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OBJECTIVES 

The Interactive, Computer Enhanced, 
Remote Viewing System (ICERVS) is a 
volumetric data system designed to help the 
Department of Energy (DOE) improve remote 
operations in hazardous sites by providing 

reliable and accurate maps of task spaces 
where robots will clean up nuclear wastes. 
The ICERVS mission is to acquire, store, 
integrate and manage all the sensor data for a 
site and to provide the necessary tools to 
facilitate its visualization and interpretation. 
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Specifically, the objective of ICERVS is to 
provide more economic and efficient means to: 

• Collect, store, and display data 
describing robotic task spaces from a 
wide range of sources, to include 
geometric and physical property 
sensors, CAD files, and operator 
input. 

• Aggregate all the data for an individual 
cleanup site in one location. 

• Visualize in a robust, integrated 3-D 
fashion the empirical sensor data as 
well as the geometric objects created 
in the computer to capture an 
operator's insight. 

• Analytically compare data sets, whether 
from different sensors or the same 
sensor measuring the task space at 
different times or from different 
places. 

• Create and edit geometric objects for use 
in robotic control. 

• Provide robot controllers with geometric 
object data generated from sensor and 
other site information. 

BACKGROUND INFORMATION 

There is a variety of hazardous waste 
stored at various DOE facilities and concerns 
about worker exposure to this waste make 
some sort of remote operation a highly 
desirable approach to its remediation. A 
completely automated control approach to this 
remediation is too complex and costly. A 
purely manual approach, using manipulators 
and remote TV cameras is slow and awkward. 
A mixed control approach, where lower level 
tasks are carried out automatically by a robot, 
and higher level tasks are performed by the 
human operator, appears to be the most 
efficient. 

In this mixed mode, the program plan to 
control the robot is developed on a simulator 
which uses a computer model of the space in 
the waste site where the robot will carry out its 
task. There are no a priori models of such 
task spaces; rather, a computer model of the 
task space must be built up from empirical 

sensor data such as that from topographical 
mapping systems. 

However, experience with topographical 
mapping systems has revealed that the data 
they produce requires processing and 
interpretation before it can be passed on to the 
robotic controller. The data sets are quite 
large: a typical data set can have in excess of 
50,000 data points, far more than current 
robot controllers can handle. The shadowed 
areas that occur with line of sight sensors must 
be filled in with data gathered from a different 
sensor viewpoint and the resulting data sets 
must be properly combined. Lastly, the 
remediation will proceed more swiftly if 
objects are defined to permit automated 
processing by the robot; such object definition 
requires the insight of the operator. The need 
for a system to support this processing and 
interpretation creates the background for 
ICERVS. 

ICERVS, then, is a system which converts 
empirical sensor data into task space models 
and does so in a fashion that 

• provides timely access to all current site 
data, 

• facilitates visualization and 
understanding of that data, and 

• creates, displays, and manipulates 
geometric objects that expedite task 
planning in robotic simulators. 

PROJECT DESCRIPTION 

ICERVS can be viewed as the set of 
functions portrayed in Figure 1. Empirical 
sensor data enters through the Common 
Interface for Sensors and after initial 
processing, is stored in the Volumetric 
Database. The data can be analyzed and 
displayed via a Graphic User Interface with a 
variety of visualization tools. Other tools 
permit the construction of geometric objects, 
such as wire frame models, to represent 
objects which the operator may recognize in 
the live TV image. A computer image can be 
generated that matches the viewpoint of the 
live TV camera at the remote site, facilitating 
access to site data. Lastly, the data can be 
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Figure 1. ICERVS Functional Model 

gathered, processed, and transmitted in 
acceptable form to a robotic controller. 

Common Interface for Sensors 
This module supports a wide range of 

sensor types. Geometric dimensions of the 
task space can be provided by laser range 
finders, structured light mapping systems, 
ultrasonic and microwave sensors. Physical 
property data can be supplied in the form of 
temperature, conductivity, compressibility, 
etc., as well as from chemical and radiation 
sensors. This interface also supports the live 
television. Different modes of data acquisition 
are possible. Active control of the sensor is 
permitted if the sensor has a remote user 
interface. The more typical mode is on-line 
acceptance of data from the sensor when the 
sensor is ready to forward a block of data. 
Direct file transfer of data is also possible. 
The data is assumed to arrive in engineering 
units with an associated error metric in an 
agreed on file format. 

Sensor Data Processing 

Once the data has been received by the 
ICERVS, it must be processed before it can be 
stored. This processing includes transfor
mation to the coordinate frame used in 
ICERVS (i.e., registration), and normalization 
to the dimensions of the volumetric database. 
The Sensor Data Processing module provides 
the means to update specified portions of a 
map to store higher resolution data. It further 
includes the combining of data from different 
sensors or different viewpoints to eliminate 
obstructed views (i.e., data integration). This 
module is also capable of comparing data 
measured at different times to quantify the 
results of remediation activities or to create 
"virtual sensors" by mathematically combining 
data from different sensors. 

Volumetric Database 
The heart of the ICERVS is the Volumetric 

Database which employs the octree 
methodology. The world space is recursively 
divided into octants until a uniform state of 
occupancy is reached. Octants or nodes at any 
level can then be characterized as empty, full 
or partial, where the latter will require further 
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level can then be characterized as empty, full 
or partial, where the latter will require further 
subdivision. The enumeration scheme shown 
in Figure 2 is an efficient way to span space 
and provides an explicit representation of 
position. Physical property data can also be 
stored at each node. The octree approach 
organizes the data both hierarchically and 
spatially, facilitating the removal of hidden 
surfaces in the display mode. The approach 
combines flexibility with computational 
efficiency. The Phase II version of ICERVS 
incorporates a commercial octree database, 
TrueSolid, offered by Octree Corp. of 
California. 

appropriate to a specific geometric object, 
Objects can be displayed as wire frames or 
solids, both transparent and opaque. These 
objects can be converted to the format needed 
robotic controllers such as IGRIP, by Deneb 
Robotics, or ROBCAD, by Tecnomatix. 

Analysis Software 
Because of the volume of data that is 

typically involved, visualization is needed for 
understanding and interpretation. The 
Analysis Software in ICERVS supports 
visualization by enabling display of the data 
from an arbitrary viewpoint and by allowing 
rotation to other points of view. Regions of 
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Figure 2. Octree Methodology 

Geometric Objects 
ICERVS provides the ability to create 

geometric objects to represent things such as 
boxes or drums which the operator perceives 
in the data. The library of basic objects 
includes polyhedral shapes and second order 
primitives. The objects are limited to 
polygonal extrusions, i.e., the end faces must 
be congruent polygons and the sides that join 
them quadrilaterals. The operator can create 
a text file to record any observations 

interest can be isolated for study, removing 
distracting data from the display by means of 
cut planes. Color coding can be used to 
display the intensity of a physical property or 
the height above a plane. 

This software contains the tools needed to 
create, modify, store, and display the 
geometric object models described above. It is 
also possible to determine the goodness of fit 
of such an object to the data it is intended to 
represent, by identifying nodes that are in the 
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union of the data sets, but not in then-
intersection. 

Computer Generated Image 
The live TV provides a direct view of the 

remote site. If the television is mounted on a 
posidonal system that can determine its line of 
sight into die task space, then the computer 
can generate a view of the task space from die 
same viewpoint. Initially, die operator may 
scan die remote site witii die live TV and 
identify objects diat s/he recognizes. A wire 
frame model can tiien be created in die 
computer generated scene to capture diat 
insight and record any associated dioughts. 
Later, when the site has been studied and 
understood, die computer generated image 
with its pull-down menus can provide timely 
access to anything that is known about objects 
perceived in die live TV image. 

In summary, ICERVS provides a desirable 
set of features for remote operation and waste 
remediation: 

• Storage and display of sensor data 
• Creation and display of computer models 
of perceived obj ects 
• Side-by-side comparison of images 
• Ready export of world models to robotic 
controllers 

RESULTS 

The ICERVS project is being carried out in 
tiiree phases. The first Phase accomplished 
the development of several major subsystems, 
namely, die Volumetric Database, Analysis 
Software and Geometric Object Subsystems. 
The second Phase provided for the inclusion 
of a Mapping Sensor Subsystem and die 
integration of all die Subsystems into a sub-
scale system at Level IV maturity. For die 
Mapping Sensor, MTI made available a 
prototype of a structured light surface mapping 
sensor developed on two CRADAs and 
successfully demonstrated during this Phase. 
A task was added to this Phase to adapt die 
ICERVS to meet the needs of die buried waste 
investigations at die Idaho National 
Engineering Laboratory (INEL). 

The final phase of die ICERVS project, 
which has just begun, will produce a full scale 
system and demonstrate it at a DOE site to be 
selected. A Task added to diis Phase will 
adapt the ICERVS to meet die needs of the 
Dismandement and Decommissioning (D&D) 
work at die Oak Ridge National Laboratory 
(ORNL). 

In die course of tiiese two Phases, a 
number of milestones were achieved. 

• Surface data from the K-65 storage tanks 
at die Fernald site was introduced 
dirough the sensor interface and 3-D 
color coded representations of the 
surface were displayed. Rotation 
permitted views from arbitrary 
viewpoints 

• Cut planes were used to create vertical 
slices of die data, so diat die thickness 
of die bentonite cap could be 
examined. 

• A simulated storage tank facility was 
mapped remotely and the resulting 
map display enhanced by data 
interpolation. 

• The simulated waste surface was mapped 
before and after a simulated 
excavation and die removed volume 
was estimated by comparing die 
"before" and "after" maps. 

• Inputs from laser radars have been 
accepted and displayed. 

• Wire frame models were created to 
represent volumetric renderings of 
pipes and tank walls. 

• Data from material property sensors has 
been stored and displayed,. In 
particular, a rectangular grid of 
sample points was measured by a 
suite of four sensors. This grid was 
repeated at various depdis and die 
totality of all the measurements were 
stored and displayed to seek out 
patterns of contamination. 

FUTURE WORK 

It appears likely that the ICERVS will be 
used to support die Light Duty Utility Arm 
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project at Richland, WA, where it will serve to 
collect the dimensional sensor data and convert 
it to a set of polygons compatible with the 
capabilities of the robot controllers used there. 
There is interest in the display capability as an 
add-on feature to the topological mapping 
system being constructed for use in the tank 
farm at Hanford. 

The software components of ICERVS 
constitute a major element in a Facility 
Mapping System under development at 
ORNL. This system is intended to assist in 
the remediation of obsolete production 
facilities around the DOE complex. Lastly, it 
is anticipated that the ICERVS will support the 
virtual reality techniques being developed to 
address the challenge of remediating buried 
waste. 

ICERVS has found acceptance and applications 
because it meets user needs and provides 
remediation benefits. The ICERVS is of benefit 
because it enables remediation of waste sites to be 
performed 

• Better through the enhanced 
understanding created by the data visualization, 

• Safer because the reliable geometry 
enables the development of safer task 
and motion plans, 

• Faster due to the speed with which site 
data can be retrieved, displayed, 
analyzed, and interpreted, and 

• Cheaper because of greater operator 
productivity and the reduced likelihood 
of incidents requiring special 
treatment 


