
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2002/0010571 A1 

Daniel, JR. et al. 

(54) SYSTEMS AND METHODS FOR 

(76) 

(21) 

(22) 

(62) 

INTERACTIVE VIRTUAL REALITY 
PROCESS CONTROLAND SIMULATION 
(IVRPCS) 

Inventors: William E. Daniel JR., North Augusta, 
SC (US); Michael A. Whitney, 
Augusta, GA (US) 

Correspondence Address: 
John B. Hardaway, III 
Hardaway/Mann IP Group 
Nexsen Pruet Jacobs and Pollard, LLC 
Post Office BOX 10.107 
Greenville, SC 29603 (US) 

Appl. No.: 09/904,048 

Filed: Jul. 12, 2001 

Related U.S. Application Data 

Division of application No. 09/250,850, filed on Feb. 
17, 1999, now Pat. No. 6,289,299. 

25 
41 

US 20020010571 A1 

(43) Pub. Date: Jan. 24, 2002 

Publication Classification 

(51) Int. Cl." ....................................................... G06F 9/44 

(52) U.S. Cl. ................................................................ 703/21 

(57) ABSTRACT 

A System for Visualizing, controlling, and managing infor 
mation includes a data analysis unit for interpreting and 
classifying raw data using analytical techniques. A data flow 
coordination unit routes data from its Source to other com 
ponents within the System. A data preparation unit handles 
the graphical preparation of the data and a data rendering 
unit presents the data in a three-dimensional interactive 
environment where the user can observe, interact with, and 
interpret the data. A user can view the information on 
various levels, from a high overall proceSS level view, to a 
View illustrating linkage between variables, to view the hard 
data itself, or to view results of an analysis of the data. The 
System allows a user to monitor a physical process in 
real-time and further allows the user to manage and control 
the information in a manner not previously possible. 
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Figure 1. Block Diagram of Interactive Virtual Reality Process Control 
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Figure 2. Bushing Melter Example 
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Figure 3. 3-D Process Overview Interactive IVR-3D world Example showing front of 
bushing melter process 
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Figure 4. 3-D Process Overview Interactive IVR-3D world Example showing right front of 
bushing melter process 
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Figure 6. 3-D Process Overview Interactive IVR-3D world Example showing back right of 
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Figure 8. Right Side of Bushing Melter showing front with Temperature Legend as 
floating palette 
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Figure 9. Right Side of Bushing Melter showing back with Temperature Legend as floating 
palette 
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Figure 1 1. Inside Right Side of Melter by - inches with floating Temperature Legend 
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Figure 12. Inside Right Side of Melter by 6 inches with floating Temperature Legend 

Figure 13. Inside Right Side of Melter by 8 inches with floating Temperature Legend 
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Figure 14. Inside Right Side of Melter by 10 inches with floating Temperature Legend 
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Figure 15. Front of Bushing Melter showing Left Side with Temperature Legend as 
floating palette 
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Figure 16. Front of Bushing Melter showing Right Side with Temperature Legend as 
floating palette 
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Figure 18. Inside Front of Melter by 1.10 inches with floating Temperature Legend 
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Figure 20. Inside Front of Melter by 2.20 inches with floating Temperature Legend 
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Figure 21. Inside Front of Melter by 2.75 inches with floating Temperature Legend 
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Figure 22. Front View of Variable Interaction IVR-3D world at Time Step 0 
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Figure 23. Front Left View of Variable Interaction IVR-3D world at Time Step 0 
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Figure24. Front Right View of Variable Interaction IVR-3D world at Time Step 0 
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Figure25. Front View of Variable Interaction IVR-3D world at Time Step 1 
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Figure 26. Front View of Variable Interaction IVR-3D world at Time Step 2 
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Figure27. Front View of Variable Interaction IVR-3D world at Time Step 3 
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Figure 30. Front Right View of Detailed Derivation IVR-3D world at Time Step 0 
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Figure 31. Front View of Detailed Derivation IVR-3D world at Time Step 1 

Melter Vapor Pressure. 
System Interaction Derivation 

s 
awa 

30 Na r 
a 

s 
Blue Color 

Click Effects Block 
t() return to 

V interactions 
Red Color 

Green Color 

- Light Blue Color 
Figure 32. Front View of Detailed Derivation IVR-3D world at Time Step 2 
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Figure 33. Front View of Detailed Derivation IVR-3D world at Time Step 3 
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Figure 34. Understanding Vapor Space Pressure Overview 
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Figure 35. Inter-linked Variable Description for System 
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Figure 36. Identify Unique Shapes and Colors for System Variables 
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Figure 37. Virtual Reality 3-Dimensional World of Dependent and Independent Variables 
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Figure 38. Increased Vapor Space Volume Effect 
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Figure 39. Increased Moles of Vapor and Vapor Space Temperature Effect 
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Figure 40. Upper Limits of System Variables 
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Figure 41. Identify Unique Shapes and Colors for Vapor Space Temperature Example 

Vapor Space 
SS Temperature (T) 

Heat Conduction Moles of Water 
Out of Tank Walls (Q) Vapor Evolved (AN) 

Figure 42. Vapor Space Temperature Virtual Reality World of Dependent and 
Independent Variables 

  



Patent Application Publication Jan. 24, 2002 Sheet 26 of 30 US 2002/0010571 A1 

Y 

Z 51 Blue 

Yellow 

Vapor Space 
SS Temperature (T) 

Heat Conduction Moles of Water 

Out of Tank Walls (Q) Vapor Evolved (aN) 

Figure 43. Increased Water Evolution Effect 
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Figure 44. Virtual Reality Universe of Inter-linked System variables 
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Figure 45. Block Diagram of Remote Link 
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FEDERALLY SPONSORED CLAIM 

0003) No federally sponsored research and development 
for this invention. 

FIELD OF THE INVENTION 

0004. This invention relates generally to systems and 
methods for Visualizing, managing, and controlling infor 
mation and, more particularly, to Systems and methods for 
providing Interactive Virtual Reality (IVR-3D) three-dimen 
Sional displayS and other views for use in gaining knowledge 
from real-time, delayed-time, or fabricated data. The pri 
mary focus of the invention is on training, operations, and 
prediction related to manufacturing and Services industries. 

BACKGROUND OF THE INVENTION 

0005 Today's technology has placed us clearly in the 
“Information Age' and has become quite proficient in cap 
turing and retaining data. The data or information that is 
available is diverse both in the Sources of the data and in 
what the data represents. One Source of data is from real 
time measurements and other observations. A multitude of 
different Sensors, from acceleration and humidity to altitude 
and preSSure, allows, data to be captured on Virtually any 
characteristic of our environment. In addition to data that is 
Sensed or measured, other data that we encounter is gener 
ated by ourselves, Such as with word processors or spread 
sheets, or it comes from data that has been processed from 
other Sources of data, Such as outputs of Simulation pro 
grams. 

0006. One consequence of all of this information is that 
the information may be simply too great to condense into 
useful knowledge. One example of “data overload” may be 
Seen in a physical plant. A physical plant may have groups 
of Sensors for monitoring fluid flows, temperatures, pres 
Sures, and levels of certain Substances. The raw data coming 
from these Sensors are often fed to a control room where the 
data may be displayed on groups of dials or displayS. The 
human mind, however, is ill equipped to process the amount 
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of data that it is being bombarded every instant with data 
from many different Sources. It is therefore not Surprising 
that an operator may not detect the significance of a par 
ticular piece of data, Such as a particular reading of a dial. 
A need therefore exists for a way to monitor the data So that 
a perSon can more easily gain knowledge from it and execute 
the proper controls. 

0007. The problem with “data overload” is not limited to 
operators at a physical plant but is experienced by people in 
many industries. The financial industry, for example, is also 
prone to data overload with all of the information it receives 
concerning financial markets. This information includes data 
on dividends, Stock Splits, mergerS or acquisitions, Strategic 
partnerships, awards of contracts, interest rates, as well as 
many other aspects of the market. The medical field is 
another field in which data overload is prevalent. In the 
medical field, this information includes information on the 
human body, information on Surgical techniques, data on 
particular drugs and their side effects and interaction with 
other Substances, and real-time data, Such as that captured 
during a Surgery pertaining to a patient or regarding the State 
of medical devices used in Surgery. In proceSS-based manu 
facturing, Such as biotechnology and petrochemicals, real 
time data from the production Stream must be combined 
market data about feedstockS and demand for various final 
products. In telecommunications, real-time data about 
Switching centers, transmission performance, and traffic 
loads must be combined with market data about provision 
ing orders and service mixes. Without efficient methods to 
monitor and control this information, a person becomes 
overloaded with data and the information loses its essential 
purpose, namely as a tool to gain knowledge. In addition to 
the management of raw data, and management of informa 
tion Selected or derived from Such raw data, a Second 
problem is the difference between training and operations 
management environments. Often a trainee must translate 
the formats and frameworks of information in the training 
environment into information formats and frameworks of 
the relevant operations management environment. The 
closer a training environment is to the relevant operations 
management environment, the faster a trainee can become 
productive when assuming an operations management role. 
For instance, a person trained on Several pieces of Standal 
one equipment (not integrated into a production stream) 
requires Substantial additional time to master using the same 
equipment integrated into a production Stream. 

0008. A third problem is the difference between opera 
tions management and predictive tools. Manufacturing and 
Services businesses manage resources based on predictions 
of resource pricing, availability, and delivery of raw mate 
rials and finished goods and Services. Often a perSon in an 
operations management role must translate the information 
output of a predictive tool into formats and frameworks that 
fit more closely with the formats and frameworks used in 
operations management. The closer the output of predictive 
tools is to the relevant operations management environment, 
the more accurately and quickly a manager can apply the 
output of the predictive tools. In fully automated cases, the 
manager may simply need to be notified that the predictive 
tools are changing one or more variables in operations, in 
other cases, the manager may have to intervene to imple 
ment changes recommended by the predictive tools, Such as 
replacing a type of catalyst. 
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0009 Extensive operations research has shown that infor 
mation management through graphics, icons, Symbols, and 
other visualizations on computer driven displayS has many 
advantages for human operators over displays of raw data or 
information. Graphical tools exist today that take raw data, 
process the data, and display the data as user-friendlier 
graphics. The graphical tools, for instance, may generate 
graphs or charts from which a perSon can detect a trend in 
the data. These tools allow a person to more easily view data 
coming from a Small number of Sources. With a large 
number of data Sources or when the data is inter-related in 
a complex manner, a person may still have difficulty deci 
phering the Significance of the information and in making 
correct operational and management decisions. Problems in 
deciphering information become even more difficult and 
expensive during an "alarm avalanche,” that is, when mul 
tiple alarms are triggered which may have a root cause or 
have multiple unrelated causes. 

0.010 Graphical tools exist today, which tale raw data, 
process the data, and display the data in a user-friendlier 
manner. The graphical tools, for instance, may generate 
graphs or charts from which a perSon can detect a trend in 
the data. These tools allow a person to more easily view data 
coming from a Small number of Sources. With a large 
number of data Sources or when the data are inter-related to 
each other, a perSon may still have difficulty deciphering the 
Significance of the information. 

0.011) A simulation program is another type of tool that 
has been developed to assist people in understanding a 
complex System. Simulation programs are especially ben 
eficial when a System is characterized by a large number of 
variables or when the variables are inter-dependent on each 
other. A perSon inputs values for certain variables into the 
Simulation program and the Simulation program, based on 
mathematical relationships between the variables and based 
on numerical techniques, outputs resulting values of other 
variables. A perSon may therefore use a simulation program 
to determine the optimal values of a set of input parameters 
So as to maximize the values of other parameters. Simulation 
programs, for instance, may be used to optimize the lift of 
an airfoil or to maximize the Strength of a Steel beam. 
0012 Although simulation programs are useful in deter 
mining values of certain parameters based on other vari 
ables, simulation programs are Still at best an approximation 
of real-life Systems and do not provide the same detail of 
information as a real-time System. AS discussed above, 
Simulation programs use mathematical relationships 
between parameters in producing their outputs and these 
mathematical relationships only approximate real life. Simu 
lation programs provide limited views of real-life Systems. 

0013 An article by Hollan et al., entitled “Graphic Inter 
faces For Simulation,” Advances. In Man-Machine Systems 
Research, Vol. 3. pps. 129 to 163 (JAI Press, Inc., 1987) 
describes a graphical interface that uses virtual reality to 
represent complex relationships between variables. AS the 
title Suggests, the interface is for use with a simulation 
program in displaying the information to a perSon. Rather 
than receiving printouts of numerical values, a user can view 
the performance of a System. Icons on the display may be 
used to reflect values of underlying variables and permit a 
user to interact with the icons to change the values of those 
variables. 
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0014) Another example of a graphical interface for help 
ing a person to efficiently process vast amounts of informa 
tion is disclosed in U.S. Pat. No. 5,021,976 to Wexelblat et 
al. The Wexelblat patent cites the “Graphic Interfaces For 
Simulation' article in its background and shares many 
common characteristics with the interface disclosed in that 
article. The system described in the Wexelblat patent incor 
porates definitions of mathematical relationships that are 
movable within an information Space. An automatic icon is 
defined by associating certain graphical primitives with 
certain mathematical relationships. So that the appearance of 
the icon automatically changes as a result of a correlation 
between the mathematical relationships and contents of the 
information Space. 

0015. As with simulation programs in general, the use 
fulness of the system in the Wexelblat patent or the Hollan 
et al. article is limited by the accuracy of the mathematical 
relationships. The system in the Wexelblat patent is therefore 
a simulation tool and does not represent real-time data or 
real systems. The systems in the Wexelblat patent and 
Hollan et al. article also do not permit a person to gain 
knowledge on the inter-dependence of variables. Without 
knowing the dependence between variables, a person cannot 
truly grasp the importance of a variable with regards to the 
other variables. As a result, Significant information is not 
conveyed to the user. 

0016 U.S. Pat. No. 5,675,746 to Marshall describes a 
virtual reality generator for use with financial information. 
The virtual reality generator can dynamically change and 
continuously update the virtual reality world. Three-dimen 
Sional objects called metaphors are used to represent specific 
financial information to the viewer, Such as the degree of 
capitalization, color, reported profits or losses, price change, 
or reports of a dividend. This virtual reality generator is 
useful in determining the current State of the financial 
market but has its limitations. The Marshall patent, for 
instance, does not readily allow a perSon to understand 
causal effects within the financial market. A perSon, for 
instance, cannot easily See the effect of one piece of financial 
data on the financial market. The user may therefore miss the 
Significance of a particular piece of information. The Wex 
elblat and Marshall patents and the Hollan et al. paper do 
disclose a distributed network architecture in which the 
Virtual reality System provides remote access to users. 

0017. Among other functions disclosed below, the IVR 
PCS invention addresses existing problems in the integra 
tion of training, operations, and/or prediction into a com 
prehensive framework of worlds and views. Also IVRPCS 
has the ability to navigate between or among Worlds, espe 
cially using “drill-down” and “drill-across' techniques and 
event-dependent collections of ViewS, Such as views pre 
sented in an alarm condition. IVRPCS allows the distribu 
tion of the Worlds and views over a local area network and/or 
wide area network for remote use or collaborative use. Other 
objects and advantages besides those discussed above shall 
be apparent to those of ordinary skill in the art from the 
description of a preferred embodiment of the invention, 
which follows. In the description, reference is made to the 
accompanying drawings, which form a part hereof, and 
which illustrate examples of the invention. Such examples, 
however, are not exhaustive of the various embodiments of 
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the invention, and therefore reference is made to the claims, 
which follow the description for determining the scope of 
the invention. 

SUMMARY OF THE INVENTION 

0.018 Previous virtual reality systems have been used to 
Simulate proceSS control, but not to actually control a 
process, or to provide training and predictive functionality 
integrated with the interactive virtual reality System used to 
control proceSS operations. "Process” means both a physical 
process, Such as the making of glass, and a computational 
process, Such as optimizing yields on an investment portfo 
lio. A preferred embodiment of this invention is a system for 
the creation of interactive virtual reality 3-dimensional 
Worlds for the purpose of conveying information and/or 
effecting control in one, or any combination of, proceSS 
monitoring, process control, process prediction, and proceSS 
training. These interactive virtual reality worlds have the 
capability of handling and presenting data and information 
in real time, calculated, or archived data, or a combination 
thereof. Multiple interactive virtual reality worlds can be 
created for the purpose of conveying different Segments of 
information produced by the proceSS. Among the useful and 
potential interactive virtual reality, Worlds are process over 
view, linked variables. detail derivation, and raw data. The 
interactive virtual reality proceSS control and Simulation 
invention provides methods for navigating within or 
between any interactive virtual reality world(s) for the 
purpose of understanding the Source data or information 
derived from Source data. In a preferred embodiment, the 
creation of the interactive virtual reality worlds is accom 
plished by four components: a data flow coordinator, a data 
analysis unit, a data preparation unit, and a data rendering 
unit. One preferred embodiment includes methods for pre 
Senting root cause and predictive analysis in 2-dimensional 
and interactive virtual reality 3-dimensional worlds. Another 
preferred embodiment of this invention allows the invention 
to be implemented in network architectures in which users 
are in close proximity to a Subject process, or in which users 
are distant from a Subject process. 
0019. It is an object of the present invention to provide 
Systems and methods for creating interactive Virtual reality 
3-dimensional Worlds for the purpose of conveying infor 
mation and effecting control in one, or any combination of, 
proceSS monitoring, process control, process prediction, and 
process training. 

0020. It is another object of the present invention to 
provide Systems and methods that create interactive virtual 
reality worlds that have the capability of handling and 
presenting data and information in real time, by calculation, 
or from archived data, or a combination thereof. It is further 
an object of the present invention to provide Systems and 
methods that create interactive virtual reality worlds that 
have the capability of conveying inter-dependency among 
variables within a System, including root cause analysis. 
0021. It is further an object of the present invention to 
provide Systems and methods that create interactive virtual 
reality worlds by using a data flow coordinator, a data 
analysis unit, a data preparation unit, and a data rendering 
unit. 

0022. It is further an object of the present invention to 
provide Systems and methods that create interactive virtual 
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reality worlds by using network architectures in which users 
are in close proximity to a Subject process, or in which users 
are distant from a Subject process. 

0023. In accordance with the invention, there is therefore 
provided a method of computer generation of an interactive 
Virtual reality world for monitoring and/or controlling a 
process that is physical or computational, comprising: 

0024 constructing a first group of one or more 
related Screen displays associated with the operation 
of an industrial or commercial process, which Screen 
displays, called raw data views, are analog represen 
tations or alphanumeric equivalents of outputs from 
at least two signal interfaces of equipment or com 
putational module in the industrial/commercial pro 
ceSS that is to be monitored or controlled; 

0025 constructing a second group of one or more 
related Screen displays associated with the operation 
of an industrial or commercial process, which Screen 
displays, called derived views, include Visual repre 
Sentations, called output objects, of one or more 
processing variables or of one or more units of 
processing equipment in the industrial or commer 
cial process that is to be monitored or controlled, 
which output objects are derived from outputs from 
analog or digital Signal output, or from analog or 
digital Sensor interfaces of equipment, or from com 
putational modules in the industrial or commercial 
process that is to be monitored or controlled; 

0026 constructing in the derived views one or more 
Visual representations, called input objects, of con 
trollable elements in the industrial or commercial 
process that is to be controlled or monitored, which 
input objects include Visual representations of 
adjustable parameters, called control elements, asso 
ciated with an analog or digital control Signal input 
interface of a controllable element of a unit of 
equipment or of a computational module in the 
industrial or commercial process that is to be con 
trolled or monitored; 

0027 interfacing the input objects, including the 
control elements thereof, with the corresponding 
inputs of control Signal interfaces of equipment in 
the industrial or commercial process that is to be 
controlled So that changing the control elements 
through manipulation by mouse, keyboard com 
mand, or by other input device associated with the 
computer displaying the derived view, a value or 
State of a control element in an input object causes a 
corresponding change in the analog or digital control 
Signal presented at the corresponding control Signal 
input interface of a unit of equipment or of a com 
putational module in the industrial or commercial 
process that is to be controlled; and 

0028 controlling a unit of equipment or of a com 
putational module in the industrial or commercial 
process through manipulation of the control ele 
mentS. 

0029. The invention further provides a system for the 
computer generation of an interactive virtual reality world 
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for monitoring and controlling a process that is physical or 
computational, comprising: 

0030 a means for constructing a first group of one 
or more related Screen displays associated with the 
operation of an industrial or commercial process, 
which Screen displays, called raw data views, are 
analog representations or alphanumeric equivalents 
of outputs from at least two Signal interfaces of 
equipment or computational module in the industrial 
or commercial process that is to be monitored or 
controlled; 

0031 a means for constructing a second group of 
one or more related Screen displays associated with 
the operation of an industrial or commercial process, 
which Screen displays, called derived views, include 
Visual representations, called output objects of one or 
more processing variables or of one or more units of 
processing equipment or computational modules in 
the industrial or commercial process that is to be 
monitored or controlled, which output objects are 
derived from outputs from analog or digital control 
Signal output, or from analog or digital Sensor inter 
faces of equipment in the industrial or commercial 
process that is to be monitored or controlled; 

0032 a means constructing in the derived views one 
or more Visual representations, called input objects, 
of controllable elements in the industrial or commer 
cial process that is to be controlled, which input 
objects include visual representations of adjustable 
parameters, called control elements, associated with 
an analog or digital control Signal input interface of 
a controllable element of a unit of equipment or of a 
computational module in the industrial or commer 
cial process that is to be controlled; 

0033 a means for interfacing the input objects, 
including the control elements thereof, with the 
corresponding inputs of control Signal interfaces of 
equipment in the industrial or commercial process 
that is to be controlled So that changing the control 
elements through manipulation by mouse, keyboard 
command, or by other input device associated with 
the computer displaying the derived view, a value or 
State of a control element in an input object causes a 
corresponding change in the analog or digital control 
Signal presented at the corresponding control Signal 
input interface of a unit of equipment or of a com 
putational module in the industrial or commercial 
process that is to be controlled; and 

0034) a means for controlling a unit of equipment or 
of a computational module in the industrial or com 
mercial process through manipulation of the control 
elements. Other objects, features, and advantages of 
the present invention will be apparent by inspection 
of the remainder of this document. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0035. The accompanying drawings, which are incorpo 
rated in and form a part of the Specification, illustrate 
preferred embodiments of the present invention and, 
together with the description, Serve to explain the principles 
of the invention. In the drawings: 
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0036 FIG. 1, Block Diagram of Interactive Virtual Real 
ity Process Control, is a block diagram of the interactive 
Virtual reality 3-dimensional System according to a preferred 
embodiment of the invention; 
0037 FIG. 2, Bushing Melter Example, is representation 
of a bushing melter used in the figures that follow. 
0.038 FIG.3, 3-D Process Overview Interactive IVR-3D 
World Example showing front of bushing melter process, is 
a graphical representation of the ProceSS Overview compo 
nent by the invention of FIG. 1; 
0039 FIG.4, 3-D Process Overview Interactive IVR-3D 
World Example showing right front of bushing melter pro 
ceSS, is a graphical representation of the Process Overview 
component by the invention of FIG. 1; 
0040 FIG. 5, 3-D Process Overview Interactive IVR-3D 
World Example showing back left of bushing melter process, 
is a graphical representation of the ProceSS Overview com 
ponent by the invention of FIG. 1; 
0041 FIG. 6, 3-D Process Overview Interactive IVR-3D 
World Example showing back right of bushing melter pro 
ceSS, is a graphical representation of the Process Overview 
component by the invention of FIG. 1; 
0042 FIG. 7, 3-D Process Overview Interactive IVR-3D 
World Example showing left front of bushing melter process, 
is a graphical representation of the ProceSS Overview com 
ponent by the invention of FIG. 1; 
0.043 FIG. 8, Right Side of Bushing Melter showing 
front with temperature legend as floating palette, is a graphi 
cal representation of the walk through capability of the 
invention of FIG. 1; 
0044 FIG. 9, Right Side of Bushing Melter showing 
back with temperature legend as floating palette, is a graphi 
cal representation of the walk through capability of the 
invention of FIG. 1; 
004.5 FIG. 10, Inside Right Side of Melter by 2 inches 
with floating temperature legend, is a graphical representa 
tion of the walk through capability of the invention of FIG. 
1; 
0046 FIG. 11, Inside Right Side of Melter by 4 inches 
with floating temperature legend, is a graphical representa 
tion of the walk through capability of the invention of FIG. 
1; 
0047 FIG. 12. Inside Right Side of Melter by 6 inches 
with floating temperature legend, is a graphical representa 
tion of the walk through capability of the invention of FIG. 
1; 
0048 FIG. 14, Inside Right Side of Melter by 8 inches 
with floating temperature legend, is a graphical representa 
tion of the walk through capability of the invention of FIG. 
1, 
0049 FIG. 14, Inside Right Side of Melter by 10 inches 
with floating temperature legend, is a graphical representa 
tion of the walk through capability of the invention of FIG. 
1; 
0050 FIG. 15, Front of Bushing Melter showing Left 
Side with temperature legend as floating palette, is a graphi 
cal representation of the walk through capability of the 
invention of FIG. 1; 
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0051 FIG. 16, Front of Bushing Melter showing Right 
Side with temperature legend as floating palette, is a graphi 
cal representation of the walk through capability of the 
invention of FIG. 1; 

0.052 FIG. 17, Inside Front of Bushing Melter by 0.55 
inches with temperature legend as floating palette, is a 
graphical representation of the walk through capability of 
the invention of FIG. 1; 

0053 FIG. 18. Inside Front of Bushing Melter by 1.10 
inches with temperature legend as floating palette, is a 
graphical representation of the walk through capability of 
the invention of FIG. 1; 

0054 FIG. 19, Inside Front of Bushing Melter by 1.65 
inches with temperature legend as floating palette, is a 
graphical representation of the walk through capability of 
the invention of FIG. 1; 

0055 FIG. 20, Inside Front of Bushing Melter by 2.20 
inches with temperature legend as floating palette, is a 
graphical representation of the walk through capability of 
the invention of FIG. 1; 

0056 FIG. 21, Inside Front of Bushing Melter by 2.75 
inches with temperature legend as floating palette, is a 
graphical representation of the walk through capability of 
the invention of FIG. 1; 

0057 FIG. 22, Front View of Variable Interaction IVR 
3D world at Time Step 0, is a graphical representation of the 
Variable Interaction component in real time by the invention 
of FIG. 1; 

0.058 FIG. 23, Front Left View of Variable Interaction 
IVR-3D world at Time Step O. is a graphical representation 
of the Variable Interaction component in real time by the 
invention of FIG. 1; 

0059 FIG. 24, Front Right View of Variable Interaction 
IVR-3D world at Time Step O. is a graphical representation 
of the Variable Interaction component in real time by the 
invention of FIG. 1; 

0060 FIG. 25, Front View of Variable Interaction IVR 
3D World at Time Step 1, is a graphical representation of the 
Variable Interaction component in real time by the invention 
of FIG. 1; 

0061 FIG. 26, Front View of Variable Interaction IVR 
3D world at Time Step 2, is a graphical representation of the 
Variable Interaction component in real time by the invention 
of FIG. 1; 

0062 FIG. 27, Front View of Variable Interaction IVR 
3D world at Time Step 3, is a graphical representation of the 
Variable Interaction component in real time by the invention 
of FIG. 1; 

0063 FIG. 28, Front View of Detailed Derivation IVR 
3D world at Time Step 0, is a graphical representation of the 
Detailed Derivation component in real time by the invention 
of FIG. 1; 

0064 FIG. 29, Front Left View of Detailed Derivation 
IVR-3D world at Time Step 0, is a graphical representation 
of the Detailed Derivation component in real time by the 
invention of FIG. 1, 
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0065 FIG. 30, Front Right View of Detailed Derivation 
IVR-3D world at Time Step 0, is a graphical representation 
of the Detailed Derivation component in real time by the 
invention of FIG. 1; 

0.066 FIG. 31, Front View of Detailed Derivation IVR 
3D World at Time Step 1, is a graphical representation of the 
Detailed Derivation component in real time by the invention 
of FIG. 1; 

0067 FIG. 32, Front View of Detailed Derivation IVR 
3D world at Time Step 2, is a graphical representation of the 
Detailed Derivation component in real time by the invention 
of FIG. 1; 

0068 FIG. 33, Front View of Detailed Derivation IVR 
3D world at Time Step 3, is a graphical representation of the 
Detailed Derivation component in real time by the invention 
of FIG. 1; 
0069 FIG. 34, Understanding Vapor Space Pressure 
Overview, is a diagram of an example of a System being 
monitored by the IVRPCS system of FIG. 1; 
0070 FIG.35, Inter-linked Variable Description for Sys 
tem, is a diagram of inter-dependency of variables associ 
ated with the monitored system of FIG. 1; 
0071 FIG. 36 to FIG. 40 depict a method according to 
the invention by which parameters or elements of a moni 
tored system may be linked together and by which bound 
aries may be set, 
0.072 FIG. 41 to FIG. 44 provide a second example of 
the method by which parameters or elements of a monitored 
System may be linked and further show the joining of a 
virtual reality world defined by FIG. 41 through FIG. 43 
with a virtual reality world defined in FIG. 36 through FIG. 
40; 
0073 FIG. 45 is a block diagram showing a remote 
IVRPCS system. 
0.074 FIG. 46, IVRPCS Alarm Response World for 
Melter Temperature Exceeding Limit 
0075 FIG. 47, IVRPCS Root Cause Analysis World for 
Melter Temperature Safety Interlock 

DETAILED DESCRIPTION OF THE 
INVENTION 

I. Overview 

0076. With reference to FIG. 1, an Interactive Virtual 
Reality Process Control and Simulation (IVRPCS) system 
10 according to a preferred embodiment of the invention 
receives data from a plurality of Sources 12. These data 
Sources 12 may be any type of data Source, located either 
remote to the system 10 or proximate to the system 10. 
These data Sources may be signal interfaces from physical 
equipment or computational facilities. A signal output inter 
face allows IVRPCS to pull output from physical equipment 
or from computational facilities. A signal input interface 
allows IVRPCS to send input back to physical control 
equipment to invoke Some process action. The data Sources 
12 preferably provide digital data to the system 10, although 
in other applications of the system 10 the data sources 12 
may provide analog Signals that are converted to digital 
Signals at the System 10. AS will become more apparent from 
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the description below, the data Source 12 can be virtually any 
type of data Source: real-time, delayed, archived, or fabri 
cated. A real-time data Source is one that generates data 
continuously, Such as a Sensor in a physical plant or the 
current Stock price for MicroSoft. A delayed data Source is 
just the real-time data delayed by Some Set time, Such as data 
from analyses that require time to perform and thus always 
a step or more behind the real-time data. An archived data 
Source is real-time data that has been Stored for later 
retrieval, analysis, or review, Such as a database that logs 
proceSS real-time data. A fabricated data Source is data from 
a computational facility or generated by means other than a 
real-time process. The data Sources 12, moreover, may 
generate dynamic data or contain Static data. The data Source 
12, as examples, may comprise a database or other Storage 
or may comprise a stream of data that is Subject to change 
over time or data that is generated through prediction and/or 
Simulation. While examples of processes being monitored 
by the IVRPCS system 10 are provided below, the invention 
is not limited to the application of the system 10 to these 
particular processes. The use of the term process should also 
not be construed to require any type of machine, assembly, 
Set of components, or other physical limitation. Instead, the 
term process is being used in its broadest Sense to include 
any computational facility and the data Sources that Supply 
data to Such computational facility. The monitored pro 
cesses, for example, may include but are not limited to 
physical plants or devices, Simulated processes or models, 
financial markets, on-line and off-line Sensor data, and 
Sources of medical information. 

0077. A data flow coordinator unit 14 collects the raw 
data from the data Sources 12 through Some Signal interface 
and deposits the raw data into appropriate database(s). The 
data flow coordinator also coordinates the transfer of infor 
mation between all other units, i.e. the data analysis unit 16, 
the data preparation unit 18, and the data rendering unit 20. 
Also, the data flow coordinator unit 14 can parse or Sort 
through the data to collect only the necessary data. This 
coordinator could be a Java", a custom C/C++ program, or 
any other appropriate programming language. Conceptually 
the operators of a facility, to allow for quicker response 
times between the System and the operators, could use a C++ 
Data Flow Coordinator. JavaTM could be used for a 3-D 
Virtual reality interface acroSS an intranet/internet for con 
trol, training, Supervision and/or consultation. 

0078. The data analysis unit 16, in general, interprets and 
classifies the data sent from the data flow coordinator 14 So 
it may be presented to the user in an understandable format. 
This interpretation can take on many forms but one of the 
key goals is to find the relationships between the indepen 
dent and dependent variables using appropriate analytical 
techniques, Such as established classical algorithms, fuzzy 
logic., neural nets, and genetic algorithms. Online Analytical 
Processing (OLAP) existing art could be used as part of the 
data analysis unit 16. OLAP techniques exist for identifying 
relationships between variables, which is one of the major 
tasks of the data analysis unit. However, current OLAP art 
only presents this information in traditional 2-D or 3-D 
formats, such as plots or charts. IVRPCS goes one step 
further and maps these relationships into Interactive Virtual 
Reality 3-Dimensional Space, thus increasing the Visual 
presentation capabilities. 
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0079 An example of a classical method that can be used 
in the Data Analysis unit 16 is the correlation matrix for a set 
of N. system variables based on N process values: 

R; ; = - d - Equation 1 
- 

v Covii. Covii 

0080) where R, refers to the i'j" element of the corre 
lation matrix and Cov, refers to the covariance between 
System variables i and j. Once these correlation coefficients 
have been found, the effects of N-1 variables on the 
variable of interest V can be found by locating V's row in 
R denoted as p and defining the array: 

... W Vkeffect = { Ripki)} (i+k) Equation 2 

0081 where the right-hand braces indicate an array or 
collection of all values satisfying the outside limits. Now 
each of these effect arrays can be used in defining, SCAL 
ING factors for the system variables, since they represent a 
normalized effect on each variable. Once these SCALING 
factors are calculated, they are passed on to the Data 
Preparation block to be used in the Interactive Virtual 
Reality 3-Dimensional VARIABLE INTERACTION world. 
0082 Another technique to get these scaling factors is to 
use a fuzzy logic model. One can take the response to 
membership functions of a fuzzy logic model and convert 
them into Scaling factors. 

0083) Another method is to use a linear model where a 
normalized variable of interest V is written as a function of 
the other normalized independent variables (N-1) in a form 
like: 

Equation 3 

0084. Note that the normalized variables range from 0 to 
1 and are defined as 

V - Vimin : Equation 4 
|Vimax - Vimini 

0085 For example, consider a Bushing Melter process as 
shown in FIG. 2 that is used to vitrify liquid waste material. 
Important to the operation of this melter is vapor preSSure 
over the melt pool as it affects feed flow rate into the melter 
and the amount of off-gas that is being generated. For this 
example assume there are four System variables (N=4): the 
percent water in the feed, the melt temperature, the melt 
level, and the vapor pressure for the melter, which can be 
represented as V, V, V, and V, respectively. Since the 
melter vapor pressure or V is the variable of interest, 
V=V. In order to express the variables in their normalized 
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forms as shown in Error! Reference Source not found, use the 
ranges defined in Error! Reference Source not found. 

TABLE 1. 

Bushing Melter System Variable Ranges 

Variable Min Max 

V O 6 
V, 2 5 
V. 12OO 1SOO 
V -5 -1 

0.086 At the beginning of the feeding period, the Bushing 
melter vapor pressure can be expressed as the normalized 
linear model: 

V=0.23* V-2.44* V+2.25 V, 

0087 Now linear fit coefficients a can be defined as the 
effect factors for variable V: 

Equation 5 

Vi.effect = tail the Equation 6 

0088 where the right-hand braces indicate an array or 
collection of all values satisfying the outside limits. For the 
bushing melter example discussed above the effect factors 

C. 

V4 effect (a1 (i. as={0.23-2.44 2.25} 
0089. Now for these effects to be used as SCALING 
factors they need to have a common basis or they need to be 
normalized. In order to do this define a new SCALING term 
S. 

Equation 7 

Equation 8 

0090 where i-1 to N skipping i=k and s are the nor 
malized SCALING factors that show the effects of N-1 
system variables on the variable of interest V. For the 
bushing melter example, the Scaling factors are defined as 
follows: 

S={S. S. S={0.05-0.50 0.46 
0.091 Grouping these SCALING terms together gives the 
SCALING array for variable V: 

Equation 9 

Viscale = sil: (i+k) Equation 10 

0092. This SCALING vector would then be used to 
Specify the impact or effect of each independent variable on 
the dependent variable V on a 0 to 1 normalized Scale. 
0093. These are only a couple of examples of how to 
weight the relative effect or impact of one variable on 
another. One of the objectives is to define a normalized 
SCALING array for each dependent variable or variable of 
interest Such that the relative weighting or impact of the 
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independent or other process variables can be represented 
pictorially and their impact upon the dependent variable or 
variable of interest. 

0094. The Data Analysis unit can also be used to update 
any empirical models of the proceSS based on the difference 
between current and predicted process values. There is 
existing art or techniqueS Such as Auto-regressive. Moving 
Average models, etc. that can be used on-line to capture 
process behavior. There are also techniques to update mod 
els on-line. One example of model updating is to read in 
current data and generate a modeling error that is then fed 
into an algorithm to update model coefficients by reducing 
the magnitude of the modeling error. 
0095 Once the data analysis unit 16 has finished, it 
Supplies the results, through the data flow coordinator to the 
data preparation unit 18. 
0096. The data preparation unit 18 transforms the ana 
lyzed data into a Suitable graphical format for the data 
rendering unit 20. This format may include but is not limited 
to Scaled, multi-colored, textured graphical objects, whose 
properties reflect the information from the data analysis unit 
16. The data preparation unit will put the analyzed data into 
the format Specified by the user. For example, the data could 
be converted into a 2-Dimensional or 3-Dimensional format 
where process values P will be generated for a 2-D or 3-D 
mesh M that consists of Cartesian coordinates (x,y) or (x,y,z) 
that define the location of each process value P in the 
appropriate Space. Depending on the type of process value, 
P will contain numerical values of information that have to 
be converted into a "displayable' value. One example of this 
displayable value would be a Red, Green, Blue (RGB) or 
Cyan. Magenta, Yellow, Black (CMYK) color code that 
reflects the relative magnitude of the process value. One 
method to convert a Process Value to a RGB or CMYK code 
is to assign some RGB code or color to the low end or 
minimum process value (Pi) and Some RGB code or color 
to the high end or maximum process value (Pa). With the 
RGB code range defined, each process value can then be 
converted into its RGB equivalent code using a pre-defined 
Colormap that goes through a certain continuous color 
Spectrum, for example, dark blue to dark red. A Colormap 
representing N distinct colors can consist of Nc rows by 
three columns, where each column contains the Red, Green, 
and Blue intensities, respectively, that forms each distinctive 
color. For example, a row of 100 represents dark blue, a row 
of 0 1 0 represents dark red, and a row of 0 0 1 represents 
dark green. Although a Colormap usually represents a con 
tinuous color range, it must consist of m distinct rows 
representing m distinct colors in the Specified range. Due to 
this discrete definition of the Colormap, each proceSS value 
P. must be assigned to a unique row in the Colormap. This 
definition of a Colormrap is only one example and there 
could be Several variations but a similar methodology should 
be applied. Let f, represent the RGB row in the example 
Colormap that represents a process value P. One possible 
form of B is: 

f3 = fix. ) Ne + 1 Equation 11 

0097 where fix drops the fraction portion of the number 
in brackets and gives a row in the Colormap relative to the 
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magnitude of the process value with respect to its minimum 
and maximum values. Note that this example assumes the 
first color or row in the Colormap corresponds to the 
minimum process value and the last color or row in the 
Colornap corresponds to the maximum process value. Fol 
lowing through with this example, the RGB color code 
assigned to a process value P is defined as: 

RGB-Colormap(B1:3) 

0.098 where the 1:3 symbolizes columns 1 through 3 of 
the Colormap matrix. Matlab, Canvas, and other existing 
programs use a similar technique in converting data values 
to RGB values. Once the process values have been con 
verted to their RGB equivalents, the values can be shown as 
their representative colors in 2-dimensional or 3-dimen 
Sional Space. 

Equation 12 

0099. There are existing programs and other art that will 
draw 2-dimensional and 3-dimensional objects and images 
with or without color, provided the data is put in the proper 
format. The data preparation block will put the data in a 
displayable format or format Suitable for these existing 
programs. 

0100. The data rendering unit 20 presents the data to the 
user as output objects through a display 22 that may be a 
traditional device (CRT or LCD monitor) or a Virtual Reality 
device (Head Mounted Display, CAVE, or Helmet). Prefer 
ably, the data is presented to the user So that the user can 
observe, interact with, and interpret the data. The system 10 
also includes input/output devices 24, Such as a keyboard, 
mouse, touch screen. Virtual Reality glove, microphone, 
Speakers, or other Suitable devices. 
0101 The data rendering unit 20 will use existing art that 
can display Static as well as dynamic 3-dimenisonal objects 
with colors, textures, etc. in Interactive Virtual Reality 
worlds. These Interactive Virtual Reality 3-Dimensional 
(IVR-3D) worlds may include any of the basic types: 
PROCESS OVERVIEW, VARIABLE INTERACTION, 
DETAILED DERIVATION, RAW DATA, or any derivation 
thereof to convey capacity, efficiency, root cause analysis, 
Safety, alarm, predictive, and other types of information 
about the process. One type, PROCESS OVERVIEW, could 
present a 3-Dimensional rendering of the process, albeit the 
physical layout of a plant, Such as input and output vessels, 
or the layout of a theoretical process, Such as cost flow or 
project management. This Interactive Virtual Reality 3-Di 
mensional (IVR-3D) world could show the flow of materials 
into and out of the process. An example of Such an Inter 
active Virtual Reality 3D world is shown in FIG. 3. This 
IVR-3D world could also reflect the current process values 
along with the capacity of the process in a pictorial format. 
The term capacity is used to define the ability of the proceSS 
to do more or leSS work without violating Some prescribed 
physical or operating limits. In this example IVR-3D world, 
a glass melter 32 and its temperature contours 33 are shown 
along with its feed and off-gas system using output IVR-3D 
objects. The user has the ability to navigate around in the 
interactive virtual reality world to inspect the process. Dif 
ferent views of the IVR-3D melter world are shown in FIG. 
3 through FIG. 7 and illustrate the user navigating around 
the process. The user can judge immediately what input and 
output capacity the proceSS is at by examining the levels in 
the feed vessels and the melter level. For example, the liquid 
feed and frit feed tanks are at about half capacity while the 
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melter is at full capacity. In other words, the melter is at full 
capacity while the feed vessels can take on more materials. 
In addition to being able to inspect the process externally as 
shown in FIG. 3 through FIG. 7, the user may walk into a 
vessel to examine it from the inside like having "X-ray 
vision”. For example, FIG.8 and FIG.9 are IVR-3D worlds 
that show just the exterior of the melter 32 looking at its right 
Side along with a temperature legend 34. The user is not 
limited to looking at the exterior of the melter; he or she may 
walk into the melter 32 to examine the temperature profiles 
33 from inside. FIG. 10 shows what a user would see if he 
or she walked into the right side of the melter 32: the 
temperature contours 33 at a vertical cross-section two 
inches from the right Side. Also, floating palettes like the 
temperature legend 34 would be available to help the user 
understand the information being presented. Some indica 
tion of the user's location in the IVR-3D world would also 
be provided as indicated by the scale 35 on the right side of 
the melter 32 or by another floating palette similar to the 
temperature legend 34. AS the user continues to navigate into 
the right side of the melter 32, he or she would see 
temperature contour 33 cross-sections at 4, 6, 8, and 10 
inches from the right side of the melter as depicted in FIG. 
11, FIG. 12, FIG. 13, and FIG. 14, respectively. These 
croSS-Sectional temperature contours allow the user to iden 
tify hot and cold spots in the melter without changing 
displayS. The user Simply walks into the vessel of interest, 
the melter in this case, and examines the inside as if he or 
She was navigating into the real vessel. The particular cross 
Sectioning chosen for this example is totally arbitrary and 
would be customized according to the user's needs. Note 
that these images are Snapshots from Interactive Virtual 
Reality 3-Dimensional worlds where the user is free to 
navigate in any direction and into and out of the front, back, 
top, or bottom of the melter 32. This freedom of navigation 
gives the user the maximum flexibility in examining the 
process. FIG. 15 and FIG. 16 show exterior views of the 
bushing melter from the front. If the user walks into the front 
of the melter, he or she will see a temperature contour 33 
cross-section from side to side at 0.55 inches from the 
melter's front in FIG. 17. The temperature legend 34 
appears again as a floating palette and the user's location is 
indicated by the scale 35 on the lower right side of the melter 
32. Another floating palette could be used to indicate the 
user's location in the IVR-3D world or the current status of 
Some process variable(s). As the user continues to navigate 
through the front side of the melter 32, he or she will see 
side-to-side temperature contours 33 at 1.1, 1.65, 2.20, and 
2.75 inches from the front side of the melter 32 as depicted 
in FIG. 18, FIG. 19, FIG. 20, and FIG. 21, respectively. 
The user may inspect any part of the melter, either inside or 
outside. Other traditional 2-D and 3-D presentation tech 
niques do not allow the user to walk into and examine the 
process. IVRPCS gives the user X-ray vision to look inside 
the process being displayed. The interval chosen for the 
temperature contour 33 croSS Sectioning is totally arbitrary 
and is customized based on each user's needs. Note that 
these images are Snapshots captured from an Interactive 
Virtual Reality 3-Dimensional world where the user is free 
to navigate in any direction as well as into and out of the 
front, back, top, or bottom of the melter. This enhanced 
freedom of movement gives the user maximum flexibility in 
examining his or her process. 



US 2002/0010571 A1 

0102) In addition to this ability to inspect the process both 
externally and internally, the user is able to interact with the 
PROCESS OVERVIEW IVR-3D world. One form of inter 
action is allowing the user to change the type of variable 
being displayed. For example, the user could click on a 
thermometer/thermocouple to display the 3-D temperature 
profiles in a proceSS Vessel. Examples of this type of display 
are shown in FIG. 3 through FIG. 7 where the surface 
temperature contours 33 of the melter 32 are illustrated. 
Another form of interaction is to allow the user to turn dials, 
Slide levers, push buttons, and use other GUI input objects 
that correspond to Some process control element. For 
example, if while exploring the melter temperature contours 
shown in FIGS. 18 through 21 the operator noticed a hot 
Spot, he or she could slide a lever for power output down, 
which would then Send a signal to a control device, Such as 
a PID controller, which would cause the power output to 
drop. IVRPCS could act as a GUI for existing control 
processes, whether they are Distributed Control Systems, PC 
based controllers, or Stand Alone control equipment. A 
Separate GUI World could be constructed to Simulate an 
“operators' control room, complete with dials, gauges, 
buttons that allow the operator to monitor and control the 
process. Another example of interaction would be to show 
the flow of material into and out of a process. For example, 
a user clicks on a cash register to follow the cost of 
operations in a process. The user is basically limited by what 
is known about the process when it comes to visualizing 
different aspects, of the process. The information could 
reflect real-time Sensor data or off-line data Such as previous 
run information from a database or a model. The concept is 
to provide the user with enough information to understand 
the current State of the process at any given point in time. 
This IVR 3D PROCESS OVERVIEW world would also 
allow the user to DRILL-DOWN for more data or informa 
tion by clicking on a particular process variable, object, or 
Stream. This action could take the user to a Second Interac 
tive Virtual Reality 3D world, VARIABLE INTERAC 
TION. 

0103) A second Interactive Virtual Reality 3-Dimensional 
(IVR-3D) world, VARIABLE INTERACTION, displays 
information about a variable the user has requested in 
another IVR-3D world. For example, in the IVR-3D world 
shown in FIG. 3, if the user clicks on the Vapor Space area 
above the melter, he or she is taken to a Variable Interaction 
IVR-3D world for the Vapor Space Pressure shown in FIG. 
22. 

0104 Referring to FIG.22, the outer limit constraints for 
HO Feed Content 26A, Melt Level 27A, Melt Temp 28A, 
and Melt VP 29A are represented as frame boxes. These 
“frames' could be any shape or mimic the shape of their 
parent variable icon. Lower limit constraints for Melt Level 
27B, Melt Temp 28B, and Melt VP29B are shown but no 
lower limit for HO Feed Content is shown because it does 
not have one. This type of display not only shows the 
interactions between the variable of interest and variables 
related to it in the process, but the current capacity of these 
variables as related to their upper and lower limits (process 
or control related). Note that this is an interactive virtual 
reality 3-dimensional world that the user can explore. For 
example, FIG. 23 and FIG. 24 show the user moving in the 
Vapor Pressure Interaction IVR-3D world of FIG. 22. 
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0105 Based on how the process data is being collected, 
the proceSS interaction can be for on-line or real-time data 
(i.e. as the process is running) or for off-line or delayed-time 
data (i.e. after the process has run). The data analysis unit 
has processed the data to determine the relationships 
between the dependent (variable of interest) and indepen 
dent variables. These relationships are expected to change 
over time and will be updated as needed. The dependent and 
independent variables will be represented by unique 3-di 
mensional shapes with different colors and textures to make 
them easily identifiable. The independent variables, 26, 27, 
28, will surround the dependent variable, 29, in interactive 
Virtual reality 3-dimensional Space with physical links going 
from the independent variables to the dependent variable 
illustrating their interdependence. These concepts are illus 
trated in FIG. 22 through FIG. 24. The relative sizes of the 
independent variables indicate their relative influence or 
effect over the dependent variable. One method of showing 
these interrelationships is by using the correlation coeffi 
cients between the dependent and independent variables as 
discussed earlier in the Data Analysis Section. These corre 
lation coefficients can be treated as SCALING factors for the 
3-dimensional shapes presented in the 3-dimensional World 
where an arbitrary or default size is picked and then each 
variable's 3-dimensional object is sized based on these 
Scaling factors. The dependent variable's size reflects its 
current operating value, growing as the process value 
increases and shrinking as the process value decreases. AS 
each independent variable's effect increases or decreases 
over time, its size will change accordingly. An example of 
these changing interactions is demonstrated in FIG. 24. 
FIG. 25, FIG. 26, and FIG. 27. These snapshots show, 
respectively, the process variable interaction at 4 different 
time steps: 1) feeding. FIG. 24, 2) feed has just been shut off 
and water is beginning to boil off. FIG. 25, 3) feed has been 
off for some time and water is boiling away quicker. FIG. 
26, and 4) all the feed water has been boiled away, FIG. 27. 
These snapshots came from one interactive VR 3-D world 
that chanced as the proceSS changed. This interactive VR 
3-D world conveys information about the process to the user 
very quickly. The user can see what variables are affecting 
the variable of interest and take any appropriate action. 
0106 To reflect processing constraints on the dependent 
and independent variables, a 3-D box or FRAME outline can 
be placed around or inside each variable. The frame outline 
could be any shape, Such as a cube, Sphere, or cylinder. An 
outer 3-D frame can represent an acceptable outer limit for 
the variable whereas an inner 3-D frame can represent an 
acceptable lower limit. Both types of limit frames can be 
used and the final choice is left up to the user. Examples of 
Some “box” frames 26A&B, 27A&B, 28A&B, 29A&B, are 
shown in FIG.22 through FIG. 27. Using this approach, the 
user can judge instantly whether a variable is within its 
proper operating range and what capacity the variable is at, 
i.e. can the variable be increased or decreased without 
affecting the process. AS an example, if the Vapor Space 
Volume increased Substantially it may allow the upper limit 
on the Vapor Space Temperature to increase. In addition the 
different process evolution Stages may dictate different lev 
els of allowable upper or lower limits. AS an example, during 
the initial feeding Stage of the bushing melter the maximum 
allowable Moles of Vapor in the Vapor Space maybe high 
because of off gassing from liquid to vapor. However after 
a period of time this continual evolution of gas into the 
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Vapor Space may signal an unacceptable condition, there 
fore the upper limit of Moles of Vapor should be reduced. In 
addition to using color and size, the various objects repre 
Senting the proceSS Variables can blink or flash to get the 
user's attention for alarm conditions or indications of Vio 
lation of processing limits. Audible alarms or instructions 
can also be added to warn the user of an alarm State or 
impending processing violation. In addition to the 3-D 
shapes, text can be used to identify each proceSS Variable 
(dependent and independent) and its current operating value 
as shown in FIG. 22 through FIG. 27. To see how the 
proceSS interactions are derived for a particular dependent 
variable, the user can click on the dependent variable block 
which will take him or her to a third type of Interactive 
Virtual Reality 3-D world or a DETAILED DERIVATION 
world. 

0107. A third basic 3D Interactive Virtual Reality world 
for this patent is the DETAILED DERIVATION world. In 
this IVR-3D world, the derivation of the process interaction 
information presented in the previous VARIABLE INTER 
ACTION IVR-3D world is presented or explained. For 
example, if the user clicks on the Vapor Space PreSSure 
variable block in the IVR-3D world of FIG. 22, he or she is 
taken to a IVR-3D world like that shown in FIG. 28. Note 
that the user may explore this IVR-3D world, like shown 
earlier, as illustrated by the different views shown in FIG.29 
and FIG. 30. The process interaction calculations can be 
presented in a text format along with any Supporting 2-D or 
3-D graphs or spreadsheets. In the example shown in FIG. 
28, the back panels 30 indicate Fuzzy Logic Membership 
functions used to derive the water (H2O). temperature, and 
level effects on the melter vapor pressure. Note that the 
water, temperature, and level effects are represented by the 
colors blue, red, and green, respectively. Also in this 
example, each variable's effect on the melter vapor pressure 
is shown by a color-coded cube 31 in the center showing the 
relative import of each independent variable. 
0108). In addition to the DETAILED DERIVATION 
information that is displayed, a 3-D representation of the 
dependent variable from the VARIABLE INTERACTION 
IVR-3D world is again shown to inform the user of current 
process values and limits. The user can observe how the 
different independent variable effects are being derived for 
a particular change in the dependent variable based on the 
current State of the process. An example of this monitoring 
ability is shown in FIG. 30. FIG. 31. FIG.32, and FIG.33. 
These figures represent, respectively, SnapShots of the pro 
cess at the four states mentioned earlier: 1) feeding, FIG. 30. 
2) feed hasjust been shut off and water is beginning to boil 
off. FIG. 31. 3) feed has been off for some time and water 
is boiling away quicker, FIG. 32, and 4) all the feed water 
has been boiled away, FIG. 33. 
0109) If the user wished to examine the RAW DATA 
he/she can drill down on any of the variables of interest. This 
particular “drill down” can occur in any of the proceeding 
IVR-3D worlds by implementing “hot links' from the other 
Worlds but conceptually it would take place in the 
DETAILED DERIVATION World. The RAW DATA world 
could present the information in a 2-D or 3-D graph, 
Spreadsheet, reports, Strip charts, or database formats 
depending on the wishes of the user. 
0110. The above descriptions only begin to scratch the 
surface of what is possible in a 3-D Virtual Reality world 
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Setting. Due to the novel nature of this invention using 
Virtual Reality in Process Control, Monitoring. Simulation, 
and Training, a Specification for the use of VR icon features 
needs to be established. Currently, a VR's icon has shape, 
texture, size, aspect ratio, color, animation, and Sound. With 
regards to shape, a VR icon can be virtually any shape, Such 
as a cone, Sphere, cube, or custom shape. These shapes could 
be used to identify different process variables, i.e. make it 
easy for the user to immediately identify or distinguish one 
process variable from another. Since VR icons have width, 
depth, and height, these three perspectives can be used to 
convey current process values as well as relative weighting 
of effects, all in the same IVR-3D world. For example, the 
height of each VR icon could represent the current process 
value with respect to its current operating range. The taller 
the icon is, the closer it is to its upper operating range or 
limit, and the Shorter the icon is, the closer it is to its lower 
operating range or limit. To mark these lower and upper 
limits, frame outlines could be used around and inside each 
VR icon. All the VR icon widths could be normalized so the 
widest VR icon has the biggest effect on the variable of 
interest. The VR icon with the Smallest width has the 
Smallest effect on the variable of interest. At the same time 
one could use the depth of the VR icons for another 
characteristic. To get a quick idea of the current operating 
points in reference to their relative ranges and limits or to 
find the variable with the biggest impact on another variable, 
the user could just look at an Interactive IVR-3D world 
where all the variables heights and widths are shown simul 
taneously. However, not all traits of the 3D icons have to be 
used at the same time as too much information may confuse 
rather than enlighten the user. The color of the VR icons 
could be used as a visual cue to identify each variable. 
Animation of the VR icon, could also be used to convey 
information to the user. For example, a blinking or flashing 
VR icon could indicate that a variable is in an alarm 
condition. A VR icon's texture can also be used to draw 
attention to a particular variable. For example, as a VR icon 
nears its upper limit, a “CroSSHatched” pattern could appear 
on the icon and as it nears it lower limit a "Pokka-Dotted” 
pattern could appear. Another use of texture patterns is to 
inform the user of the current Stage or operating mode of the 
process. For example, as a vessel is heating up, a fire texture 
could be applied to the VR icon, and as the vessel is being 
cooled down, a water texture could be applied. The Surface 
of the VR icon could also be used to inform the user of 
changing conditions. For example, a bumpy Surface could 
indicate a drift from a control Setpoint and a Smooth Surface 
indicates that the process variable is staying within control 
limits. Another element that can be used for the VR icons is 
Sound. For example, to help locate a control variable that is 
in alarm, a 3-D Sound Source could be associated with the 
VR icon of the control variable that would help the user 
locate the alarmed variable in the IVR-3D world. The 
novelty of the VR icon is that one can combine these 
different attributes to convey multiple pieces of information 
Simultaneously. For example, if a control variable is drifting 
out of control and approaching its upper limit, the VR icon 
could have a crosshatched texture pattern with a bumpy or 
rough Surface. 
0111 A Single icon, Such as a cylinder, can represent 
multiple variables. A Single icon has multiple parameters 
asSociated with it. For a cylinder those parameters maybe 
height dimension, diameter dimension, color of cylinder 
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wall, color of cylinder top, color of cylinder bottom, reflec 
tivity of cylinder wall, reflectivity of cylinder top, reflectiv 
ity of cylinder bottom, transparence of cylinder wall, trans 
parence of cylinder top, transparence of cylinder bottom, 
texture of cylinder wall, texture of cylinder top, texture of 
cylinder bottom, and a specific Sound associated with the 
cylinder. The first principle pressure equation of 
Pressure Volume (V)=Number Moles of Gas (N)*Gas Con 
stant (R)*Temperature (T) will be used to illustrate this 
concept of a single icon showing multiple variable interac 
tion. Assume that Pressure (P) is the dependent variable and 
the equation becomes P=(N*R*T)/V. The overall volume 
(height and diameter) of the cylinder can represents the 
dependent variable pressure. Maximum and minimum limits 
for the pressure can be established and shown as bounding 
boxes as discussed earlier. The color of the walls of the 
cylinder can represent the changing Volume in the vapor 
Space. The allowable limits can be expressed as extremes in 
color or bumps in the surface of the cylinder wall. For 
instance the wall (volume) may vary between white and 
black in color with white being the lower limit and black 
being the upper limit and the transition between the two a 
shade of gray. A legend depicting the gradient between the 
limits can be imbedded in the wall (volume) at various 
locations in the cylinder So the user/operator will constantly 
know the volume's position in the allowable range. The 
cylinder's top color can be used to represent the change in 
Vapor Space temperature with its color changing between 
blue and green to represent the respective maximum and 
minimum limits, as discussed with the wall/volume. For the 
cylinder top/temperature approaching the maximum upper 
and lower limits can also be represented by bumps that come 
out for approaching maximum limit and receding for rep 
resenting approaching minimum limit. The cylinder's bot 
tom color can represent the change in the number of moles 
in the vapor space with the color ranging from red to yellow 
to represent the transition from a maximum to a minimum 
allowable condition. For the cylinder bottom/number of 
moles approaching the maximum upper and lower limits can 
also be represented by the dullness or reflectivity of the 
Surface/color. AS the Surface/color becomes duller the num 
ber of moles can be approaching a lower limit while the 
brighter (neon) the color the closer the upper limit is being 
approached. 

0112 Another use of the interaction effects derived above 
or built-in modeling could be for the prediction of various 
proceSS changes when the relative proceSS Variables are 
manipulated or for the optimization of a process to produce 
Some desired effect, Such as increasing process efficiency. 
For example, a new Predictive/Optimization IVR-3D world 
like shown in FIG. 24 could be created except it would 
contain Sliders for each of the proceSS Variables: melt 
temperature, HO feed content, and melt level. This Predic 
tive/Optimization IVR-3D world could also be viewed as an 
Efficiency IVR-31) world since the goal generally behind 
optimization is to increase process efficiency. The user could 
manipulate the Sliders to change the values of the proceSS 
variables and observe their effects on the other variables. For 
example, if the slider for the HO feed content were lowered, 
the other process variables would change Similar to that 
shown in FIG. 25 through FIG. 27. This Predictive/Opti 
mization/Efficiency IVR-3D world could depend on the 
variable interactions defined earlier and on any modeling 
built into the system. Another example of this Predictive/ 
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Optimization/Efficiency IVR-3D world could be a Boiler 
Optimization IVR-3D world which allow the user to 
manipulate the following process variables to minimize 
operating cost while meeting Steam demand: the coal feed 
rate, the air inflow rate, coal grate Speed, feed water rate, and 
steam pressure. This Boiler Optimization World could be set 
up similar to the Melter Vapor Pressure Interactive IVR-3D 
world shown in FIG. 25. VR icons with sliders to manipu 
late their values would exist for the coal feed rate, the air 
inflow rate, coal grate Speed, feed water rate, and Steam 
pressure. These process variable VR icons would surround 
a VR icon that represented both the operating cost and Steam 
demand (cost/demand VR icon). The size of the cost/ 
demand VR icon would represent the cost while a Pokka 
dotted texture pattern could represent dropping below the 
desired Steam demand and a cross-hatched texture pattern 
represented going above desired Steam demand. The user 
could manipulate the process variable via the Sliders, in this 
IVR-3D world to reduce the size of the cost/demand VR 
icon while avoiding the Pokka-dotted and cross-hatched 
texture patterns on the cost/demand icon. These Predictive/ 
Optimization/Efficiency IVR-3D worlds could be used to 
increase the efficiency of a process, i.e., maximize produc 
tion while minimizing costs or risks to the workers. 
0113 IVRPCS’s ability to link worlds, variables, data, 
and the human being also lends itself to incorporating 
Education, Training, and Operations of a process or concept 
with the underlying documentation that explains and clari 
fies an action or process. The documentation can be training 
manuals or Federal/State regulations. AS explained above 
IVRPCS can be used as an optimization tool. This optimi 
Zation/prediction tool could be incorporated as part of a 
training tool. The training can be linked to the documenta 
tion that explains in 2-D or Interactive Virtual Reality 
3-Dimensional why the concepts that were employed either 
were Successful or not Successful. The training/education 
need not be limited to only a visual medium but can easily 
be an Immersive Interactive Virtual Reality Multimedia 
Environment. ASSume the individual is in training for oper 
ating a process that is operational and being controlled by an 
IVRPCS application. Because the process is being con 
trolled using an IVRPCS application the trainee could use 
delayed process data and the same IVRPCS worlds and 
linked variables as the operators. The trainee could be 
allowed to make a Serious error in judgement and then 
shown in an Interactive Virtual Reality 3-Dimensional world 
why his/her decisions caused a failure by Seeing the linkage 
between the variables and the documentation that would 
have prevented the failure. In other words, an IVRPCS 
application does not have to be limited to just process 
control but can incorporate prediction, optimization, and 
training as well. 
0114 Throughout these Interactive Virtual Reality 3-Di 
mensional worlds the user will have the ability, with links 
to-and-from each world to “navigate' to any world he or she 
desires. As an example, the user maybe in the DETAIL 
DERIVATION world and with one click of the mouse, 
he/she will be in the PROCESS OVERVIEW world. This 
concept of interconnectivity covers drilling down, up, Side 
ways, diagonally, or in any direction in the IVR-3D worlds. 
For example, in the Melter process overview IVR-3D world, 
the user may click on the Melter which takes the user 
“down” into another IVR-3D world where just the melter is 
shown but to a much higher degree of detail than in the 



US 2002/0010571 A1 

previous overview world. The user could then click on a 
piece of the melter, Such as the inlet liquid feed and drill 
sideways to a detailed IVR-3D world on the liquid inlet feed 
System. The user may want to See how the inlet liquid feed 
fits back in the overall proceSS So he or she drills back up to 
the Process Overview world. At this juncture the user may 
want to look at an overview of the upstream feed proceSS So 
he or she drills sideways into a Feed Overview IVR-3D 
World. The user may now want to See a detailed View on one 
of the exit Streams So he or She drills down diagonally to a 
detailed IVR-3D world on melter exit stream. This type of 
up, down, Sideways, or diagonal drilling can go on ad 
infinitum giving the user the maximum navigational flex 
ibility. 

0115) Another use of IVRPCS is in Alarm Response 
Visualization. Interpretation, and Tracking. In an Interactive 
Virtual Reality 3-Dimensional environment, the alarm 
response visualization technique can take on a multitude of 
different approaches depending on the industry and Specific 
application. AS with most alarm response methods there 
would be a graded approach depending on the Severity of the 
alarm and the potential consequences of a failure. Because 
of the interactive virtual reality environment the individual 
is not limited to a two dimensional interface. AS the alarm 
condition is approached the individual would be given a 
continuous update as the offending variable, or variables, 
approach an upper or lower limit. For example, the texture 
pattern on the VR object could change to indicate approach 
ing an upper or lower limit as discussed earlier. Some Sort 
of audible alarm could be given. Due to IVRPCS’s ability to 
show linked variables and to drill clown for a detailed 
explanation of the derivation of the data and linkages, the 
individual can instantly see the offending variable(s) and 
identify which variable(s) are causing the problem. For 
example, in FIG. 46, an example of an Alarm Response 
World is shown for the Melter Temperature 60 exceeding its 
upper limit 60A. Note that upper limits are represented by 
black frame boxes (60A, 62A) and inner limits are charac 
terized by red frame boxes (60B. 62B) The operator is 
shown the StepS 63 to take to bring the melter temperature 
back into normal operating range and can take action either 
in the Alarm Response world or through Some alternative 
interface to the process. In this example, the operator is 
instructed to turn off the temperature controller 61 or place 
it in manual and to lower the melter power 64. There can 
also be a link 65 to a standard text procedure for the operator 
to follow. If the operator is in a different world than the 
offending variable(s), IVRPCS can have the capability of 
instantly and automatically taking the individual to the 
offending world(s) and variable(s) when a predetermined 
“limit” has been reached. In the event the application can not 
have the capability of automatically taking the individual to 
the offending variable(s). IVRPCS can give a warning either 
by Sound or pictorially that a specific variable(s) is 
approaching a limit and highlight the offending component 
in the Process Overview. If a specific response is required by 
the operator. IVRPCS can bring up the procedure to be 
followed in a separate World or document So the operator can 
follow the procedure while Simultaneously monitoring the 
process/variable(s). The required response procedure can 
also be an Interactive Virtual Reality 3-Dimensional “docu 
ment' rather than a Static piece of paper. The Specific method 
for Signaling an alarm condition is restricted by the needs of 
the industry and/or individual. Some of the Signaling meth 
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ods that could be used are dull to neon colors, morphing an 
objects shape, flashing lights or color, addition or deletion of 
Sound, the dominance of a variable in the Linked Variable 
World, etc. 

0116. The logic of an alarm response IVRPCS world can 
be easily extended to a Root Cause Analysis world. This 
Root CauSe Analysis world could show a root cause analysis 
tree where the failed variable is shown at the top and the 
contributing factors are shown like roots of a tree coming off 
the failed variable. Like in a Variable Interaction World, the 
user can identify which variables contributed to the failure 
and how they caused the failure. For example, the Melter 
process discussed earlier could experience high temperature 
Safety interlock that shuts down the process. The operators 
can then exam a Root Cause Analysis world like Shows in 
FIG. 47. The Melter Temperature 60 is represented at the top 
of the tree and the user can see that it exceeded its Outer limit 
60A, which caused the interlock. Immediately below the 
temperature icon is an icon representing the melter level 66, 
which is too low or inside its lower limit 65B as shown in 
FIG. 46. Looking further below the melt level 66 the user 
identifies that the low level was caused by a low frit feed rate 
67. In turn, the low frit feed rate 67 was caused by a low 
liquid feed rate 68. On the right side of the screen are 
descriptions 69 of each of the root causes to further assist the 
root cause analysis. The root cause tree could continue ad 
infinitum and could span across different IVR-3D worlds. 
The example presented here is a simple example and a real 
root cause analysis could consist of Several roots that Span 
several worlds. Also there exists the ability to store these 
root cause analyses in a database for later retrieval for future 
diagnosis and for training new users of the System. The 
IVR-3D world also allows the use of animation and Sound 
to assist the user. For example, in the Melt Temperature 
Interlock example discussed earlier, an audible alarm could 
be used to notify the user of the problem. Once in the Root 
CauSe Analysis world, any variable below its normal oper 
ating limit could flash blue and any variable above its normal 
operating limit could flash red. One may also use the VR 
icon's texture, size, and bump map to convey other infor 
mation to the user. 

0117 II. Linkage Example 

0118. Another example of the linkage and inter-relation 
ship between elements within a process will now be 
described with reference to FIG. 34. In this example, the 
linkage is defined with classical analysis, although the 
invention is not restricted from using any existing method 
ology or a combination thereof for the purpose of defining 
the relationships and degree of interactions between Vari 
ables. Some other possible methods for defining the rela 
tionships and degree of interactions between variables 
include classical algorithms, Such as heat transfer equations, 
fluid flow equations, Structural analysis equations, finite 
element analysis, linear regression, moving average analy 
sis, black-shoals analysis, Stochastic analysis, and linear and 
nonlinear analysis. The invention may also incorporate 
fuzzy logic as a general rule for inputting human knowledge 
or neural networks rule for learning, predicting, and discov 
ering hidden relationships. The invention furthermore may 
rely upon genetic algorithms as a general rule for defining 
the most “survivable' variables or wavelets as a general rule 
for “breaking down” a wave or pattern. 
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0119). In this example of establishing variable linkage, the 
monitored process shown in FIG. 34 is a tank 42 containing 
a liquid 44 and one of the parameters of interest will be the 
Vapor Space Pressure 48 within the tank. The Vapor Space 
Pressure 48 depends upon three independent variables, each 
of which changes over time. The three independent variables 
affecting Vapor Space Pressure 48 are Vapor Space Volume 
49. Vapor Space Temperature 45, and Moles of Vapor 50. 
The simplistic Ideal Gas Law is used to define the Vapor 
Space Pressure (P) 48 as equal to the product of the number 
of moles (N) of vapor 50 with the temperature (T) 45 of the 
gas in the vapor space with a gas constant (R) divided by the 
volume of vapor space (V) 49: 

0120 AS can be seen from FIG. 34, the Vapor Space 
Temperature (T) 45 is measured by a thermocouple in the 
Vapor Space. This variable will change over time as more 
liquid water is changed into vapor thereby increasing the 
Vapor Space Temperature 45. This potential increase in 
temperature will be compensated for by the loss of heat/ 
energy by conduction through the walls of the vapor space 
49. The Vapor Space Volume 49 is calculated from a level 
indicator 47 that measures the height of the liquid water 
(H). This variable will change over time as more liquid 
water is turned into water vapor and the level of the liquid 
water goes down, thereby increasing the vapor space Vol 
ume. The vapor space height (H) is calculated as H=H-H 
where H is the total height of the vessel as shown in FIG. 
34. The Vapor Space Volume 49 in this example is a right 
circular cylinder So the equation for the Vapor Space Volume 
49 will be Vapor Space Volume (V) 49 equals Pi(t) times 
radius of the vapor volume Squared (R) times the height of 
the vapor space (H) or V=TL*R*H. 
0121 The number of Moles of Vapor 50 in the vapor 
space will be determined by the amount of liquid water that 

Jan. 24, 2002 

0122) An example of the possible variable interactions 
for a water-vapor process is shown symbolically in FIG. 35. 
From the figure, it is seen that many variables interact to 
determine the Vapor Space Pressure 48. For this example, a 
heated water tank 42 process has a 4 foot height (HT) and 
a radius of 1 foot (RT) and is at an initial equilibrium steady 
state defined by the values shown below in Table 1. The gas 
is assumed to follow the perfect gas law discussed earlier 
where the gas constant R is 10.73 ftpsia (1b 
moleRankine). 

TABLE I 

Initial Values for Heated Water Tank Example 

Variable Value 

Water Temperature (T), F. 65 
Vapor Space Temperature (T), F. 65 
Liquid Water Level (H). ft 3.OO 
Volume of Vapor Space (V), ft 3.14 
Moles of Vapor (N), lb. Mole * 10 O.17O 
Vapor Space Pressure (P), psia O.305 

0123. As discussed above, the values of the variables 
change over time and are not constant. The System 10 detects 
these changing values with the various sensors and other 
data Sources 12 employed Such as the temperature thermo 
couple 45 and level indicator 47. Assume the water tank 
process is heated over time while Sample data is being 
recorded. Table II shows example data when water is being 
evolved into the vapor space 49. In this example, no water 
Vapor is assumed to condense back into the liquid phase. 

TABLE II 

Example Data from Heated Water Tank 

Variable 

Water Temperature (T), F. 
Vapor Space Temperature (T), F. 
Liquid Water Level (H), ft 
Volume of Vapor Space (V), ft 
Moles Water Vapor Evolved 
(-N), Ib. Mole * 10 
Moles of Vapor (N), lb. Mole * 10 
Vapor Space Pressure (P), psia 

is evolved into the vapor space. This evolution of water 
could be calculated from mass and energy balances on the 
proceSS and from equations of State and vapor-liquid equi 
librium theory. Although the invention could incorporate 
Specific laws of thermodynamics, for this example the 
evolution of water will be an assumed quantity even though 
in reality it is affected by a number of parameters, including 
the temperature of the liquid water, the temperature of the 
Vapor space, water heater input, heat conduction into and out 
of the process, and convection into and out of the process. 
A complete interactive virtual reality representation of this 
proceSS would include all of these contributing variables. 

Value 

8O 90 1OO 110 12O 130 140 150 
75 85 95 105 115 125 135 145 
2.75 2.5 2.25 2. 1.75 1.5 1.25 1. 
3.93 4.71 5.5O 6.28 7.07 7.85 8.64 9.42 
O.10S 0.103 0.136 O.177 O.226 O.323 O.325 O.45 

O.275 O.378 O.514 O.691 O.917 1.24 1.57 2O2 
O4O2 O.469 O.S57 0.667 O.800 0.991 1.16 1.39 

0.124. In displaying the linkage of the above-described 
example, the icons for the parameters must be established. 
With reference to FIG. 36, the Vapor Space Temperature (T) 
45 is assigned an icon 51, the Vapor Space Volume. (V) 49 
is assigned an icon 52, Moles of Vapor (N) 50 is assigned an 
icon 53, and Vapor Space Pressure (P) 48 is assigned an icon 
54. Each of these icons 51 to 54 has a unique interactive 
Virtual reality three-dimensional shape and color. The use of 
different colors and shapes is just one example of how 
parameters may, be represented. The System may alterna 
tively use a unique texture or Surface mapping. The icons 51 
to 54 in FIG. 36 are not two-dimensional icons but are 
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interactive virtual reality three-dimensional objects in an 
interactive virtual reality three-dimensional World. 

0125 With reference to FIG. 37, the dependent variable 
Vapor Space Pressure 48, icon 54, is placed in the middle of 
the interactive virtual reality three-dimensional world, with 
the icons 51 to 53 for the independent variables surrounding, 
it and pipelines or other connecting art between the depen 
dent variable icon 54 and its Surrounding independent icons 
51 to 53. FIG. 37 represents the initial steady state condition 
of the monitored proceSS when all of the independent 
variables contribute equally to the dependent variable of 
Vapor Space preSSure 48 and values for the variables are 
provided next to the icons. The sizes of the three indepen 
dent icons 51 to 53 are approximately equal representing an 
“equality of contribution.” 

0126. If the Vapor Space Volume 49 increases from 3.14 
ft to 9.42 ft while the other two process variables remain 
the same, then the Vapor Space Volume 49 change results in 
a Vapor Space Pressure 48 decrease from 0.305 psia to 0.169 
psia. FIG. 38 represents the real-time changes that take 
place in the interactive virtual realty three-dimensional 
world. As can be seen from FIG. 38, no change occurs with 
the Vapor Space Temperature 45, icon 51, or the Moles of 
Water vapor 50, icon 53, but the Vapor Space Volume 49, 
icon 52, increases and the Vapor Space Pressure 48, icon 54, 
decreases appropriately. The increase of Vapor Space Vol 
ume 49 from 3.14 ft to 9.14 ft is a three-fold increase. This 
Vapor Space Volume 49 increase may not translate to a 
three-fold increase in icon size. The increase in Vapor Space 
Volume 49 is not an action unto itself as it relates to the 
Vapor Space Pressure 48. The Vapor Space Volume 49 is 
linked with the Vapor Space Temperature 45 and Moles of 
Vapor 50. Therefore the change, or lack of change, in the 
Vapor Space Volume ICON is related to the Vapor Space 
Volume 49 change, or lack of change, Vapor Space Tem 
perature 45 change, or lack of change, and Moles of Vapor 
50 change, or lack of change, and how all three affect the 
Vapor Space Pressure 48. 

0127. Another example is if the water temperature 
increases to 150 F. causing the number of Moles of Vapor 
50 to increase to 2.02x10 while the Vapor Space Volume 
48 does not change and the Vapor Space Temperature 45 
only increases to 95° F. FIG. 39 shows the system's 10 
response to these variable changes from its data Sources 12. 
As can be seen in this figure, the Moles of Water vapor 50 
contribute significantly to the overall Vapor Space Pressure 
48 when compared to the Vapor Space Temperature 45 and 
the Vapor Space Volume 49. As stated previously, the 
individual ICON size change depends on the relationships 
between the three independent variables, Moles of Water 
Vapor 50 Vapor Space Volume 49-Vapor Space Tem 
perature 45, and their impact on the dependent variable 
Vapor Space Pressure 48. 

0128. To farther assist the human in deciphering the 
real-time process data, upper and if desired lower limits are 
added to the interactive Virtual reality three-dimensional 
world, as shown in FIG. 40. The upper limits 51A, 52A, 
53A, and 54A portrayed in FIG. 40 may be static or 
dynamic, depending on the needs of the user. For example, 
Static limits could be used to represent physical or proceSS 
ing limits whereas dynamic limits could be used for chang 
ing proceSS States. If implemented, the dynamic limits 
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represent the allowable upper or lower conditions the pro 
ceSS allows for the respective dependent or independent 
variable. As an example, if the Vapor Space Volume 49 
increased Substantially it may allow the upper limit on the 
Vapor Space Temperature 45 to increase. In addition the 
different process evolution Stages may dictate different lev 
els of allowable upper or lower limits. AS an example, during 
the initial feeding Stage of the bushing melter the maximum 
allowable Moles of Vapor 50 in the Vapor Space 49 maybe 
high because of off gassing from liquid to vapor. However 
after a period of time this continual evolution of gas into the 
Vapor Space 49 may signal an unacceptable condition 
therefore the upper limit of Moles of Vapor 50 should be 
reduced. These limits are preferably user-defined according 
to the application of the system 10. 

0129. The linkage is not limited to one particular view 
but may be represented in varying levels of Specificity. In 
other words, the system 10 may present a high-level view 
showing major variables of interest and the user can drill 
down to view the linkage, which involves additional vari 
ables. Thus, by drilling down, the user can break down a 
Single variable in a high-level view and View the linkage 
involving other variables upon which that Single variable 
depends. 

0.130. An example of this joining of different linked 
worlds will now be described with reference to FIG. 41 
through FIG. 44. The Vapor Space Temperature 45 was 
classified as an independent variable in the examples shown 
in FIG. 36 to FIG. 40. The Vapor Space Temperature 45, 
however, could be considered a dependent variable and the 
Same relative interactive virtual reality three-dimensional 
world for Vapor Space Pressure 48 could be created for the 
Vapor Space Temperature (T) 45. This change of focus for 
the dependent variable allows the user to explore all process 
variable interactions. The independent variables for Vapor 
Space Temperature (T) 45 are defined as Heat Conduction 
Out of Tank Walls (Q) and the Moles of Water Vapor 
Evolved (AN). 
0131 The relationship and degree of interactions 
between these independent variables and the dependent 
variable may be defined in any Suitable manner or with any 
suitable methodology. FIG. 41 illustrates an example of a 
relationship of Vapor Space Temperature 45 to Heat Con 
duction 55 and Moles of Water 56. The independent vari 
ables of Heat Conduction Out of Tank Walls (Q) 55 and 
Moles of Water Vapor evolved (AN) 56 as well as the 
dependent Vapor Space Temperature (T) 45 are each given 
an icon unique interactive Virtual reality three-dimensional 
shape and color. The Heat Conduction Out of Tank Walls is 
assigned to icon 55, the Moles of Water Vapor Evolved are 
assigned icon 56, and the Vapor Space Temperature is 
assigned to icon 51. As shown in FIG. 42, the icon 51 for 
the dependent variable is placed in the world in the middle 
of the interactive virtual reality 3-dimensional world. Icons 
55 and 56, for the independent variables surround icon 51 
and linked to the dependent variable icon 51 with pipelines 
or other connecting art. 
0.132. During monitoring of the process, the Vapor Space 
Temperature 45 interactive virtual reality 3-dimensional 
World responds to changes in data to alter the characteristics 
of the icons. When the amount of water vapor evolved (AN) 
increases significantly because there is insulation around the 
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walls of the tank, the Vapor Space Temperature 45 increases 
because heat input is greater than heat output. A represen 
tation of these changes is shown FIG. 43, with the icons 51 
and 56 for the Vapor Space Temperature 45 and Moles of 
Water 56 both increasing in size to reflect the increase in 
magnitude of those parameters. AS discussed earlier the 
ICON sizes change depending on the relationships between 
the independent variables and their impact on the dependent 
variable. 

0.133 AS discussed above, the user can drill down from 
one linkage view to obtain a more detailed View of the 
linkage between variables. An example of this drill down 
view will now be described with reference to FIG. 44. In 
this example, the interactive virtual reality 3-dimensional 
world of Vapor Space Pressure 48, shown in FIG.36 to FIG. 
40, can be combined with the interactive virtual reality 
3-dimensional world of Vapor Space Temperature 45, shown 
in FIG. 41 through FIG. 43. The resultant interactive virtual 
reality 3-dimensional universe is shown in FIG. 44. The user 
can receive the view shown in FIG. 44 by selecting an 
expansion of icon 51 to reveal its linkage to other variables, 
which in this example is Heat Conduction Out of Walls 55 
and Moles of Water Vapor Evolved 56. In a similar manner, 
the user can drill down on any one or more of the other 
“independent' variables so that linkage between that vari 
able and its dependent variables is shown. 
0134) The interactive virtual reality 3-dimensional uni 
verse can be expanded or contracted to include as much level 
of detail that is desired by the user. Also, the worlds can be 
linked together in one graphic or multiple graphics. This 
approach allows the user to include as much information as 
is needed without including too much. 
0135) 
0136. In the preferred embodiment, the system 10 com 
prises at least one personal computer with multiple proces 
sors. The system 10 includes a 3-D and 2-D graphics 
accelerator card with ample video and System RAM and a 
color display 22. This hardware is only a preferred configu 
ration based on the State of the art and may vary according 
to advances in technology or pricing of components. 

III. Exemplary Implementation 

0.137 The system 10 operates on a multitasking operating 
system like Windows NT and is coded with C/C++, fortran, 
Java" or any appropriate program language with Virtual 
Reality support and /or the Virtual Reality Markup Lan 
guage (VRML version 2.0 or higher). The system 10 is 
loaded with an appropriate VR browser either custom-built 
With an appropriate programming language or from existing 
art, such as Netscape or MS Internet Explorer. This VR 
browser includes a custom-built or off-the-shelf plug-in to 
view and interact with the IVR-3D worlds. This VR browser 
would contain at least the following: 1) The ability to 
navigate from World to world by point and clicking on hot 
links, 2) controls to allow the user to walk, fly, tilt, slide, or 
otherwise navigate around in the IVR-3D world, 3) controls 
to allow the user to change the View by Selecting from a 
menu or by rotating, panning, or Zooming in and out of the 
IVR-3D worlds. One possible combination of existing art is 
Netscape and Cosmo Player from Cosmo Software. Inc. of 
Mountain View, Calif. IVR-3D worlds may be authored 
through existing software such as Cosmo Worlds from 
Cosmo Software or other vendors Such as SuperScape, 
VRealm, Virtus Pro, and NlultiGen or through custom-built 
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Software. The system 10, however, is not limited to these 
particular languages or authoring programs but instead may 
be implemented with any Suitable Software. For instance, the 
system 10 may be implemented through JavaTM. JavaScript 
can be the Scripting language for a particular node in VRML. 
For conducting analysis existing art Such as MatLab, Math 
matica, Speedup, etc. maybe implemented or custom-built 
Software may be used. For establishing and implementing 
the databases existing art Such as Informix, Sybase, Oracle, 
Access, etc. maybe utilized or custom-built databases may 
be used. 

0.138. As one example of a potential platform for IVR 
PCS, VRML has been cited. VRML is a language that 
permits the representation of data in a IVR-3D world. The 
use of VRML 2.0 enables the creation of 3-D worlds with 
links to web content and also enables the use of Sensors, 
Scripts, and Sounds. A Sensor, in general, provides a mecha 
nism for a user to interact with an object in a 3-D world. A 
Sensor generates an event based on time or user action and 
may comprise a proximity Sensor, Sphere Sensor, touch 
Sensor, Visibility Sensor, cylinder Sensor, time Sensor, or 
plane Sensor. AS an example, when a user through an 
input/output device 24 navigates close to the melter shown 
in FIG. 3, a proximity Sensor triggers an event to cause a 
3-D world of just the melter to be displayed to the user, such 
as FIG. 2. 

0.139. An interpolator is a built-in behavior mechanism 
that generates an output based on linear interpolation of a 
number of key data points. Use of these key data points to 
generate animated objects is called keyframe animation. A 
Script is used to create more intricate forms of behavior and 
Script nodes themselves contain Source code or pointers to 
code for logic operations. Some examples of interpolators 
are color, coordinate, position, normal, orientation, and 
Scalar. AS an example, data concerning the temperature of 
the melter may be tied to the interpolator of color so that the 
color at any particular point within the melter represents its 
temperature. AS another example, the magnitude of a param 
eter or element may be tied to the Scalar interpolator. Thus, 
in the linkage View, the magnitude of melter vapor preSSure 
determines the Scalar size of the icon 54 shown in FIG. 38. 

0140. The system 10 may also incorporate audio in its 
conveying of information to the user. AS discussed above, 
the input/output devices 24 preferably include Speakers. The 
System 10, for instance, may include 3-D specialized audio 
for conveying Such information to the user as alarms or 
warnings. With such use of Sound, the system 10 preferably 
includes a 32 bit sound card that supports MIDI sound tracks 
and wave Sound files. 

0.141. To tie in an external application to the VR browser, 
an EAI (external Application Interface) could be used. The 
EAI interface for VRML allows an external program to 
access nodes in a VRML scene using the existing VRML 
event model. In this model an eventOut of a given node can 
be routed to an eventln of another node. When the eventOut 
generates an event, the eventIn is notified and its node 
processes that event. Additionally, if a Script in a Script node 
has a pointer to a given node it can Send events directly to 
any eventIn of that node and it can read the last value Sent 
from any of its eventOuts. The EAI allows four types of 
acceSS into the VRML Scene: accessing the functionality of 
the Browser Script Interface, sending events to eventIns of 
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nodes inside the Scene, reading the last value Sent from 
eventOuts of nodes inside the Scene, and getting notified 
when events are sent from eventOuts of nodes inside the 
SCCC. 

0142. In addition to the off-the-shelf VRML browsers, 
one may develop a custom VRML browser or add VRML 
Support to existing applications using any appropriate pro 
gramming language. For example, a C++ toolkit known as 
OpenWorlds by DraW Computing Associates can be used to 
create a personalized VRML 2 browser. OpenWorlds can be 
used to read in and render VRML files directly or to act as 
an animation engine for pre-existing applications. Open 
Worlds may be used to create a unique Giraphic User 
Interface or may be integrated with existing GUIs. Using a 
product such as OpenWorlds allows maximum flexibility but 
requires more coding than using an off-the-shelf package. 

0143 An alternative to using Virtual Reality Markup 
Language (VRML) and a browser is to use a Virtual Reality 
authoring package and/or a VR Application Program Inter 
face (API). A VR authoring package allows one to easily 
build and modify 3D IVR-3D worlds in a drag-and-drop 
object-oriented environment much like a. VRML authoring 
package like CosmoWorlds. Unlike the VRML authoring 
tools, the VR authoring tools use their own programming 
routines to generate code for an executable VR application 
that includes a VR browser. Another method of developing 
a VR application is to use an API or Application Program 
Interface in conjunction with existing or new programming 
code. These API's provide functions to handle the visual 
displays, input/output devices. 3D rendering, engines, and 
more so the user does not have to develop the VR code from 
scratch. Using a VR API with existing code provides the 
maximum flexibility in designing a VR application. Some 
examples of the available art for these VR development tools 
are shown in the following paragraphs. 

0144 Superscape VR Toolkit by Superscape is an author 
ing package for VR applications that uses a C-like Scripting 
language as well as a drag-and-drop browser/editor. With the 
Software Development Kit, users may access the Super 
scape API for customizing their VR application to fit with 
existing or legacy applications. Another VR authoring prod 
uct is dVISE by Division Ltd. that is user friendly, able to 
read multiple model formats like AutoCAD, 3D Studio, and 
Wavefront, and can create multi-user IVR-3D worlds. 
Another VR authoring package that allows creation of 
multi-user IVR-3D worlds and applications is VR Creator 
from VREAM Inc. VR Creator can read multiple formats, 
such as 3D Studio and AutoCAD, as well as provides access 
to its API for linking in external applications. Another VR 
authoring tool is World Up by Sense8 Corporation that uses 
an object-oriented browser to create and modify IVR-3D 
Worlds. World Up allows for quick design and also incorpo 
rates Scripting to extend its functionality. 

0145 The other field of VR application building is cov 
ered by Application Program Interfaces, which allow pro 
grammers to tie into pre-existing code for 3D VR display 
and interaction. One example of the existing art is Open 
Flight API by Multigen, which allows programmers to tie 
into OpenFlight or Multigen's native format, which is a 
popular visual database standard. OpenFlight API allows 
users to augment Multigen's already comprehensive Set of 
3D modeling tools. Another example of a 3D API is Ren 
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derware by Criterion Software that provides high-speed 3D 
graphics acroSS Several computer platforms and Supports 
HMD's (Head Mounted Display) as well as hardware 
graphic accelerators. Another 3D API that supports HMD's 
and other VR input/output devices is World Toolkit by Sense 
8 Corporation. World Toolkit has a large set of C libraries for 
3D simulations and VR applications. Yet another API is 3DR 
by Intel that Supports high Speed, real-time 3D graphic 
applications. 3DR has a Software Development Kit that 
takes advantage of hardware graphic accelerators. One more 
3D API is from Apple called Quickdraw 3D that provides 
high quality 3D real-time graphics. Another 3D API that has 
been around for some time is OpenGL by Silicon Graphics. 
The OpenGLC based libraries have allowed programmers to 
build many 3D applications ranging from games to Scientific 
visualizations. Another 3D API that's available to program 
mers is Microsoft's Direct3D, which is used by 3Dfx and 
Rendition for many 3D VR games. 
0146 AS can be seen from the preceding lists, there is a 
great deal of existing art to create 3D VR applications. Any 
of these tools may be used to build a custom VR browser 
with high refresh rates that takes advantage of any particular 
3D hardware. Depending on the complexity of the IVR-3D 
worlds and the needs of the user, either a VRML or custom 
built VR browser can be used. There is even existing art to 
build a custom VRML browser to eliminate Some of the 
overhead in off-the-shelf browsers. 

0147 Using the existing art, one may construct tools for 
the maintenance as well as modification of the IVRPCS 
worlds. For example, Development and Maintenance tools 
could be constructed to help the user build the various 
IVR-3D worlds by dragging and dropping from a library of 
VR icon objects, shapes, textures, bump maps, etc. These 
tools could also be used to modify existing IVR-3D worlds. 
These tools would also encompass maintenance issues, Such 
as updating the universe of IVR-3D worlds after modifica 
tion to a particular world or validating links among the 
various IVR-3D worlds. These tools would allow the user to 
build, modify, and maintain a universe of IVR-3D worlds 
with minimal effort and maximum efficiency. 
0148 IV. Remote Link 
0149. As described above, the system 10 shown in FIG. 
1 receives data from data Sources 12, processes the data, and 
conveys information to the user, Such as in the ViewS shown 
in previous figures. The System 10 may also output signals 
directly or indirectly to the controlled device 25 within the 
process, Such as to control certain aspects of the process. A 
direct output Signal is Self-explanatory. An indirect output 
Signal is one that passes to an intermediate control System 
26, which in turn talks directly to the controller device 25. 
The intermediate control System 26 may be a human opera 
tor, an existing control System, or Some other intermediary 
system that interfaces directly with the controller device 25. 
In this respect, IVRPCS acts as a Supervisory control system 
instructing or advising a Sub-System, the Intermediate Con 
trol System 26, on what action to take. It is then up to the 
intermediate control System 26 to implement the control 
action. In certain applications of the System 10, the System 
10 is preferably located close to the process being moni 
tored. In other applications of the system 10, however, the 
System 10 may be located remote to the monitored process. 
0150. A second embodiment of the invention will now be 
described with reference to FIG. 45, Block Diagram of 
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Remote Link. The IVRPCS system 10 receives data directly 
from a monitored process 90 and may be located proximate 
or adjacent to the monitored process 90. A remote system 
10* is connected to one of, or both of, the IVRPCS system 
10 and monitored process 90 through a link 100. The link 
100 may comprise a local area network (LAN), wide area 
network (WAN). or internet such as the Internet. The link 
100 may also be through any communication medium or 
network, such as the Public Switched Telephone Network 
(PSTN). a mobile radiotelephone network, a paging net 
work, a Satellite communications network, as well as other 
wire-line and wireleSS communication networks. 

0151. The system 10* preferably includes a data flow 
coordinator unit 14*, the data analysis unit 16, the data 
preparation unit 18*, the data rendering unit 20, the display 
22*, and the input/output devices 24*. When the data flow 
coordinator unit 14 receives data from the monitored proceSS 
90, the data flow coordinator unit 14* performs in the same 
manner as the data flow coordinator unit 14. The data flow 
coordinator unit 14* may alternatively receive information 
directly from the IVRPCS system 10. 

0152 The remote Svstem 10* allows a user to monitor or 
to control the monitored process 90 from a remote site. 
Preferably, the system 10* receives information from the 
IVRPCS system 10 So as to reduce the amount of data 
transferred over link 100. With the use of VRIML, the 
IVRPCS system 10 does not need to continuously generate 
a stream of data to the remote system 10* but instead can 
transmit only changes in the data. As a result, if the moni 
tored process 90 is at a steady state condition, the IVRPCS 
System 10 may not need to transmit any information to the 
system 10*. Furthermore, even if a change occurred, the 
system 10 need not transmit the new value but preferably 
transmits an indexing factor to the remote system 10*. For 
instance, if a parameter increased from a magnitude of 1000 
to 1200, the system 10 would not transmit the value of 
“1200” to the remote system 10* but instead would transmit 
a factor of “1.2.” The data flow coordinator unit 14, upon 
receiving this factoring index, would then Send an appro 
priate update to the data preparation unit 18. 

0153. A plant manager, for example, could monitor 
operations of a plant from his or her home and may not need 
to travel to the plant in the event of an emergency. The 
remote System 10* may be used for regulatory purposes, 
whereby a regulatory agency Such as the Environmental 
Protection Agency may monitor and track the performance 
of the monitored process 90. The remote system 10* can 
therefore alleviate Some reporting requirement imposed by 
regulatory agencies by automatically transferring the rel 
evant information to the OverSeeing agency. Other uses of 
the remote system 10* will become apparent to those skilled 
in the art. 

0154 IVRPCS allows the incorporation of process con 
trol/monitoring, prediction, and training with implementa 
tion at the proceSS and/or over an Intranet or Internet. 
ASSume the bushing melter used in previous examples Starts 
trending outside of the optimal operating conditions and the 
operators cannot locate the cause. The expert for that par 
ticular part of the bushing melter has his/her office five miles 
away or is out of town on busineSS or vacation and the 
operators need his/her input immediately. The expert can use 
the IVRPCS application and the Intranet or Internet to 
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examine archived and real time data as well as IVRPCS's 
various worlds, Such as detailed derivation, prediction/opti 
mization, and linked variables, to track down the abnormal 
behavior. Because the IVRPCS application is the same for 
the operators and the expert, both can work Simultaneously 
in IVRPCS to solve the problem whether they are five or five 
hundred miles from each other. The expert can do more 
macro and microanalyses than the operators can but the 
operators have the hands-on or practical experience. With 
IVRPCS, both types of expertise are brought together to 
solve a problem that might not be solved with them working 
independently. ASSume this incident took place on Tuesday 
morning while a class for new bushing melter operators was 
in Session. When the training class reconvened Tuesday 
afternoon, the data from the incident Tuesday morning could 
be incorporated into the training because the IVRPCS appli 
cation that the operators and expert used is the Same as the 
one the trainees are using. While within the IVRPCS appli 
cation the trainees can re-examine the incident that took 
place that morning and by using the predictive capabilities 
of IVRPCS try to solve the problem or find alternative 
Solutions. The trainee can also access the procedures and 
regulations the operators used, and observe the process 
response via the various IVRPCS worlds, such as process 
overview, linked variables, and detailed derivation. The 
ability of the student to drill-up, drill-down or drill-across 
between IVRPCS worlds, training material, procedures, and 
regulations will enhance the learning experience and shorten 
the time to enlightenment. By training on the same appli 
cation that will be used for operation, the migration of the 
trainees from the classroom Setting to the plant floor will go 
Smoother with quicker acclamation and higher retention. 
One of the main difficulties in understanding a new process, 
either physical or abstract is comprehending how “all the 
pieces fit together'. The Variable Interaction and Detailed 
Derivation Worlds solve this problem by uniquely present 
ing to the Student the inner workings of a process. Once 
inside IVRPCS the student can examine and interface with 
limits on the interdependent and non-interdependent vari 
ables and, in the same Screen View, examine the regulatory 
guidelines that established the limits and/or training material 
to reinforce the fundamental concepts. The Student can 
mimic the actions of the operator by conducting root cause 
analysis, predictive interpretation of parameter behavior, 
and capacity utilization Studies while simultaneously exam 
ining the training material, operating procedures, and regu 
latory requirements. 

0.155. It should be clear from this detailed description that 
a monitored proceSS is common to all embodiments, that the 
monitored proceSS may be real or simulated, that Some 
monitored processes also have control inputs that effect 
changes in the process, and these Systems are called con 
trolled processes. 

0156 VI Conclusion 
0157. The IVRPCS system allows a user to gain knowl 
edge from a monitored process. The IVRPCS system 
addresses the problem of data overload and presents infor 
mation to a user which a user can more easily grasp. Due to 
the way in which the data is processed and information is 
presented to the user, a user can gain a better understanding 
of the information contained within the data. From this 
information, the user derives knowledge which can be used 
for various purposes, Such as to react to changes in the 
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monitored process or to control aspects of the monitored 
process. The IVRPCS system also supports the monitoring 
or controlling of a monitored process from a remote site. 
0158. The IVRPCS system does not limit the user to one 
particular representation of the data. The IVRPCS system 
allows the user to Select the most appropriate representation 
of information. For one user, this representation may be a 
high-level view of the monitored process while for others 
the view may be that of the raw data. The IVRPCS system 
is not limited to these representations but also displays the 
linkage between variables in the monitored process and 
displays the linkage at varying degrees of Specificity. Con 
Sequently, the user can drill down a linkage view to view 
additional variables. 

0159. The IVRPCS system provides insight into a 
dynamic process. In contrast to Simulation programs, the 
IVRPCS system receives data directly from a process being 
monitored and is not limited to stagnant data. The IVRPCS 
System provides a representation of the State of the moni 
tored proceSS in real-time whereby a user can react in 
real-time. 

0160 While the foregoing specification teaches the prin 
ciples of the present invention, with examples provided for 
the purpose of illustration, it will be understood that the 
practice of the invention encompasses all of the usual 
variations, adaptations, or modifications, as come within the 
Scope of the following claims and their equivalents. 

We claim: 
1. A method of computer generation of an interactive 

Virtual reality world for monitoring and/or controlling a 
process that is physical or computational, comprising: 

constructing a first group of one or more related Screen 
displays associated with the operation of an industrial 
or commercial process, which Screen displayS, called 
raw data views, are analog representations or alphanu 
meric equivalents of outputs from at least two Signal 
interfaces of equipment or of variables in the industrial 
or commercial process that is to be monitored, con 
trolled, or simulated; 

constructing a Second group of one or more related Screen 
displays associated with the operation of an industrial 
or commercial process, which Screen displayS, called 
derived views, include Visual representations, called 
output objects, of one or more processing variables or 
of one or more units of processing equipment in the 
industrial or commercial process that is to be moni 
tored, controlled, or Simulated, which output objects 
are derived from outputs from analog or digital Signal 
output, or from analog or digital Sensor interfaces of 
equipment or of variables in the industrial or commer 
cial process that is to be monitored, controlled, or 
Simulated; 

constructing in the derived views one or more visual 
representations, called input objects, of controllable 
elements, if any, in the industrial or commercial 
process that is to be controlled or Simulated, which 
input objects include Visual representations of 
adjustable parameters, called control elements, asso 
ciated with an analog or digital Signal input interface 
of a controllable element of a unit of equipment or of 
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a computational module in the industrial or commer 
cial process that is to be controlled or simulated; 

interfacing the input objects, including the control 
elements thereof, with the corresponding inputs of 
Signal interfaces of equipment or of variables in the 
industrial or commercial process that is to be con 
trolled or Simulated So that changing the control 
elements through manipulation by mouse, keyboard 
command, or by other input device associated with 
the computer displaying a derived view, a value or 
State of a control element in an input object causes a 
corresponding change in the analog or digital Signal 
presented at the corresponding Signal input interface 
of a unit of equipment or of variables or of a 
computational module in the industrial or commer 
cial process that is to be controlled or simulated; 

controlling a unit of equipment or of a computational 
module in the industrial or commercial process 
through manipulation of the control elements, and 

interfacing through communications circuits or net 
work one or more interactive virtual worlds with a 
human or cyber user of the one or more interactive 
virtual worlds. 

2. The method of claim 1, wherein the interactive virtual 
world includes a means whereby the user of the interactive 
Virtual worlds can Select what output objects or input objects 
to display in a view. 

3. The method of claim 1, wherein each output object in 
one series of derived views corresponds to a specific piece 
of equipment, a Specific computational module, or a variable 
of interest in the industrial or commercial process that is to 
be monitored, controlled, or Simulated, and wherein the 
collection of Such derived views, called herein a process 
Overview world, shows output objects related to each other 
according to a chronologically based Sequence, Such as the 
Sequence in which a workpiece is handled, a feedstream is 
processed, a computational proceSS is executed, a customer 
is Serviced, or according to another. 

4. The method of claims 1, 2, or 3, wherein each control 
element of an input object corresponds to a Single processing 
variable in the industrial or commercial process that is to be 
controlled or Simulated. 

5. The method of claims 1, 2, or 3, wherein each control 
element of an input object corresponds to at least two 
processing variables in the industrial or commercial proceSS 
that is to be controlled or simulated. 

6. The method of claims 1, 2, or 3, wherein the computer 
displaying an interactive virtual reality world, or a computer 
interfaced over a communications network with the com 
puter displaying an interactive virtual reality world, includes 
a means for rendering the derived ViewS in two dimensions. 

7. The method of claims 1, 2, or 3 wherein the computer 
displaying an interactive virtual reality world, or a computer 
interfaced over a communications network with the com 
puter displaying an interactive virtual reality world, includes 
a means for rendering the derived ViewS in three dimensions. 

8. The method of claims 1, 2, or 3, wherein the computer 
displaying an interactive virtual reality world, or a computer 
interfaced over a communications network with the com 
puter displaying an proceSS Overview world, includes a 
means for rendering the derived views in three dimensions, 
and wherein the user can navigate the user's point of 
observation to any point within the coordinate Space of the 
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interactive virtual reality world and obtain a display of a 
three-dimensional perspective view from Such point of 
observation. 

9. The method of claims 1, 2, or 3, wherein the computer 
displaying an interactive virtual reality world, or a computer 
interfaced over a communications network with the com 
puter displaying an interactive virtual reality world, includes 
a means for rendering the derived views in the interactive 
virtual reality world in three dimensions, and wherein the 
perspectives in the derived views can be moved by the user 
through a unit of equipment or through a computational 
module to display an “X-ray vision” view of the internal 
aspects of a unit of equipment, of a workpiece being 
handled, of a feedstream being processed, or a computa 
tional process being executed. 

10. The method of claim 3, wherein the computer dis 
playing a process overview world, or a computer interfaced 
over a communications network with the computer display 
ing a proceSS Overview world, includes a means for Storing 
limit values of parameters of a signal output interface, and 
of detecting and displaying that a parameter of a signal 
output interface associated with an output object has 
exceeded one or more limit values, and during periods a 
parameter of a signal output interface associated with an 
output object has exceeded one or more limit values, dis 
playing a notice, called an alarm window, that describes each 
parameter and parameter value that has exceeded one or 
more limit values, wherein Such display is adjacent to the 
relevant output object in user's display Screen or in another 
part of the user's display Screen and is in Schematic form, in 
Symbolic form, or as alphanumeric data. 

11. The method of claim 10, wherein the computer 
displaying a process overview world, or a computer inter 
faced over a communications network with the computer 
displaying a process overview world, includes a means for 
computing, and for Storing and displaying, the results of root 
cause analysis of parameters exceeding limit values, and 
during periods a parameter of a signal output interface 
asSociated with an output object has exceeded one or more 
limit values, the results of computing root cause analysis 
pertaining to a parameter of a signal output interface asso 
ciated with an output object that has exceeded one or more 
limit values are displayed in Symbolic or Schematic form or 
as alphanumeric data in the alarm window, adjacent to the 
asSociated output object, or in another area of the user's 
display Screen. 

12. The method of claim 10, wherein the computer 
displaying a process overview world, or a computer inter 
faced over a communications network with the computer 
displaying a process overview world, includes a database 
containing information about each root cause analysis that is 
performed and includes a means for displaying a visual 
representation or alphanumeric data to a user of the com 
puter displaying a proceSS Overview world, and upon request 
from the user to display additional information about the 
result of a root cause analysis, displayS Such additional 
information to the user in Symbolic or Schematic form or as 
alphanumeric data. 

13. The method of claim 3, wherein the computer dis 
playing a process overview world, or a computer interfaced 
over a communications network with the computer display 
ing a proceSS Overview world, includes a means for predict 
ing that parameters of one or more units of equipment or of 
computational modules associated with an output object 
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have reached a threshold probability of exceeding limit 
values, wherein Such computer Stores and displays the 
identity of the parameters and the results of the prediction as 
a visual representation or as alphanumeric data in an area, 
called a prediction window, adjacent to the associated output 
object displayed in a user's display Screen, or in another area 
of the user's display Screen. 

14. The method of claim 3, wherein the computer dis 
playing a process overview world, or a computer interfaced 
over a communications network with the computer display 
ing a process overview world, includes a means for deter 
mining unused capacity of one or more units of equipment 
or of computational modules associated with an output 
object, and of Storing the results of the determination, 
wherein Such computer Stores and displays the identity of 
the parameters involved and the results of the determination 
as a visual representation or as alphanumeric data in an area, 
called a capacity window, adjacent to the associated output 
object displayed in a user's display Screen, or in another area 
of the user's display Screen. 

15. The method of claim 3, wherein the computer dis 
playing a process overview world, or a computer interfaced 
over a communications network with the computer display 
ing a process overview world, includes a means for deter 
mining how existing capacity of one or more units of 
equipment or of computational modules might be used more 
efficiently, wherein Such computer Stores and displays the 
results of the determination as a visual representation or as 
alphanumeric data in an area, called an efficiency window, 
adjacent to the associated output object displayed in a user's 
display Screen, or in another area of the user's display 
SCCC. 

16. The method of claim 1, wherein one series of derived 
Views, called herein a variable interaction world, includes 
output objects, input objects, and views in which the output 
objects and input objects are included in a given View based 
on interdependencies among the variables that the output 
objects and input objects represent. 

17. The method of claim 16, wherein the variable inter 
action world includes: 

a means for rendering the derived views in three dimen 
Sions, and wherein the user can navigate the user's 
point of observation to any point within the coordinate 
Space of the variable interaction world and obtain a 
display of a three-dimensional perspective View from 
Such point of observation; 

a means of computing and displaying interdependencies 
among the variables that the output objects and input 
objects in a view represent, 

Visual representations in Schematic form, in Symbolic 
form, or as alphanumeric data that show the interde 
pendencies; 

a means for Storing limit values of parameters of a signal 
output interface, and of detecting and displaying that a 
parameter of a Signal output interface associated with 
an output object has exceeded one or more limit values, 
and during periods a parameter of a Signal output 
interface associated with an output object has exceeded 
one or more limit values, displaying a notice, called an 
alarm window, that describes each parameter and 
parameter value that has exceeded one or more limit 
values, wherein Such display is adjacent to the relevant 
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output object in user's display Screen or in another part 
of the user's display Screen and is in Schematic form, in 
Symbolic form, or as alphanumeric data, and may 
include 

a means for predicting that parameters of one or more 
variables in the variable interaction world have reached 
a threshold probability of exceeding limit values, and 
for display of the identity of the variables and the 
results of the prediction as a visual representation or as 
alphanumeric data in an area, called a prediction win 
dow, adjacent to the associated output object displayed 
in a user's display Screen, or in another area of the 
user's display Screen. 

18. The method of claim 16, wherein the output objects 
and input objects in a view within the variable interaction 
World are included in a given view based on the criticality 
of the variables represented by the output objects and input 
objects in the industrial or commercial process that is to be 
monitored, controlled, or Simulated. 

19. The method of claim 1, wherein one series of derived 
Views, called herein a detailed derivation world, includes 
output objects and input objects and: 

a means for rendering the derived views in three dimen 
Sions, and wherein the user can navigate the user's 
point of observation to any point within the coordinate 
Space of the detailed derivation world and obtain a 
display of a three-dimensional perspective View from 
Such point of observation, 

ViewS in which the output objects and input objects are 
included in a given view based on the interdependen 
cies among the variables that the output objects and 
input objects represent: 

a means of computing and displaying a calculation or 
other derivation of the variables associated with the 
output objects and input objects, 

Visual representations in Schematic form, in Symbolic 
form, or as alphanumeric data that show the calculation 
or other derivation of the variables associated with the 
output objects and input objects, 

a means for Storing limit values of parameters of a signal 
output interface, and of detecting and displaying that a 
parameter of a Signal output interface associated with 
an output object has exceeded one or more limit values, 
and during periods a parameter of a Signal output 
interface associated with an output object has exceeded 
one or more limit values, displaying a notice, called an 
alarm window, that describes each parameter and 
parameter value that has exceeded one or more limit 
values, wherein Such display is adjacent to the relevant 
output object in user's display Screen or in another part 
of the user's display Screen and is in Schematic form, in 
Symbolic form, or as alphanumeric data, and may 
include 

a means for predicting that parameters of one or more 
variables in the detailed derivation world have reached 
a threshold probability of exceeding limit values, and 
for display of the identity of the variables and the 
results of the prediction as a visual representation or as 
alphanumeric data in an area, called a prediction win 
dow, adjacent to the associated output object displayed 
in a user's display Screen, or in another area of the 
user's display Screen. 

20 
Jan. 24, 2002 

20. A method of computer generation of an interactive 
Virtual reality world for monitoring and controlling a proceSS 
that is physical or computational, comprising: 

constructing a raw data world; 
constructing a process Overview world; 
constructing a variable interaction world; 
constructing a detailed derivation world; 
providing a user with a means of navigating the collection 

of Worlds by Selecting an output object and following 
the output, object's links to other worlds, or by Select 
ing an input object and following the input objects 
links to other worlds; 

displaying views in the other worlds, and 
enabling the use to drill-up, drill-down, and drill-acroSS 

through Worlds. 
21. A System for conveying information to a user through 

a display of a three-dimensional World, comprising: 
receiving data from at least two data Sources, 
transforming the data from each data Source into a three 

dimensional graphical object; 
presenting each graphical object to the user within the 

three-dimensional world; 
generating a processed set of data from at least one Source 

of data; 
transforming the processed Set of data into a processed 

data graphical object; and 
presenting the processed data graphical object in the 

three-dimensional world. 
22. A System for the computer generation of an interactive 

Virtual reality world for process control comprising: 
a means for constructing a first group of one or more 

related Screen displays associated with the operation of 
an industrial or commercial process, which Screen 
displays, called raw data views, are analog representa 
tions or alphanumeric equivalents of outputs from at 
least two Signal interfaces of equipment or of variables 
in the industrial or commercial process that is to be 
monitored, controlled, or Simulated; 

a means for constructing a Second group of one or more 
related Screen displays associated with the operation of 
an industrial or commercial process, which Screen 
displays, called derived views, include Visual represen 
tations, called output objects, of one or more processing 
Variables or of one or more units of processing equip 
ment in the industrial or commercial process that is to 
be monitored, controlled, or Simulated, which output 
objects are derived from outputs from analog or digital 
Signal output, or from analog or digital Sensor inter 
faces of equipment or of variables in the industrial or 
commercial process that is to be monitored, controlled, 
or simulated; 
a means constructing in the derived views one or more 

Visual representations, called input objects, of con 
trollable elements, if any, in the industrial or com 
mercial process that is to be controlled or simulated, 
which input objects include Visual representations of 
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adjustable parameters, called control elements, asso 
ciated with an analog or digital Signal input interface 
of a controllable element of a unit of equipment or of 
a computational module in the industrial or commer 
cial process that is to be controlled or Simulated; 

views in the interactive virtual reality world in three 
dimensions, and wherein the perspectives in the 
derived views can be moved by the user through a unit 
of equipment or through a computational module to 
display an “X-ray vision' View of the internal aspects of 
a unit of equipment, of a workpiece being handled, of 
a feedstream being processed, or a computational pro 
ceSS being executed. 

29. The system of claim 24, wherein the computer dis 
playing a process overview world, or a computer interfaced 
over a communications network with the computer display 
ing a proceSS Overview world, includes a means for Storing 
limit values of parameters of a signal output interface, and 
of detecting and displaying that a parameter of a signal 
output interface associated with an output object has 
exceeded one or more limit values, and during periods a 
parameter of a signal output interface associated with an 
output object has exceeded one or more limit values, dis 
playing a notice, called an alarm window, that describes each 
parameter and parameter value that has exceeded one or 
more limit values, wherein Such display is adjacent to the 
relevant output object in user's display Screen or in another 
part of the user's display Screen and is in Schematic form, in 
Symbolic form, or as alphanumeric data. 

30. The system of claim 24, wherein the computer dis 
playing a process overview world, or a computer interfaced 
over a communications network with the computer display 
ing a process overview World, includes a means for com 
puting, and for Storing and displaying, the results of root 
cause analysis of parameters exceeding limit values, and 
during periods a parameter of a signal output interface 
asSociated with an output object has exceeded one or more 
limit values, the results of computing root cause analysis 
pertaining to a parameter of a signal output interface asso 
ciated with an output object that has exceeded one or more 
limit values are displayed in Schematic form or as alphanu 
meric data in the alarm window, adjacent to the associated 
output object, or in another area of the user's display Screen. 

31. The system of claim 24, wherein the computer dis 
playing a process overview world, or a computer interfaced 
over a communications network with the computer display 
ing a process Overview world, includes a database contain 
ing information about each root cause analysis that is 
performed and includes a means for displaying a visual 
representation or alphanumeric data to a user of the com 
puter displaying a proceSS Overview world, and upon request 
from the user to display additional information about the 
result of a root cause analysis, displayS Such additional 
information to the user. 

32. The system of claim 24, wherein the computer dis 
playing a process overview world, or a computer interfaced 
over a communications network with the computer display 
ing a proceSS Overview world, includes a means for predict 
ing that parameters of one or more units of equipment or of 
computational modules associated with an output object 
have reached a threshold probability of exceeding limit 
values, wherein Such computer Stores and displays the 
identity of the parameters and the results of the prediction as 
a Visual representation or as alphanumeric data in an area, 
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called a prediction window, adjacent to the associated output 
object displayed in a user's display Screen, or in another area 
of the user's display Screen. 

33. The system of claim 24, wherein the computer dis 
playing a process overview world, or a computer interfaced 
over a communications network with the computer display 
ing a process overview world, includes a means for deter 
mining unused capacity of one or more units of equipment 
or of computational modules associated with an output 
object, and of Storing the results of the determination, 
wherein Such computer Stores and displays the identity of 
the parameters involved and the results of the determination 
as a visual representation or as alphanumeric data in an area, 
called a capacity window, adjacent to the associated output 
object displayed in a user's display Screen, or in another area 
of the user's display Screen. 

34. The system of claim 24, wherein the computer dis 
playing a process overview world, or a computer interfaced 
over a communications network with the computer display 
ing a process overview world, includes a means for deter 
mining how existing capacity of one or more units of 
equipment or of computational modules might be used more 
efficiently, wherein Such computer Stores and displays the 
results of the determination as a visual representation or as 
alphanumeric data in an area, called an efficiency window, 
adjacent to the associated output object displayed in a user's 
display Screen, or in another area of the user's display 
SCCC. 

35. The system of claim 22, wherein one series of derived 
Views, called herein a variable interaction World, includes 
output objects, and ViewS in which the output objects are 
included in a given view based on interdependencies among 
the variables that the output objects represent. 

36. The system of claim 35, wherein the variable inter 
action world includes: 

a means for rendering the derived views in three dimen 
Sions, and wherein the user can navigate the user's 
point of observation to any point within the coordinate 
Space of the variable interaction world and obtain a 
display of a three-dimensional perspective View from 
Such point of observation; 

a means of computing and displaying interdependencies 
among the variables that the output objects in a view 
represent, 

Visual representations in Schematic form, in Symbolic 
form, or as alphanumeric data that show the interde 
pendencies; 

a means for Storing limit values of parameters of a signal 
output interface, and of detecting and displaying that a 
parameter of a Signal output interface associated with 
an output object has exceeded one or more limit values, 
and during periods a parameter of a Signal output 
interface associated with an output object has exceeded 
one or more limit values, displaying a notice, called an 
alarm window, that describes each parameter and 
parameter value that has exceeded one or more limit 
values, wherein Such display is adjacent to the relevant 
output object in user's display Screen or in another part 
of the user's display Screen and is in Schematic form, in 
Symbolic form, or as alphanumeric data; and may 
include 
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a means for predicting that parameters of one or more 
variables in the variable interaction world have reached 
a threshold probability of exceeding limit values, and 
for display of the identity of the variables and the 
results of the prediction as a visual representation or as 
alphanumeric data in an area, called a prediction win 
dow, adjacent to the associated output object displayed 
in a user's display Screen, or in another area of the 
user's display Screen. 

37. The system of claim 35, wherein the output objects in 
a view within the variable interaction world are included in 
a given view based on the criticality of the variables repre 
Sented by the output objects in the industrial or commercial 
process that is to be monitored, controlled, or Simulated. 

38. The system of claim 22, wherein one series of derived 
Views, called herein a detailed derivation world, includes 
output objects and: 

a means for rendering the derived views in three dimen 
Sions, and wherein the user can navigate the user's 
point of observation to any point within the coordinate 
Space of the detailed derivation world and obtain a 
display of a three-dimensional perspective View from 
Such point of observation; 

ViewS in which the output objects are included in a given 
View based on the interdependencies among the vari 
ables that the output objects represent; 

a means of computing and displaying a calculation or 
other derivation of the variables associated with the 
output objects; 

Visual representations in Schematic form, in Symbolic 
form, or as alphanumeric data that show the calculation 
or other derivation of the variables associated with the 
output objects, 

a means for Storing limit values of parameters of a signal 
output interface, and of detecting and displaying that a 
parameter of a Signal output interface associated with 
an output object has exceeded one or more limit values, 
and during periods a parameter of a Signal output 
interface associated with an output object has exceeded 
one or more limit values, displaying a notice, called an 
alarm window, that describes each parameter and 
parameter value that has exceeded one or more limit 
values, wherein Such display is adjacent to the relevant 
output object in user's display Screen or in another part 
of the user's display Screen and is in Schematic form, in 
Symbolic form, or as alphanumeric data; and may 
include 

a means for predicting that parameters of one or more 
variables in the detailed derivation world have reached 
a threshold probability of exceeding limit values, and 
for display of the identity of the variables and the 
results of the prediction as a visual representation or as 
alphanumeric data in an area, called a prediction win 
dow, adjacent to the associated output object displayed 
in a user's display Screen, or in another area of the 
user's display Screen. 

39. The system of claim 22, wherein the system includes: 
a data flow coordinator unit for receiving data from at 

least two data Sources, 
a data preparation unit for transforming the data into 

output objects, input objects, and views, 
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a data rendering unit for presenting each output object, 
input object, and View in two or three dimensions, as 
Selected by a user, to the user; 

a data analysis unit for receiving data from at least one of 
the data Sources and for generating a processed set of 
data; and 

wherein the data preparation unit varies a characteristic of 
each output object in response to changes in the cor 
responding data Sourced from Signal output interfaces 
of equipment or of variables in the industrial or com 
mercial process that is to be monitored, controlled, or 
Simulated. 

40. The system of claim 39, wherein the data flow 
coordinator unit receives data from a Source Selected from 
the group consisting of real time data, delayed data, archived 
data, or fabricated data. 

41. The system of claim 39, wherein the data analysis unit 
Scales the data from a data Source and transmits the Scaled 
data to the data flow coordinator for distribution to the data 
preparation unit. 

42. The system of claim 39, wherein the data preparation 
unit alters a Scalar Size of at least one output object in 
accordance with a magnitude of the data from its data 
SOCC. 

43. The system of claim 39, wherein the data preparation 
unit alters a color of at least one output object in accordance 
with a magnitude of the data from its data Source. 

44. The system of claim 39, wherein the data flow 
coordinator unit receives data from a plurality of Sources, 
and the data is ultimately received by the data preparation 
unit, which transforms data from the plurality of Sources into 
a plurality of output objects, and the data rendering unit 
presents the plurality of output objects in Views of at least 
one world. 

45. The system of claim 39, wherein the data analysis unit 
computes interdependencies of the variables corresponding 
to output objects in the variable interaction world. 

46. The system of claim 39, wherein the data analysis unit 
calculates limits, and the data and limit information are 
relayed through the data flow coordinator to the data prepa 
ration unit, which places one or more limits upon at least one 
output object, and the data rendering unit displays one or 
more limits with one or more relevant output objects. 

47. The system of claim 39, wherein in response to a 
Selection of one output object by the user, the data prepa 
ration unit obtains data from the data flow coordinator for 
the Selected output object and the data rendering unit dis 
plays the data. 

48. The system of claim 47, wherein the data rendering 
unit displays, in addition to a graphic representation of the 
data, values of the data received from the data preparation 
unit. 

49. The system of claim 47, wherein the data analysis unit 
receives from the data flow coordinator the data associated 
with the output object and returns a processed set of data to 
the data flow coordinator, which forwards the data to the 
data preparation unit for display by the data rendering unit. 

50. The system of claim 39, wherein in response to a 
Selection by the user of one of the output objects, the data 
rendering unit displays at least one linkage between the 
Selected output object and at least one other output object. 
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51. The system of claim 39, wherein the data flow 
coordinator unit receives the data from at least one of the 
data Sources over a communications link. 

52. The system of claim 39, wherein the data flow 
coordinator unit receives the data from at least one of the 
data Sources over a network. 

53. The system of claim 39, wherein the system is for use 
with a monitored process that is to be controlled and wherein 
the System further comprises a device for Sending a signal to 
the process to be controlled in response to a user input. 

54. The system of claim 39, wherein the system is for use 
with a monitored proceSS and wherein the data rendering 
unit provides a three-dimensional representative View of the 
monitored process. 

55. The system of claim 39, wherein the data analysis unit 
alters a Scalar Size of at least one output object in accordance 
with a magnitude of the data from its data Source. 

56. The system of claim 39, wherein the data analysis unit 
alters a color of at least one output object in accordance with 
a magnitude of the data from its data Source. 

57. The system of claim 39, wherein the data analysis unit 
links a given output object associated with a dependent 
variable to output objects associated with other variables 
upon which Such given output object depends. 

58. The system of claim 39, wherein the data analysis unit 
calculates links between a given output object and one or 
more associated variables, and returns the data and linkage 
information to the data flow coordinator for forwarding to 
the data preparation unit and then to the data rendering unit 
for display of the output object and of the associated linkage 
information. 

59. The system of claim 39, wherein the data analysis unit 
receives from the data flow coordinator the data associated 
with a given output object and returns variable limit infor 
mation to the data flow coordinator, which forwards the data 
and limit information to the data preparation unit for display 
by the data rendering unit of at least one output object and 
the limits associated with each Such output object. 

60. The system of claim 39, wherein the system is for use 
with a monitored proceSS and wherein the data rendering 
unit provides a three-dimensional representative View of the 
monitored process. 

61. The system of claim 39, wherein in response to a 
Selection of a given output object by the user, the data 
preparation unit obtains data received from the data flow 
coordinator for Such given output object and the data ren 
dering unit displays the data. 

62. The system of claim 39, wherein the data rendering 
unit displayS Values of the data from the data Source asso 
ciated with the output object. 
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63. A System of computer generation of an interactive 
Virtual reality world for monitoring and controlling a proceSS 
that is physical or computational, comprising: 

a means for constructing a raw data World; 
a means for constructing a proceSS Overview world; 
a means for constructing a variable interaction world; 
a means for constructing a detailed derivation world; 
a means for providing a user with a means of navigating 

the collection of Worlds by Selecting an output object 
and following the output object's links to other worlds, 
or by Selecting an input object and following the input 
objects links to other worlds; 

a means for displaying views in the other worlds, and 
a means for enabling the use to drill-up, drill-down, and 

drill-acroSS through Worlds. 
64. A System for conveying information to at user through 

a display of a three-dimensional World, comprising: 
a means for receiving data from at least two data Sources, 
a means for transforming the data from each data Source 

into a three-dimensional graphical object; 
a means for presenting each graphical object to the user 

within the three-dimensional world; 
a means for generating a processed set of data from at 

least one Source of data; 
a means for transforming the processed set of data into a 

processed data graphical object; and 
a means for presenting the processed data graphical object 

in the three-dimensional world. 
65. The system of claim 22, 23, or 24 used in an integrated 

manner for training and operations related to the process to 
be monitored, controlled, or simulated. 

66. The system of claim 22, 23, or 24 used in an integrated 
manner for operations and prediction related to the proceSS 
to be monitored, controlled, or simulated. 

67. The system of claim 22, 23, or 24 used in an integrated 
manner for training, operations, and prediction related to the 
process to be monitored, controlled, or Simulated. 

68. A System for the computer generation of an interactive 
Virtual reality world for process control comprising a System 
of claim 22 and one or more other Systems for the moni 
toring, control, or simulation of the process to be monitored, 
controlled, or Simulated interposed between the human or 
cyber user of the System of claim 22 and the actual process 
to be monitored, controlled, or simulated. 
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