
DOE/MC/29113-96/C0571 

Interactive Computer-Enhanced Remote Viewing System 

Authors: 

John A. Tourtellott 
John F. Wagner 

Contractor: 

Mechanical Technology Incorporated 
968 Albany-Shaker Road 
Latham, New York 12110 

Contract Number: 

DE-AC21-92MC29113 

Conference Title: 

Environmental Technology Development Through Industry Partnership 

Conference Location: 

Morgantown, West Virginia 

Conference Dates: 

October 3-5, 1995 

Conference Sponsor: 

U.S. Department of Energy, Office of Environmental Management, 
Morgantown Energy Technology Center 

R 
DISTRIBUTION OF THIS DOCUMENT IS m i m 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial 
product, process, or service by trade name, trademark, manu
facturer, or otherwise does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by the United States 
Government or any agency thereof. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of 
the United States Government or any agency thereof. 

This report has been reproduced directly from the best available 
copy. 

Available to DOE and DOE contractors from the Office of 
Scientific and Technical Information, 175 Oak Ridge Turnpike, 
Oak Ridge, TN 37831; prices available at (615) 576-8401. 

Available to the public from the National Technical Information 
Service, U.S. Department of Commerce, 5285 Port Royal Road, 
Springfield, VA 22161; phone orders accepted at (703) 487-4650. 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document 



3.8 Interactive Computer-Enhanced Remote Viewing System 

John A. Tourtellott (toutellott@mechtech.com; 518-785-2131) 
John F. Wagner (wagner@mechtech.com; 518-785-2800) 

Mechanical Technology Incorporated 
968 Albany-Shaker Road 

Latham, NY 12110 

Needs 

Remediation activities such as decontam
ination and decommissioning (D&D) typically 
involve materials and activities hazardous to 
humans. Robots are an attractive way to conduct 
such remediation, but for efficiency they need a 
good three-dimensional (3-D) computer model of 
the task space where they are to function. This 
model can be created from engineering plans and 
architectural drawings and from empirical data 
gathered by various sensors at the site. The 
model is used to plan robotic tasks and verify 
that selected paths are clear of obstacles. 

This need for a task space model is most 
pronounced in the remediation of obsolete 
production facilities and underground storage 
tanks. Production facilities at many sites contain 
compact process machinery and systems that 
were used to produce weapons grade material. 
For many such systems, a complex maze of 
pipes (with potentially dangerous contents) must 
be removed, and this represents a significant 
D&D challenge. In an analogous way, die 
underground storage tanks at sites such as 
Hartford represent a challenge because of their 
limited entry and the tumbled profusion of in-
tank hardware. 

Research sponsored by the U.S. Department of Energy's 
Morgantown Energy Technology Center, under Contract 
DE-AC21-92MC29113 with Mechanical Technology 
Incorporated, 968 Albany-Shaker Road, Latham, NY 
12110; telefax: 518-785-2420. 

In response to this need, the Interactive 
Computer-Enhanced Remote Viewing System 
(ICERVS) is being designed as a software 
system to: 

• Provide a reliable geometric description of 
a robotic task space, and 

• Enable robotic remediation to be conducted 
more effectively and more economically 
than with available techniques. 

A system such as ICERVS is needed 
because of the problems discussed below. 

Problem 

Although the basic technology to meet this 
need already exists, there are several areas 
where improvement is needed. 

• Interface with Multiple Sensors. Multiple 
poses and a variety of sensors are 
necessary to properly characterize a task 
space. Surface mapping sensors use line-
of-sight means, and more than one 
viewpoint is generally needed to capture 
sufficient 3-D data. Measurements of the 
physical, chemical, and radiological 
properties of and about the site are also 
needed to ensure worker safety and proper 
disposition of removed materials. 
Interfacing with such a wide range of 
sensors and accepting their data is 
currently quite difficult. 
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• Obsolete Drawings. Engineering data and 
architectural drawings are typically available 
for production facilities, but these drawings 
and data have often turned out to be 
inaccurate or unreliable because they do not 
incorporate the latest changes made to the 
site or modifications made during previous 
remediations. 

• Data Conversion. Currently, there is no 
cost-effective way to convert the empirical 
sensor data to a surface-based 3-D CAD 
form used by state-of-the-art robot con
trollers. Customary triangularization 
techniques (reference 1) yield far too many 
polygons, while automated object recog
nition means are still in their infancy for 
applications of this complexity. Interactive 
techniques are handicapped by limited 
operator perception of the remote site. 

• Unstructured Environment. The environment 
is unstructured and changes during the course 
of the remediation make the job difficult for 
robotics; a remediation system cannot control 
the presence or location of elements in its 
task space. Because of this unstructured 
nature, die operator needs a means to 
visualize the task space from arbitrary 
viewpoints and to understand the relative 
locations of the various hazardous elements. 
This visualization means must also respond 
in a timely way to changes in the task space 
geometry during the remediation. 

• Model Accuracy. The accuracy of the 
empirical data can be enhanced by pro
cessing. Each set of empirical sensor data 
contains both random errors (due to, for 
example, noisy signals) and systematic errors 
(for example, in the location of the sensor). 
By combining data from different poses of 
the same sensor or from different sensors, a 
more accurate and reliable task space model 
can be created. 
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Solution 

ICERVS is being designed as a software 
system that will incorporate versions of the 
needed improvements and will integrate them 
into one software module. 

• Sensor Interface. ICERVS will accept, 
store, and display empirical data from 
multiple sensor types through a common 
interface for sensors. This interface will 
accept data from surface mapping sensors, 
such as laser radars, stereo vision, and 
structured light systems. It will also accept 
data from sensors that measure material 
properties, to include physical (e.g., 
temperature), chemical (e.g., pH), or radio
logical properties (e.g., gamma ray 
spectra). Various display options are 
available for the property data. 

• Updated Drawings. ICERVS will accept 
architectural drawings of a facility and 
CAD models of a process site. It will 
display architectural drawings and provide 
modeling capabilities for updating 3-D 
CAD geometry. 

• Data Conversion. ICERVS will provide 
interactive modeling to convert the 
empirical data to the polygonal form 
required by robotic controllers. The 
models will include representations of 
objects which the operator has perceived in 
the data as well as of the various waste 
surfaces in, for example, a storage tank. In 
addition to creating and editing geometric 
models, tools will be provided to compare 
a model with the data it represents. Such 
models can be exported to and imported 
from robotic controllers such as IGRIP. 

• 3-D Visualization of Unstructured 
Environment. To expedite the operator's 



comprehension of the unstructured remote 
site, ICERVS will provide visualization of 
the task space, to include the empirical data 
as well as the geometric models. The 
ability to accurately display the space from 
an arbitrary viewpoint and to show the 
locations of various chemical or radiological 
hazards will provide the operator with 
insights not available from remote cameras. 

• Model Accuracy. To improve the accuracy 
of the resulting model, ICERVS provides 
for the effective combining of sensor data. 
The overlap in scenes from one sensor at 
different viewpoints or from different 
sensors viewing the same area provides 
redundant information that permits the 
reduction of random and systematic errors 
in the combined data. 

Technology 

ICERVS is a UNIX-based system which 
operates on a Silicon Graphics computing 
workstation. It is organized as a client-server 
system so that an outside client can act as the 
supervisory controller. Functionally, the 
system can be described as shown in Figure 1, 
whose elements are discussed below. 

The common interface for sensors currently 
uses an ASCII file format, with the data 
arranged as (x, y, z, scalar property 1, property 
2, ..., property n). This format will be 
expanded to include array data, as from a 
spectrometer. Future formats will be made 
compatible with the format(s) selected by DoE 
for the D&D activities. 

In the sensor data processing element, 
incoming geometric data are normalized to fit 
within the bounded cube used in the 
volumetric database. Future versions of 
ICERVS will provide input processing of 
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sensor data to provide conversion of units (e.g., 
inches to millimeters) or to accomplish the 3-D 
registration among different sensor data sets. 

In the volumetric database element, 
ICERVS uses octree technology to efficiently 
store the empirical sensor data. The octree 
data structure is a hierarchical representation 
that spatially sorts data for fast display and 
analysis. It uses less memory than 
conventional means such as uniform grids or 
triangle meshes. ICERVS uses the TrueSolid 
library (sold by Octree Corporation of 
Cupertino, CA) to provide this functionality. 

The analysis software contains tools to 
support visualization and geometric modeling. 
Visualization is supported by tools that provide 
rotation to an arbitrary viewpoint, color 
mapping based on some parameter such as 
elevation or temperature, and the use of cut 
planes to view subsets of the data. Modeling 
tools assist in creating and editing geometric 
models and in comparing the model with the 
geometric data it is intended to represent. 
Additional features will be provided under 
future work. 

The geometric object database stores the 
polygonal representation of the task space in 
the CAD format currently required by most 
robot controllers. The database contains 
geometric models of objects perceived by the 
operator as well as a triangular mesh 
representing the floor and other simple 
surfaces. ICERVS uses SGI Open Inventor 
software toolkit for functions involving 
geometric objects. 

The graphical user interface is X-Windows 
based and runs on a workstation where an 
operator would construct a task space model 
for export to a robotic controller. Images can 
be rendered in several ways. A preview mode 
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Figure 1. ICERVS Functional Model 

provides a high-speed display of sensor data at 
low resolution. A full fidelity mode yields a 
high-resolution display containing both sensor 
data and geometric models, colored to display 
some property. This is accomplished by "Z 
buffer" merging (reference 2). 

The primary role of the output interface is 
to provide task space model data to robotic 
controllers. Typically, this data is formatted in 
files such as IGRIP part files. 

If a remote camera is provided with an 
appropriate pan-and-tilt mechanism, then a live 
TV image provided at the operator's console 
can be matched by a computer-generated 
image of the same scene. In this way, insights 
gained from remote cameras can be easily 
incorporated into the ICERVS model. In die 
future, such video scenes can be stored 
directly in the database. 

Accomplishments 

The development of ICERVS is organized 
in three phases, as shown in Figure 2, and 
development is currently more than halfway 
through the third phase. The objective of the 
first phase was to demonstrate that a volumetric 
database could store real sensor data and that 
the data could be viewed and segments 
extracted by cut planes. The program was 
fortunate to have access to data taken by Oak 
Ridge National Laboratory (ORNL) as they 
mapped the surfaces in the K-65 tanks at 
Fernald, OH, both before and after application 
of a bentonite cap (reference 3). Figure 3a 
shows a top view of the combined data as well 
as the location of a pair of cut planes. Figure 
3b shows a side view of the data between the 
cut planes; the profiles of the waste surface and 
of the top of the cap are clearly visible. 
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Phase I 
Develop Major Subsystems 

O Volumetric Database 
• Interaction Tool Kit 
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Phase II 

Integrate Subscale System 
O Sensor Subsystem 
O Expanded Functions 
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CRADAs for Mapping Sensor Development 
(SNL, ORNL) 
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Phase III 
Expand to Full Scale 

O Demonstration at DOE Site 
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Figure 2. ICERVS Program Structure and Schedule 
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The objective of the second phase was to 
demonstrate a subscale system and to show the 
integration with a structured light sensor 
developed earlier on two CRADA projects. 
As part of the CRADA, a test facility was 
constructed to simulate a storage tank, 
containing a wall segment as well as three 
pallets of simulated waste (Figure 4). The 
structured light sensor was mounted above and 
to the right of the camera that took Figure 4. 
The data it gathered was transferred to 
ICERVS and could be viewed there from any 
viewpoint. It was colored to show elevation. 
When data are sparse, an interpolated version of 
the data can be created (Figure 5) to improve 
viewer comprehension. As part of this phase, 
simple geometric models were created and fit to 
objects created in the sensor data. 

Feedback from the Phase H demonstration 
indicated that the user interface was perceived 
to be slower and more awkward than in other 
systems. Thus, development of a full-scale 
system for Phase III included a change in the 
user interface. The underlying architecture 
was modified to eliminate keystrokes and 
make operation simpler. Steps were also taken 
to improve system response, leading to the 
creation of the two rendering modes described 
earlier. The earlier test facility is shown in the 
preview mode shown in Figure 6, while the 
comparable full fidelity mode is shown in 
Figure 7. Because of the richness of the 
sensor data, the preview mode is quite 
informative. However, the presence of 
geometric models and the coloring make the 
full fidelity model more useful. Two additional 
(internal) releases of the software are planned 
by the end of the contract; these will incorporate 
the additional features described later in this 
paper under Future Activities. 

Benefits 

ICERVS can provide a number of benefits 
when applied to D&D remediation or the 
remediation of waste storage tanks. 

• Better understanding of task space. 
ICERVS can store, update, and display all 
of the data pertaining to a specific site. It 
can provide 3-D visualization of the task 
space for data analysis and for robotic task 
and path planning. 

• Faster evaluation of site characteristics. 
By providing one repository for site data, 
ICERVS eliminates the time spent in 
seeking out and verifying data. It provides 
a ready way to compare, interpret, and 
merge data from different times or from 
different sensors. 

• Safer operation of remote robotics. 
ICERVS enhances the safety of telerobotic 
operation by providing more flexible and 
informative 3-D views of the task space. 
It enhances the safety of autonomous 
operations by providing more accurate and 
current models of the task space. 

• Cheaper remediation. ICERVS reduces 
remediation cost by enabling faster 
assessment of site characteristics, by 
facilitating more efficient task and path 
planning, and by improving efficiency in 
all modes of robotic operation. 

Future Activities 

Future work includes the remainder of 
Phase III and those activities needed to 
develop ICERVS as a viable product offering. 

L> 
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Figure 4. MTI Simulated 
Storage Tank Facility 

Figure 5. Interpolated Structured 
Light Data from MTI 
Simulated Storage 
Tank Facility 
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Figure 6. Preview Mode of Display 

Figure 7. Full Fidelity Mode of Display 



Phase III Other 

The additional features to be incorporated 
during Phase III include: 

• The ability to accept and store nonscalar 
properties. Array data such as that from 
gamma ray spectrometers or frames of 
video data are of interest. 

• The ability to accept store, and display 
2-D architectural plans. 

• A suite of analysis tools, to include 
software to fit a cylinder to a segment of 
volumetric data, a connectivity tool to 
determine the region of points connected to 
a seed point, and a pipe tracing tool to 
identify disconnected segments of the same 
straight pipe. 

• The display of live video on the same 
computer monitor that displays the task 
space data and models. 

• Conversion of output geometric models 
(CAD files) into IGRIP part file format. 

In addition, there are two demonstrations in 
this phase of the project. 

• There will be a full-scale demonstration in 
a simulated underground storage tank at 
Hanford, WA. This demonstration will use 
a structured light system that will be 
delivered to Hanford by MTI. 

• A second demonstration will occur at 
ORNL in conjunction with the facility 
mapping program being conducted there as 
part of the D&D development effort. 
Sensor data will be provided by a variety of 
sensors, particularly a laser radar system. 
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Near-term objectives involve the 
development of data fusion techniques based 
on occupancy maps (reference 4). Further, 
MTI will create a subset of ICERVS to 
provide desired data visualization means to the 
MTI structured light system referred to as the 
Topographical Mapping System, of which a 
first prototype is being supplied to Hanford. 
Longer-term objectives include actual 
deployment of ICERVS on a D&D mission. 
MTI will pursue the market to ensure that 
ICERVS has the desired set of features and 
then assess its effectiveness in beta test sites. 
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