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AUTOSTEREOSCOPIC DISPLAY SYSTEM 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/955,339 ?led Sep. 24, 2004, Which is 
in turn a division of US. patent application Ser. No. 09/921, 
090 ?led Aug. 2, 2001, the speci?cation of Which is fully 
incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] As display screens have groWn in siZe and ?neness 
of resolution, investigators have experimented With placing 
several such display screens adjacent to each other and caus 
ing three dimensional graphical data to be displayed on them. 
In 1992, the University of Illinois introduced a multi-user, 
room-siZed immersive environment called the Pyramid 
CAVE (for “CAVE automatic virtual environment”). Three 
dimensional graphics Were projected onto the Walls and ?oors 
of a large cube composed of display screens, each typically 
measuring eight to ten feet. The cubic environment uses ste 
reoscopic projection and spatialiZed sound to enhance 
immersion. Computers and display systems by Silicon 
Graphics, Inc. have created multi-panel displays Which pro 
cess three dimensional graphics, imaging and video data in 
real time. HoWever, knoWn “CAVES” and light displays by 
SGI and others share a single apex point of vieW, With all 
panels around the vieWers having only perspective vieWs 
streaming from that apex point. Further, much of the prior 
Work requires shuttered or Polaroid glasses on the vieWer for 
stereoscopic output. A need therefore continues to exist for 
multiple-display imaging systems permitting the imaging of 
three-dimensional scenes from multiple perspectives. Fur 
ther, the treatment of animation graphics across multiple dis 
plays currently requires extremely high end, custom hard 
Ware and softWare and large bandWidth capability. The cost 
and communication requirements or rendering and display 
ing animation across multiple displays should be reduced. 

SUMMARY OF THE INVENTION 

[0003] According to one aspect of the invention, a multiple 
display video system and method are provided by Which a 
rendering image processor is coupled to a plurality of virtual 
cameras, Which in one embodiment occupy separate nodes on 
a netWork. Associated With the rendering image processor is 
a ?rst memory that de?nes a World having three dimensional 
spatial coordinates, a second memory for storing graphical 
image data for a plurality of objects, and a third memory for 
storing instructions on the positioning of the objects in the 
World. For each virtual camera, a vieWpoint of the World is 
de?ned and stored. The rendering image processor renders a 
scene of the World according to the vieWpoint of the virtual 
camera. Each virtual camera has at least one display associ 
ated With it to display the scene rendered according to the 
virtual camera’s vieWpoint. The virtual camera vieWpoints 
may be chosen to be different from each other. 
[0004] According to a second aspect of the invention, a 
rendering node or server has ?rst, second and third memories 
as above de?ned, the third memory storing instructions for 
positioning the objects in the virtual World and animating 
these objects. A plurality of clients, Which are preferably 
disposed remotely from the server, each have associated 
memory and processing capability. Each of the clients has one 
or more display units associated With it, and vieWpoints are 
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established for each. Each of the clients stores, prior to a ?rst 
time, graphical image data for the objects to be displayed. 
Each of the clients constructs a respective scene based on 
instructions received from the server at the ?rst time. The 
previous storage of the graphical image data (such as textural 
and geometric data) associated With the animated objects 
dramatically reduces the amount of bandWidth necessary to 
communicate animation instructions from the server to each 
of the clients, permitting real-time animation effects across a 
large number of associated displays. 
[0005] In a third aspect of the invention, these displays may 
be physically sited to be contiguous With each other so as to 
create a single large display. Relatedly, contiguous displays 
can be directed to display the scene or overlapping scenes and 
the vieWpoints of the displays can be varied so that, to an 
observer passing by the displays, the rendered scene appears 
to shift as a function of the position of the observer, such as it 
Would if the observer Were looking at a real scene through a 
bank of WindoWs. Other vieWpoint shifts are possible to pro 
duce, e.g., arcuate or circumferential virtual camera arrays, of 
either convex or concave varieties. 

[0006] According to a fourth aspect of the invention, a large 
multiple-screen animated array may be provided at a com 
mercial location and used to display a combination of anima 
tions and text data derived from a local database. These data, 
such as the Flight Information Data System (FIDS) of an 
airline at an airport, can be used to display such things as 
airline arrivals and departures on predetermined portions of 
the displays. The present invention provides apparatus for 
producing an overlay of the FIDS data on the animated 
sequences. 
[0007] According to a ?fth aspect of the invention, the 
method and system of the invention may be used to illuminate 
large lenticular arrays to create an autostereoscopic display. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Further aspects of the invention and their advan 
tages can be discerned in the folloWing detailed description, 
in Which like characters denote like parts and in Which: 
[0009] FIG. 1 is a high-level schematic netWork diagram 
for a video projection array according to the invention; 
[0010] FIG. 2 is a high level schematic block diagram of a 
virtual camera establishment, animation and imaging process 
according to the invention; 
[0011] FIG. 3 is a vieWpoint con?guration or virtual camera 
protocol process How diagram, and is a detail of FIG. 2; 
[0012] FIG. 4 is a schematic diagram of parameters estab 
lishing a vieWpoint for a virtual camera; 
[0013] FIG. 5 is a schematic diagram of the “World” and 
“universe” concepts as used in the invention; 
[0014] FIG. 6 is a block diagram shoWing modules of the 
image rendering process and system according to the inven 
tion; 
[0015] FIG. 7A is a schematic block diagram shoWing the 
integration of text data into displayed images by a rendering 
server according to the invention; 
[0016] FIG. 7B is a schematic block diagram of a client 
process corresponding to the rendering server process shoWn 
in FIG. 7A; 
[0017] FIG. 8 is a schematic plan vieW of a graphics card 
and motherboard architecture according to one embodiment 
of the invention; 
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[0018] FIG. 9A is a schematic diagram of a preferred hard 
Ware con?guration of a rendering server according to the 
invention; 
[0019] FIG. 9B is a block diagram shoWing calculation of 
total output resolution; 
[0020] FIG. 10 is a high-level schematic diagram of a 
server/client netWork according to a second embodiment of 
the invention; 
[0021] FIG. 11A is a block diagram shoWing placement of 
multiple channels or stations to constitute a single, extended 
length display; 
[0022] FIG. 11B is a diagram shoWing the superposition of 
text data on the display illustrated in FIG. 11A; 
[0023] FIG. 12 is a high-level schematic diagram of a 
server/ client netWork according to a third embodiment of the 
invention; 
[0024] FIG. 13 is a multiple-display imaging array accord 
ing to a fourth embodiment of the invention, illustrating dif 
ferent virtual camera position arrays; 
[0025] FIG. 14 is a high-level schematic block diagram 
shoWing a portion of a system using the invention, and the 
execution, data transfer and storage of software and elec 
tronic data components thereof, and 
[0026] FIG. 15 is a high-level schematic block diagram of 
an autostereoscopic system employing the invention. 

DETAILED DESCRIPTION 

[0027] FIG. 1 illustrates a representative layout of a con 
ti guous video projection array according to the invention, the 
illustrated embodiment being an airport terminal display sys 
tem that displays animated graphics and a text data overlay 
from a ?ight information data system (FIDS) database. In 
FIG. 1, the video projection array system, indicated generally 
at 10, includes a main server 12 Which accepts FIDS data or 
data from any other text source, such as may be presented in 
Oracle or SGL, through an internal Ethernet port 14 as joined 
by a high speed sWitching hub 16. The hub 16 makes it 
possible for multiple sourcing of the FIDS data for several 
isolated imaging arrays, only one such array 10 being shoWn 
in FIG. 1. The preferably UNIX-based main server 12 trans 
ceives data through a series of separate sWitching Ethernet 
hubs 18, 20 and 22. Each of the hubs 18-22 is directly linked 
to one or more groups 24-28 of imaging or rendering com 
puters 38-50. 
[0028] Each of the hubs 18-22 has associated With it a 
respective rendering server 38, 44 or 48. The rendering server 
38 controls clients 40 and 42 through hub 18. The rendering 
server 44 controls a client 46 through hub 20. The rendering 
server 46 controls a client 48 through hub 22. The rendering 
servers 38, 44 and 48 and their respective clients 40-42, 46, 50 
together constitute the imaging computers 38-50 that run the 
multipanel displays in the embodiment illustrated in FIG. 1. 
The rendering servers 38, 44, 48 have at least the same capac 
ity and resolution capability as their client counterparts 
40-42, 46, 50 and in the illustrated embodiment all contain 
four video channel outputs and four corresponding logical or 
virtual cameras generating output on these video channels. 
Using current hardWare, a maximum number of eight video 
channels per imaging computer 38-50 can be used. The imag 
ing computers 38-50 may in general have minicomputer 
architecture, and may use any of several operating systems 
such as WindoWs NT, WindoWs 2000 or LINUX 6.3. 
[0029] Server/client groups 24, 26 and 28 preferably are 
kept isolated from each other by the use of hubs 18-22 to 
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prevent unnecessary cross talk. Each of the imaging comput 
ers 38-50 has a set 52, 54, 56, 58 ofprojectors, each projector 
52-58 being controlled by a “virtual camera” set up by the 
softWare as Will be described beloW and accepting one video 
channel output from a respective controlling imaging com 
puter 38-50. The illustrated CRT projectors 52-58 are exem 
plary only in kind and number and are one of many possible 
kinds of display units, Which also include rear projectors, 
various kinds of ?at panel displays or autostereoscopic pro 
jection screens (see FIG. 15 and its accompanying discussion 
beloW). The video projectors or other display units 52-58 may 
be sequenced from left to right or from top to bottom, may 
provide rear screen or front screen projection imagery, and 
may be of any siZe or of any speci?c resolution. As making up 
a video Wall, the projection units 52-58 are preferably equal in 
resolution to each other and should provide a contiguous 
composite image. 
[0030] The system 10 also includes a plurality of video 
multiplexers 60, 62, each of Which accepts one or more chan 
nels per client Workstation 38-50. The multiplexers 60, 62 are 
used to relay video signals from the imaging computers 38-50 
to a monitoring station at Which are positioned monitors 64, 
66 for user-induced functional changes, imagery updating or 
image alignment as may be necessary for a particular type of 
video Wall or other multiunit display. A single monitor 64 or 
66 may be connected to each of the multiplexers 60, 62, so as 
to be capable of instantaneous sWitching betWeen the large 
number of video channels present. 

[0031] The server 12 further provides high speed conduits 
69, 70, 71 With each ofthe hubs 18, 20 and 22 While keeping 
those hubs 18-22 effectively isolated from each other. As 
controlled by an overall executable program on main server 
12, conduits 69-71 may pass packets of positional data or 
sequencing information that relay positioning and rendering 
queues among the rendering servers 38, 44, 48. The conduits 
69-71 further simultaneously transmit FIDS text data as over 
lay text information on animations displayed on the (e.g.) 
video Wall created by units 52-58. 

[0032] A further Workstation 72, Which may be UNIX 
based, monitors activity on the entire system through main 
server 12. Workstation 72 also supports a link 74 to the 
outside World, through ?reWall 76. The external connection 
permits data pertaining to the imaging array to be accessed 
remotely through the ?reWall 76, and permits remote netWork 
management of the system. For example, ar‘tWork shoWn on 
the video Wall constituted by projection units 52-58 may be 
transformed or reconstituted by commands issued remotely, 
and may also be vieWed remotely to verify image quality and 
stability. The *.cfg ?le, described beloW and copied to each of 
the rendering computers 38, 44, 48, contains animation start 
functions and further permits the recognition of an interrupt 
sent from the Workstation 72 in order to effect changes in the 
animation. Path 74 may be used to load neW sets of textures 
and geometries onto the hard drive storage of server 12, and 
thence to rendering servers 38, 44, 48, in order to partly or 
completely replace the imagery shoWn on the video Wall, 
nearly instantaneously. In the illustrated embodiment, it is 
preferred that these changes be done by replacing the old 
*.cfg ?le With a neW one. 

[0033] System 10 is modular in its design, easily permitting 
the addition of further rendering servers and associated client 
imaging computers, With no theoretical upWard limit to the 
number of video channels to be included in the total system. 
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[0034] FIG. 14 is a schematic diagram of a single server/ 
client group 24 of the networked group of computers illus 
trated in FIG. 1. This diagram shows where different ones of 
the software elements of the system are installed on which of 
the imaging computers. The server 38 and each of the clients 
40, 42 have an executable initiation or “*.ini” ?le and a 
con?guration or “* .cfg” ?le 550, 552, 554 stored on their hard 
drives. Within any server group, the *.cfg ?les will be iden 
tical to each other, and the * .ini ?les nearly so. These two ?les 
work in tandem. The *.ini ?le uses listed parameters to de?ne 
(a) how many sequential images will be loaded either into the 
rendering servers 38, 44, 48 or into the various client com 
puter stations 40-42, 46, 50 linked thereto; (b) the functions, 
sequences and timing of the animation; (c) the number of 
imaging computers 38-50 that may exist on the hub node; and 
(d) the manner in which sequences of images are assigned to 
respective graphics card output channels (described below) 
inside the workstations 38-50. 

[0035] The *.ini ?le may contain as many as two hundred 
separate parameter adjustments, and an even greater number 
of speci?cations of parameters pertaining to the animation. 
The *.ini ?le on any one imaging computer will differ from 
the *.ini ?le on any other imaging computer in its assignment 
of station ID and node ID. In the illustrated embodiment, each 
imaging computer controls four stations or virtual cameras. 
Each imaging computer will also be assigned a unique node 
number. The *.ini ?le further contains a bit which tells the 
system whether the imaging computer in question is a render 
server or not. The imaging computer uses the station ID 
contained in the *.ini ?le to determine which of the several 
virtual cameras or viewpoints it should use; to minimize 
network traf?c the parameters for all of the virtual cameras for 
all of the viewpoints are stored on each imaging computer 
hard drive. 

[0036] As loaded and executing on one of the general 
purpose processors of the imaging computer, the *.cfg ?le 
responds to commands from the *.ini ?le. The *.cfg ?le is an 
artwork developer’s tool for con?guring speci?c sequences of 
preloaded art material to behave in certain ways. The * .cfg ?le 
responds directly to the textures and geometries which the art 
developer has established for the animation sequences, and 
has a direct association with all textures and geometries that 
are stored on all mass storage media in the system. The *.cfg 
?le controls how the animation progresses; it contains calls to 
portions of the rendering sequence, such as layerings, timings 
of certain sequences and motions of speci?c objects found in 
the texture and geometry ?les. The *.cfg ?le either contains or 
points to all of the information that any rendering client or 
server would need to handle its portion of the full rendering of 
the entire multi-channel array. For any one contiguous dis 
play, the *.cfg ?les distributed to the imaging computers 
controlling the individual display panels will be identical to 
each other, but the information and calls therein are accessed 
and interpreted differently from one computer to the next 
according to whether the computer has been identi?ed in the 
*.ini ?le as a render server or not, the node ID of the imaging 
computer, and the station IDS controlled by that imaging 
computer. The *.cfg ?le also contains command lines used to 
make an interrupt, as when the system administrator wishes to 
change the animation or other scene elements during runtime. 

[0037] All of the software components shown in FIG. 14 
are written to the hard drives of the imaging computers prior 
to execution of the animation sequences. This greatly 
decreases the amount of required network traf?c. 
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[0038] Each of the rendering servers and clients has stored 
thereon a world scene 556 or a replica 558, 560 thereof. These 
world scenes are constructed using a library of graphical 
imaging data ?les (in this embodiment, partitioned into 
geometry and texture ?les) 562, 564 and 566 stored on the 
hard drives. The render server 38 further has foreground, 
background, viewpoint generation and sequencing algo 
rithms 568 which it accesses to set the viewpoints. Algo 
rithms 568 together make up an overall system monitoring 
protocol which permits the system administrator to manually 
review or intervene in making on-line changes and adjust 
ments to any viewpoint already established on the system. 
[0039] Also present on all rendering computers (servers 
and clients) is an executable (*.exe) ?le which, when 
executed by any imaging computer’s processor, interprets 
data stream commands coming from the rendering server and 
received by each of the clients. The render server 38 further 
keeps a clock 570 that is used to synchroniZe the animation 
across all of the displays. 
[0040] FIG. 2 is a block diagram illustrating the high-level 
operation of the imaging computers according to the inven 
tion. A typical application of the invention, the system 10 as 
shown in FIG. 1 is used to provide an array of multiple, 
contiguous displays for the projection of a uni?ed video 
image containing animation characteristics and overlaid text. 
In FIG. 2 at step 100, and for each rendering server 38, 44, 48, 
the *.ini ?le and the companion *.cfg ?le are loaded from the 
mass storage media associated with respective ones of the 
imaging computers to RAM. The illustrated embodiment 
uses, at each imaging computer, one or more general-purpose 
processors that are programmed to carry out the invention 
with computer programs that are loaded and executed; it is 
also possible to hard-wire many of the listed functions and to 
use special-purpose processors. 
[0041] At process step 102, “virtual cameras” are created 
by the render server viewpoint algorithm which correspond to 
each of the output video channels. These “virtual cameras” 
are logical partitions of the processors and memories of imag 
ing computers 38-50, four such virtual cameras being created 
for each imaging computer 38-50 in the illustrated embodi 
ment. The system administrator sets up the properties of these 
virtual cameras in the software in advance of execution. The 
“align cameras” process 102 begins selecting previously 
stored imaging textures and geometries so as to lead to the 
creation of the ?nal set of images. Camera alignment step 102 
is linked to a step 104, which in the illustrated airport terminal 
embodiment establishes each of these virtual cameras as driv 
ing a display for either a desk or as a gate. Process step 104 
makes it possible to assign certain text data to each of the 
virtual camera nodes established at step 102. Registration 
with the FIDS server at step 104 also includes de?ning a 
prescribed set of locations for the overlay of the animation by 
these text data. 

[0042] Step 102 establishes which prestored geometries 
and texture ?les are needed for a scene. Step 106 queries these 
?les and loads them. A geometry ?le possesses information 
on the exterior limits of a displayed object. A texture ?le 
relates to a color/ surface treatment of such an object or of the 
background. These geometries and textures are stored prior to 
runtime on the mass storage device(s) of each server and 
client, so that they don’t have to be transmitted over the 
network. 

[0043] At step 112, each rendering server or node 38,44, 48 
establishes a scene by compiling the previously loaded geom 
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etries and textures, setting their values in terms of displayed 
geometric positions and orientations Within this newly cre 
ated scene. As this operation is taking place, the results are 
sent (step 114) by each render server and are received (step 
110) by each client 40-42, 46, 50. This data ?oW of vector 
positions and orientations, also knoWn as sequencing instruc 
tions, across the netWork tells the imaging computers 38-50 
(and the virtual cameras set up by them) hoW to direct their 
respective portions of the full scene’s animation layout across 
any of the screens or displays of the composite video array. 
The novel approach of transmitting geometries and textures 
to clients/virtual camera nodes ?rst, and compositing them 
later into scenes (step 116) using subsequently transmitted 
vector information, provides the technical advantage of 
greatly reducing the amount of information that has to ?oW 
across the netWork betWeen the rendering servers 38, 44, 48 
and their respective clients 40-42, 46, 50. After texture and 
geometry loading, the transmissions betWeen the servers 38, 
44, 48 and their respective clients 40-42, 46, 50 consist only 
of vector positions of the stored textures and geometries 
instead of transmitting very large graphical data sets gener 
ating by the rendering computers. 
[0044] At step 116, Which takes place in each of the client 
and server imaging computers, the positions and orientations 
are used to place the geometries Within scenes. The placement 
step 116 uses a coordinate system previously established by 
the softWare. The geometries, positions and orientations may 
change or may be modi?ed as rapidly as the rendering servers 
38, 44, 48 and the client computers 40-42, 46, 50 can indi 
vidually generate the subsequent set of rendered images, or as 
fast as the speed of the netWork in relaying neW positions and 
coordinates to the referenced client computers to produce the 
full scene, Whichever factor is more limiting. 

[0045] Once the geometries pertaining to the animation are 
properly positioned at step 116, at step 118 the FIDS data 
accessed by the UNIX server 12 (Which in turn is linked to the 
netWork via path 74, FIG. 1) are directed to the appropriate 
ones of the rendering servers 38, 44, 48 and composited over 
the animation graphics. In the illustrated embodiment, each 
output screen 52-58 along the video array shares a preset list 
of textual ?ight information. This ?ight information may be 
updated independently of the animation rendering process. 
After step 118, the rendered scene at step 120 is refreshed 
With the next set of geometries to be established With neW 
orientation coordinates on the same textured scene as back 

ground With the FIDS data stream continuing to project ?ight 
information Within the same pre-established locations. 
[0046] At the termination of each of these cycles at a step 
122, the texture memory is purged to replenish available 
space for neW imaging data in the animation to be loaded. The 
process then reverts to step 106 for the next cycle. 

[0047] FIG. 14 overlays the principal steps of this process 
on one server/ client group 24 of the netWork. At step 572, an 
executable ?le initiates data stream commands to begin the 
image rendering process. These commands are passed by the 
UNIX server 12 to each of the clients 40, 42, at Which an 
executable ?le 574 receives the commands or cues and begins 
to construct vieWpoint map images based on them. The 
images to be displayed are rendered by each of the clients at 
steps 576. When these images are completed, each client 40, 
42 sends back a synchronization return signal 578 through 
server 12 to render server 38. Render server 38 Waits until all 
such synchronization signals have been collected before ini 
tiating the next cycle in the animation. 
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[0048] FIG. 3 is a ?oW diagram shoWing hoW a user selects 
vieWpoints for each of the virtual cameras he or she Wishes to 
set up in the multiple display system. A vieWpoint de?nes a 
position and an orientation from Which all of the geometries 
associated With the displayed animation imagery are rendered 
and projected onto one of the displays 52-58. Each “World”, 
as that term is de?ned herein, has at least one vieWpoint 
associated With it, and more typically multiple vieWpoints, 
and it is from these vieWpoints that scenes associated With the 
respective virtual camera WindoWs are draWn. As shoWn in 
FIG. 5, Worlds 190, 191 are de?ned as subsets ofa universe 
192 that is created by the user. When a universe is created in 
the softWare, a single virtual camera WindoW vieWpoint is 
automatically assigned to it. Once it is established, the user is 
permitted to construct additional virtual cameras each having 
possibly different vieWpoints, and further has the ability to 
sWitch among them. A World in this sense comprises a set of 
vieWpoints limited to a sector of the de?ned universe, With 
additional Worlds Within the same universe either existing 
adjacent to one another, partially overlapping, or as FIG. 5 
illustrates, on opposite sides of the universe. Multiple uni 
verses may also be established With additional Worlds as 
separate subsets to those designated universes, and these uni 
verses may reside on separate rendering servers. One 
example is the embodiment shoWn in FIG. 13. A predeter 
mined conversion process may be used among Worlds (for 
example, a separate World can be instantiated by each of 
separate server groups 508, 510, 514) to transfer geometry 
and texture positions and orientations among them. 
[0049] Within any World, a scene may be rendered from 
several different vieWpoints, each of Which is associated With 
a particular virtual camera. Each virtual camera is associated 
With a scene graph. In some instances, the same scene graph 
may be shared betWeen or among several virtual cameras, 
Where their perspective vieWs intersect. If, for example, tWo 
different roWs of virtual cameras cross each other at some 

intersection point, then only those tWo overlapping virtual 
cameras might end up sharing a particular scene graph since 
they share the same vieWpoint perspective ?eld. Virtual cam 
era WindoWs depicting different scenes Would use different 
scene graphs. In this manner, the vieWpoint is determined 
before the scene is rendered. 

[0050] At step 150 in FIG. 3, the user (system administra 
tor) Writes the position coordinates for the origin of a vieW 
point. Once this is done, at step 152 the user determines the 
orientation parameters (see FIG. 4) associated With the vieW 
point. 
[0051] Next, at step 154, a corresponding identity matrix 
for the scene graph is enabled. Position and orientation are 
parameteriZations Within an X, Y and Z coordinate system 
Which de?nes the identity matrix. In FIG. 4, this coordinate 
system 170 is illustrated With the X axis pointing to the right, 
the Y axis pointing straight doWn and the Z axis pointing 
straight ahead (into the paper). These coordinate frame axes, 
at step 156 (FIG. 3), are highlighted to the user on an admin 
istrative display screen such as monitor 64 in FIG. 1. The user 
then chooses an aspect ratio adjustment, Which is a vertical 
scale factor applied to the screen image. This value is useful 
in correcting for any monitor or pixel distortions in the dis 
play system. 
[0052] At step 158 parallax settings are selected. The par 
allax settings may be used to establish a separation distance 
betWeen virtual cameras along a linear path that is virtually 
spaced from the scene being rendered. This shape of this path 
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is arbitrary. The path may be curved or straight; FIG. 13 
shows examples of straight, curved and closed or endless 
paths 508, 510, 514 along Which virtual cameras 509, 512, 
516 have been distributed. 

[0053] In many cases, a convergence angle may be desired 
among the virtual cameras on the path, depending on the type 
of scene selected, and this convergence angle is supplied at 
step 160. For example, When a scene is being rendered in 
multiple displays, it may be desirable for the vieWpoint estab 
lished in the scene to vary from one display to the next as an 
observer Walks along the displays on a path parallel to them. 
The establishment of a convergence angle provides for a 
balanced and smooth proportional vieWing of a scene and the 
matching of in?nity point perspective from one display to the 
next. At step 162, after all of these coordinates andparameters 
have been selected by the user, the vieWpoint of the scene is 
created and stored in the virtual camera memory and is avail 
able at runtime for the rendering and projection of the image. 
[0054] FIG. 4 is a schematic representation of a vieWpoint 
coordinate system and the World coordinate system upon 
Which it is based. The World coordinate frame axes are shoWn 
at 170. The vieWpoint coordinate frame axes are shoWn at 
172, and as shoWn Will typically be different from the World 
coordinate frame axes for the second and subsequent virtual 
camera vieWpoints established for that World. The vieWpoint 
coordinate frame axes establish the direction of the vieW 
point. A hither clipping plane 174 outlines the limits of the 
vieWpoint angle of vieW as it projects outWard toWard a vieW 
plane 176. By making adjustment to a hither distance 176 
Which is the distance betWeen the vieW position 178 and the 
hither clipping plane 174, the siZe of the vieW plane 176 can 
be regulated, and therefore the range of the vieWpoint itself. 
In this fashion, the vieW position and orientation can be estab 
lished relative to the global World coordinate frame 170. 
Although in the example given in FIG. 4 the Y axis of the 
vieWpoint frame 172 and the World coordinate frame 170 
happen to be parallel, this need not be the case. 

[0055] FIG. 5 illustrates the spatial relationship betWeen 
tWo representative World localities 190 and 191 as they are 
situated graphically Within a de?ned universe 192. The 
Worlds 190 and 191 are subsets of universe 192, and several 
such Worlds may overlap or exist oppositely Within the same 
universe. A virtual camera object alWays corresponds to a 
region of the screen in Which a particular vieW of the graphical 
universe is displayed. With the virtual camera structure of the 
invention, multiple vieWs can be displayed simultaneously 
and ?exibly to different parts of the screen. For example, a set 
of virtual camera WindoWs can be assigned to a given World, 
Which is itself con?ned to a speci?c region 190 of the universe 
192 With vieWpoints only de?ned for that particular World 
190. At the same time, another set of virtual camera WindoWs 
can be directly associated With another separate region 191 of 
the same universe 192, limiting those particular vieWpoints to 
that individual World. 

[0056] In FIG. 5, a central axis 194 serves at the point of 
origin directed toWard each individual World, spread out 3 600 
around the center of that universe 192. Each World may be 
de?ned as its oWn sector of that universe, and may be accessed 
as such. This attribute becomes necessary and useful in dis 
playing concurrent multiple Worlds Within the same universe, 
or even in the multiple display of multiple universes, Which 
can be achieved by using several rendering servers and their 
corresponding client computers. 
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[0057] For example, and as laid out in FIG. 5, a ?rst ren 
dering server and related group of clients can have loaded 
onto them the same universe information database as a second 
rendering server and its related group of clients. The dis 
played outputs of each server can be directed to opposite 
poles 190, 191 of the universe 192. Since the tWo rendering 
servers may be j oined on a network, positional data relating to 
imaged objects may be exchanged betWeen them thereby 
alloWing for tWo separate Worlds to coexist Within the same 
netWorked system. It is also possible to have tWo separate 
universes running on tWo separate rendering servers, also 
linked Within the same system, and visible on adjoining sets 
of output screens or displays, With data positions transferring 
betWeen the rendering servers using a predetermined conver 
sion process. 
[0058] FIG. 6 is a schematic ?oW diagram shoWing the 
rendering process Within each rendering server. A rendering 
server, such as server 38 (FIG. 1), Within a multiple-channel 
imaging array 24, handles all of the user interaction devices 
open to it. The rendering server 38 provides the frameWork 
under Which the softWare protocols distribute real time ani 
mation commands across multiple channels to its clients 
40-42. The rendering server 38 uses a communication proto 
col that provides a unique pathWay through the system, Which 
in turn enables the assignment of speci?c vieWpoints of a 
given scene to respective graphics card video outputs along 
the array, and provides a method of synchronizing the Whole 
array. The rendering server 38 controls the animation simu 
lation to be displayed. The clients 40-42 are slaves to the 
server 38 and execute the commands addressed to them. 

[0059] The clients and server(s) communicate using an 
application level protocol. Server-shortened command stubs 
are provided as a Way to map the softWare animation appli 
cation programming interface (API) calls to their distributed 
equivalents. Reciprocally, the clients’API or stub procedures 
provide a Way to map commands received by the servers over 
the netWork to local softWare API calls. Copies of the APIs 
reside both on the rendering servers 38, 44, 48 and their 
respective clients 40-42, 46 and 50. Both the server and the 
matching client(s) maintain a copy of the current scene graph, 
Which may be edited remotely through the netWork, and each 
scene graph is identical across each server group (e.g., group 
24 FIG. 1) in the animation simulation. 
[0060] A naming scheme or module 200 alloWs the client 
and the server to Which the client is connected to address 
remote objects Within the scene graph and to specify opera 
tions to be performed on them. The name module 200 is 
linked to a pointer to a name map at 202. 

[0061] In the communication protocol, both the client and 
the server use calls to the softWare’s netWork functions to 
connect to a multicast group. For example, the rendering 
server 38 issues commands to its multicast group 24. The 
application level protocol uses a net item syntax that is 
included Within the animation softWare. In the actual trans 
mission of information betWeen any of the clients 40-42 and 
the server 38, a timing interval referenced as a type ?eld is 
used to distinguish data items from command items. In the 
illustrated embodiment, the command items are distin 
guished from the data items by the most signi?cant four bits 
of the type ?eld, Which are all ones. Type values OXFO to 
OXFF are reserved for command codes. 

[0062] The server loads a terrain model and computes the 
behavior at 204 for the activity taking place Within the terrain. 
It initiates changes to the scene graph at 206 by making 
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software calls to the client stub procedures. It may also make 
use of the naming module 200 to name objects in the scene 
graph. The rendering server 38 may also use a command 
encoding/ decoding module 208 to process items addressed to 
it by respective clients, or by commands delivered to it from 
outside the netWork to re-edit or recompile an updated set of 
scene graph features at 206. The server 38 initialiZes and 
controls the scene at 210. 

[0063] Rendering server 38 is responsible for initializing 
the animation simulation at 204 and also manages sWap syn 
chroniZation at 212 of all client computers linked With it. The 
main role of the associated clients 40-42 (and similar logic 
Within server 38 itself) is to render the scene from the respec 
tive vieWpoints of the virtual camera objects that have been 
created in them, Which have been adjusted for their respective 
vieWing pyramids (see FIG. 4) and their respective orienta 
tions With respect to a perpendicular plane. As explained in 
conjunction With FIGS. 2 and 14, the clients read their con 
?gurations from a text ?le referred to as an “*.ini” ?le. Fol 
loWing this, each client regularly decodes packets of data sent 
over the netWork and executes softWare calls locally on its 
copy of the scene graph. It uses its copy of the command 
encoding/ decoding module 208 to map, at 214, the command 
code to its appropriate procedure. This map 214 is set up 
statically and all clients 40-42 rendering under the designated 
server 38 must have a copy of this map before the simulation 
can begin. The clients use their copies of the naming module 
200 to resolve client references at 202 to objects in the overall 
scene graph. 
[0064] FIGS. 7A and 7B illustrate hoW text information 
may be overlaid on the image displays. In the illustrated 
embodiment, FIDS data, Which is Oracle based and exists 
Within a UNIX platform environment, may be obtained 
through an Ethernet connection outside of the rendering 
server and client netWork and then integrated into the anima 
tion process. In the illustrated embodiment, the ?ight infor 
mation derived from the FIDS database is available in airports 
throughout the United States and in other countries through 
out the World and provides arrival and departure information 
for passengers traveling by air. Displays carrying the FIDS 
information are situated in ?ight desk areas and gate areas for 
speci?c airlines. 
[0065] In the softWare protocol shoWn in FIG. 7A, a listen 
ing thread 220 is initiated that queries the incoming FIDS data 
received by the system. The system results are then trans 
ferred to a set of client threads 222, 224, 226 (a representative 
three of Which are shoWn) Which analyZe the information and 
begin the operation of parsing the data and organiZing it into 
data groups to be routed to the appropriate scenes Within the 
video Wall established by the imaging system. A ?re and 
forget protocol 228 is generated, completing the sectioning of 
the data, and then detaching and resetting itself for further 
queries. 
[0066] When the listening thread 220 detects a parcel of 
?ight data in response to a preloaded data query, it delivers a 
sequential set of commands to a desk monitor thread 230, a 
?ight monitor thread 234 and a command listen thread 238. 
Threads 230, 234 and 238 each activate in response to receiv 
ing these commands and route appropriate information to 
either a desk or a gate. 

[0067] The desk monitor thread 230 selects Which desks are 
to receive Which sets of ?ight arrival and departure informa 
tion; different ones of these information sets pertain to par 
ticular desks. For each desk, a desk thread 232 is updated 
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(233) by the system. Flight monitor thread 234 completes a 
process of determining a ?ight thread 236. Once this occurs, 
the command listen thread 238 acknoWledges the arrival of all 
of the data, Which is noW fully parsed. The command listen 
thread 238 issues commands as to hoW the text is to be 
allocated Within the video array as Well as into the indepen 
dent gates Within the terminal, sWitching a set of command 
threads 240, 242, 244 (a representative three of Which are 
shoWn) to complete this stage of the process. Command 
threads 240-244 are “?re and forget” operations, Which 
engage and then detach, logging a respective update thread 
246, 248 or 250 as they ?nish. 

[0068] FIG. 7A illustrates operations taking place on the 
UNIX server 12 side of the system. On the client side (taking 
place Within any of the imaging computers 38-50; rendering 
servers 38, 44, 48 are also “clients” for the purpose of FIDS 
data distribution and imaging functions), shoWn in FIG. 7B, a 
neW listen thread 252 is engaged responsive to a command 
addressed particularly to that client by main server 12, and 
prepares itself to receive the text portion of the FIDS data, 
including ?ights 256 for both desks 258 and gates 260. As the 
rendering servers and clients integrate the text information for 
the screens controlled by them, a status thread 254 checks and 
logs the completion of the operation, and resets itself for the 
next series of queried FIDS data. The frequency of the que 
rying is adjustable by the user of the system. If ?ight data are 
not present by a certain preset time, the controlled screen does 
not display the neW ?ight data until the occurrence of both a 
neW timing period and the arrival of neW ?ight data. The user 
may monitor the system remotely through telneting to the 
UNIX server 12 or through softWare loaded onto the server 12 
that reveals the complete graphics of each of the video Wall 
screens and gate display screens. 

[0069] The illustrated embodiment is one form of overlay 
ing text associated With animations displayed along large 
video Walls With other adjacent screens that are located at 
gates Within an airport environment. The present invention is 
also useful in situations Where rapidly changing or time 
variant text is closely integrated With large video Walls having 
a multiplicity of screens Where detailed animations, simula 
tions and video overlays stretch along the full length of the 
video Wall, and Where such animations are to be monitored 
and modi?ed remotely by the users via the Internet. The 
present invention has applications Which include public 
municipal stations, malls, stadiums, museums, and scienti?c 
research laboratories and universities. 

[0070] FIG. 8 illustrates a main motherboard assembly 300 
that, in a preferred embodiment, exists in the all of the imag 
ing computers 38-50. Each of these motherboards 300 may be 
identical for all computers operating in the netWork, or they 
may be of a different type or manufacturer, so long as the 
same motherboards are used Within the same render server/ 
client groups 24, 26 or 28. This feature alloWs for a differen 
tiation of functions of different motherboards to be spread out 
across multiple rendering computers used throughout the sys 
tem. 

[0071] Each motherboard 300 must be equipped With a 
BIOS 302 Which acknoWledges the presence of multiple 
graphics cards 304-318 plugged into their speci?c slots. In the 
illustrated embodiment these include both 32-bit and 64-bit 
PCI slots 304-316, numbering up to seven slots per mother 
board, and one AGP high speed slot 318. The BIOS 302 built 
onto the motherboard must be able to assign different 
memory addresses to each of the cards 304-318, enabling 














