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DISTRIBUTED DATABASE ACCESS VIA VIRTUAL 
ENVIRONMENT BROWSER 

[0001] The present invention relates to apparatus for 
accessing, from a remote source, data de?ning a graphical 
representation of a virtual environment, With the user being 
enabled to select one from a plurality of available virtual 
environments and the apparatus having means for rendering 
a display of the selected virtual environment from one or 
more vieWpoints. 

[0002] A description of a service providing a virtual 
environment (or cyber-space) accessible by remote users is 
given in European patent application EP-A-0 697 613 (Sony 
Corp.). The system described includes a server providing a 
virtual reality space, and user terminals connected to the 
server via a high-speed communications netWork (using 
optical ?bres or the like). In operation, the server maintains 
a number of virtual environments and supports many dif 
fering terminal types by the use of conversion objects 
betWeen information objects and user objects: the conver 
sion objects provide individually tailored translation for 
communications back and forth betWeen each type of ter 
minal and each con?guration of virtual environment sup 
ported. 

[0003] A particular bene?t arises When the format of data 
storage and representation for virtual environments is at 
least partially standardised, alloWing for greater interchange 
betWeen systems of different manufacturers as Well as a 
reduction in the necessity for individually tailored transla 
tion utilities. With at least partial standardisation, the nec 
essary con?guration of a broWser for accessing such data, 
Whether in a hardWare or softWare implementation or a 
mixture of the tWo, becomes simpler. 

[0004] Anotable example of standardisation in the ?eld of 
data de?ning virtual environments is the so-called Virtual 
Reality Modelling Language (VRML) as described, for 
example, in the VRML standard, version 2.0, issued as 
ISO/IEC WD14772 on Aug. 4, 1996. VRML is a ?le format 
for describing interactive three-dimensional objects and 
Worlds to be experienced on the Internet/World Wide Web 
and it is generally analogous to the Way HTML (HyperText 
Markup Language) is used to describe documents for trans 
mission over the Internet. A number of examples of VRML 
broWsers are discussed in “Building VRML Worlds” by E. 
Tittel et al, published by McGraW Hill 1997, ISBN 0-07 
882233-5, at pages 26 to 31. The functionalities of the 
different broWsers, over and above the basic required for 
conformity, depend to a large extent on their target host 
system and the likely uses of the same, as Well as Whether 
they are purpose-built/Written or Whether they are modi? 
cations of earlier utilities. 

[0005] It is an object of the present invention to provide a 
user operable means for broWsing data de?ning a virtual 
environment and rendering a vieW of the same, having 
improved ef?ciency in the handling of data obtained from 
one or more remote sources for use in the generation of 

representations of virtual environments. 

[0006] In accordance With the present invention there is 
provided a data processing apparatus con?gured as a virtual 
environment data broWser, the apparatus comprising a pro 
cessor coupled With at least ?rst storage means and data 
netWork interface means capable of receiving data de?ning 
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a virtual environment and objects therein When coupled to a 
data netWork including a source of such data, the apparatus 
further comprising user input means and being con?gured to 
periodically generate an image based on said data de?ning 
the virtual environment and objects and from a vieWpoint at 
a location and With an orientation in said virtual environ 
ment determined at least partially by input from said user 
input means; characterised in that further storage means are 
provided With the apparatus further comprising memory 
management means con?gured to place in said further 
storage means a copy of each data ?le received via the 
netWork, to check Within said further storage means for data 
?les before calling for them via the netWork, and to deter 
mine both required and available data storage capacity for at 
least the ?rst and further storage means of the apparatus and, 
When the required capacity exceeds a predetermined level, to 
clear from said further storage means those data ?les also 
passed to the ?rst storage means. 

[0007] Since accesses to remotely-stored virtual environ 
ments Will typically involve doWnloading of a number of 
related data ?les (for example texture ?les for all surfaces 
Which may be encountered Within the virtual environment) 
and not all such ?les Will be required at any given time, by 
providing the further memory (Which may be a partitioned 
area of the ?rst) to hold copies of received ?les, access times 
may be reduced through checking Whether a local copy of a 
required ?le already exists in the further storage means 
before calling for it from across the netWork. To ensure that 
the duplication of locally held copies of those ?les also 
passed to the ?rst memory means When required for ren 
dering does not require unrealistically large amounts of 
available memory, the apparatus memory manager means 
not only detects When memory fullness is reaching critical 
levels, but also determines Which duplicate ?les may be 
deleted to free memory by identi?cation of those already 
passed to the ?rst memory Whose continued usefulness has 
thereby become suspect. 

[0008] As a feature of its operation, the memory manage 
ment means is suitably con?gured to maintain and periodi 
cally update a table identifying, as respective entries in the 
table, data ?les required for generation of said image. In this 
table of data ?le entries, the memory management means 
may record, for each table entry, an indication of the 
respective data ?les source: for data ?les held Within one or 
other area of memory of the apparatus, this indication of the 
respective data ?les source may comprise a memory address 
for the data ?le, Wherein for data ?les held at remote 
locations accessible via said data netWork, the indication of 
the respective data ?les source may comprises a netWork 
address and such accessing information (for example full 
title, passWords etc.) as is required for acquiring that data ?le 
from its respective remote location. 

[0009] In addition to the foregoing, the memory manage 
ment means may also include in the table (for each entry) an 
indication as to Whether or not the respective data ?le has 
been stored in the ?rst storage means, that is to say Whether 
it has actually been called up for use by the broWser. As 
mentioned above, the memory manager not only detects 
When memory fullness is reaching critical levels (indicated 
When the current memory use is in the range of 60 to 100% 
of available storage capacity) but also determines Which ?les 
may be deleted from the further storage means to free 
memory (for example When memory fullness is 90% of 
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available storage capacity). The determination of Which ?les 
to clear may simply be made by checking the indicators for 
Whether or not the data ?les have been stored in the ?rst 
storage means. 

[0010] Further features and advantages of the present 
invention Will become apparent from reading of the folloW 
ing description of preferred embodiments of the invention, 
described by Way of eXample only, With reference to the 
accompanying draWings, in Which: 

[0011] FIG. 1 is a block schematic diagram of a data 
processing system suitable to embody the present invention; 

[0012] FIG. 2 represents the component functions of a 
broWser, as hosted by the system of FIG. 1, and embodying 
the invention; and 

[0013] FIG. 3 represents the interaction betWeen the 
broWser of FIG. 2 and a distributed database management 
system also hosted by the system of FIG. 1. 

[0014] FIG. 1 represents a data processing system, such as 
a personal computer, Which acts as host for a softWare utility 
that con?gures the system as both a broWser for data 
de?ning a virtual environment, and a distributed database 
management system for handling of obtaining the required 
data from one or several remote locations. The system 
comprises a central processing unit (CPU) 10 coupled via an 
address and data bus 12 to random-access (RAM) and 
read-only (ROM) memory devices 14, 16. The capacity of 
these memory devices may be augmented by providing the 
system With means to read from additional memory devices, 
such as a CD-ROM. 

[0015] Also coupled to the CPU 10 via bus 12 are ?rst and 
second user input devices 18, 20 Which may suitably com 
prise a keyboard and a cursor control and selection device 
such as a mouse or trackball. Audio output from the system 
is via one or more speakers 22 driven by an audio processing 
stage 24; in addition to providing ampli?cation, the audio 
processing stage is preferably also con?gured to provide a 
signal processing capability under the control of the CPU 10 
to alloW the addition of sound treatments such as echo to 
eXisting audio data. Video output from the system is pre 
sented on display screen 26 driven by display driver stage 28 
under control of the CPU 10. 

[0016] A further source of data for the system is via online 
link to remote sites, for eXample via the Internet, to Which 
end the system is provided With a netWork interface 30 
coupled to the bus 12. The precise construction of the 
interface is not an essential feature of the present invention, 
although it Will be recognised that the interface con?gura 
tion Will depend on the type of data netWork to Which the 
system is to be coupled: for eXample, Where the system is for 
use by a private home user, the data link is likely to be a 
telephone connection to a local service provider. In such a 
case, the interface 30 Will suitably incorporate a modem. For 
other types of data link, such as an ISDN connection, the 
interface Will be con?gured accordingly. 

[0017] Turning noW to FIG. 2, the inter-relationship of a 
number of functions assembled to con?gure a part of the 
hardWare of FIG. 1 as a broWser is illustrated. The functions 
in the eXample illustrated are particularly suited for broWs 
ing virtual environments de?ned in accordance With the 
VRML standard, version 2.0, issued as ISO/IEC WD14772 
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on Aug. 4, 1996, although it Will be understood that the 
present invention is not restricted by, or limited to, conform 
ance With this standard. Only those components and func 
tions of the broWser as are required for understanding of the 
present invention Will be described in detail: a fuller descrip 
tion of this broWser con?guration and its operation is given 
in the commonly assigned United Kingdom patent applica 
tion 9711019, ?led May 29, 1997 and unpublished at the 
priority date of the present application. 

[0018] The broWser is based around a scene manager 40 
coupled With respective stores for functions 42, assets 44, 
and a hierarchy of scene nodes 52. In terms of the hardWare 
of FIG. 1, the function, asset and hierarchy stores Will 
generally be held in RAM 14, although some of the assets 
(for eXample standardised teXture maps) may be provided in 
fast local caches, as represented at 60 in FIG. 2, or via 
of?ine storage such as CD-ROM. The broWser implemen 
tation program is suitably held in ROM 16, optionally linked 
to the boot-up utility of the system. Also coupled With the 
scene manager are four interfaces (IF.1-IF.4) 46-49 and a 
clock 50. The ?rst of the four interfaces 46 corresponds in 
part to interface 30 of FIG. 1 in that it represents the source 
of data received via the Internet: as represented by dashed 
line 54, the received data may be passed on from the 
interface to other (not shoWn) destinations, such as a further 
broWser for HTML content in the received data. The ?rst 
interface is the general arrival point for the data de?ning the 
virtual environment and, as such, it may also receive data 
from more local sources such as storage on the system RAM 
(14; FIG. 1) or a CD-ROM. 

[0019] From the ?rst interface, the data passes to a parsing 
stage 56 Which divides it into data de?ning or relating to 
assets (Which data is then passed to store 44) and data 
de?ning or relating to the run-time node hierarchy (Which 
data is then passed to store 52). In operation, it Will generally 
be the case that only the data required (in terms of teXture, 
co-ordinates etc) immediately or in the short term Will 
actually be loaded up by the broWser. 

[0020] The second interface 47 is an eXternal API (appli 
cation programming interface) Which may suitably comprise 
a set of interfacing subroutines such as to enable multiple 
user extensions to the system, for eXample to support tWo or 
more users having respective vieWpoints Within a common 
environment. 

[0021] The third interface 48 is for operational segments 
used to program behaviour in a scene: these segments are 
referred to in VRML as script nodes. The script nodes 
contain a program module Which, in response to a change or 
user action Within a scene, effect a change someWhere else 
in the scene depending on the contents of the program 
module. The program modules may suitably contain Java ® 
language segments (Java is the object-oriented platform 
independent and general-purpose programming environ 
ment developed by Sun Microsystems Inc). The third inter 
face 48 provides a path to a Java interpreter Which converts 
the Java segments from their platform-independent form to 
a form recognised by the host system. 

[0022] The fourth interface 49 handles the passing of 
signals from (and in some instances to) the user input 
devices. 

[0023] The functions (functional modules) held in store 42 
include an audio manager, MPEG decoder, features for node 
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run-time implementations (such as interpolators), collision 
detectors, three-dimensional pickers, viewpoint control and 
routing mechanisms. 

[0024] The assets Within store 44 are the basic building 
blocks and operational features from Which the virtual 
environment is built up. These assets include three-dimen 
sional geometry de?ning the con?guration and relative 
location of the polygons to be assembled for the virtual 
environment, teXtures for mapping onto polygon surfaces 
during rendering, audio data, Java ® code, user interaction 
data and/or MPEG data. 

[0025] The further store for run-time structures 52 con 
tains the VRML scene graph together With routes to alloW 
dynamic behaviour. The scene graph is a hierarchical ?le 
specifying the connections betWeen the various geometrical 
components making up an object Within the virtual envi 
ronment. 

[0026] FIG. 3 represents the interaction betWeen the 
broWser of FIG. 2 (indicated generally at 70) and a further 
utility supported by the programmed apparatus, namely a 
distributed database management system 72 Which handles 
the obtaining of VRML ?les via the netWork 74. Certain 
respective areas of system memory 76, 78 are reserved to 
each of the utilities (for eXample for the broWser asset store 
44) and a further utility in the form of a memory manage 
ment stage 80 is provided to streamline operation of the tWo 
principle utilities. In the absence of control from manage 
ment utility 80, unnecessary duplication of effort could 
occur, for eXample in the area of maintaining an updated 
local graphics database. 

[0027] In the eXample shoWn, the application has tWo 
locales A and B, that is to say virtual environment areas of 
interest that are effectively disparate. For simplicity of 
illustration, the only assets in these locales are assumed to be 
graphical assets. The geometry of locale A is described by 
the ?le A.Wrl, and that of B by B.Wrl. If the user is navigating 
locale A, then the generated vieW of the virtual environment 
is based on the contents of A.Wrl. These assets (Wrl-suf?X 
?les) are permanently stored on ?le-server 82 and accessed 
via the netWork 74 by the distributed database management 
utility 72 for doWnloading to the broWser 70. 

[0028] With the user in locale A, the broWser 70 requires 
A.Wrl to be doWnloaded, Which it then parses and converts 
into run-time data structures for ef?cient rendering and 
simulation. This requires the database manager 72 to fetch 
A.Wrl from the ?le-server 82 and then forWard this to the 
broWser 70: for reasons of ef?ciency, the database manager 
72 also stores a copy of A.Wrl in its respective area of 
memory 78 such that, for frequently required assets or ?les, 
there is a good chance of them already being held in the local 
memory of database manager 72 and thus an access call to 
obtain the data again from ?le-server 82 is avoided. 
Although this arrangement can reduce delays due to access 
ing, it is Wasteful of local memory and accordingly the 
memory management utility 80 identi?es, among the stored 
data ?les Which have been called up, those Which have been 
passed to the broWser 70 and should any shortage of free 
memory be determined, the utility 80 frees up the memory 
currently occupied by those ?les Which have already been 
forWarded. 

[0029] In order to assist the memory management utility 
80, a table 84 is maintained in the system memory (as shoWn 
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it may be Within that part 78 allocated to the database 
manager 72), With the table 84 containing a list of the ?les 
required by the broWser 70 and, for each entry, an indication 
of the ?le source (for eXample full title and home ?le server), 
an indicator for Whether or not the broWser has doWnloaded 
the ?le data and stored it in its oWn area of memory 76, and 
an indicator (pointer) for the start of the ?le data Within the 
database managers area of memory 78. 

[0030] Although de?ned principally in terms of a softWare 
broWser implementation, the skilled reader Will be Well 
aWare than many of the above-described functional features 
could equally Well be implemented in hardWare. 

[0031] From reading the present disclosure, other modi 
?cations Will be apparent to persons skilled in the art. Such 
modi?cations may involve other features Which are already 
knoWn in the design, manufacture and use of image pro 
cessing and/or data netWork access apparatus and devices 
and component parts thereof and Which may be used instead 
of or in addition to features already described herein. 
Although claims have been formulated in this application to 
particular combinations of features, it should be understood 
that the scope of the disclosure of the present application 
also includes any novel feature or novel combination of 
features disclosed herein either explicitly or implicitly or 
any generalisation thereof, Whether or not it relates to the 
same invention as presently claimed in any claim and 
Whether or not it mitigates any or all of the same technical 
problems as does the present invention. The applicants 
hereby give notice that neW claims may be formulated to 
such features and/or combinations of such features during 
the prosecution of the present application or of any further 
application derived therefrom. 

1. Data processing apparatus con?gured as a virtual 
environment data broWser, the apparatus comprising a pro 
cessor coupled With at least ?rst storage means and data 
netWork interface means capable of receiving data de?ning 
a virtual environment and objects therein When coupled to a 
data netWork including a source of such data, the apparatus 
further comprising user input means and being con?gured to 
periodically generate an image based on said data de?ning 
the virtual environment and objects and from a vieWpoint at 
a location and With an orientation in said virtual environ 
ment determined at least partially by input from said user 
input means; characterised in that further storage means are 
provided With the apparatus further comprising memory 
management means con?gured to place in said further 
storage means a copy of each data ?le received via the 
netWork, to check Within said further storage means for data 
?les before calling for them via the netWork, and to deter 
mine both required and available data storage capacity for at 
least the ?rst and further storage means of the apparatus and, 
When the required capacity eXceeds a predetermined level, to 
clear from said further storage means those data ?les also 
passed to the ?rst storage means. 

2. Apparatus as claimed in claim 1, Wherein said memory 
management means is con?gured to maintain and periodi 
cally update a table identifying, as respective entries in the 
table, data ?les required for generation of said image. 

3. Apparatus as claimed in claim 2, Wherein said memory 
management means maintains, for each table entry, an 
indication of the respective data ?les source. 
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4. Apparatus as claimed in claim 3, wherein for data ?les 
held Within memory means of said apparatus, said indication 
of the respective data ?les source comprises a memory 
address for said data ?le. 

5. Apparatus as claimed in claim 3, Wherein for data ?les 
held at remote locations accessible via said data network, 
said indication of the respective data ?les source comprises 
a netWork address and such accessing information as is 
required for acquiring said data ?le from its respective 
remote location. 
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6. Apparatus as claimed in claim 2, Wherein said memory 
management means includes in said table for each entry an 
indication as to Whether or not the respective data ?le has 
been stored in the ?rst storage means. 

7. Apparatus as claimed in claim 1, Wherein said prede 
termined level is in the range of 60 to 100% of available 
storage capacity. 

8. Apparatus as claimed in claim 7, Wherein said prede 
termined level is 90% of available storage capacity. 

* * * * * 


