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PREFACE

The work documented in this report was performed by Mechanical Technology Incor-
porated (MTI) for the United States Department of Energy (DOE) under Phase Il of
"Contract DE-AC21-92M29113 in support of the DOE Environmental Restoration and
Waste Management Program under the direction of the DOE Morgantown Energy
Technology Center (METC) in Morgantown, West Virginia. It was performed during the
period of November 1994 through September 1996. All communication regarding this
report should be directed to the Contract Reports Receipt Coordinator at METC.
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ABSTRACT

The Interactive Computer-Enhanced Remote Viewing System (ICERVS) is a software
tool for complex three-dimensional (3-D) visualization and modeling. Its primary purpose
is to facilitate the use of robotic and telerobotic systems in remote and/or hazardous
environments, where spatial information is provided by 3-D mapping sensors. ICERVS
provides a robust, interactive system for viewing sensor data in 3-D and combines this
with interactive geometric modeling capabilities that allow an operator to construct CAD
models to match the remote environment. Part | of this report traces the development of
ICERVS through three evolutionary phases: 1) development of first-generation sofiware
to render orthogonal view displays and wireframe models; 2) expansion of this software
to include interactive viewpoint control, surface-shaded graphics, material (scalar and
nonscalar) property data, cut/slice planes, color and visibility mapping, and generalized
object models; 3) demonstration of ICERVS as a tool for the remediation of underground
storage tanks (USTs) and the dismantlement of contaminated processing facilities.

Part Il of this report details the software design of ICERVS, with particular emphasis on
its object-oriented architecture and user interface.




SUMMARY

The Interactive Computer-Enhanced Remote Viewing System (ICERVS) has been
developed by Mechanical Technology Incorporated (MTI), under contract to the U. S.
Department of Energy (DOE), to support the robotic remediation of hazardous
environments such as underground storage tanks (USTs), buried waste sites, and
contaminated laboratory and processing facilities. The success of remote robotic
missions into these environments will depend greatly upon the ability to construct reliable
geometric descriptions in order to effectively perform task planning, path planning, and
collision avoidance. The overall purpose of the ICERVS development project was to
produce a mature system that provides the interactive visualization and modeling of the
three-dimensional (3-D) data needed to construct the required geometric descriptions.
ICERVS is a software program that runs on Silicon Graphics (SGI) graphics/computing
platforms. It is a general-purpose system that can:

¢ [nput data from a wide range of sources (mapping sensors, CAD files, direct
operator input)

e Provide robust, integrated 3-D visualization of sensor data and geometric object
models

¢ Provide interactive tools for creating and editing geometric object models
¢ Output geometric models to model-based robotic control systems.

With these capabilities, robotic system operators can maximize the insights gained from
sensors in remote environments and can construct 3-D CAD ("world") models to match
the physical environment. These CAD models can be exported to robotic control
systems, such as Deneb’s IGRIP, where they will allow system users to plan and preview
robot tasks in a virtual environment that represents the best model available of the
remote environment. The major features of ICERVS are summarized in Figure S-1.

The development of ICERVS was performed by MTI in three phases. In Phase |, MTI
developed first-generation software for integrated visualization and modeling. As an
important first step in the ICERVS design, MTI enumerated and described representative
mission profiles for the remediation of USTs, buried waste sites, and contaminated
processing facilities. From these profiles, a set of system requirements for ICERVS were
developed. The software was designed in C++ source code using object-oriented
methodology to promote modularity, code reuse, and reduced life-cycle cost.
Approximately 50 software classes were implemented in Phase |, and the resulting
software provided orthogonal views of dimensional data with hidden surface removal,
view translation and scaling, and interactive creation and editing of simple prismatic
shapes. The Phase | software was demonstrated using data provided by Oak Ridge
National Laboratory (ORNL) from two waste tanks at Fernald that were mapped by a
structured light sensor system.

In Phase Il, MTI expanded the ICERVS visualization and modeling capabilities to
address more of the system requirements identified in Phase I. The visualization
capabilities were expanded to include features such as general viewpoint rendering, color
mapping of material property data, and surface shading (versus wireframe rendering) of
object models. Modeling capabilities were expanded to include more general prismatic
shapes and the output of object models formatted as IGRIP part files. Also in Phase I,
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ICERVS
Major Features

Visualization
Multiple view windows
Interactive walk, fly viewers
Cut/slice planes
Color and visibility mapping of scalar data
Region select, highlight, erase
Status window for dataset/view information

Sensor Data

Spatial (xyz) data
Scalar properties
Complex, user-

defined properties User-defined viewers for complex data CAD Model Data
. Geometric Modeling IGRIP Part Files
CAD Model Data Interactive scene viewer window
IGRIP Part Files Polyhedral shapes

Solid primitives (box, sphere, cylinder, etc.)

Invisible, wireframe, semi-transparent, and solid
object display

Resize, reshape, transform manipulators

Object duplication

Composite objects

Object library

96TR37

Figure S-1. Major Features of ICERVS
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MTI restructured the ICERVS architecture into separate but interoperable subsystems based
on Unix client-server interfaces. This restructuring allowed integration of the ICERVS software
into higher-level robotic systems that incorporate model-based control, remote manipulators
and sensors, and world model construction. The Phase Il system was implemented in
approximately 200 software classes. The system was demonstrated in laboratory mock-up
situations to show performance in three remediation environments: USTs, buried waste, and
facility dismantlement. For the UST demonstration, ICERVS was integrated with a structured
light mapping sensor developed by MT! under a Cooperative Research and Development
Agreement (CRADA) with ORNL.

In Phase Ill, MTI completed full-scale development of ICERVS. A major accomplishment
of this phase was that the system was chianged from direct volume rendering to surface-
based rendering in order to obtain significantly faster throughput. Image rendering is now
done using the SGI Open Inventor, an object-oriented 3-D toolkit. Open Inventor uses
the 3-D graphics hardware in SGI platforms to provide interactive throughput for datasets
with over 100,000 points. Additional visualization capabilities were implemented in Phase
Ill, including immersive (fly, walk) viewers for navigation through a dataset, color and
visibility mapping based on scalar property data, storage of complex data such as images
or frequency spectra with display via external application software, cut and slice planes
for obtaining cross-section views, and a status area that displays viewing parameters,
color legend, and a 3-D icon indicating the view’s rotational orientation.

Additional modeling capabilities implemented in Phase lli include more general polyhedral
shapes plus second order primitives (sphere, cylinder, etc.); on-screen manipulators,
transform panels, and numerical parameter editors for modifying object size, shape, and
position; control of individual object color and display as invisible, wireframe, semi-transparent,
or shaded surfaces; grouping of objects into a single composite object; an object library that
lets users select and store objects for reuse; and importing of object models from IGRIP part
files. These capabilities were demonstrated at ORNL in conjunction with UST and facility
decontamination and dismantlement (D&D) applications.

At the end of Phase IlI, ICERVS met or exceeded all success criteria established for its
development: (1) ICERVS effectively conveys to end users the 3-D characteristics of
remote workspaces and other sensor-provided characteristics of workspaces; (2)
ICERVS provides the functionality required to produce 3-D CAD models of features in
mapped workspaces; (3) ICERVS seamlessly integrates with external sensor systems
and model-based robot controllers.

At the end of Phase lll, the ICERVS software was delivered to the DOE and is now
available for use. In summary, ICERVS is a software system that inputs data from
multiple sources, provides robust 3-D visualization of both sensor data and geometric
object models, provides interactive tools for creating and editing geometric object
models, and exports models to robotic control systems for use in task and motion
planning. These capabilities are needed by robotic system operators to interpret sensor
data and effectively use it to construct or update 3-D CAD descriptions of the work
environment. Because the severe demands of the DOE’s environmental cleanup needs
often mandate the use of remote robotic operation, the capabilities of ICERVS are a
critical element in meeting the cleanup challenges that lie ahead.
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1.0 INTRODUCTION

Part | of this report presents an overview of the work performed during the ICERVS
development project. In Part 1, Sections 2.0, 3.0, and 4.0 summarize the Phases |, II, and Il
activities, respectively, and Section 5.0 presents the project conclusions. Part Il of this report
presents a technical overview of the final ICERVS design and implementation, as completed
in Phase lll. In Part I, details are provided on the system design (Section 2.0), ICERVS
dataset (Section 3.0), dataset manager (Section 4.0), dataset view (Section 5.0), sensor data
input (Section 6.0), geometric objects (Section 7.0), analysis features (Section 8.0), IGRIP
interface (Section 9.0), and major class descriptions (Section 10.0). A glossary of terms is
also provided for reference in Section 11.0.

1.1 Background/Technical Needs

The cleanup of hazardous waste sites within the U.S. nuclear weapons production complex
presents a major challenge that will require extensive use of many advanced technologies
including robotics. It is estimated that 381,000 cubic meters of high-level waste are stored in
USTs, many of which are suspected of leaking contents to their surrounding environments.
Another 190,000 cubic meters of transuranic solid waste are in buried sites, many of which are
considered potential threats to their surrounding environment. There are also thousands of
contaminated buildings across the complex that require D&D. Remediation of these waste
sites will require retrieval of hazardous materials for their subsequent decontamination and/or
storage in controlled facilities. Available technologies are not considered adequate to cost
effectively solve the problems at hand. Advanced robotic and other technologies are needed
. to clean up the thousands of contaminated sites that presently exist [1].

Robotic systems used in environments such as these must meet numerous requirements

. not commonly found in mainstream robotic applications. Systems must operate in
preexisting, hostile environments without significantly altering them (beyond the retrieval
of waste). There is often only partial and uncertain knowledge of the environment due to
incomplete and/or missing records, physical and chemical changes that occur over time,
and limited access due to safety concerns. In many applications, all robotic actions must
be performed with high confidence because of extreme human and environmental safety
concerns. The robotics, for example, must not compromise the integrity of existing
structures and containers.

To address these advanced needs, a model-based control architecture has been
developed by the DOE [2]. As shown in Figure 1-1, the architecture includes a human
operator in the control loop to direct all tasks and major motions. Human insights are
needed to effectively and safely respond to changing conditions and understand what is
a continually evolving depiction of the remote environment and its characteristics. An
integrated robotic system controller coordinates operator commands among various
robot manipulators and subsystems that interact with the remote environment. The
remote hardware includes mapping and video sensors to provide feedback from the work
environment, and these data are used to construct a 3-D CAD model which is presented
to the operator.

" Numbers in brackets designate references presented at the end of this section.
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One of the technology needs in this system architecture is a capability for constructing
and verifying 3-D models from the data gathered by remote sensors. Customary
triangulation methods [3] yield models with false surfaces and missing “holes,” and also
produce excessively large CAD models which strain computing resources. Automated
object recognition techniques are not sufficiently mature for applications of “real world"
complexity. The most effective approach is to provide an interactive system that
combines sensor data visualization with 3-D geometric modeling. With an interactive
system, operator insight can be leveraged to recognize physical objects and quickly
construct CAD models to match them. As a result, reliable and efficient CAD models can
be constructed in a cost-effective way.

The ICERVS was conceived as a way to accomplish this need for interactive
visualization and modeling. A software program that runs on SGI graphics/computing
platforms, ICERVS is a general-purpose system to:

e Input data from a wide range of sources (sensors, CAD files, direct operator
input, etc.)

e Provide robust, integrated 3-D visualization of sensor data and geometric object
models

* Provide modeling tools for éreating and editing geometric object models
¢ Output geometric object models to model-based robotic control systems.

A functional model of ICERVS is shown in Figure 1-2, with the system elements
described below. ’

The sensor interface uses an ASCII file format with the data arranged as an n-dimensional
vector (X, ¥, z, property 1, properly 2, ..., property n) to input data from mapping sensors.

In the volumetric database, ICERVS uses octree technology to efficiently store sensor
data. The octree data structure is a hierarchical data representation that spatially sorts
data for fast display and analysis [4]. It uses less memory than conventional means such
as uniform grids or triangle networks.

The geometric object database stores object models in CAD format. These can be
interactively created by operators or can be imported from robotic controllers such as
Deneb’s IGRIP. The contents of the geometric database can also be exported back to
robotic controllers.

The analysis software and graphical user interface support visualization and modeling
based on the SGI Open Inventor geometry library. Visualization is provided by a set of 3-
D viewers and geometric modeling by a set of interactive manipulators, menus, and
control panels. If the remote hardware includes video cameras, then the live video
imagery can be compared to a computer-generated image of the same scene.

1.2 ICERVS Project Objectives and Organization

The overall objective of the ICERVS development project was to produce a mature
system for the interactive visualization and modeling of the 3-D data needed for remote
robotic remediation of hazardous environments. The development of ICERVS was
organized into three phases, each with an increasing level of technology maturity, that
culminated in the demonstration of a full-scale system at DOE field sites. In Phase |,
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ICERVS was developed to Maturity Level Ill, Subscale Major Subsystems, for those
technologies that had been previously demonstrated at the research laboratory scale.
The majority of this work involved development of visualization and analysis software.
Specifically, this involved creating an octree data structure from simulated sensor data,
rendering face view displays of the sensor data, and creating and manipulating geometric
objects to denote features of interest in the sensor data space.

In Phase Il, ICERVS was developed to Maturity Level IV, Subscale Integrated System, in
which ICERVS was demonstrated at limited size to enable successful development of a
full-scale system. The result of Phase Il was a system that demonstrated enhanced data
analysis and visualization tools, software that provided enhanced geometric modeling
capabilities, and an integrated user interface. The system was integrated and
demonstrated with a structured light mapping system and was also demonstrated using
software simulations of other sensor systems.

In Phase lIl, the objective was to reach Maturity Level V, Full-Scale Integrated System.
Phase IIl involved the addition of enhanced data analysis, visualization, and geometric
modeling capabilities and demonstration at DOE sites for UST and D&D applications.

1.3 References

1. U.S. Department of Energy Office of Environmental Restoration and Waste
Management Five-Year Plan, January 1993.

2. B. Christensen, B. Griebenow, W. Drotning, and B. Burks. “Graphical Model Based
Control of Robotic Systems for Waste Remediation.” Proceedings of the ANS Fifth
Topical Meeting on Robotics and Remote Systems, Knoxville, Tennessee, April
1993.

3. Hebert, M., R. Hoffman, A. Johnson, and J. Osborne. “Sensor-Based Interior
Modeling.” Proceedings of the ANS Sixth Topical Meeting on Robotics and Remote
Systems, American Nuclear Society, Monterey, CA, pp. 731-37, 1995.

4. Meagher, D. J. “A New Mathematics for Solids Processmg " Computer Graphics World,
Penwell Publishing Company, October 1984.
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2.0 PHASE I: SUBSCALE MAJOR SUBSYSTEMS

The primary objective of Phase | was to develop the ICERVS technologies that had been
previously prototyped but not demonstrated as a working subsystem. In this phase, MT}
developed a first-generation system for integrated visualization of sensor data and geometric
object models with graphical editing of object models. This section describes the Phase |
development activities, results, and conclusions. A more detailed description of Phase | is
available in MTI 93TR25, "ICERVS Phase | Topical Report," (August 1993).

2.1 Design

The Phase | design activities included identification of the ICERVS mission profiles and
system requirements, software design, rapid prototype, and code and unit test, which are
described in the following subsections.

2.1.1 Mission Profiles and System Requirements

The ICERVS design was based on a set of mission profiles that were identified and
enumerated in conjunction with personnel at DOE field sites and national laboratories.
Discussions were held with personnel at:

¢ |daho National Engineering Laboratory (INEL) - site of buried waste pits

o ORNL - experience in mapping USTs at Fernald Environmental Management
Project and developing robotic systems

o Sandia National Laboratory - experience in the development of structured light
sensors, sensor minilab, and robotic control systems

¢ Hanford Tank Operations - UST site.

Three missions of broad scope were chosen to ensure generality in the design of a
suitable architecture: remediation of USTs, buried waste retrieval, and D&D of production
facilities. Each mission was described and documented as a sequence of process steps
that would be performed to conduct the mission as it is presently conceived. From the
mission profiles, a set of software requirements were defined, covering 10 categories
(data representation, object modeling, computer graphics display, video display,
manipulation and analysis, miscellaneous functions, data interface, operator interface,
sensors, and site environment). These requirements were used to guide the software
development and were updated throughout the project. (The final version of the ICERVS
requirements is summarized in Section 4.1.1. of Part | of this report).

2.1.2 Software Design

The Phase | software was defined as a single Computer Software Configuration ltem
(CSCI) with three Computer Software Components (CSCs): user interface CSC, octree
engine CSC, and object modeling CSC. From the ICERVS requirements, a set of classes
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was defined and specified for each CSC. The class descriptions are documented in MTI
93TR24, "ICERVS Subsystem Design Report."

2.1.2.1 User Interface CSC. The user interface CSC encompasses all functions that

"display data on the monitor and take input from the keyboard and mouse. The user
interface is graphical with pull-down menus, windows, and dialog boxes, and relies
heavily upon two commercial software products from Rogue-Wave: Tools.h++ and
Views.h++ class libraries. The Tools.h++ library provides a broad spectrum of tools such
as collections, string and character manipulation functions, date and time handling, file
I/O, virtual I/O streams, and virtual arrays. The Views.h++ library provides a complete
encapsulation of the Open Software Foundation's Motif graphical user interface and
includes tools for constructing menu-based systems.

The user interface CSC is made up of 34 classes organized into 6 groups: utility classes,
main window classes, system parameter classes, view window classes, object modeling
interface classes, and octree engine interface classes. The utility classes provide a set of
common services available to the other software components and are part of the user
interface CSC for convenience only. Utility classes include, for example, a text/file
browser window, a text editor window, a manager for program configuration files, a
filename selection window, an ordered list of string items, and an ordered triplet of values
to represent the xyz coordinates of a point in 3-D space.

The main window classes provide the top-most program interface to the operator. This set of
classes manages the main menus, establishes the workspace context, accepts and
dispatches top-level commands, launches the view windows, maintains lists of active
windows, and sequences the orderly shutdown of the analysis software. Many of the main
window classes are derived from Rogue-Wave Views.h++ classes. The ICERVS main window
display and menus, implemented by these classes, are illustrated in Figure 2-1.

The system parameter classes provide control and access to the system parameter and
log files. This class enables the operator to select a specific workspace for analysis and
also maintains a system logbook file.

The view window classes make up a major portion of the user interface CSC, handling all
aspects of presenting the octree and geometric object data stored for a workspace to the
operator. The data are presented in image form in a view window, which is a child window
of the program main window. Several view windows may exist at one time and display
the same or different portions of a workspace. The view window display and menus are
illustrated in Figure 2-2. The view window includes scrolling controls for image translation
and a slider bar for image scaling. The view window also provides drawing tools to
enable the operator to interactively create object models.

The object modeling interface classes establish and control communications between the
user interface and object modeling CSCs. The interface between these CSCs is encap-
sulated in a single class to provide isolation and promote modularity in the design.

In a similar manner, the octree engine interface classes establish and control communi-
cations between the user interface and octree engine CSCs. The interface between
these CSCs is also encapsulated in a single class to provide isolation and promote
design modularity. |
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2.1.2.2 Octree Engine CSC. The octree engine CSC encompasses all functions
relating to the representation, storage, and management of empirical data for each
ICERVS workspace. The data is stored in octree format. The octree engine CSC is made
up of 11 classes organized into two groups: tree structure and tree traversal.

The tree structure classes implement the overall structure and management of octrees.
This includes the creation and deletion of trees; the creation, deletion, and maintenance
of individual tree nodes; scaling of dimensional data between user interface CSC units
and tree units; and file input/output of trees. The octree data is structured as a special-
ized linked list of nodes. The nodes are maintained in a spatially sorted order to enable
efficient tree traversal. A tree is generated by creating new nodes as individual data
points are added.

The tree traversal classes provide functions for accessing tree data. There is a class that
provides a single tree traversal based on depth-first order of nodes. This is used for com-
puting tree statistics (e.g., number of nodes at each tree level), generating the image
corresponding to a 2-D quadtree, and printing a tree structure diagram. There is also a
dual tree scanner used to generate a quadtree that represents the image of an octree
from an operator-prescribed viewpoint. The quadtree image is generated with hidden
surface removal.

2.1.2.3 Object Modeling CSC. The object modeling CSC encompasses all functions
relating to the representation, storage, and management of 3-D geometric objects
generated by the operator for an ICERVS dataset. The object modeling CSC is designed
with four classes. One class maintains a collection of geometric objects for the current
workspace. A second class is used as an abstract base class for all geometric objects;
specific types of geometric models are established by deriving classes from the abstract
base class. The third class provides for a set of common parameters (e.g., name, color,
creation date/time, and operator ID) assigned to a specific geometric object. The fourth
class represents the shape of the geometric object.

In Phase I, geometric objects are limited to constrained prismatic shapes with attached
text attributes. The shape, illustrated in Figure 2-3, is characterized by two paralle! poly-
gon faces with interconnecting facets. In later project phases, more general versions of
this shape were implemented, as were other geometric primitives such as rectangular
parallelepipeds, cylinders, and cones.

2.1.3 Rapid Prototype

Octree technology had the lowest maturity level at the start of the ICERVS project and, as
such, was considered to be the highest technical risk item. For this reason, the Phase | effort
included a software rapid prototype of the octree engine CSC. The rapid prototype established
an early confidence leve! by demonstrating the ability to create trees from point data, store
trees in memory and disk, and display tree data.

The rapid prototype was implemented using quadtrees, which are the 2-D equivalent to
octrees. Working in two dimensions provided the desired insight and confidence level without
the complexity of 3-D geometry. Test data were generated by simulating a set of geometric
primitives (circles and lines were used) in space and extracting surface points. Figure 2-4
shows some sample test data, a quadtree structure, and a quadtree display.
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The design of the rapid prototype was done using object-oriented methodology. The
basic design is shown in Figure 2-5, which is a class structure diagram using Booch
notation. The rapid prototype was made up of 11 classes. The tree structure and
geometry are managed by the CQuadArea class, which is derived from the CQuadNode
class. CQuadNode contains the CNodeData and CNodeNext classes as member data to
make up individual nodes in the tree structure. The CQuadArea class also uses a
CSquare class to represent the geographic size and position of the area associated with
a node in the tree. The CScaling class provides dimensional scaling between operator
units (meter, inch, etc.) and program internal units. Tree traversal functions are provided
by the CQuadScan class, which is a base class to CQuadFile and CQuadView.
CQuadFile provides functions to read and write trees to disk. CQuadView is used as a
base class to CQuadDisplay, which generates an image of the quadtree for display. The
Display Window class provides for the display of data on the computer screen, such as
was shown in Figure 2-4c. Although it was not originally planned, many of the rapid proto-
type classes were easily extended to 3-D and reused in the octree engine CSC as part of
the final Phase | analysis software.

2.1.4 Code and Unit Test

Source code was written and tested for each of the three Phase | CSCs. All ICERVS
source code was written in C++. The user interface CSC was written and tested directly
on the computing platform. The octree engine and object modeling CSCs were first
written on PC/DOS platforms, then ported to the computing platform. Each class was unit
tested prior to CSC integration.

2.2 Test/Results

As described in this section, the Phase | ICERVS was tested to demonstrate its perfor-
mance. Testing was based on the Phase | success criteria:

e ICERVS will accept, integrate, store, and display dimensional data input in the
form of discrete 3-D points. Conversion will be done on a point-by-point basis.
Display will consist of three orthogonal face views, with pan and zoom, cut
planes, and pseudo-coloring.

e ICERVS will provide interactive synthesis, storage, and display of geometric
objects. The Phase | models are restricted to simple prismatic shapes defined by
a convex polygon in one view and front/back positions defined in an orthogonal
view. Each geometric object may have text data associated with it. Display
consists of wireframe images in three orthogonal face views, with pan and zoom.

o ICERVS will provide concurrent display and modeling of dimensional data and
geometric objects through a cohesive, integrated user interface. User synthesis
of geometric objects to denote features in the dimensional data will be accom-
plished in a timely and effective manner.

All of the ICERVS tests were completed and a demonstration of the system was
presented to DOE in June 1993. All Phase | success criteria were demonstrated, as
described in the following paragraphs.
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The first test procedure demonstrated the generation of a tree representation from a
collection of input data points. The data points were generated to effect a simulated 2-D
representation. A total of 500 data points were generated from an analytic description
made from straight-line and circular-arc primitives.

The second test procedure demonstrated the display of an octree generated from an analytic
description of a half-cylinder and "bump" feature. Independent pan and zoom, cut planes, and
pseudo-coloring features were demonstrated for each view. Pan and zoom were demon-
strated by control bars at the periphery of each view window. A pair of cut planes were enabled
and disabled by menu command, and manipulated (translated) by mouse control within each
view. Pseudo-coloring was enabled/disabled by menu command for each view. Surface data
were colored in gray scale according to Z-coordinate (height). The system allows the user to
set the range (minimum/maximum Z values) over which coloring is applied.

The third test procedure demonstrated the display of an octree generated from actual sensor
data. The data, provided courtesy of ORNL, was measured by a structured light sensor at
Fernald Environmental Management Project. The ORNL data were used to generate an
octree representing the surface inside'a UST before and after the deposition of a 1-ft bentonite
cap. The ICERVS cut plane features were used to view sections of the data, showing the
bentonite cap and underlying waste surface. A typical screen display is shown in Figure 2-6.
The left-hand view window shows a top view of the data with two cut planes set to extract a
cross section of the data. Afront view of that cross section is shown in the right-hand view
window. It was generally agreed that this method of display effectively provided insight to
human operators

The final test procedure demonstrated the interactive synthesis of geometric objects to
represent features in the dimensional data. Again, the sensor data from ORNL were used. In
this case, MTI used only the bentonite sensor data, plus MTI-generated additional data points
to "add" two simulated features: a vertical pipe protruding out of the bentonite, and a section of
the tank wall with a small anomaly ("bump"). The ICERVS was used to view each feature in
detail and interactively generate a geometric object (prismatic shape) to enclose each feature.
Athird object was generated to enclose the feature observed in the sensor data itself. The
resulting screen display is shown in Figure 2-7. Informal timings showed the "average time per
object’ to be less than 3 min.

2.3 Conclusions

The major conclusions from the Phase | ICERVS results were:

* The Phase | ICERVS met or exceeded all of the success criteria established for
this phase of development: integration and display of dimensional data derived
from input 3-D points; interactive synthesis and display of geometric objects; and
effective operation through an integrated user interface. Based on these results,
ICERVS was demonstrated at Maturity Level 11, that is, all ICERVS subscale
major subsystems were demonstrated.

e The octree technology used in ICERVS provides the basis for a reliable description of
a workspace based on input data from empirical measurements. Octrees with
thousands of elements or nodes were generated and quickly displayed by ICERVS.
Octree size is only limited by the storage capacity of the computing platform.
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¢ The ICERVS modeling tools provide an effective means for user-interactive
synthesis of geometric objects to denote features of interest in a workspace.
Successful demonstration of the first level of modeling was shown using
prismatic shapes.

e ICERVS provides the integration and display of both empirical- and geometric-
based data representations to describe a workspace. This capability of merging
empirical and abstract geometric data is an important step toward more

. productive scene analysis, which will lead to more cost-effective robotic
remediation. With ICERVS, operators will be able to compare xyz data from a
sensor with surface models of the same region in space and view both sets of
data in the same coordinate system.

With the successful demonstration of ICERVS at Maturity Level Ill (subscale major
subsystems) and the general interest indicated by personnel at DOE field sites, it was
decided to continue development of ICERVS to reach Maturity Level IV (subscale
integrated system) in project Phase Il
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3.0

PHASE II: SUBSCALE INTEGRATED SYSTEM

In Phase Il, the primary objectives were to further advance the ICERVS visualization and
modeling technologies and integrate them with different sensors. This section describes the
Phase Il development activities, results, and conclusions. A more detailed description of
Phase Il is available in MTI 95TR1, “ICERVS Phase [I Topical Report,” (November 1994).

3.1 Design

3.1.1 Mission Profiles and System Requirements

Previously in Phase |, MTI established a set of mission profiles in conjunction with personnel
at DOE field sites and national laboratories. In Phase Il, MTl increased interaction with DOE
personnel in order to develop an improved understanding of the operational and user interface
needs associated with using ICERVS in typical environmental restoration and waste
management (EM) missions. A number of informal focus groups were held at DOE sites
based on their experience and background. From these interactions, a number of important
distinctions and revisions were made. For example, MTI learned that at Hanford system
operators are not intimidated by sophisticated graphical user interfaces, and, in fact, prefer
them to command-line systems. At the ldaho National Engineering Laboratory (INEL), MTI
learned that buried waste retrieval will be performed in a sequence of discrete "dig face" steps,
and that sensor data interpretation will involve estimating gross features instead of detecting
individual objects. At ORNL, MTI learned that sensor-based models are important for providing
“camera views" that are not physically available and that tools to improve operator productivity
are a primary need. In general, MT] learned that the sensor suite will be configured specific to
each remediation site, based on the characterization resuits and remediation plan. Based on
the information obtained from these discussions, MTI revised the mission profiles and system
requirements to provide the baseline for Phase Il development.

3.1.2 Software Design

In discussing the visualization and modeling needs at DOE field sites, it became evident
that [CERVS can be used in applications with differing data requirements and therefore
using different sensors, processing algorithms, and data stores. To address these
differing remediation environments and needs, the Phase Il ICERVS system design was
matured to a more open, flexible architecture.

The system configuration implemented in Phase Il is shown in Figure 3-1 and consists of
seven subsystems. Three of these subsystems, the demonstration, volumetric data, and
sensors manager subsystems, jointly provide the visualization and modeling capabilities.
The structured light sensor subsystem was developed outside the ICERVS program and
loaned to the project in order to support Phase Il testing and demonstration. Two
simulated sensor subsystems were implemented in order to demonstrate the display of
data with scalar material properties, and the remote viewing subsystem was implemented
to show how video feedback will be used in conjunction with other sensor data. Table 3-1
summarizes the Phase Il ICERVS subsystems.
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Structured Light Sensor Subsystem

Mapping . Station
Station Controller
Mapping Station
Station Controller

Control
Console
Supervisor
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\
|
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Hardware
Controller

Viewing
Hardware

Software
Supervisor

Figure 3-1. Phase Il ICERVS Configuration
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Table 3-1. Phase Il ICERVS Subsystems

Phase Il Subsystem

Primary Function

Hardware/Software
Configuration

Demonstration

Top-level user access to other sub-
systems

Sofiware only (SGI platform)

Volumetric Data

Data integration, visualization, anal-
ysis, and geometric modeling

Software only (SGI platform)

Sensors Manager

Manages data transfers
between sensor subsystems
and application/client(s)

Software only (SGi platform)

Structured Light Sensor

Maps interior surfaces of USTs

¢ Mapping station (hardware)

* Station controller hardware and software
(PC/DOS platform)

¢ User interface software (Sun platform)

Simulated Laser Range Finder

Generates representative sensor
data from files

Software only (SGI or Sun platform)

Simulated Minilab Sensor

Generates representative sensor
data from files

Software only (SGI or Sun platform)

Remote Viewing Provides remote, live video view of | ¢ Viewing camera, lens and panvtilt
workspace ¢ Hardware controller
¢ User interface software (SGl platform)
96TR37
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In Phase |, it also became clear that ICERVS will not be used as a stand-alone system, but
rather will be integrated into a higher-level, overall remediation system. For that reason, in
Phase Il MTI matured the original ICERVS design from a monolithic architecture to an open
system made up of configurable/modular subsystems. Each of the seven subsystems in
Figure 3-1 is an independent Unix process, and communicates externally through client-server
connections based on Unix-network sockets. With this design, ICERVS subsystems can be
readily integrated and used in higher-level systems. The individual subsystems can be run
transparently across a network of Unix workstations. ’

3.1.2.1 Demonstration Subsystem. In Phase II, the demonstration subsystem
provided overall control of ICERVS, serving as a client application to both the volumetric
data subsystem and the sensors manager subsystem. The demonstration subsystem is a
single CSCI that runs on the SGI platform. In a complete remediation system, the
functions of this subsystem would typically be provided by an overall supervisory
controller. In Phase ll, this subsystem essentially provided the means for coordinating
and demonstrating the other ICERVS subsystems.

The demonstration subsystem maintains a set of sites (a site being a distinct remediation
workspace such as a UST, buried waste pit, or D&D facility) so that ICERVS can be
demonstrated for a variety of remediation applications. The demonstration subsystem
provides user commands to open the volumetric data subsystem and sensor subsystems
that are on line. It also provides a “connections” capability to support automatic routing of
data from one sensor subsystem to a selected data set within the volumetric data
subsystem. The demonstration subsystem provides the top-level user interface for the
Phase Ii system. This user interface is a main window with a set of top-level menus as
shown in Figure 3-2. The demonstration subsystem also maintains an application data
structure, which includes system-level parameter files and a structured set of parameter
and data files for each site.

The demonstration subsystem was implemented in 55 MTI software classes, 22
associated with the human interface component and 33 associated with the problem
domain component.

3.1.2.2 Volumetric Data Subsystem. The volumetric data subsystem provides the data
storage, 3-D visualization and analysis, and geometric modeling functions required by
remediation systems. Most of the Phase Il visualization and modeling capabilities were
implemented using the TrueSolid library developed by Octree Corporation of Cupertino,
Callifornia. TrueSolid provides a broad range of volumetric modeling capabilities based on
a patented octree technology. Benchmark tests run by MT! early in Phase Il confirmed
that the TrueSolid library provided significant performance and memory advantages over
other volumetric software packages. Overall, the volumetric data subsystem is
implemented in 75 MTI software classes, 58 associated with the human interface
component, and 17 associated with the problem domain component. This subsystem
functions as a server process. A key software class in this subsystem is the dataset,
which stores the collection of sensor data and geometric objects that characterize a
particular site at a discrete time or state.

The volumetric data system provides a variety of features to let users create, manipulate,
and analyze ICERVS datasets. Operator functions are provided in a set of graphical user
interface windows. These windows provide data visualization, data analysis, and
graphical editing of geometric objects. A typical view window is shown in Figure 3-3. The
figure shows a topographical map of a UST in Fernald, Ohio. The data was provided by
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ORNL engineers. The display options include arbitrary viewpoint (rotation, translation,
scaling) and pseudo-coloring of the data based on elevation. MTI implemented a
software class to encapsulate the interface to TrueSolid. This software class may have
reuse value in other DOE applications that involve volumetric modeling.

Graphical editing of geometric objects was provided by a set of classes built on top of the
Rogue-Wave RWCanvas.h++ graphics library. The primary geometric primitive is a
prismatic shape, characterized by a front and back “face," each having the same number
of vertices, connected by simple facets. A typical set of editing windows is shown in
Figure 3-4. The entire object or either (front or back) face can be rotated, translated, or
scaled via a control panel. The individual vertices on either face can be interactively
edited in separate 2-D windows. Text data, such as name, operator ID, general descrip-
tion, and category can be attached to each object by the user. The set of geometric
objects for a dataset can be exported as a file in IGRIP format.

In Phase I, MTI also expanded the dataset capabilities to store scalar material properties
such as temperature, elevation, and radiation level. The Phase | design, which provided
for a single property value to be associated with each dataset, was expanded to provide
up to sixteen user-defined properties. The design was updated so that, for each view
window, the user can select a material property for coloring the display.

3.1.2.3 Sensors Manager Subsystem. The sensors manager subsystem provides a
link between sensor subsystems and the demonstration subsystem (or other
applications). Implemented in software on the SGI platform, this subsystem provides a
server interface to the demonstration subsystem and a client interface to each sensor
subsystem. It also manages data transfer between sensors and applications, and

provides an architecture for preprocessing of sensor data. The sensors manager does
not implement a user interface.

To facilitate communications, the sensors manager includes C++ base classes for
implementing ICERVS clients and servers. These base classes are used by all ICERVS
subsystems. The classes use Ethernet and Unix sockets based on TCP/IP; however, the
design is modular to allow other protocols to be used. The base classes provide
command formatting and parsing. Overall, the sensors manager subsystem is

.implemented in 23 MTI software classes.

3.1.2.4 Structured Light Sensor Subsystem. Developed outside the scope of the
ICERVS program, the structured light sensor subsystem was jointly developed by MTI,
Sandia National Laboratories and ORNL under two CRADA agreements. The purpose of
this subsystem is to map the interior surfaces of USTs. A second-generation prototype
was first demonstrated in February 1994 and subsequently loaned to the ICERVS project
to serve as the primary data source for testing and demonstration in Phase Il. The
structured light sensor subsystem demonstrated an accuracy of 0.28 in. and an
estimated mapping time of 2 hr for a typical tank.

This structured light sensor subsystem includes both hardware and software. As shown
previously in Figure 3-1, the subsystem is made up of three main components. The mapping
station, which is the hardware that is placed in the tank, is shown in Figure 3-5. It consists of
separate laser and camera modules assembled in a long tube that fits down the 4-in. diameter
risers in typical tanks. Each module has an optical mirror with an independent titt motor to
provide scanning of tank surfaces. The overall mapping station has a third motor to provide
pan motion. The vertical displacement between camera and laser modules establishes the
basic geometry for measuring 3-D coordinates by triangulation.
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Figure 3-5. Structured Light Sensor Mapping Station
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The mapping station is connected by an umbilical cable to the station controller, which
consists of a 486/PC, developmental software, and electronics modules to support the
mapping station motors, camera, and laser. Included in the 486/PC is a video digitizer
and image processor to convert the camera module images of the laser beam into pixel
coordinates. The station controller also includes software to convert the pixel coordinates
into calibrated xyz coordinates.

The station controller sends its xyz data by Ethernet to a Sun workstation that runs the
control console software. The control console provides the main operator interface and
map data storage/display. The main user interface, shown in Figure 3-6, presents plan
and elevation views of the mapped workspace. The workspace views are colored to
indicate the height (z-coordinate) of the measured data in the plan view and distance
from the sensor in the elevation view.

To operate in ICERVS, the control console software was upgraded to allow it to be run as
a Unix network-server process, using the socket-based classes developed for the
sensors manager subsystem.

3.1.2,5 Simulated Laser Range Finder Subsystem. Because the ICERVS design
supports diverse sensor types, it was desirable to incorporate multiple sensors in the
Phase Il demonstration. One sensor that is likely to be used extensively in DOE
environmental remediation missions is a laser range finder. These sensors work by
modulating a laser beam and scanning it over a surface of interest. The reflected image
of the laser is detected, and the measured (relative) amplitude or frequency/phase shift is
proportional to the line-of-sight distance. Lacking access to actual laser range finder
hardware, MTI implemented software to simulate the behavior of a representative
system. This software runs on either the SGI or Sun computing platform and implements
a Unix network-server process using the base class developed for the sensors manager
subsystem. The software reads data files that were generated from laser range finder
measurements and transfers them to the client application under user control. The
software provides a simple user interface window to let users enter data filenames and
initiate data transfer to the client application.

3.1.2.6 Simulated Minilab Sensor Subsystem. Another sensor subsystem that will be
used extensively in DOE environmental remediation missions is the Minilab developed by
Sandia National Laboratories. The Minilab is sophisticated data acquisition system that
can control a broad range of devices measuring dimensional, physical/geophysical,
chemical, and radiological properties. It was desirable to include a Minilab subsystem in
Phase Il to demonstrate the material property capabilities of ICERVS.

Again, lacking access to or availability of actual hardware, MT! implemented a software
subsystem to simulate the behavior of a typical Minilab. This software is very similar to
the simulated laser range finder subsystem, and the two subsystems share some
common source code. The software runs on either the SGI or Sun computing platform
and implements a Unix network-server process using the base class developed for the
sensors manager subsystem. it provides the same user interface window to let users
enter data filenames and initiate data transfer to the client application.

For Phase Il, data files were provided to MTI by INEL. These data files were generated
from five experiments performed at the INEL Cold Test Pit, which was constructed for
testing buried waste characterization and retrieval strategies. In the experiments, INEL
generated a series of dig faces by excavating several feet into the ground and scanning
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Figure 3-6. Structured Light Sensor User Interface
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at different depths. The equipment used include magnetic, electromagnetic and volatile
organic compound (VOC) sensors.

3.1.2.7 Remote Viewing Subsystem. The remote viewing subsystem was
implemented to demonstrate the expected use of remote cameras in typical remediation
systems and their relation to the ICERVS display. This subsystem includes both
hardware and software. As shown earlier in Figure 3-1, the remote viewing subsystem
has three main elements: the viewing hardware is a commercial video camera with zoom
lens and pan/tilt motion; the hardware controller is a commercial electronics package that
provides motion control; and the software supervisor is software that runs on the SGI
workstation. The software provides simple keyboard and spaceball controls for pan, tilt,
and zoom control.

3.2 Test/Results

3.2.1

Unit and Subsystem Testing

ICERVS testing was performed at the class, subsystem, and system level. More than
200 classes were written in C++ source and unit tested using local test code included in
each class source file. Each subsystem was integrated and tested independently. To
facilitate subsystem testing, Unix client and server programs were written to connect to a
subsystem and provide user control and data access. Overall system integration and
testing were completed using the system demonstration plan described below.

3.2.2 ICERVS Phase Il Demonstration

The ICERVS Phase Il demonstration was held in September 1994. To realistically
present the ICERVS features, the system demonstration was divided into three parts
portraying remediation activities at a UST, a buried waste site, and a D&D facility. The
demonstration took place in MTI's large-scale test facility (see Figure 3-7), which includes
the structured light sensor described in Section 3.1.2.4 and a mock-up UST with
simulated waste.

The first part of the system demonstration portrayed the use of ICERVS supporting the
remediation of a UST. The structured light sensor was used to map pallets of simulated waste
and a simulated tank wall. The volumetric data subsystem was used to provide 3-D
visualization of the sensor data. Figure 3-8 shows a typical view of the data, which consisted
of 20,000 points. The remote viewing subsystem was used to demonstrate how the scene
would be viewed remotely, and how the volumetric data display can be made to match the
same viewpoint as the remote viewing subsystem. During the demonstration, a portion of the
simulated waste was removed and the region remapped to show how ICERVS can be
updated as a retrieval process proceeds. Figures 3-9 and 3-10 show a close-up of this region
before and after simulated waste removal.

The second part of the system demonstration portrayed the use of ICERVS to support
buried waste retrieval. The major focus was material property capabilities. The simulated
Minilab sensor was used to supply test data from the INEL dig face characterization
experiments, as described in Section 3.1.2.6. The basic procedure was to read in a
sequence of dig faces from one experiment. Different material properties were displayed
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Figure 3-7. MTI’s Large-Scale Test Facility for ICERVS Demonstration
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in multiple view. Figure 3-11 shows a typical view of multiple dig faces interpolated and
colored by material property.

The third part of the system demonstration portrays the use of ICERVS to support the
dismantling of a D&D facility. The simulated laser range finder sensor was used to supply test
data from a small pipe assembly. In the volumetric data subsystem, data from different sensor
poses were combined into one and geometric objects were created and edited to match
features of interest in the data set display. Figure 3-12 shows the sensor data.

During testing and demonstration of the Phase Il ICERVS, it was evident that major
improvements in usability were needed. The Phase Il system met the function-based
success criteria, however, image rendering times were excessive and the user interface
was difficult to understand. A major redesign was planned and became the main focus of
the next phase of ICERVS development.

3.3 Conclusions

The major conclusions from the Phase Il ICERVS results were:

o Successful demonstration of the Phase Il system showed that ICERVS reached
- Maturity Level IV, Subscale Integrated System. From a technical perspective, the
system was ready to proceed to full-scale development.

e The Phase Il system met or exceeded all success criteria established for this phase
of development: automatic mapping of a realistic workspace (simulated UST);
creation of a volumetric database for dimensional and material property sensor data;
creation and editing of geometric models to represent physical objects in the
workspace; and correspondence between live video and the computer model! of the
workspace.

+ The octree technology on which ICERVS is based provided the means for the
visualization and analysis of general 3-D sensor data such as will be developed
in environmental remediation missions. Features such as color mapping and
arbitrary viewpoint make ICERVS particularly well suited for data interpretation
tasks. Additional development was needed to improve the speed and
effectiveness of ICERVS’ visualization capabilities.

e The geometric modeling tools, based on generalized prismatic shapes, provide
an effective way to generate geometric objects that can be passed to robotic
controllers for incorporation into their world mode!. Further development was
needed to make modeling faster and easier for operators.

e The increased interaction with DOE site personnel greatly influenced and
improved the design of the Phase 1l system. This close interaction continued
throughout the ICERVS development and greatly benefited ICERVS itself and
the EM program.

o The use of commercial software (TrueSolid, Uniras agX/Toolmaster and UIM/X,
and the Rogue Wave class libraries) greatly facilitated the software development
and improved the quality of the overall system.
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4.0 PHASE lll: FULL-SCALE INTEGRATED SYSTEM

The primary objective of Phase 1l was to further advance the ICERVS visualization and
modeling capabilities to the level of maturity needed for initial deployment in “live”
remediation missions, and to demonstrate the ICERVS technology at DOE field sites.

4.1 Design

4.1.1 System Requirements

At the start of Phase Ill, MTI reviewed the ICERVS requirements and the prior results
which indicated that major improvements in usability were needed. The system
requirements were revised in Phase lll to reflect this need. A number of new
requirements were defined, including:

e A dataset manager window to provide the user with a centralized place for
managing datasets, with functions such as new, save, copy, delete, etc.

e  Object manipulators that let users graphically edit object size, shape, position,
and orientation.

¢ Nonscalar data, which allow users to attach files to spatial points in the dataset
to store complex data such as images, frequency spectra, etc

e Immersive viewers that allow users to navigate through the data.

The results of this requirements work, i.e., the final ICERVS requirements/specifications,
are summarized in Table 4-1.

4.1.2 Software Design

In designing the Phase IIl software to incorporate the revised requirements, a key decision
was made to adopt the SGI Open Inventor 3-D toolkit for object representation and image
rendering. In Phases | and Il, image rendering was implemented by direct volume rendering of
sensor data and object models. While direct volume rendering consumes significant
computational resources, it was the only way to obtain adequate image quality. Open
Inventor, which became available in 1994, works in conjunction with the graphics hardware in
SGi platforms, and was initially identified as a tool for providing high-speed “previewing” of
datasets at limited image fidelity. Through experience and innovation, MT1 improved upon the
basic capabilities of Open Inventor to the point where image quality was judged sufficient for
mainstream ICERVS use. For this reason, the direct volume rendering software used in
Phase Il was replaced with Open Inventor software.

A second key decision in Phase Ill was to partition the software development into three
sequential releases. This allowed DOE to receive beta releases that could be used for
applications prior to the final software release and the opportunity for DOE to evaluate
usability issues and continually improve the software design throughout Phase lil.
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Table 4-1. Summary of Phase Ill ICERVS Requirements/Specifications

General Specifications

Computing Platform

Silicon Graphics, IRIX 5.3 or higher

Dataset Manager Dataset open, new, copy, archive, etc.
Dataset Archiving Transfers datasets between systems
Multiple System of Units inch, foot, meter, millimeter

Online Manual htm file

Sensor Data

Input format Ascii text file

Spatial (xyz) points

Unlimited number per dataset

Scalar Material Properties

Set of floating point values associated with each spatial point;

up to 30 sets per dataset

Nonscalar Material Properties

User-defined data types associated with one spatial point each

Up to 64K per dataset
External software viewers
Geometric Object Models
Object models Unlimited number per dataset

General polyhedral shapes

Unlimited number of vertices and faces

Solid primitives

Box, sphere, cylinder, cone

Composite objects Muttiple objects grouped together
Object library Stores commonly used shapes
Associated text Name, annotations, etc.

Visualization and Modeling

Interactive viewpoint control

Mouse direct, thumbwheel, transform panel

Multiple view windows Unlimited number
Status window Parameter display
Color legend

Rotational orientation cue
Selected point coordinate (xyz) display

Cut/Slice planes

5 sets

Multiple viewer types

Immersive (walk, fly)
Nonimmersive (orthographic, perspective)

Save/Restores view parameters

Viewpoint, color scheme, cutplanes, etc.

Color and visibility mapping of
scalar material property data

Interactive control panel

Indicators for nonscalar data

Colored spheres

Object display attributes

Invisible, wireframe, semi-transparent, solid

Object editing

Resize, reshape, transform manipulators
Transform panel

Parametric (numerical) editor

Snap to xyz point

Object duplication

Analysis Functions

Region selection/highlight

Points enclosed by selected objects

Region erase Points enclosed by selected objects
Connectivity From selected (seed) point
IGRIP Part File Interface IGRIP format version 11

First-order geometry
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Key parts of the Phase Il design are described in the following subsections. More detailed
descriptions of the ICERVS design and technical capabilities are provided in Part Ii of
this report. -

4.1.2.1 Dataset Disk/File Representation. End user data are stored in datasets, which
are general collections of data acquired from, or constructed to describe, a 3-D
workspace. Dataset contents can include spatial (xyz) data, scalar properties, nonscalar
properties, and geometric object models. Datasets can be used, for example, to
characterize a specific work environment at a discrete time or state. Datasets can be
collected into groups so that, for example, the history of a work environment can be
stored as a sequence of datasets. Within the Unix file system, groups and datasets are
directories. The organization of files within a dataset is shown in Table 4-2.

4.1.2.2 Dataset Manager. To improve usability, a dataset manager was implemented in
Phase lIl. The dataset manager provides high-level functions for controlling datasets and
groups. As shown in Figure 4-1, the dataset manager displays a list of groups and list of
datasets within a selected group. Within the dataset manager, users can perform
functions such as create and delete groups, create and delete datasets, open datasets
for viewing, and copy datasets. The dataset manager window opens when ICERVS is
started, and includes the quit function for exiting the software.

4.1.2.3 Dataset View Windows. The ICERVS mechanism for dataset visualization and
modeling is the view window, an example of which is shown in Figure 4-2. The view
window is derived from the Open Inventor “Full Viewer” software class. The image in the
view window is rendered by Open Inventor, and the menus above the image, status area
below the image, and toolbar buttons on the left margin have been added by MTI to
provide the Phase [l functionality.

The 3-D visualization capabilities of the ICERVS view window include:

¢ Each view window can be set to walk or fly viewing for immersive navigation
through the data, or to a conventional (through the window) scene viewer with
independent rotation, translation, and scale controls.

e Sensor data can be color mapped to a selected scalar property such as elevation
or temperature. Similarly, data visibility can be mapped according to the same
property. This capability has been used, for example, to prune low-confidence
points from large datasets.

o Complex data such as images or frequency spectra can be stored at discrete xyz
points and viewed using external application software. To facilitate the use of
complex data, specially colored “data indicators” are displayed at each location
where complex data are stored. When the user selects a data indicator, it
provides a list of data available for viewing at that location.

e Cutand slice planes provide viewing of cross sections through the data.

e The view window includes a status area that displays viewing and dataset
parameters, a color legend, and a 3-D icon that mirrors the view’s rotational
orientation.

With visualization capabilities such as these, robotic system operators can maximize the
insights gained from sensors in remote environments. With these insights, then,
operators can construct CAD models to match the physical environment. The object
modeling capabilities provided by ICERVS view windows include:

e Object primitive shapes such as polyhedral, sphere, and cylinder can be created
and edited by on-screen manipulators, transform panels, or parameter editors.
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Table 4-2. Dataset Files

<colormap>.cmap
<octreename>.oct
<octreename>.Shape
<octreename>.<prop>
object.iv
indicator.iv
dataset.prm
site.def
view.prm
<savedviewname>.vew
property

xxxxx.gif

xxxxx, txt
Y ~ 1

Group Name/Dataset Name Dataset specific files

Colormap Files
Volumetric Data Files
Volumetric Data Files
Property Files
Geometric Object File
Indicator Object File
Dataset Parameters File
Site Definition File
View Parameters File
Saved View Files
Non-scalar property files

image files

text files
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4-4 Program Overview

— on r e




SRR
oAl

SRR

AR

R

Z.
ﬁ
%
¢
b

SO

R

¥

Figure 4-1. Dataset Manager Window

Program Overview

Ay e -



6.cdr
Program Overview

9701

ICERVS View Window

4-2.

Figure

LR : :

3
N 19?%.032.?..??4. S A R A A N

. v <

&

x

v

ey’

Part!




» Individual objects can be displayed in one of four forms: invisible, wireframe,
shaded, or semi-transparent.

e Objects can be individually colored, so that, for example, walls can be modeled
in one color, steel pipes in another, insulated pipes in a third color, waste
material in another, etc.

e Multiple object primitives can be grouped and manipulated as a single, composite
object.

e ICERVS provides an “object library” for storing objects for reuse.

4.1.24 Sensor Data Input. A text file format was defined for inputting sensor data into
ICERVS. A short example input file is shown in Figure 4-3. Various headers at the beginning
of the file provide descriptive information. The sensor data follow with one data record per line,
which can contain up to three types of content: position data, scalar property data, and
nonscalar property data. Position data, also referred to as dimensional data or spatial data,
consists of the xyz coordinates. Position data are required for each data record and occur in
the first three columns. Scalar property data can be used to represent nonspatial data
acquired by sensors, for example, temperature, density, or overall radiation leve!l. Up to 30
scalar property values may be attached to each position datum (dimensional point) in the file.
Nonscalar data can be used to represent complex or user-defined data types such as images,
arrays, or formatted documents. Nonscalar data are input to ICERVS by assigning the
filename containing the nonscalar data contents to the position datum.

4.1.2.5 IGRIP File Input/Output. To support the interchange of geometric object data
with robot control systems, ICERVS provides input and output of IGRIP part files.
Because the IGRIP part file format does not support second-order primitives such as
spheres and cylinders, ICERVS converts these objects to first-order (polyhedral)
approximations prior to writing the output part file. For the same reason, all input objects
are converted to the ICERVS polyhedral type.

4.2 Test/Results

Testing and field demonstration of ICERVS was planned and conducted out for both UST
and D&D applications. In July 1996, ICERVS was integrated with an MTl-developed
Topographical Mapping System (TMS) and used to map a cold test pit at Oak Ridge.
Figure 4-4a is a photograph taken from inside the cold test pit that shows the three walls
and floor that were mapped by the TMS. Prior to this mapping, a geometric model of the
pit, modeled as a set of IGRIP part files, was input to ICERVS to provide a baseline
dataset. This IGRIP model is shown in Figure 4-4b, which was captured from an ICERVS
view window on the SGI screen. After mapping was complete, the data were input to
ICERVS for visualization with both immersive and standard viewers. ICERVS region
selection and point removal functions were also used to delete a region where a small
number of points were mapped outside the TMS calibration range and were obviously
incorrect. Figure 4-4¢ shows the data in a standard ICERVS view window, and Figure 4-4d
shows both sensor data and a CAD (IGRIP) model in an immersive walk viewer. (The
sensor data consisted of approximately 50,000 discrete points.) From visual comparison
of the sensor data and the IGRIP model, dimensional errors in the original model were
found and used to update it. The capabilities demonstrated at ORNL were later
presented at the 1996 Robotics Forum in Albuquerque, NM.
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* Waste Tank Demo Data
* Mechanical Technology Inc.

. * 05/09/96

[ID]
FileVersion= 2.0

[GENERAL]

DimensionalUnits= METERS
Resolution= 0
PathToNonScalars= /usr/local/
NumberOfDataPoints= 5

[PROPERTIES]
NumberOfScalarProperties= 2
Propertyl= Temperature
Unitsl= DegC

Property2= Radiation
Units2= Rad

[DATA]
-1.9232 3.0362 -1.2427
-1.9386 3.0604 -1.2413
-1.9558 3.0876 -1.2409
-1.9739 3.1161 -1.2409
-1.9918 3.1443 -1.2406

60.2467 .3946
60.2365 .3948
60.2856 .3937
60.2464 .3956
60.2587 .3963

Figure 4-3. ICERVS Input File
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In August 1996, MTI presented a demonstration of ICERVS in conjunction with a Mobile
Mapper System demonstration at ORNL. For this demonstration, engineers at ORNL had
previously mapped three walls in the Robotics Technology Assessment Facility (RTAF), a
high-bay area in Building 7601. The data were produced by a laser range finder mounted on a
mobile robotic platform. In all, over 500,000 discrete points were mapped. ORNL had also
constructed a fairly detailed CAD model of the facility via photogrammetry. The model was
formatted as an IGRIP part file and comprised over 20,000 polygons. Both IGRIP model and
sensor data were input into an ICERVS dataset. Two view windows from this dataset are
shown in Figure 4-5. In Figure 4-5a, all of the laser range finder data are shown, including
many points with “low quality" value, which were considered wild points resulting from
multipath interference. They are most evident in the corners of the facility as clouds in front of
the actual walls. The ICERVS color/visibility mapping capabilities were used to threshold out
points with low quality value, and the results are shown in Figure 4-5b. In this view, 25 percent
of the data has been removed, providing a more realistic depiction of the facility.

It was further observed that these large datasets, with hundreds of thousands of data points,
required considerable computational capabilities and taxed the limits of desktop workstations.
Using an SGiI Indigo? with Extreme Graphics and 128 MB of memory, frame rates of 1Hz
were typical, and certain operations such as point selection and data input took considerably
longer. To address the huge scale of D&D projects, it is clear that further improvements in
computational efficiency are required. Considerable (one or two orders of magnitude)
improvement can be obtained by applying known technologies such as spatial partitioning,
demand-based file paging, and level of detail. This is recommended as an important area for
further ICERVS development.

In addition to the visualization described above, MTI also demonstrated geometric model
construction and manipulation at ORNL. Figures 4-6 and 4-7 show some of the results from
the south and west wall map data, respectively. Figure 4-6 shows the laser range finder data
acquired from the south wall. To demonstrate some of ICERVS’ color mapping capabilities, a
simulated radiation pattern was superimposed on the data, concentrated on two barrels
shown in the lower right-hand side of Figure 4-6a. The other data are colored on a green
background level, to indicate that their data is below a threshold radiation level. To facilitate
model construction, the data in Figure 4-6a was subsequently color mapped by range (from
the viewpoint), and the result is shown in Figure 4-6b. To demonstrate rapid modeling, MTI
constructed a number of simple rectangular and cylindrical shapes that are shown in Figures
4-6¢ (with the sensor data) and 4-6d (objects only). These object models were generated in
only a few minutes. '

To demonstrate more complex shapes, MT! constructed a model of an "acid fractionator
mockup" assembly on the west wall using composite shapes that had been previously
constructed and stored in an ICERVS model library. The sensor data, color mapped by range,
is shown in Figure 4-7a. MT1 constructed several tanks, pipes and elbows, and various
structural parts to arrive at the model shown in Figures 4-7b (with the sensor data) and 4-7¢
(objects only). The parts were retrieved from the library and placed in the dataset in only a few
minutes. The resulting model was also exported to an IGRIP part file, which was subsequently
added to ORNL's model of the RTAF. This work demonstrated the use of ICERVS to refine
CAD models of remote environments so that they accurately represent the "as-is" condition,
one of the key capabilities needed for remote robotic operation.
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4.3 Conclusions

The major conclusions from the Phase Il ICERVS development are:

Successful demonstration of ICERVS has shown that the technology has
reached development Maturity Level V, Full-Scale Integrated System. The
software is ready for use in "live" applications where remote robotics are needed
for environmental cleanup.

The architectural changes made in Phase Il were successful in achieving high-speed
display and interaction for datasets with more that 100,000 points.

The Phase lll system met or exceeded all success criteria established for this phase
of development: (1) ICERVS effectively conveys to end users the 3-D characteristics
of remote workspaces and other sensor-provided characteristics of workspaces; (2)
ICERVS provides the functionality required to produce 3-D CAD models of features in
mapped workspaces; (3) ICERVS seamlessly integrates with external sensor
systems and model-based robot controllers.

The integration of interactive visualization and modeling capabilities remains an
important part of remote, robotic systems for environmental remediation. With
ICERVS, system operators will be better equipped to manage the formidable
complexities of task and path planning in remote environments, and construct
world models that reflect the best information available.

Continued development of ICERVS technologies will lead to even greater payback to
the DOE in the future. Such development will add registration and data fusion
capabilities to ICERVS in order to combine data for minimal error.

. N i i g
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5.0

PROJECT CONCLUSIONS

Because of the unstructured and hostile nature of many environmental cleanup sites, new
robotic control strategies are being developed that will enable remediation work to be done
remotely, so that operational personnel can be kept in safe environments. These robotic
control strategies critically rely on 3-D sensors to accurately map remote scenes and require
the construction of 3-D CAD or world models to match the remote environment. To bridge the
present technology gap between sensor data and CAD model representation, MTI has
developed ICERVS, a software program that provides integrated, interactive 3-D visualization
and modeling of sensor and CAD data. With ICERVS, operators can perform immersive,
virtual walkthroughs of the available data and thereby effectively perceive the full spatial nature
of the remote site. With ICERVS, they can also create and/or edit CAD object models to
represent physical features in the remote site. The resulting geometric models can be sent to
downstream systems and used for task and path planning, where the CAD models enable
automatic collision avoidance.

The new capabilities provided by ICERVS will directly lead to improved cleanup
operations across the DOE nuclear weapons complex, with potential benefits in UST,
buried waste, and D&D applications. ICERVS' interactive visualization of sensor and
CAD data will enable better operator understanding of remote work sites, leading to
faster assessments of site characteristics and development of remediation strategies and
tactics. By providing CAD models that reflect the best information available from remote
site, ICERVS will also lead to safer robotic cleanup operations through model-based
robotic control. All of these benefits will ultimately contribute to cheaper cleanup of the
weapons complex, making ICERVS a key technology in the DOE's arsenal for
environmental stewardship.
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1.0

INTRODUCTION

Part | of this report presents an overview of the work performed during the ICERVS
development project. In Part I, Sections 2.0, 3.0, and 4.0 summarize the Phases |, I, and Il
activities, respectively, and Section 5.0 presents the project conclusions. Part Il of this report
presents a technical overview of the final ICERVS design and implementation, as completed
in Phase lll. In Part I, details are provided on the system design (Section 2.0), ICERVS
dataset (Section 3.0), dataset manager (Section 4.0), dataset view (Section 5.0), sensor data
input (Section 6.0), geometric objects (Section 7.0), analysis features (Section 8.0), IGRIP
interface (Section 9.0), and major class descriptions (Section 10.0). A glossary of terms is
also provided for reference in Section 11.0.

As described in Part I, ICERVS is computer software that combines two different data
modalities — sensor data and CAD models — into a common computing environment for
interactive visualization and modeling. This capability enables robotic system operators, for
example, to acquire 3-D sensor data from a remote environment and use that data to
construct and/or verify CAD or computer "world" models of the environment. Such capability
will reduce the exposure of human operators to hazardous, contaminated, and radioactive
environments, while improving the productivity with which robotic tasks can be performed.
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2.0 SYSTEM DESIGN

The ICERVS software provides storage, retrieval, manipulation, and visualization of spatial,
property, and geometric object data. It is implemented as a UNIX process with an X Windows
user interface, and 3-D visualization and modeling using Open Inventor. The design is
grouped into a main module and 5 main objects: Dataset Manager, Dataset, Dataset Viewer,
View, and Render Model. The main program initializes the client server connection, sets up
the global parameters, invokes the Dataset Manager Window, and starts the main event loop.
See Figure 2-1 for an ICERVS object block diagram.

The Dataset Manager Object manages groups and datasets created by the
operator. Itis the “Database Manager” of ICERVS and handles all user interfaces to
the database. There is only one Dataset Manager object in the system.

The Dataset Objects represent the various sets of data that have been input
into the ICERVS. They are the “Database” of the ICERVS and handle all
interfaces to the data itself. Datasets can include spatial data and property data
stored in the form of octrees, non-scalar data stored in user-defined format, and

- geometric object data stored in Open Inventor file format. There is one Dataset
object for each operator-selected group/dataset request from the Dataset
Manager object. i

The Dataset Viewer Objects interface the Dataset objects to the various View
objects which are viewing the dataset. They contain all elements which are shared
among all views of the dataset. There can be many Dataset Viewer objects in the
system. There is one Dataset Viewer object for each Dataset object.

The View Objects represent the views of the data in the datasets. They contain
all elements which are unique to each view of the dataset, and handle all user
interfaces to the views. The various View Window classes within this object
implement the various behaviors of a view. There is one View object in the
system for each Dataset and Dataset Viewer object pair.

The Render Model Objects represent the rendering of the data in the datasets
They contain all elements necessary for rendering the data and handle all
interfaces to Open Inventor and TrueSolid. In effect, they allow visualization of
the Dataset objects in the View objects. There is one Render Model object in the
system for each Dataset and Dataset Viewer object pair.

2.1 Computing Platform

The following sections describe the ICERVS computing platform.

2.1.1 Hardware

The ICERVS software executes on a Silicon Graphics (SGI) platform. The system
should be (minimally) configured with 32-MB RAM, 1-GB disk, and 128-MB swap space.

Partll 2-1 Technical Overview
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2.1.2 Software

The system requires the following software products be installed on the SGI workstation
for system execution:

Operating System: 1RIX Version 5.3 (or higher). Included as extensions of the
operating system are X Windows and Motif, which are used to provide a robust
interface for creating and manipulating windows.

Open GL: A graphics language, provided by SGl, that enables fast and efficient
graphic rendering.

Open Inventor (Version 2.1): An SGI 3-D graphics toolkit, built upon Open GL,
used for rendering and manipulating data and geometric objects.

2.1.3 Licenses

The ICERVS requires the following software licenses to be installed on the SGI
workstation for system execution:

TrueSolid: Octree Corporation’s “volumetric” solid modeler software package.
For information about TrueSolid contact:

Qctree Corporation
7337 Bollinger Rd.
Cupertino, CA 95014
(408)257-9013
hitp://www.octree.com

2.2 ICERVS System Directories

The ICERVS directory structure is organized with two main directory paths: the
$ICERVSROOT path and the $ICERVSDATA path which are specified by environment
variables. The $ICERVSROOT path contains system-wide files such as system default
files and object library files. These files come installed with the system. The
$ICERVSDATA path contains end user data which is organized into group and dataset

directories (see Section 3.1). The general organization and contents for the system
directory structure is shown in Table 2-1.

2.3 Main Execufion Control

Before starting an ICERVS session, the $ICERVSROOT and $ICERVSDATA environment
variables must be set. The $ICERVSROOT variable should be set to the ICERVS root
directory which was created during installation. The $ICERVSDATA variable should be set to
the path at which the groups of datasets are to be located. This path could be the same for all
users on a system, or each user may have their own ICERVS group/dataset directories.
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Table 2-1. ICERVS Directory Structure

$ICERVSROOT Root of Static ICERVS Data Structure
bin Contains executable programs
efc Contains templates and general files
config.vds Program configuration file
view.prm Default View Parameters File
site.def Default Site Definition File
inset.iv View orientation template
mail.cap Metamail configuration file
mime.types Metamail file
send-bug Script for sending bug reports
start-help Script for displaying on-line user manual
libficervs/objectlib Contains Object Library files
LIBRARY1 Contains library-specific objects for 1st library
<objecti>.iv Library object file #1
<objectn>.iv Library object file #n
LIBRARYn Contains library-specific objects for nth library
<object1>.iv Library object file #1

<objectn>.iv

Library object file #n

libficervs/help Contains User Manual files in HTML format

<name>.htm html file of manual text

<name>.gif image files
libficervs/bitmaps Contains bitmap files

<name>.xbm bitmap file
share/icervs Extraneous files

96TR37
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2.4 Session Startup
An ICERVS session may be started by typing:
$ICERSVROOT/bin/vds
or, if $ICERVSROOT/bin is in the path, type:
vds

The system will respond by starting the Dataset Manager window described in Section 3.
Since the initial system is installed with no existing Groups or Datasets, the User must
first create a Group in order to get started. Once a Group is created, the User may
create a new empty Dataset, or the User may retrieve an archived dataset from the
$ICERVSROOT/share/icervs directory.

2.5 Session Termination

An active ICERVS session may be terminated by selecting the Quit option from the
Dataset Manager menu bar.
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3.0

ICERVS DATASET

An ICERVS dataset stores the collection of data (volumetric, scalar property, non-scalar
property, geometric) that characterizes a particular physical site at a discrete time or
state. A dataset is a subset of a group which represents a workspace. An example of a
group might be an individual waste storage tank. An example of a dataset might be data
taken for the initial state of the waste tank before any excavation was performed. For
each group, there can be unlimited number of datasets.

A dataset is stored on disk as a set of files in a dataset directory (e.g., $/CERVSDATA/
Group1/Dataset1). When the first view on a dataset is created, the dataset is read from
disk and stored in memory. See Figure 3-1 for a description of the dataset
representation. The highlighted symbols on the figure represent the dataset files and
memory images. All other symbols represent dataset objects (groups, datasets, views).

The dataset is represented on disk as a set of files in a dataset directory. These files
include: the volumetric data file (octree files: xxxx.oct and xxxx.Shape), the scalar
property files (xxxx.<property name>), the non-scalar property files, the geometric
objects file (object.iv), the indicator objects file (indicator.iv), and the dataset parameters
file (dataset.prm). These files are highlighted in Figure 3-2. The following sections
describe the main elements of a dataset on disk: .

e The octree files are TrueSolid format files which are read and written by
TrueSolid. They contain a direct translation of the memory version of the
- volumetric and property data. They also contain indexes of the non-scalar
property data for each spatial data point contained in the octree.

» The non-scalar property data are a set of files containing any type of
information. An index entry in the octree is used to link a spatial point to the
actual sets of non-scalar property data files.

e The geometric objects file is an Inventor format file which is read and written
by Inventor and is used to build a memory-resident Inventor tree
representing the geometric objects in a dataset. It contains a direct
translation of the memory version of the geometric objects.

e The indicator objects file is an Inventor format file which is used to build a
memory-resident Inventor tree representing the points that are linked with
non-scalar property data.

e The dataset parameter file contains a list of all the scalar properties maintained
for the dataset.

3.1 Directory Structure

The ICERVS directory structure is organized with two main directory paths: the
$ICERVSROOT path arid the $ICERVSDATA path which are specified by environment
variables. The $ICERVSROOT path contains system-wide files such as system default files
and object library files. These files come installed with the system. (See Section 2.2) The
$ICERVSDATA path contains end-user data which is organized into group and dataset
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directories. Each group directory is named with the operator-specified group name given
when the group was created. Under each group directory, many dataset directories can
exist. Each dataset directory is named with the operator-specified dataset name given
when the dataset was created. The general organization and contents for the dataset
directory structure is shown in Table 3-1.

The following subsections detail each dataset level file.

3.1.1 Group-Specific Files

Default Site Definition File (site.def): This file is an ASCI| text file that contains all the
group-specific parameters, specifically, the dimensional description of the site. Itis
initially copied from the system level file site.def. when a new group is created and can
be modified by an ordinary text editor.

Site Log File (site.log): This file is an ASCI! text file that contains operator log entries for the
particular group. Itis initially created by the system when a new group is created. No
restrictions are placed on the content or the format of the entries. The operator may browse
or append to these files as desired. One of these files is stored in each group directory.

3.1.2 Dataset-Specific Files

Colormap Files (xxxxxx.cmap): These files contains colormap information used to
color sensor data. Each file contains a dataset-specific colormap which was previously
created using the ICERVS View/Colormap menu function.

Dataset Parameters File (dataset.prm): This file contains a list of the dataset material
properties that have been stored in the dataset. It is initially created programmatically when a
new dataset is created. The contents of this file are not editable and are maintained
automatically by the VDS. One of these files is stored in each dataset directory.

Site Definition File (site.def): This file contains some dataset-specific parameters,
specifically, the dimensional description of the site that can be modified by the user with a text
editor. Whenever a dataset is created in the group, a copy of the group's site definition file is
placed in the new dataset directory. One of these files is stored in each dataset directory.

View Parameters File (view.prm): This file contains the default parameters for view
windows, consisting of viewpoint and cutplane definitions. These parameters may be
altered in memory for each view, which allows each view to be unique. The unique view
parameters may be saved permanently in a saved view file for later retrieval. The current
view parameters can also be saved as the default view parameters, and will be the
parameters used whenever a new dataset is created.

Geometric Objects File (object.iv): This file contains the user-defined 3-D geometric
objects for a specific dataset in a specific group. The objects were either created by the
operator, or imported from IGRIP via IGRIP part files. All of these objects are
dimensionally described and are referenced by object name. It is assumed that their
units match the units defined in the dataset. The file is in Open Inventor format. The
Open Inventor ASCI! file format is described in The Inventor Mentor book. The file is
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Table 3-1. ICERVS Dataset Directory Structure

<octreenames.oct
<octreename>.Shape
<octreename>.<prop>

$ICERVSDATA Root of Dynamic ICERVS Data Structure
GROUP1 Contains group-specific files for first group
site.def Group Default Site Definition File
site.log Site Log File
GROUP1/DATASET1 Contains dataset specific files for first dataset
<colormap>.cmap Colormap Files
" dataset.prm Volumetric Data Files
site.def Volumetric Data Files
view.prm Property Files
object.iv Geometric Object File
indicator.iv Indicator Object File

Dataset Parameters File
Site Definition File
View Parameters File

<savedviewnames>.vew Saved View Files
property Contains non-scalar property files for first dataset
<propertyname> Non-scalar Property Files
GROUP1/DATASET? Contains another set of data files
GROUP2 ’ Contains group-specific files for second group

96TR37
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read the first time a view is created on a dataset and is added to the Inventor tree being
built in memory as a node under the root node. Conversely, when the dataset is saved,
this node and all "geometric object" nodes underneath it, get written to the Geometric
Objects File on disk. One of these files is stored in each dataset.

Indicator Objects File (indicator.iv): This file contains the non-spatial data indicator
objects for a specific dataset in a specific group. These objects represent the location of
some non-scalar property in the sensor data. These objects are created whenever non-
scalar property data are added to the dataset. All of these objects are dimensionally
described, and it is assumed that their units match the units defined in the dataset. The
file is in Open Inventor format. The file is read the first time a view is created on a
dataset and is added to the Inventor tree being built in memory as a node under the root
node. Conversely, when the dataset is saved, this node and all “indicator object" nades
underneath it, get written to the Indicator Objects File on disk. One of these files is
stored in each dataset directory.

Volumetric Data Files (xxxxocx.oct): These files contain a description of the octree in which
the sensor data is stored. They are ASCI! files in TrueSolid format. Their filename comes -
from the dataset parameter file. One of these files is stored in each dataset directory.

Volumetric Data Files (xxxxxx.Shape): These files contain the sensor data which is
stored in the octree. They are binary files in TrueSolid format. Their filename comes
from the dataset parameter file. One of these files is stored in each dataset directory.

Volumetric Data Files (xxxxxx.<propertyname>): These files contain the property
data which is stored in the octree. They are binary files in TrueSolid format. Their
filename comes from the dataset parameter file. Their file type is named after the scalar
property contained within. Several of these files may be stored in each dataset directory,
one for each defined scalar property.

Saved View Files (xoooox.vew): This file contains the view parameters that define a saved
view including window location, view type, translation, scaling, rotation, colors, cutplane
information, etc. Itis in the same format as the View Parameters File. It is an ASCI! file that
is initially created when the operator executed the View "Save" function. The filename is given
by the operator when the view was being saved, and the file extension is given by the system.
A Saved View Parameters File may be restored into an existing view with the View "Restore”
function and the view parameters contained in the file will overwrite the view's current view
parameters. Multiple files may be stored in each dataset directory.

3.1.3 Non-Scalar Property Files

(<non-scalar_property_name>): These files contain the non-scalar property data. The
files can be any type of file. The <non-scalar_property_name> is given by the operator
when the file is stored. All non-scalar property files are stored in their corresponding
Group/Dataset subdirectory /property.

3.2 Memory Structure

The dataset is represented in memory as a TrueSolid octree, a set of indexes to non-
scalar property files, a reference to the geometric object node in the Inventor Tree, a
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reference to the indicator object node in the Inventor Tree, and memory resident dataset
parameters. The following describes the main elements of a dataset in memory:

o The octree contains the current volumetric and property data (scalar property
data and pointers to non-scalar property data). All views on the dataset are
connected to the same octree in memory. See Figure 3-3 for a description of
the octree representation. The highlighted symbols on the figure represent
the octree data files and memory image. All other symbols represent objects
that the octree must interact with in order to render an image.

e The octree contains a special property field called non_scalar._index (not
shown in Figure 3-3). This property contains index numbers which
correspond to names of indicators in the scenegraph. An info node for the
data indicator in the scenegraph contains the list of non-scalar filenames for
that particular data indicator. This is the way each spatial data point which
contains non-scalar property data can access the appropriate non-scalar
property data files.

» The Geometric Objects for a dataset are stored in an Inventor format file (not
shown in Figure 3-3), and when it is read into the Inventor tree, it gets added to a
child node off the root node. Refer to Section 3.3 for details of the geometric
object nodes. An instance of the Geometric Object class C3dObject is created,
and the pointer to this Inventor Geometric Object node is stored in the geometric
object along with other object information.

¢ The Indicator Objects for a dataset are stored in an Inventor format file, and
when it is read into the Inventor tree, it gets added to a child node off the root
node. An indicator object marks the point in the spatial data where non-
scalar property data are stored. This child node is a group node named
“Indicator Objects." Refer to Section 3.3 for details of the indicator object
nodes. An instance of the Indicator Object class C3dObject is created, and
the pointer to this Inventor Indicator Objects node is stored in the indicator
object along with other object information.

e The dataset parameters are stored in a file and read into memory the first time a
view of a dataset is created. An instance of the Dataset Object class
CVDSDataset is created and the list of material properties from the file is stored
as a data member in the object. In addition, the site parameters from the
site.prm file are stored as data members in the object.

3.2.1 Sensor Data

Sensor data consists of three types: volumetric dafa, scalar property data, and non-
scalar property data.

Volumetric data represents the spatial data acquired by the sensors. These data
represent a 3-D space and are stored in octree files on disk. The octree file is really two
files: an octree file <name>.oct, (where <name> is the octree name from the dataset file)
which stores general octree information, and a shape file, <name>.Shape, which
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contains information about the octree shape. Each dataset contains an octree file.
When a dataset is selected for viewing, the octree is read into memory and dumped into
an Open Inventor pointset.

A pointset is an Inventor structure that describes a set of 3-D points. Since the actual
rendering of the volumetric data is done using an Open Inventor scenegraph, the
volumetric data must be contained in a pointset before rendering can occur.

Scalar Property data represents the non-spatial data acquired by the sensors. These
data represent property values acquired at spatial locations and are stored in octree
property files on disk. These properties are represented in the octree as floating point
values. There is one octree property file for each property acquired. These files are
named <name>.<property> (where <name> is the octree name from the Dataset
Parameter File and <property> is the property name from the Dataset Parameter File).
Each dataset contains an octree file with several property files that are part of the octree.
When a dataset is selected for viewing, the octree is read into memory along with all its
property information. The property data in memory are then dumped to an array to be
used for coloring the pointset being rendered in the Open Inventor scenegraph.

There are at least two special properties which are always in the octree. The firstis a
property called z-value. It represents the elevation or z spatial value at that point in the
octree, and is used as a means for default coloring of volumetric data. The second
special property is called non-scalar_index. ltis a field containing index information
about the non-scalar property values that are stored at that point in the octree. These
two special properties cannot be accessed by the operator and are known only to the
software. The remaining user property fields contain all the property types that exist for
the particular dataset. Up to 14 user properties may be stored per dataset.

Non-scalar property data provide the user with a means to associate complex data with a
spatial data point (xyz). Complex data are any type of data that are more than a single
data value (i.e. scalar property). These data can be in the form of text, images,
formatted documents, spread sheets, etc. A special integer property in the octree exists
called non_scalar._index which contains an index value for each spatial point associated
with some non-scalar data. This index is actually part of a name for a data indicator
which marks the location of the non-scalar data in the view. The data indicator is
represented in the system as a geometric object defined in the scenegraph. All data
indicators in the scenegraph are actually sphere shapes which contain an info node
containing the list of non-scalar properties associated with the data indicator. This is the
way that non-scalar properties are kept track of in the system.

3.2.2 Geometric Object Models

Geometric objects are supported in ICERVS for modeling objects which exist in the data.
These objects include geometric primitives, polyhedrons, and composites.

All geometric objects are represented internally in ICERVS as 3-D geometric objects in
Open Inventor. They describe physical matter that is affected by property (color, material
type, etc). During a rendering operation on the tree, they cause their shape to be drawn
on the screen. ICERVS uses Open Inventor for both storage (memory and disk) and
manipulation of objects.

The following discusses the specific types of objects supported and their internal
representation.
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Geometric Primitive - This is an object type that include spheres, cones,
cylinders, and boxes. It is created in ICERVS parametrically with either a radius
(sphere); a radius and length (cone, cylinder); or a length, width, and height
(box). It is represented in ICERVS using one of the Open Inventor classes
SoSphere, SoCone, SoCylinder, or SoCube, which are derived from SoShape. It
can be manipulated interactively using the manipulator icons supplied on the left
side of the View Window (see Section 5.2.2). However, the Reshape
-manipulator may not be used on geometric primitives. It can be edited either
interactively via the Object Transform Editor Window (see Section 6.4.2), or
parametrically via the Object Parametric Editor Window (see Section 6.4.1).

Polyhedron - This is an object type with an arbitrary number of polygonal faces,
each of which can be arbitrarily shaped. The simplest form of this type is a right
regular prism, which can then be edited with the Reshape manipulator to achieve
an arbitrary shape. Itis created in ICERVS parametrically with a radius, length,
and number of vertices input. It is represented in Open Inventor as a set of
faces, or polygons. Each polygon is made up of a set of vertices or coordinates,
which are ordered by connectivity indexing. The polygon is represented by a set
of indices into the set of vertices. The index ordering of the vertices corresponds
to traversing the vertices of the polygon in a counterclockwise direction, applying
the right-hand rule so that the normal (right-handed) to the polygon points
outward from the object. The Open Inventor class name for this type is
SolndexedFaceSet and is derived from SoVertexShape which is derived from
SoShape. In addition, Inventor stores the vertices of the object as a
SoCoordinate3. It can be manipulated interactively using the manipulator icons
supplied on the left side of the View Window (see Section 5.2.2). It is restricted
from being parametrically edited via the Object Parametric Editor Window.
However, it can be interactively edited via the Object Transform Editor Window
(see Section 7.4.2).

Composite - This type is a collection of two or more objects of the above types
grouped together to form one common object. This common object can be
manipulated as one object. Itis created with the View Window’s Object - Build
Composite menu function and can be taken apart with the Object - UnBuild
Composite menu function. It is represented in Open Inventor as a group node
containing a collection of SoShape nodes (one for each object in the composite
object). Each SoShape may be any one of the Open Inventor shapes described
above. It can be manipulated interactively using the manipulator icons supplied
on the left side of the View Window (see Section 4.2.2). It is restricted from
being parametrically edited via the Object Parametric Editor Window or reshaped
interactively via the Reshape manipulator. However, it can be interactively
edited via the Object Transform Editor Window (see Section 6.4.2).

All object types except polyhedron are represented the same way in Open Inventor as
they are in ICERVS when they are parametrically created. Because of this, polyhedron
performs a format translation during storage into or retrieval from an Open Inventor tree.
The object knows how to convert itself to and from Inventor format. This conversion
translates parametrically represented polyhedron (ICERVS format) to sets of polygons
(Open Inventor format) and visa versa.

All objects in IGRIP part files are stored as sets of polygons (or faces). All object types
except geometric primitives are represented in a similar fashion in Open Inventor as they
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are in IGRIP part files. Because of this, geometric primitives perform a format translation
when they are being exported to IGRIP. The CFaceSet class represents an Inventor-
indexed face set and contains methods for format translation between polyhedron in
ICERVS format and IGRIP or TrueSolid formats.

Some object's types are changed automatically when they are exported to IGRIP and
later imported back to ICERVS. These restrictions are necessary because of the
inconsistencies between IGRIP part file format and Open Inventor file format, but can be
misleading to the operator. The following scenario depicts some of the limitations.

A geometric primitive (cylinder) is created and parametrically edited. It is then exported
to IGRIP and later imported from IGRIP with some minor changes made to it. Since
IGRIP doesn't support parametric representation of objects, the object had to be
converted into a polyhedron before it could be exported to IGRIP. When it is later
imported from IGRIP, it is now known in ICERVS as a polyhedron. The operator is
disallowed from parametrically editing it because it is represented as a polyhedron.

3.2.3 View Parameters

View parameters exist in ICERVS in one of three ways: default view parameters, current
view parameters, and saved view parameters.

Default view parameters are parameters used by the view for display purposes. A
default set of system-wide view parameters ($ICERVSROOT/etc/view.prm) is copied by
each dataset when it gets created. It contains parameters such as the default viewpoint
and the default background color of the View Window. This default file may only be
edited off-line.

Once the defaulit file is copied into the dataset directory, it becomes the current working
version of view parameters for that dataset ($ICERVSDATA/<Groupname>/<Datasetnames/
view.prm). This is the version that is used each time a dataset is viewed. The operator may
change the view parameters. (in memory) via several menu options, and save them as the
dataset-specific default view parameters from the View Settings Window button “Save As
Default’ if desired.

If the operator wishes to store the current memory version of the view parameters onto
disk, it can be done with the View "Save” menu function. This will allow the current view
parameters to be stored in an operator named file for later retrieval via the View
"Restore” menu function. These saved view parameters contain all the information
required to restore a view window to its current state (including cutplane information). If
a view is being restored and another view already exists for that dataset, the operator will
be asked if the cutplane information in the restore file should be used for all other views
on that dataset. If so, all other views will update their view parameters to be the restored
view parameters. If not, the restored view parameters will not include its cutplane
information, and the restored view will use an existing view's cutplane information. This
logic is used to maintain cutplane compatibility between View Windows. See Figure 3-4
for an example View Parameters File.

3.2.4 Dataset Parameters

Dataset parameters exist in the ICERVS as a combination of dataset parameters and site
parameters. The dataset parameter file ($ICERVSDATA/<Groupnames/<Datasetnames/
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[OPTIONS]

ShowObjects=
ManualRefresh=
StatusWindow=
HighResolutionDisplayMode=
ApplyCutplanes=

COPRr O

AntiAliasing= 0
PropertyType= NONE
ThresholdFile= default.cmap
CameraType= ORTHOGRAPHIC

RenderAreaSizeX= 512
RenderAreaSizeY= 512
WindowPositionX= 13
WindowPositionY= 33

ColorBackgroundWindow=
ColorObjects=
ColorSelectedRegion=
ColorSelectedObject=
ColorLowResolutionPoints=

OQORrRO

3 0.86 0.51

=

ColorIndicators=
SizeIndicators=
MaxSizeIndicators=
ShowIndicators=

HrOoOOoO wWooro
n

D

HMOOR ORRERO

[CAMERA]

Position= 8.83108 56.3731 2.54924

Orientation= 9.80615e-07 0.707106 0.707107 3.14159
AspectRatio= 1

NearDistance= 15.3576

FarDistance= 57.4305

FocalDistance= 36.3731

Height= 8.10477

HeightAngle= ~-9999

[CUTPLANES]
NumberOfCutplanes= 5

[CUTPLANE1]
Enabled=
ShowCuttingSurfaces=
ReverseDirection=
Type=

SlicePlane=
Thickness=
Translation=
Rotation=

OOOOSOHO

(=N o]
o
o

[CUTPLANE2]
Enabled=
ShowCuttingSurface=
ReverseDirection=
Type=
SlicePlane=
Thickness=
Translation= 000

COROKO

96TR37
Figure 3-4. View Parameters File
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Rotation= 0010

[CUTPLANE3]
Enabled=
ShowCuttingSurface=
ReverseDirection=
Type=

SlicePlane=
Thickness=
Translation=
Rotation=

OOOOSQHO

oo
(=]

[CUTPLANEA4]
Enabled=
ShowCuttingSurface=
ReverseDirection=
Type=

SlicePlane=
Thickness=
Translation=
Rotation=

OOOOSO!—‘O

[N o)

[CUTPLANES ]
Enabled=
ShowCuttingSurface=
ReverseDirection=
Type=

SlicePlane=
Thickness=
Translation=
Rotation=

OOOOBOHO

oo
oy
(=]
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Figure 3-4. (continued)
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dataset.prm) is created by the system each time a new dataset is created. It contains the set
of material properties that currently exist in the data. Initially, this set is blank. In addition, a
site definition file ($ICERVSDATA/<Groupnames/<Datasetnames/site.def) is copied from the
associated group's default site definition file (ICERVSDATA/<Groupnames/site.def). This
group-specific default site definition file was copied from the system-wide site definition file
($ICERVSROOT/etc/site.def), and edited by the operator each time a new group was created.
This Site Definition File contains site-specific information such as dimensions and units. The
group-specific site definition is editable from the Dataset Manager Window via the Group "Edit
Defaults" menu function. The dataset-specific site definition is editable from the Dataset
Manager Window via the Dataset " Edit Parameters” menu function. See Figure 3-5 for an
example Dataset Parameters File. See Figure 3-6 for an example Site Definition File.

3.3 Open Inventor Representation

The dataset is visualized in a View Window using an Open Inventor Examiner View
Window which is attached to the Open Inventor tree (or scenegraph).

The Inventor tree is a tree structure with nodes or branches which represent different
parts of the image to be viewed. The tree contains a collection of 3-D objects. All
information about these objects, their shape, size, coloring, surface texture, location in
3-D space, is stored in the tree. The objects in the tree can be rendered, picked,
highlighted, and manipulated as discrete entities. They can also be printed, searched for
read from a file, and written to a file.

The Examiner View Window is an XT component of Open Inventor which automates

much of the view window interactively with the operator. The Examiner View window
automatically contains a Camera node which handles all the viewpoint manipulation.

Therefore, a Camera node is not needed in the Inventor tree.

Multiple views of the same dataset all share the same octree and Inventor tree.
However, since each view has its own set of view parameters, the display of data can be
different for each View Window. Because the same Inventor tree is connected to all view
windows, certain nodes on the tree must be changed each time a different view renders
the scenegraph. For example, one view may have objects turned off and one view may
have objects turned on. This situation is handled by creating a callback node attached to
the tree's root node. The callback method is executed each time the tree is rendered.
This callback method figures out which view window initiated the render, and sets certain
nodes in the tree to the rendering view's view parameters. For example, when the first
view window (which has objects turned off) initiates a render event, the root node's
callback method is executed using this view's objectshowflag view parameter. Since the
objectshowflag value is OFF, the method sets the "geometric object" group node in the
tree to ignore all of its child nodes when rendering the tree. This has the effect of not
displaying any geometric nodes when the tree is rendered. When the second view
window (which has objects turned on) initiates a render event, the root node's callback
method is executed using this view's objectshowflag view parameter. Since the
objectshowflag value is ON, the method sets the "geometric object” group node in the
tree to render all of its child nodes when rendering the tree. This has the effect of
displaying all geometric object nodes when the tree is rendered.
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[GENERAL_DATASET]

Name= south-wall-radiation

Description= South wall with radiation
CreateDateTime= 08/22/96 19:21:10

ModifyDateTime= 08/22/96 19:35:34

OctreeFilename= octree

LastUsedNonscalarIndex 0

[PROPERTY1]
B e e
# PROPERY TYPE #1
B e e
Name= ) Radiation
Description= none
Units= N/A
MinimumRange= 0
MaximumRange= 1.4028
96TR37
Figure 3-5. Dataset Parameters File Example
e e
# SITE DEFINITION FILE
e e
[GENERAL_SITE]
Name= SouthwWall
Description= South Wall w/ Radiation
[UNITS]
DataUnits= METERS
DataResolution= .02
[DIMENSIONS]
HeightZ= 25.
Widthx= 25,
Lengthy= 42.
HeightOffset= -5.
WidthOffset= -5.
LengthOffset -1.
96TR37
Figure 3-6. Site Definition File Example
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The Inventor tree contains a root node and several child nodes to represent all images of the
dataset contents (i.e. volumetric data, geometric objects, data indicators, etc.) See Figure 3-7
for a description of the Open Inventor tree representation. The highlighted symbols on the
figure represent the tree nodes that must be updated for each View Window when rendering
occurs. The following sections describe the child nodes in detail:

The PointSet child node represents the volumetric and property data in the
dataset. It represents the volumetric data as a shape made up of a set of
Inventor points. This set of points is obtained by dumping out all nodes in the
octree using the TrueSolid function ts_for_all_nodes, and building a point set
shape in Open Inventor. This shape can be thought of as a geometric object for
all practical purposes, except that it cannot be manipulated by the operator.
However, since Inventor knows about this object, the rendering of it is automatic
whenever Inventor needs to re-render its tree. See Figure 3-8 for a diagram of
the Inventor tree representation of the Pointset Objects.

The 6 Cutplane child nodes handle the manipulation and display of cutplanes.
These nodes are built using the cutplane definitions contained in the View
Parameters File. These definitions define the transformation of the cutplanes,
the type of cutplanes, and whether or not each cutplane is displayed on the view.
A view parameters option also defines whether or not cutplanes will be enabled
on the view. See Figure 3-9 for a diagram of the Inventor tree representation of
the CutplaneObjects.

The Geometric Object child node handles the manipulation and display of
geometric objects. This node is built directly from the Geometric Objects File on
disk which gets read into memory and attached as a group node (SoSeparator)
under the root node. This group node itself contains child nodes, each of which
represents the individual geometric objects. The individual geometric object
nodes actually contain a shape node, a material node, a texture node, a
complexity node, a transform node, and several information nodes which
together define a geometric object. See Figure 3-10 for a diagram of the
Inventor tree representation of the Geometric Objects.

The Indicator Object child node handles the manipulation and display of indicator
objects. This node is built directly from the Indicator Objects File on disk which gets
read into memory and attached as a group node named “indicator objects" under the
root node. This group node itself contains child nodes, each of which represents the
individual indicator objects. The individual indicator object nodes contain the same
nodes as the geometric objects. In addition, they contain an info node used for listing
the corresponding non-scalar property filenames. See Figure 3-11 for a diagram of
the Inventor tree representation of the geometric objects.
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Inventor Tree Representation

View | Examiner Examiner View
Parms #1 | | View #1 ee View #n Parms #n
Camera Camera

Examiner Viewei

SoCallback
(RenderCallback)

Scene Graph

SoSeparator
"RootNode"

SoCa]lback
(StopT zmerCallback)

SoTransformSeparator
"EnvelopeSeparator”

~ SoSelection
"SelectionNode"

SoSeparator
"RootNode2"

SoSwitch SoSwitch SeSwitch SoSwitch
"CutplaneSwitchNode" "PointsetSwitchNode" "ObjectSwitchNode" "IndicatorSwitchNode"

< Cutplanes’ < Pointset’ ijecta ‘ Indicators>

SoPickStyle SoPickStyle SoShapeHints
=PICKABLE =SHAPE "ObjectShapeHintsNode"
=COUNIERCLOCKWISE
=SOLID
=CONVEX

96TR37

Figure 3-7. Open Inventor Tree Representation
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Open Inventor Pointset Representation

SoSeparator

"RootpVode"”
|

SoSelection

"Selectiquode "
|

SoSeparator
"RootNode2"

SoSwitch
"PointSetSwitchNode"

|

SoPickStyle SoSeparator
=SHAPE

SoPickStyle
"PointSetSeparatorNode" =SHAPE

SoMaterialBinding

"PointSetMaterialBindingNode"

=PER VERTEX

( SoCoordinate3

SoPointSet
"PointSetCoordinate3Nodz" "PointSetPointSetNode"

SoDrawStyle
"PointSetDrawStyleNode" [
=POINTS

SoMaterial
"PointSetMaterialNode"

96TR37

Figure 3-8. Open Inventor Pointset Representation
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Open Inventor Cutplane Representation

SoSeparator
"RootNode"
|

o

SoSelection
"SelectignNode"
[

SoSeparator
"RootNode2"

SoSwitch
"CutplaneSwitchNode"

SoTransformSeparator
"CutplaneSet”

SoTransform Separator

[ SoTransform Separator

"CCutplane"” reeses "CCutplane”

. SoTexture2 SoSwitch
SoUnits SoDrawStyle "Texture” “CutPlaneSwitch"
“Units” "DrawStyle" |

SoMaterial SoTransform SoComplexity

"Material” "Transform" "Complexity"”

SolInfo
"Description”
"ExportableInfo"
Xporayene SoClipPlane SoCoordinate3 SoBaseColor
"ClipPlanel" “Coords" "LineBaseColor"
L "
ShapeTypelnfo [ SoSwitch JLSOIndexedFaceSd] [SolndexedLlneSet]

“ClipPlane2Switch"” "Shape"
" T "
Edited Info SoClipPlane
"ClipPlane2"

"Lines”

96TR37

Figure 3-9. Open Inventor Cutplane Representation
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Open Inventor Geometric Object Representation

SoSeparator
"RootNode"

SoSelection
"SelectipnNode" 3
[

SoSeparator
"RootNode2"
SoSwitch
"ObjectSwitchNode"|
SoShapeHints SoSeparator
"ObjectShapeHintsNode' "ObjectSet”

SoTransform Separator SoTransform Separator
"3dObject” teseee "3dObject”

SoUnits SoDrawStyle SoTexture2 SoCoordinate3
"Units" "DrawStyle"” "Texture” "Coords"
| S,?Matef'ia,l' \ ‘ S"oTransforT\ ‘ S:)Comple'xitz I ( SoShape
'"Material Transform Complexity Specific node shape
: Jrom derived class
SoInfo .
"Description”
Solnfo
"ExportableInfo" LSoCylinder l [ SoCone ] [ SoSphere] [SoCuba LSoIndexedFaceSet]

"Shape” “Shape” "Shape” "Shape” "Shape”
Cylinder Cone Sphere Cube Arbitrary Polyhedron
Solnfo
"ShapeTypelnfo”
SoInfo
"Edited Info”
96TR37

Figure 3-10. Open Inventor Geometric Object Representation
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. Open Inventor Indicator Representation

SoSeparator
"RoofNode"

SoSelection

"SeIecl}onNode"

SoSeparator
"RootNode2"

SoSwitch
|_"ObjectSwitchNode|

SoShapeHints SoTransformSeparat:
"ObjectShapeHintsNod: “IndicatorSet"”

SoTransform Separator SoTransform Separator
"Indicator" ceeee "Indicator”

SoUnits SoDrawStyle SoTexture2
"Units" "DrawStyle” . "Texture”
SoMaterial SoTransforn SoComplexity SoSphere
"Material” "Transform” "Complexity” "Shape”
Sphere
Solnfo
"Description”
Solnfo
"Exportablelnfo
Solnfo
"ShapeTypenfo’

Solnfo
"Edited Info

Solnfo
"IndicatorListInfo

Figure 3-11. Open Inventor Indicator Representation
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4.0 DATASET MANAGER

4.1 Group and Dataset Definitions and Relationship

A “dataset’ is a general collection of data acquired from, or constructed to describe, a
3-D workspace. Datasets can include volumetric data, scalar properties, non-scalar
properties, and geometric objects. Datasets can be used, for example, to characterize a
specific workspace at a discrete time or state.

A “group”is a collection of datasets. As an example, a group might represent a specific
workspace, and datasets contained within the group might contain data taken at different
times during remediation of the workspace. The number of datasets within a group is
unlimited.

4.2 Dataset Manager Layout and General Characteristics

The Dataset Manager Window (Figure 4-1) contains the functions pertaining directly to a
group or a dataset. The window provides four menu bar pull-down menus. The Quit
pull-down terminates an active ICERVS session. Functions associated with the group
management (i.e., creation, modification, deletion) are contained on the Group pull-down
menu. The Dataset pull-down menu supports functions related to the management and
visualization of datasets. The Help pull-down provides an on-line User Manual.

Clicking the'left mouse button on a group or dataset name selects that entry. Subsequent
functions for the selected entry can be obtained from the menu bar button labeled Group or
Dataset. Table 4-1 identifies the Dataset Manager Window menu functions.

4.3 Group Management

4.3.1 Creating Groups

The creation of a new ICERVS group is initiated by selecting the New function from the
Dataset Manager Window Group pull-down menu. A window titted GROUP NEW
(Figure 4-2) will appear within which the group name is entered. The window may be
dismissed without creating a new group by selecting CANCEL. The entered name
becomes that of both the newly created group and the new group directory. Once a
name is entered and the OK button is pressed, a group is created. A text editor window
appears within which the defauit dataset parameters are set for the newly created group
(see Section 4.3.2).

4.3.2 Setting Default Group Parameters

The default group parameters are initially defined with the creation of a new group. This
initial group definition may be modified by selecting the Edit Defaults option of the Group
pull down. Editing of the default dataset parameters for the selected group is performed
via a text editor window, as shown in Figure 4-3.

Part Il 4-1 Techhnical Overview

C e .- - e 3o vor o - - - - - .



ORNL-cm&-'rést-FamTty

ORML-High- Ba Demo .

all- data—anmm-resnluum

9
TestGmup * 221 all-data-20mm-thresfiolded
Faal- data-40mm-resolution
1 I “padl- data-dﬂmm-utreshnweﬁ
: .% 11 high- bay-nmdel - 1; L
s ilquarter .
2 iy sauth-wa]t-rad]ation
b 2 southwest-wgl_ly-mlemn
z -3 i1 southwest-wall-sandia £
4 *% 13 west-wall-acid-frac ik
96TR37
Figure 4-1. Dataset Manager Window
Table 4-1. Dataset Manager Window Pull-Down Functions
Quit Group Dataset Help
Quit  Delete View User Manual
Edit Defaults Copy Problem Report
Edit Log .Delete About
New Edit Parameters
Info
Archive
Retrieve
New
96TR37
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Figure 4-3. Default Group Parameters in a Text Editor Window
Part Il 4-3 Technical Overview

IR AR~ - PTG Aty . "



The [GENERAL_SITE] data block contains descriptive information of the group. The
group name and description entries are optional.

The [UNITS] data block contains the definition of the (group) data units and the desired
data resolution. When inputting sensor data to an ICERVS dataset, the software verifies
that the sensor data units, as specified in each input sensor data file, matches the
dataset units. The data resolution represents the grid spacing used for digitizing the
input data. For example, a value of .01 implies that the input data points are stored at a
grid resolution of .01 units.

The [DIMENSIONS] data block defines the origin and the dimensions of the group’s
world space (volume). Definition of the parameters contained within the data block is
required. The offsets (height, width, and length) define the volume origin (z, x, and y
coordinates, respectively) The height, width, and length values correspond to the extents
from the origin in the z, x, and y directions.

4.3.3 Removing Groups

A selected group on the Dataset Manager window may be deleted by selecting the Delete
function from the Group pull down (see Section 4.2). A confirmation message window will
then appear. Confirmation deletes the ICERVS group directory and dataset subdirectories.

4.3.4 Information

Notes may be appended to the site log file for the selected group by selecting the Edit
Log function from the Dataset Manager window Group pull down (see Section 4.2). The
notes are entered via the text editor (see Section 4.3.2).

4.4 Dataset Management

4.4.1 Creating Datasets

A dataset is created under the selected group by selecting the New function of the
Dataset Manager window Dataset pull down (see Section 4.2). The dataset name and
an (optional) description are entered on the Dataset New window (see Figure 4-4). The
software opens a text editor window to set the dataset parameters. The default group
parameters for the selected group become the default dataset parameters for the newly
created dataset. When the new dataset has been defined, a View window will be
automatically displayed for the newly created dataset.

4.4.2 Copying Datasets

The Dataset function "Copy" copies the selected dataset to a new dataset within the
same group. This new dataset will have a user-supplied name and description. (This the
same function as the Dataset Save As function in the View Window).

4.4.3 Removing Datasets

The Dataset function Delete deletes an entire dataset with user confirmation.
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Figure 4-4. Dataset New Window

4.4.4 Modifying Dataset Parameters

The Dataset function Edit Parameters allows the editing of the group parameters that are
specific to a dataset via a text editor window (see Section 4.3.2). The saved edited
parameters are applied to the existing dataset. Modifying Dataset parameters is
disallowed if a view window is open for that dataset. (Note that changing the data
resolution and dimensions may invalidate data previously stored in the dataset).

4.4.5 Viewing Dataset Information

The dataset function /Info generates a Browser Window containing dataset specific

information (e.g., dataset name, description, date/time created/modified, existing
properties, data units, resolution, and world dimensions).

4.4.6 Saving Datasets to File

The Dataset function Save saves the data currently displayed in the View Window,
including dimensional data, scalar property data, non-scalar property data, and geometric
objects. The Dataset function Save As saves the data currently displayed in the view
window to another group and dataset. A Dataset - Save As Window is displayed to allow
the User to select a group for storing the dataset and to enter a new dataset name and

description. If other views exist for the same dataset, then these views will also display
the newly created dataset.

4.4.7 Transferring Datasets to Other Systems

The dataset functions Archive and Retrieve allow a dataset to be saved to an external file and
the subsequently restored dataset to another group/dataset (possibly on another computer).

4.4.7.1 Dataset Archive. The Dataset function Archive archives the selected dataset to
a user-defined file. A Dataset Archive Window is displayed to allow the user to select a

filename to archive the dataset to. The default file path is the user's home directory, and
the default file name is the dataset name being archived.
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4.4.7.2 Dataset Retrieve. The Dataset function Retrieve retrieves the selected archived
dataset into the currently selected group. A Dataset Retrieve Window is displayed to
allow the user to select the archived dataset filename to be restored. The retrieved
dataset will automatically create a new dataset in the selected group with the same name
as the archived dataset being retrieved. If the dataset name already exists in the
selected group, the dataset will be overwritten with the archived dataset being retrieved.
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5.0

DATASET VIEW

The View Window is created from the Dataset Manager's Dataset - View Function or when a
new dataset is created. All functions pertaining to the viewing of a dataset are contained in
this window. View Windows contain images that represent the 3-D volume. The View
Window renders an image of the spatial data and the set of geometric objects that model the
known entities in the volumetric data. Figure 5-1 illustrates a sample View Window.

The title bar on the View Window is labeled with,information identifying the group name,
the dataset name, and view identifier (i.e., number). The view number increments with
each view that is created (see Section 5.5). The menu bar contains pull-down buttons for
the following functions.

Dataset  Contains all functions related to the dataset displayed in the view
View Contains all functions related to viewing the dataset

Analyze Contains all analysis functions

Object Contains all geometric object functions

Input Contains all functions related to inputting data into the dataset
Output Contains all functions related to outputting the image in the view
Help Contains all help functions

Table 5-1 identifies the functions selectable from each function menu in the View Window.

The main area in the center of the view window is used to display the dataset contents.
Dataset contents are displayed three ways:

e Scalar data, in which each point is defined by an xyz triplet and optional list of
scalar values, is displayed with a small pixel field for each point. The color of the
pixels are determined by one selected scalar value. The default scalar value is
the triplet's elevation (z-value).

e Non-scalar data, in which any type of file is attached to a specific xyz location, is
not displayed directly. Instead, data “indicators” are used to show the locations
where non-scalar data are stored. Data indicators appear as spherical objects
for which the user can specify size and color (one can be seen in the lower right-
hand corner of Figure 5-1).

e Object data, in which each item is a geometric primitive. Objects can be
displayed as shaded surfaces, semi-transparent surfaces, wireframe, or not
displayed (i.e., invisible) (see Section 5.4.1).

5.1 Open Inventor Capabilities

Much of ICERVS’ display and interactive functionality is built upon the SGI Open Inventor
graphics toolkit. Open Inventor is a set of building blocks that enables programs to take
advantage of powerful graphics hardware features with minimal programming effort.
Based on OpenGL, the Open Inventor toolkit defines a tree-based data structure for
representing 3-D models as a collection of primitive shapes with geometric transforms
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Table 5-1. View Window Pull-Down Menus

Dataset View Analysis Object Input Output Help
Save Settings Select Region Select Sensor Debug  User Manual
Data
SaveAs  Colormap Erase Region Attributes Non-Scalar Problem
Report

Transform Print Region Create About

Indicators Set Connectivity Duplicate

Examiner Clear Connectivity Snap to Point

Walk Set Color By Range Delete

Fly Clear Color By Composite

Range

Headlight Edit Erase Invisible Points  IGRIP

Headlight Show Edit

Cutplane Transform

Cutplane Show Color

Copy Info

Save

Restore

Close

96TR37

and other modifiers. This data structure is used as the basis for the Virtual Reality
Modeling Language (VRML).

The ICERVS View Window is implemented using an Open Inventor Examiner Viewer
Window with custom software that provides additional /CERVS View Window
functionality. A sample View Window is shown in Figure 5-1.

5.2 Overview of Display Controls

5.2.1 Mouse Controls

Several types of mouse controls are implemented in the View Window. The mouse
behaves differently depending upon whether "View" or "Pick” mode is active.

When the window is in view mode (see Section 5.2.2), the left mouse button rotates the
camera viewpoint, and the middle mouse button translates the camera viewpoint. In
addition, the rotation thumbwheel controls rotate the view in the x and y axis. The zoom
thumbwheel control changes the camera height (when in orthographic viewpoint mode)
or the camera height/angle (when in perspective viewpoint mode). The dolly thumbwheel
control changes the camera distance (when in perspective viewpoint mode). A
ViewPoint Editor is available from the "View - Transform” menu function and allows
parametric editing of the camera viewpoint.

When the window is in pick mode (see Section 5.2.2), a left mouse button click picks an
object. An object may be picked for 1 of 2 reasons, either for object selection or object
manipulation.

Picked objects are selected for the purpose of performing an object function via the View
Window’s Object pull-down menu. An object may be selected if the “No Manipulator”
icon is currently selected (see Section 5.2.2). A selected object will appear with a red
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wireframe box surrounding the picked object. Multiple object selection can be periormed
by clicking the left mouse button while pressing the SHIFT key. Objects are unselected
by clicking in an empty region of the View Window. Picked objects may be manipulated
various ways, depending upon the currently selected manipulator. (see Section 5.2.2).
With the manipulators provided, an object may be translated, rotated, scaled, and
reshaped. An object picked for manipulation will appear with a white manipulator
surrounding the object. Only one object can be manipulated at a time.

Single clicking on a dimensional point with the left mouse button will update the current
mouse position and property value in the status window (if it is being displayed). (Note
that dimensional points can only be picked with the mouse when “No Manipulators” are
currently selected.) Picking dimensional points in manipulator mode gets in the way of
object manipulation and is therefore disabled when manipulators are active.

Single clicking on a data indicator with the left mouse button will display all property values
(both scalar and non-scalar properties) associated with the data indicator’s position.

When the window is in either view or pick mode (see Section 5.2.2), a right mouse button
displays an Examiner View pop-up menu of various features and settings for the viewer.

5.2.2 Toolbar Functions

Several toolbar icons are displayed on the sides of the View Window. The icons on the
right are standard for all Inventor Examiner Viewer Windows, and the icons on the left
are unique to ICERVS.

The Inventor toolbar functions, available on the right-hand side of the View Window are,
from top to bottom:

I\ Pick Mode Allows user to pick objects in the view.

E } View Mode Disallows user selection of objects in the view.
Only the viewpoint of the entire rendering area can be
manipulated in this mode.

“p
* Help Provides a Help facility for the Inventor toolbar
functions. :
iy
Home Changes the viewpoint to the currently defined home
position.
ﬁSet Home Sets the Home position to the current viewpoint

Part Il

5-4 Technical Gverview

CLiTn e rm v, g mppeeemmermecgre s CTs 0 T e e [P
08 A TN 7 aatiat=ar b~ i i 10 Al S o R " oy



Fght

QVieW All

¢ Seek
@ Viewpoint type

The ICERVS toolbar functions, available on the left-hand side of the View Window are,

from top to bottom:

op
Bot

Bottom view

Top view

Right view

Lett

Left view

Fent

Front view

Bacl

Back view

® No Manipulator
@ Transformbox

Moves the viewpoint so that all data is visible.

Moves the selected point to the center of the window.

Sets the viewpoint type to either perspective or
orthogonal.

Displays the viewpoint as a top view

Displays the viewpoint as a bottom view

Displays the viewpoint as a right view

Displays the viewpoint as a left view

Displays the viewpoint as a front view

Displays the viewpoint as a back view

Remove the current object manipulator.
This icon has no effect if the viewer is not
in Inventor "PICK" mode

Translates, rotates, and/or uniformly scales

a selected object. Active in pick mode (only).
Manipulator displays a wireframe box around

the object and allows the user to translate the

object with the left mouse button. The object-can

be uniformly scaled in all axes by clicking on a
vertex of the box and dragging the vertexto a
desired location. The object can be rotated about

a selected axis by clicking on an edge of the box and
dragging the edge in the direction of desired rotation.
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C Trackball Manipulator

$ Tabbox

Iil Reshape Manipulator

ﬁ Refresh

Rotates a selected object. Active in pick mode (only).
Manipulator displays a wireframe sphere around the
object and allows the user to rotate the object with
the left mouse button.

Translates and/or non-uniformly scales a selected
object. Active in pick mode (only). Manipulator
displays a tabbed box around the object and allows

the user to translate the object with the left mouse
button. User uniformly scales by grabbing the boxes
edge and dragging to a new location. (Note that
unexpected resuits may occur with this manipulator due
to known bugs in Inventor.)

Reshapes a selected object (polyhedral shape only).
Active in pick mode (only). Manipulator displays a
dragger that can be attached to a single object face or
vertex for translation (with the left mouse button) by
the user.

Refreshes the View Window.

5.3 Changing the Viewpoint

ICERVS provides several different ways to control the viewpoint at which a dataset is

displayed in the View Window.

5.3.1 Perspective versus Orthographic Projection

ICERVS provides display using either perspective (which matches human vision and
cameras with standard lenses) or orthographic projection. The projection mode can be
switched using the Open Inventor ViewPoint Type toolbar control located on the right
side of the View Window (see Section 5.2.2).

5.3.2 Predefined Viewpoints

The ICERVS toolbar functions, available on the left side of the View Window and
described in Section 5.2.2, can be used to set the viewpoint to top, bottom, front, back,

left, and right orthogonal views.
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5.3.3 View Mode Tool

When the View Window “view mode” is active (as described in Section 5.2.1), the
viewpoint can be interactively adjusted via mouse control. Moving the mouse with the
left button down rotates the viewpoint. Moving the mouse with the middle button down
translates the viewpoint.

5.3.4 Rotx, Roty, Zoom, and Dolly Controls

‘Thumbwheel controls for rotating the viewpoint about the horizontal (Rotx) and vertical

(Roty) axes are available on the bottom left section of the window. Thumbwheel controls
for zooming the image and dollying the viewpoint are available on the bottom right
section of the window. The zoom control changes the camera height (when in
orthographic viewpoint mode) or the camera height/angle (when in perspective viewpoint
mode). The dolly control changes the camera distance (when in perspective viewpoint
mode). The dolly slider is available only when in perspective mode.

5.3.5 Viewpoint Transform Command/Window

A ViewPoint Editor is available from the *View - Transform” menu function and allows
parametric editing of the viewpoint.

5.3.6 Viewer Types

Three type of viewers are available from the View menu function as a toggle button
option: ExaminerViewer, Viewer, and FlyViewer.

ExaminerViewer. This viewer allows the user to rotate the camera around a point of
interest using a virtual trackball. It uses the camera focal distance to figure out the point
of rotation, which is usually set to be the center of the scene. In addition, this viewer
allows the user to translate the camera in the viewer plane, and dolly (move forward or
backward) to get closer to or further away from the point of interest. The viewer also
supports seek to quickly move the camera to a desired object or point. This is the default
type of viewer in ICERVS. The previous sections all describe the functionality of this
type of viewer.

WalkViewer. The paradigm for this viewer is a walkthrough of an architectural model. Its
primary behavior is forward, backward, and left/right turning motion while maintaining a
constant “eye level.” It is also possible to stop and look around at the scene. The eye level
plane can be disabled, allowing the viewer to proceed in the “look at” direction, as if on an
escalator. The eye level plane can also be translated up and down - similar to an elevator.

FlyViewer. This viewer is intended to simulate flight through space, with a constant
world-up direction. The viewer only constrains the camera to keep the user from flying
upside down. No mouse buttons need to be pressed in order to fly. The mouse position
is only used for steering, while mouse clicks are used to increase or decrease the viewer
speed. The viewer allows the user to tilt their head up/down/right/left and move in the
direction they are looking (forward or backward). The viewer also supports “seek” to

-quickly move the camera to a desired object or point.
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5.4 View Options
5.4.1 View Settings

View-specific parameters can be changed by selecting the Settings function from the
View Window View pull-down menu. A View Settings Window (see Figure 5-2) is
displayed to allow user editing of view parameters. Included in these parameters are:

Property to be displayed. The scalar property type that is displayed in the view.
The default is to display elevation (z-value) of the spatial data.

Display mode. This value is not currently used.

Anti-Aliasing value. A value from 0 to 255 that determines the amount of aliasing

to use for display. A value of zero means no aliasing. Note that any non-zero value
greatly increases the display time. The default is 0.

Image size. The size of the view window in pixels. The available choices are
128x128, 256x256, 512x512, 1024x1024. The default is 512x512.

Background color. This is the color of the background window and is selected by
using the color selection widget. The default is black.

Status window display option. An On/Off flag indicating whether the status
window is displayed at the bottom of the view window. The default is ON.

Vo saies TR

| Edit Background Color

Figure 5-2, View Settings Window
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Manual refresh option. An On/Off flag indicating whether to only update the view
window manually (i.e., by clicking on the refresh icon at the left of the view window).
This Is used in cases where the view window takes a long time to update. The user
can make several changes to the view and then display the changes all at once. The
default is OFF.

Hide objects option. An On/Off flag indicating whether the geometric object will be
invisible in the view window. The default is OFF.

When the APPLY button is clicked, the new display settings take effect immediately. The
Save As Default button allows the current view settings to become the default settings for
subsequent viewing of the dataset. Be aware that all view settings, including some that
do not appear on this window such as current viewpoint, are also saved as the default.

5.4.2 Status Window

The Status Window (see Figure 5-1) is attached to the bottom of the View Window and
may be enabled or disabled from the View Settings function. It contains View Window
and Dataset status. These include: ‘

Data Coordinate. The last dimensional point that was clicked with the left mouse
button is displayed here. Dimensional point picking can only done in Pick mode
when the “No Manipulator” icon is selected.

Property Value. The property value that is associated with the last dimensional
point clicked on with the left mouse button is displayed here.

Distance. The difference between the last two dimensional points that were clicked
on with the left mouse button is displayed here.

X-Axis. The range of the x-axis in world units is displayed here with the current units.
Y-Axis. The range of the y-axis in world units is displayed here with the current units.
Z-Axis. The range of the z-axis in world units is displayed here with the current units.

Dataset. The current changed status of the dataset. If any changes were made to
the dataset (i.e., new geometric objects, new data indicators, imported objects, newly
input spatial data), this flag will be set to Changed.

Cutplanes. The current cutplane status of the dataset. If cutplanes are enabled,
this flag will be set to Active.

Image Size. The current image size of the View Window.

Property. The name, units, minimum value, and maximum values of the current
property are displayed here.

Colorbar. The colorbar for the currently displayed property is displayed here. The
leftmost color represents the lowest property value and the rightmost color
represents the highest property value (see Section 5.4.4).

Rotational Orientation Cue. A visual aid for rotational orientation is displayed on
the upper right section of the status window. It updates in real time along with the
image in the render area of the View Window.
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Figure 5-3. Property Display Window

5.4.3 Sensor Data Property Display

All properties (both scalar and non-scalar) associated with a data indicator, which has
been picked with the left mouse button on the View Window, are displayed in a Property
Display Window (see Figure 5-3). The dimensional point associated with the displayed
property listis shown at the top of the window. The scalar property data in the list
represents the non-spatial data acquired by sensors. The non-scalar property data in the
list is represented by array, text, and image files, each of which is associated with a
dimensional data point in the dataset. The Property Display Window will automatically
update when another indicator is picked and will display the properties associated with
the new data indicator. ’

5.4.3.1 Scalar Data. Any scalar property data associated with the dimensional point
represented by the currently picked data indicator is displayed in the Property Display
Window. Only the scalar properties’ names are displayed in the window. The scalar
property’s type and units are shown as N/A. Currently, scalar property data values are
not displayed except on the status window, which shows the value of the current
property for the dimensional point last clicked on with the left mouse button.

5.4.3.2 Non-Scalar Data. Non-scalar property data is displayed using an established,
and widely accepted technique for associating various forms of data with viewers called
MIME (Multipurpose Internet Mail Extensions). ICERVS uses an application called
Metamail (a public domain software application) to display all types of non-scalar files.
Metamail uses a configuration file called mailcap, located in the $ICERVSROOT/etc
directory, which contains associations between file types and viewing applications. This
file may be edited to allow any user-desired display application to be associated with their
non-scalar file. Each of the non-scalar property types may be selected and viewed by
clicking on the Property Display Window’s Display button. In addition, selected non-
scalar data can be deleted permanently from the dataset.
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5.4.3.2.1 View Indicators. The View function Indicators allow the User to customize the
indicators on the View Window. When a view is created, indicators are automatically
displayed at each dimensional point to which non-scalar property data has been
attached. Indicators appear in the View Window as spheres (shown previously in

Figure 5-1). When the View Indicators function is clicked, the View Indicator Window is
displayed allowing the user to turn on/off the display, change the color, or change the
size of all indicators in the view. When the last non-scalar property is deleted at a given
indicator location, the indicator will also be deleted.

5.4.4 Colormap

The View function Colormap allows the user to define the colormap for the spatial data in
the view.

5.4.4.1 Defining Colormaps. A View Colormap Window (see Figure 5-4) is displayed
to allow the user to create a colormap. Colormaps are defined by selecting a property
range, and then selecting the colors to apply to the property range. Property min/max
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Figure 5-4. View Colormap Window
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values (range endpoints) can be selected anywhere within the property range. The
selected color will be linearly interpolated from min to max in hue. The resulting colors
are displayed in the color legends on the View Colormap Window.

The View Colormap Window allows the colormap to be split into two ranges: a Primary
range and a Secondary range. The primary range is the main colormap. The secondary
range is used to apply enhancements to the primary range (see below).

To create a colormap, the appropriate radio button that corresponds to the endpoint is
selected. Then the color wheel or sliders are adjusted to the desired color. The property
range min/max values must also be set. In most cases, the secondary range can be left
untouched. When the APPLY button is clicked, the view will redisplay using the newly
created colormap.

The secondary range is used to apply enhancements to the primary range. These
enhancements include a second colormap or making data invisible. A second colormap
is created by selecting the Color Inside Range radio button. An example of a second
colormap could be a neutral color, such as a dark gray, while the primary colormap colors
are a selected region of data. This will effectively highlight a feature in the data, without
losing the context of the surrounding data. Making data invisible is helpful in eliminating
noisy data from the view (this will not eliminate data from the dataset). If the secondary
range is set to the range of “good” data, and the Invisible Outside Range radio button is
set, then data outside the secondary range will be removed from the view. :

When using the secondary range, proper adjustment of the primary range and secondary
range min/max values is critical. When the colormap is applied, the primary range takes
precedence over the secondary range. Therefore, if both property ranges are set the
same, the secondary range will never be seen. This can also be stated as follows — the
only portion of the secondary range that will be seen is that portion which does not
overlap the primary range.

By default, the colormap is set as follows:

1. The Primary Range property min/max values are set to extents of the property.

2. The Primary Range color min/max is set to blue/red, magenta

3. The Secondary Range property min/max values are set to extents of the property.
4. The Secondary Range radio button is set to Invisible Outside Range.

To change this default, see Section 5.4.4.2.

5.4.4.2 Saving Colormaps. Colormaps may be saved using the Save button from the
View Colormap Window. A file selection window will be displayed for the user to select a
filename for the colormap file to be saved into. All colormap files are automatically given
the extension “.cmap” when saved. The current colormap may also be saved as the
default colormap for the dataset. Subsequent viewing of the dataset will use this default
colormap to view the data initially.
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Figure 5-5. Headlight Editor Window

5.5 Headlight Editor

The View function Headlight Edit brings up an editor window (see Figure 5-5) to allow the
operator to change the directional lighting in the View Window. The View function
Headlight Show turns ON or OFF the directional lighting in the View Window.

5.6 Copying View

The View function Copy makes a copy of a view window. The only difference between
the original and the copied View Window is that the copied view's title has a different
view number.

5.7 Saving Views

The View function Save saves both the view specific view parameters (see Section 5.4.1)
and the shared view parameters (cutplane definitions) in a saved view file for later
restoration. A file selection window will be displayed for the user to select a filename for
the saved view file to be saved under. All saved view files are automatically given the
extension “.vew” when saved.

5.8 Restoring Views

The View function Restore restores both the view specific view parameters (see

Section 5.4.1), and the shared view parameters (cutplane definitions) from a saved view
file, and applies them to the current view. To restore a view, the user selects the saved
view from the file list (see Figure 5-6) and clicks on the OK button. To dismiss the
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ICERVS File Selection Window, the Cance/ button is pressed. Note that when more than
one view exists for the same dataset, those views will automatically take on the same
cutplanes as the restored view. Also note that when more than one view exists for the
same dataset, those views which have the same property type as the view being
restored will automatically take on the same colormap as the restored view.

5.9 Closing a View

5.10

The View function Close closes the view window. The window may also be closed by
double clicking on the upper left corner of the window. If the dataset displayed in the
view window has been changed and not saved, the user is given the option of saving the
dataset before closing the view.

Problem Reporting

Because ICERVS is a complex software system, the occurrence of anomalies cannot be
precluded. A problem-reporting utility is, therefore, provided to enable the user to report the
existence of (ICERVS) system problems or irregularities. To report a problem, the user
selects the Problem Report function from the Help pull down menu on the View Window. A
text editor window (Figure 5-7) will be displayed wherein the user enters information describing
the problem (summary, type, severity, and-a detailed description). The user is required to
provide identifying information (name, organization, telephone number, and mail address) to

facilitate communications between the system developers and the user (should it become

necessary in order to resolve the problem). The date and software version number are
entered by the system. When the problem report is saved by the user, an e-mail message is
sent to the factory and assigned to a technical expert for resolution.

96TR37
Figure 5-6. ICERVS File Selection Window (Restoring View)
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Figure 5-7. Problem Report Input Window

On-Line User Manual

ICERVS contains an on-line HELP facility. The facility is a hypertext based system using
HTML. To activate the HELP facility, the user selects the User Manual function from the
Help pull down menu on either the View Window or the DatasetManager Window. When
the function has been selected, a WEB browser is spawned to display the User Manual.
The operator may quickly view various sections of the manual by clicking on the table of
contents entry for-the desired section.
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6.0

SENSOR DATA INPUT

6.1 Sensor Data Types

Three types of sensor data may be input into ICERVS: position data, scalar property
data, and non-scalar property data.

6.1.1 Position Data

Position data, also referred to as dimensional data or spatial data, is xyz data obtained
from sensors and represents a 3-D space. The data universe (or maximum allowable
data range) for this type of data is defined in the dataset parameters. If a data point
comes in that is outside this universe, it will not be added to the dataset. Position data
cannot, at present, be deleted from the dataset unless the entire dataset is deleted.

6.1.2 Scalar Property Data

Scalar property data represents the non-spatial data acquired by the sensors (for
example, temperature, density). Each scalar property value is associated with an xyz
triplet which represents a dimensional point in 3-D space. Scalar property data is
optional, but more than one scalar property type may exist per dimensional data point.
There need not be a scalar property value for every dimensional point. Scalar property
data is input via the standard ICERVS input file. Up to 14 scalar properties may be
defined per dataset, but properties cannot, at present, be deleted from the dataset unless
the entire dataset is deleted.

6.1.3 Non-scalar Property Data

Non-scalar property data is intended to provide the user with a means to associate
complex data with a spatial data point (xyz). Complex data is any type of data that is
more than a single data value. This data can be in the form of text, images, formatted
documents, spreadsheets, etc. Non-scalar property data is optional, however, more than
one non-scalar property file may exist per dimensional data point. Non-scalar properties
are represented in the dataset as data indicators, which are used to show the locations
where non-scalar data are stored (see Section 5.4.3.2.1). Non-scalar property data is
input either via the standard ICERVS input file (see Section 6.3) or directly via the View
Window'’s Input menu functions (see Section 6.4). Non-scalar property data may be
deleted via.the Property Display Window (see Section 5.4.3).

6.2 Sensor Data File Format

The ICERVS sensor data file format is described below in Table 6-1. Some of the fields
in the file have been added for future data fusion capabilities and are presently ignored
by ICERVS. Other fields in the file are optional and need not be specified. In order to
correctly identify the file for ICERVS, the ID parameter “FileVersion’ should be specified
as 2.0. The fields marked with an asterisk (*) are the only ones absolutely necessary for
ICERVS. If scalar properties are to be specified, then the additional fields marked with a
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double asterisk (**) are also necessary. If non-scalar properties are to be specified, then
the additional fields marked with a triple asterisk (***) are also necessary. The rest are
optional. See Figures 6-1 through 6-3 for examples of ICERVS input files.

6.3 Inputting Sensor Data Files

Sensor data that are expressed in the ICERVS standard format, as defined in Section 6.2,
may be input to a dataset by selecting the Sensor Data function from the Input pull down on
the View Window menu bar. A Sensor Data Input File selection window, as show in Figure 6-
4, is displayed wherein the user enters the name of the file for input. When the /nput button is
clicked, the sensor data is read from file and stored in an octree at a level that is computed
based on the user-specified dataset resolution. All views of the dataset are redisplayed to
render the newly input data. The input data is permanently stored in the dataset when the
user selects the Save function from the Dataset menu pull down.

6.4 Direct Input of Non-scalar Property Data
6.4.1 Quick Text Data Input

The User may interactively input text and attach it to a dimensional point by selecting the
Non-Scalar - Quick Text function from the Input pull down on the View Window menu
bar. An Input Nonscalar - Quick Text Window is displayed, as shown in Figure 6-5,
within which the user defines the Cartesian coordinates of the dimensional point to which
the text is to be attached and enters the text to be input.

To input the non-scalar property text in the dataset and display an indicator at the
dimensional point to which the text is attached, the user presses the Input Nonscalar
button. All dataset views are subsequently redisplayed to render the newly created
indicator. The non-scalar property data is permanently stored in the dataset by selecting
the Save function from the Dataset pull-own menu on the View Window.

6.4.2 Data Input from File

The user may input a file containing non-scalar data (e.g., text, arrays, images) and
attach it to a dimensional point by selecting the Non-Scalar - From File function from the
Input pull down on the View Window menu bar. An Input Nonscalar - From File Window
is displayed, as show in Figure 6-6, within which the user defines the Cartesian
coordinates of the dimensional point to which the data is to be attached.

A File Selection Window is displayed wherein the user selects the filename of the non-scalar
property data file being input. To input the non-scalar property data in the dataset and display
an indicator at the dimensional point to which the data is attached, the user presses the Input
Nonscalarbutton. All dataset views are subsequently redisplayed to render the newly created
indicator. The non-scalar property data are permanently stored in the dataset by selecting the
Save function from the Dataset pull-down menu on the View Window.
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Table 6-1. Sensor Data Input Format Specification

ftem Data Field Type Range Default Value
No.
1* File ID Block Header String [ ] [ID}
2* File Version Number Float 2.0
3 File Description String
4" General Data Block Header String [ ] [GENERAL]
5 Originator Name String “u
6 Originator ID String “u
7 Operator ID String uu
8 Comments String # “
9 Date Acquired String “u
10 Facility Name String “
11 Site Name String “u
12* Dimensional Units String mm
13*** Path to Non-Scalar Properties String “u
14* Number of Data Points Int 0to 2% 0
15* Resolution Float 0
16 Transmitter Location - (x, y, 2) triplet (3) float (0,0, 0)
(C3dPoint)
17 Recelver Location - (x, v, 2) triplet (3) float (0, 0, 0)
’ (C3dPoint)
18 TS Nods Type Int 1to6 1
19 Surface Data Flag Int 0 = Occupancy, 1= Reference
20 Line of Sight Sensor Flag Boolean 0 =False, 1 =True 0
21 Block Data Fusion Module Header String [ ] [DATA FUSION]
22 Sensor Name / Identifier String “
23 Sensor Type Int 1 = Generic, 2 = CRC Laser 0
Radar, 3 = Perceptron Laser
Radar, 4 = Structured Light
24 Number of Environmental Parameters Int Non-negative 0
Repeat Items 25 and 26 for each environmental property included in Item 24
25 Environmental Parameter Type List of Ints 1 =Temp., 2 = Humidity, o
3 = Reflectivity
26 Environmental Parameter Value List of Floats
27 Number of Fusion Properties Int Non-negative 0
28 Data Fusion Property Indices List of Ints Non-negative 0
20 Properties Block Header String [ ] [PROPERTIES]
30** Total Number of Scalar Properties Int 0-15 0
31** Number of ICERVS Displayable Propetrties int 0-15 0
32 ICERVS Property Indices List of Ints Non-negative
Repeat ltems 29 and 30 for each scalar property included in item 30 count
33** Name of Scalar Property String “
34" Property Units String “a
35 Region Block Header String [ ] [REGION]
36 Number of Vertices Int 0,310 255 0
37 Front Face Vertex Set (n) Floats
38 Rear Face Vertex Set - (n) Floats
39~ *Data Block Header String [ 1 [DATA]
Repeat ltem 40 for each data record included in Iltem 14 count
40a* |.x position coordinate Float
40b* y position coordinate Float
40c* z position coordinate Float
Repeat 40d for each scalar property in ltem 30
40d** Scalar Property Value Float
Repeat 40e for each non-scalar property value
40e*** Non-scalar property data filename including extension String ““
*Required for all files.
**Required for files that include scalar properties.
***Required for files that include non-scalar properties. 96TR37
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* Waste Tank Demo Data
* Mechanical Technology Inc.
* 05/09/96

[ID]
FileVersion= 2.0

[GENERAL]
DimensionalUnits= METERS
Resolution= 0
NumberOfDataPoints= 5

[PROPERTIES]
NumberOfScalarProperties= 0

[DATA]
-1.9232 3.0362 -1.2427
-1.9386 - 3.0604 -1.2413
-1.9558 3.0876 -1.2409
-1.9739 3.1161 -1.2409
-1.9918 3.1443 -1.2406

96TR37

Figure 6-1. ICERVS Input File (Position Data Only)
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* Waste Tank Demo Data
* Mechanical Technology Inc.
* 05/09/96

[ID]
FileVersion= 2.0

[GENERAL]
DimensionalUnits= METERS
Resolution= 0
NumberOfDataPoints= 5

[PROPERTIES]
NumberOfScalarProperties=
NumberO£fICERVSProperties=
ICERVSProperties=
Propertyl= Temperature
Unitsl= DegC

Property2= Radiation
Units2= Rad

NN

[DATA]

-1.9232 3.0362 -1.2427
-1.9386 3.0604 -1.2413
-1.9558 3.0876 -1.2409
-1.9739 3.1161 -1.2409
-1.9918 3.1443 -1.2406

60.2467
60.2365
60.2856
60.2464
60.2587

.3946
.3948
.3937
.3956
.3963

96TR37

Figure 6-2. ICERVS Input File (Position Data and Two Scalar Properties)
(Display only the second property)
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* Waste Tank Demo Data
* Mechanical Technology Inc.
* 05/09/96

[ID]
FileVersion= 2.0

[GENERAL]

DimensionalUnits= METERS
Resolution= 0
PathToNonScalars= /usr/local/
NumberOfDataPoints= 5

[PROPERTIES]
NumberOfScalarProperties= 2
Propertyl= Temperature
Unitsl= DegC

Property2= Radiation
Units2= Rad

[DAaTA]
-1.9232 3.0362 -1.2427
notes.txt
-1.9386 3.0604 -1.2413
-1.9558 3.0876 -1.2409
-1.9739 3.1161 -1.2409
~-1.9918 3.1443 -1.2406

60.2467

60.2365
60.2856
60.2464
60.2587

.3946

.3948
.3937
.3956
.3963

image.gif

numbers.arr

96TR37

Figure 6-3. ICERVS Input File (Position Data, Two Scalar Properties, Non-scalar Properties)
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Figure 6-4. Sensor Data Input File Window
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7.0 GEOMETRIC OBJECTS

Geometric objects are supported in ICERVS for modeling objects which exist in the data.
The following sections describe the type of objects supported as well as the functionality
of these objects in the system.

7.1 Supported Object Types

ICERVS supports three geometrfc object types as described in Section 3.2.2: geometric
primitive (spheres, cones, cylinders, boxes), polyhedron, and composite.

7.2 Interactively Creating Objects

The Object menu pull-down Create function supports the creation of geometric objects by
the user. When selected, the Object Creation Window, shown in Figure 7-1, is displayed
wherein the user defines the objects to be created.

To create an object, the user first selects the type (see Section 7.1) of object desired.

Based upon the object shape selected, the applicable parameter fields will be highlighted
in the Parameters box on the window. The user defines the values in units consistent
with those specified for the group (see Section 4.3.2) for each required parameter and
specifies an object name and (optional) description. By default, the “Exportable to
IGRIP” flag is set (to True). The user may mouse click on the flag to change its value.
Only those objects with the export flag set will be exported to IGRIP.

Clicking on the CREATE button creates the object in the center of the View Window. All
views of the dataset are redisplayed to render the created object. The user may then
transform (see Section 7.4.2) the object as necessary. The created object(s) is not made
a permanent part of the dataset until the Dataset Save function is performed. The Object
Creation Window is dismissed by clicking the Close button.

7.3 Selecting Objects

The selection of a single object or a set of objects in the view is performed by one of two
approaches: mouse selection or menu selection.

In pick mode, a single object in the view may be selected by placing the mouse over the
object and clicking the left mouse control button. Multiple object selection is performed
by holding down the SHIFT button on the keyboard, positioning the mouse on each
object individually, and clicking the left mouse control button. Objects are unselected by
clicking the left mouse control button in a region of the view devoid of any geometric
objects and spatial data points.

7-1 . Technical Overview
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Figure 7-1. Object Creation Window

Objects may also be selected from a menu list by selecting the Select function from the
Object pull-down menu. This approach facilitates the selection of objects in the view that
are obscured by either other objects and/or spatial data. ltis also more expedient for
selecting large number of objects. The Object Selection Window, shown in Figure 7-2,
displays the list of the dataset object names, from which the user may select.

Additional information pertaining to the object shape type and the state of its "Exportable
to IGRIP" flag is provided for each object. As an object is selected, it is highlighted in the
View Window. Buttons for Select All and Unselect All are provided to select or deselect
all objects in the View Window. The objects selected in the Object Selection Window are
highlighted by a red bounding frame in the View Window. Clicking on the Close button
dismisses the Object Selection Window.

7.4 Editing Objects

In addition to the interactive editing of objects via the manipulator buttons located on the
left side of the View Window (see Section 5.2.2), geometric objects may be either edited
parametrically (i.e., length, width, number of vertices, etc.), or transformed via a
transform editor.

7.4.1 Parametric Editing

The Object menu pull-down Edit - Parametric function supports the parametric editing of
geometric objects by the user. When selected, the Object Editing Window, shown in
Figure 7-3, is displayed wherein the user edits the objects.
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Figure 7-2. Object Selection Window

The object in the window being edited directly reflects the last object picked with the
mouse. The name of this object is displayed as part of the titie on the window. If no
objects are selected for editing, the object name will be “NONE”.

As an object is picked, its shape type and name are displayed on the window to indicate the
current object being edited. These fields are for information only and may not be changed.
The Parameters fields, Exportable to IGRIP flag, and Description field are also displayed for
the current object being edited. These fields may be edited by the user as desired.

Clicking on the Apply button applies the editing changes to the object in the View Window. All
views of the dataset are redisplayed to render the edited object. The edited object(s) is not
made a permanent part of the dataset until the Dataset Save function is performed. The
Object Editing Window is dismissed by clicking the Close button. The changes to the object
are not saved in the dataset until the Dataset Save function is performed.

7.4.2 Transforming Objects

The Object menu pull-down Transform function supports the transformation of geometric
objects by the user. When selected, the Object Transform Window, shown in Figure 7-4,
is displayed wherein the user transforms the objects.

The object in the window being transformed directly reflects the last object picked with
the mouse. The name of this object is displayed as part of the title on the window. If no
objects are selected for transformation, the object name will be “NONE.”

As an object is picked, its transformation values (i.e., translation, scaling, rotation, scale
orientation, and center) are displayed on the window to indicate the current object being
transformed. These values may be edited by the user as desired.
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Transform values can be changed either by entering new transform values or moving the
slider bars to interactively transform the object in the View Window. All views of the
dataset are redisplayed to render the transformed object. The transformed object(s) is
not made a permanent part of the dataset until the Dataset Save function is performed.
The Object Transform Window is dismissed by double clicking with the mouse on the
upper-left button on the window. Changes to the object are not saved in the dataset until
the Dataset Save function is performed.

7.4.3 Reshaping Polyhedral Objects

Arbitrary polyhedron objects may be interactively reshaped using the Reshape
manipulator button on the left side of the View Window. This is a custom manipulator
which allows moving an object’s face or vertex to an arbitrary location.

When the Reshape manipulator is first clicked on, the manipulator is not automatically
attached to the object (unlike the other manipulators which visually change when the
manipulator button is clicked on). The user must first select a vertex or face of the object
with a mouse click in order to see the manipulator on the object.

If a vertex was selected, the manipulator is attached directly to that vertex. Only that vertex is
changed when the manipulator is moved. As a result, all faces that share that vertex are
changed. If a face was selected, the dragger is attached to the center of that face. All
vertices of the selected face are moved when the manipulator is moved. As a result, any
faces attached to the edited face will be changed. Holding down the SHIFT key while using
the Reshape manipulator will constrain motion to a single axis. Any changes to the object are
not saved in the dataset until the Dataset Save function is performed.

7.4.4 Snapping Objects to Points

Selected geometric objects may be “snapped” to a point in the spatial data. This is a good
way to quickly move a newly created object to the correct location. (Newly created objects are
centered in two dimensions, but the third dimension can be offset by quite a bit.) The Object
menu pull-down Snap to Point function supports the quick movement of geometric objects by
the user. The operator must have previously picked a point in the data with the mouse. The
currently picked point will be displayed in the status window under “Data Coordinate” (see
Section 5.2.1). The operator must also have one or more objects highlighted. When the
Snap to Point menu function is clicked, the currently highlighted objects are translated to the
currently picked point (object rotational orientation is not affected).

7.5 Coloring Object‘s

The Object pull down menu Color function generates an Inventor Object Color Editor
Window, as shown in Figure 7-5, for the user to select the color of a selected object.

The object in the window being colored directly reflects the last object picked with the
mouse. The name of this object is displayed as part of the title on the window. If no
objects are selected for coloring, the object name will be “NONE.”
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As an object is picked, its color is displayed on the Object Color window to indicate the
current object being colored. This color may be edited by the user as desired by placing
the mouse on the color wheel and dragging to the desired color. The Object Color
Window is dismissed by double clicking with the mouse on the upper-left button on the
window. Any changes to the object are not saved in the dataset until the Dataset Save
function is performed.

7.6 Setting Object Attributes

The attributes of the objects on the View Window may be customized using the Attribute
function of the Object pull-down menu. An Object Attributes Window, as shown in

Figure 7-6, is displayed wherein the user may specify, for individually selected objects, its
display type (e.g., wireframe, solid, semi-transparent, invisible), the rendering complexity
(applies to sphere, cone, and cylinder objects only), and the state of its "Exportable To
IGRIP" flag.

The object in the window having its attributes set directly reflects the last object picked
with the mouse. The name of this object is displayed as part of the title on the window.
If no objects are selected for coloring, the object name will be “NONE.”

As an object is picked, its attributes are displayed on the Object Attributes window to
indicate the current object having its attributes set. The user may change any of the
attributes for that object. When the Apply button is clicked, the new object attributes take
effect. All dataset views are refreshed to render the objects according to the newly
defined attributes. The Object Attributes Window is dismissed by double clicking with the
mouse on the upper-left button on the window. Any changes to the object are not saved
in the dataset until the Dataset Save function is performed.

Note that when multiple objects are built into a composite object, the components retain their
initial attributes until the attributes for the composite object are specified. At such time, the
component object attributes are rédefined to inherit the values specified for the composite.
For example, a new composite object will be rendered with the display type of solid (by
default), even though its components’ display types may be defined as semi-transparent.

If the composite’s attributes have not been redefined and the composite is unbuilt, the
individual components will have the same attributes that they did before they became
composites. However, if the composite’s attributes have been redefined, then the
component’s attributes have also been redefined to match the composite’s attributes.
When the composite is unbuilt, the individual components will have different attributes
than they did before they became composites.

7.7 Composite Objects

Geometric objects may be joined together to become a composite object. Once objects
become composites, they become components of the composite object and loose their
identity as unique objects. This feature is often used to build larger, more complex
shapes out of simpler shapes. Composite objects can be unbuilt, at which time, the
component objects once again take on their own unique identity as separate objects.
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7.7.1 Building Composite Objects

A composite object may be built from a set of selected objects in the View Window using
the Object menu pull-down Composite - Build function. The component objects must be
pre-selected by the user. Once built, the composite is rendered on the dataset view(s)
as one object, bounded by a single red frame. The Object Selection list (if displayed) is
updated to contain the composite object in the place of its individual components. By
default, the attributes for composite objects are defined as: solid (display type),

0.5 (complexity), and active ("Exportable to IGRIP" flag). The composite object is not
saved in the dataset until the Dataset Save function is performed.

7.7.2 Unbuilding Composite Objects

A selected composite object may be unbuilt into its components by selecting the Composite -
Unbuild function from the Object pull-down menu. Once performed, all dataset views are
redisplayed to render the set of individual components. The Object Selection list (if displayed)
is updated to contain the individual component objects in the place of the (unbuilt) composite
object. The “Export to IGRIP” flag setting is set for each component object to the same state
as that defined for the composite. The result of a composite object unbuild is not saved in the
dataset until the Dataset Save function is performed.

7.8 Object Library

A set of Object Libraries can be created to provide a universal set of geometric shapes
which may be used among all groups and dataset. For example, one library may contain
a set of barrels, and another a set of pipes, etc. The Object Library may be accessed
using the Library function of the Object pull-down menu. An Object Library window, as
shown in'Figure 7-7, is displayed wherein the user may perform function on the library
such as Store Library Object, Retrieve Library Object, Delete Library Object, Create New
Library, Delete Library. The left-hand side of the window deals with functions which
pertain to the library, and contains a selection list of all current object libraries. The right-
hand side of the window deals with functions which pertain to the objects in the selected
library, and contains a selection list of all current object in the currently selected library.
Clicking on the Close button dismisses the Object Library Window.

7.8.1 Creating Object Libraries

New Object Libraries can be created using the Library function of the Object pull down
menu. An Object Library Window, as shown is Figure 7-7, is displayed wherein the user
may create a new library in which to store library objects. The user clicks on the New
button under the Libraries section of the Object Library Window. The Object Library New
Window, as shown is Figure 7-8, is displayed for the user to enter the name of the new
library being created. This name is used to name the directory in which new library
objects will subsequently be stored. When the name is entered, the new library appears
in the library selection list.
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7.8.2 Storing Objects

Objects may be stored to the object library for subsequent retrieval and/or reuse. The
objects in the view to be stored are first selected (see Section 7.2), followed by the
Library function on the Object menu pull-down. The Object Library Window (see
Figure 7-7) is displayed. From the Libraries list on the left side of the window, the user
selects the library name within which the objects are to be stored (see Section 7.8.1 for:
information on how to create a new library). The Store Selected View Objects button is
pressed. For each selected object, the user is prompted for a name under which the
object will be stored. The Objects list, on the right side of the window, updates to
display the names of the stored objects in the Objects list, thereby confirming their
storage. The Object Library Window is dismissed by clicking the Close button. The
stored object remains an object in the object library unless explicitly deleted.

7.8.3 Retrieving Library Objects

Objects that have been previously stored in the Object Library may be subsequently
retrieved into a dataset by selecting the Library function from the Object pull-down menu.
The Object Library Window is displayed. The user selects the library, from the Libraries
list on the left side of the window, in which the object exists. Once selected, the library
name will be highlighted and the objects stored in the specified library will be displayed in
the Objects list on the right side of the window. The user selects the objects to be
retrieved and clicks the Retrieve button. The retrieved objects will appear in the center of
the View Window and will be given an unique identifier that includes the name by which _
they were stored. The Object Library Window is dismissed by clicking the Close button.
The retrieved library object is not stored permanently in the dataset until a Dataset Save
function is explicitly performed.

7.8.4 Removing Library Objects

Objects that have been previously stored in the Object Library may be permanently
deleted by selecting the Library function from the Object pull-down menu. The Object
Library Window is displayed. The user selects the library, from the Libraries list on the
left side of the window, in which the objects to be deleted exist. Once selected, the
library name will be highlighted and the objects stored in the specified library will be
displayed in the Objects list on the right side of the window. The user selects the objects
to be deleted and clicks the Delete button on the Objects side of the window. The
deleted objects will disappear from the Objects list. The Object Library Window is
dismissed by clicking the Close button.

7.8.5 Deleting Object Libraries

Object libraries that have been previously created may be permanently deleted, along with all
library objects that are stored in the object library, by selecting the Library function from the
Object pull-down menu. The Object Library Window is displayed. The user selects the library
to be deleted from the Libraries list on the left side of the window. Once selected, the library
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name will be highlighted, and the objects stored in the specified library will be displayed in the
Objects list on the right side of the window. The user clicks the Delete button on the Libraries
side of the window. The deleted library will disappear from the Libraries list. The Object

" Library Window is dismissed by clicking the Close button.

7.9 Deleting Objects

7.10

Selected objects may be deleted from a dataset view using the Delete function on the
Object pull-down menu. A Confirmation Message Window is displayed to obtain the
user’s verification prior to the deletion of the objects from the dataset. Upon '
confirmation, all dataset views are redisplayed void of the deleted objects. Object
deletion is not permanent until the Dataset Save function has been performed.

Duplicating Objects

Selected objects may be duplicated from a dataset view using the Duplicate function on
the Object pull-down menu. When the Duplicate function is clicked, all dataset views are
redisplayed with the newly duplicated object. Object duplication is not permanent until
the Dataset Save function has been performed.
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8.0 ANALYSIS FEATURES

8.1 Region Selection

Region Selection allows the operator to select a region of data by using predefined
geometric objects to encompass the desired data. This capability allows large areas of
bad data or undesirable data to be erased. It also allows a selected region of points to
be dumped to an ASCII file.

A Region Selection Window, as shown in Figure 8-1, is displayed wherein the user may
select the objects to be used for bounding the data. Multiple objects may be selected for
both inclusion and/or exclusion of data in the defined region of interest. Once bounding
objects are selected, the Select Region button is clicked to highlight the data points
enclosed in the selected region. The user may then opt to unselect the highlighted points
or to actually delete the highlighted points from the dataset. Erasing points can be done
either from the Region Selection Window, or from the Analysis - Erase Region menu
function. The deleted points are not permanently saved in the dataset until the Dataset
Save function is performed. The selected region’s points may be dumped to an ASCII
file by clicking the Analysis - Print Region menu function.

8.2 Connectivity

This analysis function allows the operator to highlight all data points that are stored in
connected voxels in the dataset’s underlying grid (octree). Please describe what is meant by
this sentence - see DOE reviewer comments. This capability might allow the user to visualize
objects in the data if the data points which make up the object are dense enough.

The user must have first picked a point with the mouse previous to this function (See
Section 5.4.4). This picked point, which is displayed in the status window, is used as the
seed point for the connectivity function. When the Analysis - Set Connectivity menu
function is clicked, all points touching the seed point, or all points touching a point which
touches the seed point will be highlighted. The number of connected points is displayed
in the status window’s message area. The connected points may be unconnected at any
time by clicking on the Analysis - Clear Connectivity menu function.

8.3 Erasing Invisible Points

This analysis function allows the operator to delete all data points which are set to
invisible by the view colormap scheme. This capability allows ranges of bad or
undesirable data to be erased.

The user must have first colormapped a range of data to be invisible (see Section 5.4.4).
When the Analysis - Erase Invisible Points menu function is clicked, all invisible data
points will be deleted from the dataset. The number of deleted points is displayed in the
status window’s message area. The deleted points are not permanently removed from
the dataset until the Dataset Save function is performed.
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8.4 Coloring By Range

This analysis function allows the operator to color all data points within the current view
by range from the virtual camera position using the currently defined colormap. This
capability allows the operator to visualize the data by depth from the perspective of the
current virtual camera position.

When the Analysis - Set Color By Range menu function is clicked, the data are
redisplayed colored by range from the camera. The coloring remains the same even if
the viewpoint changes. The Analysis - Set Color By Range menu function must be
clicked again if coloring from another viewpoint is desired. The original colormap can be
redisplayed by clicking the Analysis - Clear Color By Range menu function.

8.5 Cutplanes

Through the application of cutplanes, selected regions of the view may be rendered as
invisible. This capability facilitates the visualization of spatial data and/or geometric
objects that may be entirely or partially obscured.

The View function Cutplane allows the user to define and position up to five
cutplane/sliceplane combinations to be positioned in the view. The enabled cutplanes
are displayed in the View Window by selecting the View function Cutplane Show.

The following cutplanes types are supported:

Cutplane - A cutplane is a half space. Data on one side are visible and data on the
other side are not.

Sliceplane - A sliceplane is composed of two facing half-spaces separated by user-
setable distance. The two half-spaces move together and maintain the specified
separation distance as they are moved.

The definition and enablement of cutplanes is performed in the View Cutplane Window,
shown in Figure 8-2. To create a cutplane, the user must perform the following steps:

Step 1:  Enable the cutplane by mouse clicking on the Enable button

Step2: Mouse click on the Manipulate button to transform the cutplane.
The selected cutplane may be translated, rotated, and scaled using
the Transform Editor Window in the same manner used to
transform a geometric object (see Section 7.3.2)

Step 3:  Select the type of cutplane desired (cutplane or sliceplane)
Step 4:  Specify a thickness (for sliceplane only).

All views of the dataset for which cutplane display has been enabled (with the Cutplane Show
function) are immediately redisplayed with the effect of the active cutplanes. The cutplane
objects each appear in a unique color that matches the color of the corresponding active
check box on the View Cutplane Window. When changes are made to any cutplane, all views
of the dataset with cutplanes on are redisplayed to show the updated cutplanes.
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9.0 IGRIP INTERFACE

IGRIP (Interactive Graphics Robot Instruction Program) is a software system originally
developed by Deneb Robotics to facilitate off-line programming of robotic systems.
IGRIP provides an interactive, 3-D graphic simulation tool for design, evaluation, and
analysis so that manufacturing processes may be constructed, programmed, and
analyzed for cycle time, collisions, and motion constraints. ICERVS provides an
interface to IGRIP by supporting the export of ICERVS geometric objects to an IGRIP
part file as well as the import of IGRIP part files into ICERVS geometric objects. Further
IGRIP information can be obtained from:

Deneb Robotics, Inc.
3285 Lapeer Road West
Auburn Hills, Ml 48321
(810)377-6099
http://www.deneb.com

9.1 Interface Mechanism

A software interface has been developed that supports the import (i.e., input) and export
(i.e., output) of geometric objects between the ICERVS and the Deneb IGRIP software.
The (IGRIP) “part file” format is a data representation used (internally) by Deneb to
transfer of data to/from disk from/to its graphic display. ICERVS has implemented this
format in its data exchange interface

9.2 Supported Part File Versions/Format

The ICERVS IGRIP-Output function produces a text file consistent with Deneb'’s
version 11 part file format. Prior to output, ICERVS geometric objects are converted to
arbitrary polyhedrons. With the limitations discussed in Section 9.3, part files of version
11 and older may be input to ICERVS.

9.3 Assumptions/Limitations

The ICERVS - IGRIP interface does not currently support the following IGRIP
entitie§/structures:

Multiple Coordinate Systems
B-Spline Surfaces

B-Spline Curves

Text

Object Texture Maps
Concave Bounded Planes

SR
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9.4 Import of Objects to IGRIP

The Object function IGRIP - Import allows the user to import an IGRIP part file into the
current dataset. From the IGRIP Import (File Selection) Window, shown in Figure 9-1,
the user selects the file(s) to be imported. When the OK button is clicked, all dataset

views are redisplayed to include the imported object(s). The IGRIP Import Window is
dismissed by pressing the Cancel button.

Imported objects are assigned a name and a type by ICERVS. The name is composed
of a unique ID number and (a portion of) the file name from which the object was
imported. The object type is defined to be either an arbitrary polyhedron (in the case
where only one object was contained in the part file) or as a composite (see Section 7.7).
Input composite objects may be unbuilt (see Section 7.7.2) to form a set of arbitrary
polyhedrons. All imported objects are tagged as "exportable to IGRIP.” When a Dataset
Save is performed, the imported objects are permanently stored in the object dataset.

9.5 Export of Objects to IGRIP

The Object function IGRIP - Export allows the user to export selected object(s) on the
View Window, which have their “Exportable to IGRIP” flag set, to a IGRIP-compatible
part file. The user enters the name of the part file to which the exported object definitions
will be written in the /GRIP Export (File Selection) Window (see Figure 9-2). When the
OK button is clicked, all selected objects are written to the specified IGRIP part file. The
IGRIP Export Window is dismissed by pressing the Cancel button.
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10.0 MAJOR CLASS DESCRIPTIONS

Figure 10-1 illustrates the major classes that comprise ICERVS. Each block contains the
name of an object, and a path to the object’s header file. The path is relative to the root
of the ICERVS source tree. In the diagram, closely related objects have been grouped
by a dotted box. Table 10-1 describes each of the objects in the diagram, and is grouped
in the same manner. Complete listings of the header files can be found in Appendix A.
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X CFilenames VDS ;
: InchekomsupMenames. vishdsons CVDSServer CVDSUser |+
' includeNdspdchrdserver.h .
. CUserDispiay | — | pdedsene: Doleispderh | -
, IncludeMvdshic/userdisplay.h .
: CGroupSet '
, IncludeNvdspdc/groupseth :
: ? CDatasetManager CDatasetManagerWindow (HIC) '
. CGroup Include/vdspdc/datasetmanager.h ¥ ic/datasetmanagerwinh :
) Include/vdspde/group.h ? .
: ? _ CVDSDatasetSet '
: CSiteDefinition tefvdspdchdsoalaseLh :
' Includelvdspdc/stedefintion.h :
[ ieiinitiut S ' ' CNonScalerData ;
' CPropertySet ' include/vdspdchonscalardatah .
! includetvdspdcipropertyseth ! ' ,
! . : CSpatialData ,
' j CVDSDataset : ' InchudeMdspderspatialdata.h .
; CProperty inchideVdspdehdsdataseth . ' < X
, Includefdspdcloropertih S ; X '
. . : CAnalysis .
' CSiteDefinition ' ' inchefvdspoclanalysish '
' IncludeNvdspdc/siedefiniion.h ! SIIIszzzzzzzzzo!
] '
, . ' CTruesolidView !
‘ Geometric O, Indicsfdrs . inclugeAdspdesvibh .
: C3dObjectSet C3dObjectSet . Y :
. Include/vdspde/3doblectsath inchide/vdspde/3doblectseth ' *
' ' CRenderMode! '
, Y Y ' includeNdspdchendermodeLh '
! C3dObject C3dObject : | '
! IncludaMdspdc/3dobjecth IncludeMdspac/3dobjecth X Clnventor :
------------------------------------- includeNvdspdclventorh '
. Cutplanes CDatasetViewer : ChatasetMenu :
X C3dObjectSet /<> includeMispoc/datasetviewer.h v | Incudehoshichmenudataseth |
X InctudeMispde/3dobjectscth Y : '
' Y ) CViewMenu *
' CViewList \ | incudendshichmenwview.h X
! C3dObject Include/vdspdehiewtist.h ' '
; Inchwsdsode/doblecth ' CAnalyzeMenu \
"""""""""""""""""""""""" | inchdepdshicmenuanalyze.h .
' CView | | CViewWindow ' ‘ CObjectMenu )
, Includefvdspdchview.h includefvdshiciewwinh || inchendshiotmenuobject )
] / K N ) clnputMenu :
' ' ' includeMdshicAmenuinputh ,
: CColomnapData ~ CCamera : ' - .
: Includefvdspdcicolormapdata.h inchide/vdspdc/camera.h : X n :
................................... i Cl ﬂ“,t.p“‘ tMe h :
: X CDebugMenu '
A B | B | A contains B KEY | _inchoetdsticmenudebogh |
A ] - [ B | Ahasa relationshiowith B : .
: . CPseudoMenu .
| B | A hasarelationshio with manv Bs , | fehdehdsticpsuedomenuh | ¢
' CStatusWindow :
" | incudedvrdshic/statuswindow.h .
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Table 10-1. ICERVS Major Classes

ICERVS

CFilenames A static object that contains paths to all parts of the execution environment. The contents of this
object can be accessed by any other object using scope extension.

CUserDisplay A static object that contains application-wide information for the graphical user interface. The
contents of this object can be accessed by any other object using scope extension.

CVDSServer This is an object that encapsulates the server and allows clients to communicate with VDS.

CVDSUser This is an object that a server uses to maintain a client connection. A client object is created for
each client. ‘

Dataset Manager

CDatasetManager An object which encapsulates all dataset functionality (i.e., creating, deleting, copying, archiving,
viewing).

CDatasetSet An object which contains a list of pointers to all CVDSDataset objects.

CGroupSet An object which contains a list of pointers to all CGroup objects.

CGroup An object which encapsulates a dataset group. A group defines a collection of datasets.

CSiteDefinition An object which defines the site definition for the group (i.e., description of the data universs).

CDatasetManagerWindow An object which encapsulates all user interface with the DatasetManager. This HIC class
defines the Dataset Manager Window, its behaviors, and its functionality.

Dataset

CVDSDataset An object which encapsulates all the data acquired from, or constructed to describe, a 3-D
workspace.

CPropertySet This contains a list of pointers to CProperty. The set consists of 1-n properties.

CProperty This describes a single property. Such attributes as property name, minimum, maximum, etc.,
are available.

CSiteDefinition An object which defines the site definition for the dataset (i.e., description of the data universs).

C3dObjectSet This object contains a list of pointers to a C3DObject objects. The dataset has two such sets.
One contains a set of Geometric Objects, and the other contains a set of Data Indicators. Each
set can consist of 0-n elements.

C3dObject This is the base class for all geometric objects that ICERVS uses. The specific geometric object
types are: C3dBox, C3dComposite, C3dCone, C3dCylinder, C3dIndicator, C3dPolyhedron,
C3dSphere, and C3dCutplane.

CNonScalarData An object to encapsulate all non-scalar data attributes and functionality.

CSpatialData An object to encapsulate all volumetric data attributes and functionality. CSpatialData utilizes a
TrueSolid Octree library provided by Octres Corp.

CAnalysis An object to encapsulate all volumetric data analysis functions.

Dataset Viewer

CDatasetViewer This object describes and contains “view attributes” that are common among all view windows
for a dataset. It contains a number of other objects to achieve this goal, and their descriptions
follow. The class was established to handle the problem with cutplanes. Cutplanes cut the data
in the dataset, but can be defined differently for each view of the dataset. To handle the dilemma
of whether cutplanes should be part of the dataset or the view, the DatasetViewer was created
as an interface class between the CVDSDataset and Cview. This class would hold all data that
is common among all view windows for a dataset. '

C3dObjectSet This object contains a list of pointers to C3DObject objects. The Dataset Viewer's object set
contains a set of 6 cutplanes.

C3dObject A cutplane object (either cutplane or sliceplane)

CViewList This object contains the list of open views (view windows) for the dataset.

96TR37
Partll 10-3 Technical Overview




Table 10-1. Continued

View Window

CView This object describes and contains “view attributes” that are unique to a particular view of the
dataset. It contains a number of other objects to achieve this goal, and their descriptions follow.

CColormapData This object describes how a property value is colored in the view. A primary and secondary
colormap can be applied to the property. The object contains attributes such as min/max range
value, min/max range color, etc.

CCamera This object contains information about the view window’s camera.

CViewWindow This object contains the graphical user interface components of the View Window. It contains
such attributes as a menu, a render area, tool bar buttons, etc.

CDatasetMenu This contains all menu items for dataset operations.

CViewMenu This contains all menu items for view window functions.

CAnalyzeMenu This contains all menu items for analysis functions.

CObjectMenu This contains all menu items for object functions.

ClnputMenu This contains all menu items for data input operations.

COutputMenu This contains all menu items for data output operations.

CDebugMenu This contains all menu items for debug operations (primarily used for application development).

CPseudoMenu This contains all functionality for clicking on a data indicator on the View Window.

CStatusWindow This contains the graphical user interface components of the View Window’s Status Window.

Render Model

CRenderModel This object is responsible for all rendering of the dataset, a single view is rendered at a time, and

only when necessary. Rendering takes into account both common and unique “view attributes”
for a particular view. Also, user interactions with the view’s render area are managed. This
object is composed of the CTruesolidView and Cinventor objects.

CTruesolidView

This object is responsible for volumetric rendering using the TrueSolid Corp. Octree Library. Itis
used to implement “High Resolution” display mode which is not currently supported by ICERVS.

Clnventor This object is responsible for geometric rendering and user interaction with the Open Inventor
elements of the Dataset Viewer.
S6TR37
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11.0 GLOSSARY

API: Application Programming Interface.
CAD: Generic Computer-Aided Design Tool. _

Colormap: a collection of color cells. A color cellis a color structure which contains red,
green, blue (RGB) values.

Cutplane: a plane used to segment 3-D space into two regions. Typically one or more
cutplanes are used to bound a region of interest. A pair of cutplanes with a user-setable
separation that is used to view slices of the 3-D volume:is called a sliceplane.

Cylinder: the term “cylinder” by itself is taken to mean a mathematical right circular
cylinder which has infinite height. The term "truncated cylinder" refers to a portion of a
cylinder which has finite height.

Dataset: a general collection of data acquired from, or constructed to describe, a 3-D
workspace. Datasets can include volumetric data, scalar properties, non-scalar
properties, and geometric objects.

Dataset Manager Window: a window on the user display for displaying available sites and
datasets. Functions can be performed on sites and datasets from within this window.

Dialog Window: an area on the user display for user input/output.
DOE: Department of Energy.

Geometric Object: a geometric object that occupies real or conceptual space of three
dimensions. Examples of 3-D geometric objects include cylinders, prismoids, and more
general polyhedral shapes. A 3-D geometric object has the property of volume.

Group: a collection of datasets.
GUI: Graphical User Interface.
ICERVS: Interactive Computer-Enhanced Remote Viewing System.

ICERVS File Format: ASCII file format which is read by ICERVS to input data from
sensor systems.

IGRIP: a software system developed by Deneb Robotics to facilitate off-line
programming of robotic systems. The tools provide 3-D simulation to prototype and
visualize robot actions.

Indicators: special markers on the view window denoting some sort of non-scalar
property data to be displayed.

IRIX: operating system for Silicon Graphics Workstation. IRIX version 5.3 is currently
being used.

Motif: an XWindows-based computer windowing system from Open Systems
Foundation. Motif is a standard part of most UNIX-based workstations.
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Object, Comp'osite: an aggregation of two or more geometric objects that are treated as
a single geometric object.

Object, Geometric: a representation of a contiguous region of conceptual space defined
in a mathematical form(s).

OpenGL.: a software package from SGI that provides a software interface to graphics
hardware.

Open Inventor: a software package from SGI that provides an object-oriented
interactive 3-D graphics toolkit

Polygon: a geometric object characterized by a sequence of connected vertices lying in
a plane. The straight line connections between adjacent vertices are called edges. A
2-D polygon is convexif a line segment joining any two interior points is completely
contained within the polygon.

Polyhedron: a 3-D geometric object bounded by plane faces which are polygons.

Property, Non-scalar: a property that takes on composite values such as arrays, text,
and images.

Property, Scalar : a property that takes on a single value.

Property Data: for octrees, data used to describe the non-geometric physical
characteristics of a region in space corresponding to one node. Property data are
generally a single value (temperature, conductivity, weight, color, etc.), an array of values
(magnitude and phase, speed vector, etc.), text, or images.

Robotic System: a computer-controlled mechanical mechanism. Typically, the
computer coordinates the actions of multiple linked mechanical elements to achieve a
programmed path at the working end of the mechanism.

Rogue Wave (Math.h++ and Tools.h++): a software package from Rogue Wave that
provides data structure and mathematical tools.

Rotation: for computer graphic display, an angular movement of the image about an axis
in 3-D space.

Scaling: for computer graphic display, a change in the size of the image of a computer-
modeled space. Scaling may be performed independently in x,y,z directions.

Sensor: a device for measuring some physical quantity, such as position, temperature,
weight, pressure, etc.

Sensor, LRF (Laser Range Finder): a non-contact sensor using laser energy to
measure range to objects in a scene, which may be 1 to 20 meters from the sensor.

Sensor, TMS (Structured Light): a non-contact, dimensional profiling system that uses
triangulation between a laser source, projected onto a region of interest, and an imaging
detector such as a video camera.

Sensor Data: the location, orientation, and other attributes of a sensor together with a
response set. Sensor data could represent spatial (dimensional) data or non-spatial

(property) data.
SGI: Silicon Graphics Inc. (a computer workstation and software company).
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Sliceplane: a pair of cutplanes with a user-defined separation used to view slices of the
3-D volume. The pair of cutplanes is controlled as a single object.

Translation: for computer graphic display, a change in the apparent position of the
image of a computer-modeled space. Translation, when used in conjunction with scaling,
provides a means for viewing a subsection of the world model at a magnified scale.

TrueSolid: a software package from Octree Corporation that provides tools for the
building, viewing, and modification of volumetric data sets using octrees.

Units: the physical dimensional units selected by the ICERVS user for display and data
input/output.

UNIX: the computer operating system used on most major workstations. UNIX is a multi-
user, multi-tasking computing environment.

View Window: a window on the user display for displaying volumetric data. Functions
can be performed on the data in the view from within this window.

Volumetric Data: a database containing discrete elements with spatial dimensionality of
three (solids). The database is used to describe a 3-D modeling space.

Voxel: a 3-D rectangular subdivision of space.

Widget: an object with related methods. It is associated with a window and belongs to a
widget class which inherits the abilities of its ancestor classes.

Wireframe: a method for defining or generating a graphic display of a polyhedron as a
set of points and connecting edges.

XWindows: windowing system upon which ICERVS user interfaces are built.

Z-Buffer: graphics software internal buffer used for hidden surface removal. Also called
a depth buffer.
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MAJOR CLASS HEADER FILES

Refer to Figure 10-1 for a graphical layout of the ICERVS major classes. The following
major class header files are listed in this appendix:

3dobject.h
3dobjectset.h
analysis.h
camera.h
colormapdata.h
datasetmanager.h
datasetviewer.h
. datasetmanagerwin.h
filenames.h
group.h
groupset.h
inventor.h
nonscalardata.h
property.h
propertyset.h
pseudomenu.h
rendermodel.h
sitedefinition.h
spatialdata.h
statuswindow.h
tsview.h
userdisplay.h
vdsdataset.h
vdserver.h
vduser.h
view.h
viewlist.h
viewwin.h
vmenuanalyze.h
vmenudataset.h
vmenudebug.h
vmenuinput.h
vmenuobject.h
vmenuoutput.h
vmenuview.h
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