a mean value of the output

colour.

. The method as claimed in claim 31, wherein said step of measuring output colour

characteristics includes capturing the images of a third type of test pattern
comprising single input colour component at a single input value throughout the

entire third type of test pattern.

The method as claimed in claim 39, wherein said step of correcting colours
displayed includes the steps of adjusting dominant input colour component of said
third test pattern type displayed by each said display unit so that dominant output
colour component of said third test pattern type displayed by each said display unit

is the same as dominant output colour component of said third test pattern type
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displayed by said reference display unit, and obtaining colour primaries from output
colour components corresponding to each adjusted dominant input colour

component value for each said display unit and refefence display unit.

The method as claimed in claim 40, wherein said steps of adjusting dominant input
colour component value and obtaining colour primaries from output colour
components corresponding to each adjusted dominant input colour component

value are repeated for all colour components.

The method as claimed in claim 41, wherein said steps of correcting colours
displayed includes representing input colour of the reference‘display unit as a point
on a Commision Internationale Eclazmge (CIE) chromatmlty dlagram wherein
coordinates of the pom‘c is derived from red colour ratio and green colour ratlo of
said input colour of the reference. display unit and the colour primaries of the
reference display unit accordmg to CIE chromatlclty equations, deriving the red .
colour ratio and green colour ratio of input colour to be corrected for said display
units under correction from said point and the colour primaries of said display units
under correction according to CIE chromaticity equations, obtaining one of the
corrected input colour component value from the adjusted input colour component
values derived in claim 40, and obtaining other corrected input colour component
values from the red colour ratio and the green colour ratio of input colour to be

corrected and the corrected input colour value obtained in claim 40.

The method as claimed in claim 31 wherein a said display unit among all said
display unit that has the smallest range of output colour value is designated as the

reference projector in said step of designating the reference projector.

44. The method as claimed in claim 28, further comprising the step of blending said

45.

sub-image that overlaps other adjacent sub-images.

The method as claimed in claim 44 wherein said step of blending includes the steps

of reducing the input colour values of pixels in the overlapping regions of each said
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sub-images according to predetermined weightages wherein said predetermined
weightages are chosen so that the resultant intensity of said overlapping region is

the same as intensity of non-overlapping region of said sub-images.

The method as claimed in claim 28, further comprising the steps of:

storing locally states of one or more graphical user interface object in the memory
of a control terminal in connection with said image servers and in the memory of
said image servers; » ‘ '

sending from said control terminal to relevant said image servers updates of said
states of said graphical user interfaée object that is ﬁloving; ”
calculating coordinates of said moving graphié_ai user interface 6bject; and

displaying said graphicai user interface object on said display units wherein when

- said moving graphical user interface object moves from display area controlled by a

. first said image server to display area controlled by'avsecond said image server, said

first image server sends coordinates of said moving graphical user interface object
to said second image server and other relevant said image servers to ensure a

seamless transition between said display areas.

The method as claimed in claim 46, further comprising the step of enlarging and
reducing the size of a graphical user interface object according to the a perspective
axis when said control terminal receives coordinates information related to a depth

dimension from a three-dimensional pointing device connected to said workstation.
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