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I. ABSTRACT 

The Savannah River Technology Center (SRTC) and 
Oak Ridge National Laboratory are developing an advanced 
Mobile Automated Characterization System (MACS) to 
characterize indoor contaminated floors. MACS is based 
upon Semi-Intelligent Mobile Observing Navigator1 
(SIMON), an earlier floor characterization system 
developed at SRTC. MACS will feature enhanced 
navigation systems, operator interface, and an interface to 
simplify integration of additional sensors. 

The enhanced navigation system will provide the 
capability to survey large open areas much more 
accurately than is now possible with SIMON, which is 
better suited for hallways and corridors that provide the 
means for recalibrating position and heading. MACS 
operator interface is designed to facilitate MACS's use as a 
tool for health physicists, thus eliminating the need for 
additional training in the robot's control language. Initial 
implementation of MACS will use radiation detectors. 
Additional sensors, such as PCB sensors currently being 
developed, will be integrated on MACS in the future. 

*Research sponsored by the Office of Technology 
Development, U.S. Department of Energy, and managed 
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Initial use of MACS will be focused toward obtaining 
comparative results with manual methods. Surveys will 
be conducted both mimually and with MACS to compare 
relative costs and data quality. While clear cost benefits 
anticipated, data quality benefits should be even more 
significant. 

II. INTRODUCTION 

A large number of contaminated facilities, including 
hot cells, canyons, glove boxes, process buildings, and 
reactor facilities, at 'U.S. Department of Energy (DOE) 
sites must eventually undergo some form of 
decontamination and dismantlement (D&D). As facilities 
transition from operational use to facility deactivation, 
followed by a period of surveillance and maintenance, 
many problems will need to be addressed in ultimate D&D 
activities. Deactivation and surveillance and maintenance 
activities place emphasis on characterization, data capture, 
and selective decontamination and dismantlement to define 
and minimize the risk and cost associated with surveillance 
and maintenance activities (possibly long-term) required 
prior to final D&D. The overall emphasis of the DOE, 
Office of Technology Development (OTD), Robotics 
Technology Development Program (RTDP) D&D 
application area is to focus on systems and capabilities that 
can be used in facility deactivation and ongoing 
surveillance and maintenance activities with extended 
application to final facility D&D tasks. 
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One such capability being addressed by the RTDP 
D&D application area is automated floor characterization. 
Automating floor characterization offers several potential 
benefits, including reduced worker exposure, costs 
reduction, improved data quality, automated data storage and 
record keeping, simultaneous operation of multiple 
sensors, and reduction in decontamination and secondary 
waste. A time-consuming, tedious task such as floor 
characterization is an excellent task for automation. With 
the large number of buildings ultimately needing 
characterization across the DOE complex and the amount of 
square footage of floor space within those buildings, the 
potential savings can be significant. The Oak Ridge K-25 
Site process buildings alone have in excess of 300 acres of 
floor space under roof. The MACS is being developed by 
SRTC and Oak Ridge National Laboratory ( O W )  to 
address this need. 

111. DESCRIPTION 

The floor characterization system, MACS, as shown 
in Fig. 1, is based upon a commercially available robotic 
platform adapted for floor characterization tasks. The 
platform is a K2A+ Navmaster manufactured by 
Cybermotion, Inc, as shown in Fig. 2. The vehicle has a 
radio link to its control station, navigates by using dead- 
reckoning techniques, and uses a docking station to 
recharge its batteries and calibrate its position. Ultrasonic 

sensors on the robot provide collision avoidance, the 
capability to maintain a standoff while following a wall, 
and the capability to recalibrate its position and azimuth on 
the basis of the detection of walls. The K2A+ also has 
safety bumpers on the front and back to stop the robot in 
the event that it does :make contact with an obstacle. 

As delivered, paths for the K2A+ are manually 
preprogrammed by an operator and downloaded from a host 
computer, typically an IBM compatible PC. Once the 
survey is started, a graphical interface on the host computer 
displays the robot's position relative to a map of the 
environment. 

MACS differs from the SRTC - developed SIMON in 
four distinct ways: (1) the standard =A+ operator interface 
is being replaced with an interface designed to hide 
programming complexity from users not familiar with 
robot programming; (2) the gas proportional radiation 
detectors have been replaced with scintillator detectors; (3) 
the interface with the sensors and data display have been 
updated to facilitate the integration of additional sensors; 
and (4) the navigation system has been upgraded to 
accommodate surveys in large open areas. 

Navigation Subsystem 
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Operator Control Console Cybermotion IC2A Platform 

Fig. 1. MACS Systems Schematic 



Fig. 2 MACS Vehicle 

A new operator interface is being added, in keeping 
with the philosophy of making MACS a tool for health 
physicists (HPs). The new interface will allow graphical 
programming, thus eliminating the need for training HPs 
in the robot control language. A real-time data display 
window will allow monitoring of sensor data as it is taken. 
The operator interfaces will run on a VME-based Sparc-10 
central processing unit (CPU) board. The VME rack, 
radio, monitor, and miscellaneous hardware are mounted in 
a control cabinet mounted on casters. 

SIMON used gas proportional radiation detectors. The 
detectors being used on MACS are scintillation detectors 
made by National Nuclear Corporation. They can detect 
beta and BY contaminants. The use of scintillation 
detectors requires no gas, no additional hardware to support 
the gas system, and no dead time before starting a survey 
while purging the detectors. In addition, the new detectors 
provide the capability to operate simultaneously in both a 
thresholding and a data collection mode, are calibrated 
through software instead of adjusting a series of 
potentiometers, and are fail safe in that failure will cause a 
high reading as opposed to a low reading. Six detectors 
will be used on MACS as opposed to two, resulting in 
finer resolution. The parallelogram-shaped detectors 

conform more to thi: bumper shape, reducing the distance 
that the sensors extend in front of the robot. Normal 
operating speed for these detectors is one inch per second. 

The interface with the sensors has been updated. An 
onboard VME rack with a 68030 CPU has been added to 
the =A+. Interfaces to the sensors, vehicle, and base 
station are provided by using the W E  computer system. 
The on-board system is programmed in "C", using the 
VxWorks operating system, and uses the 

. GISCIGENISAS~ communications software. 

Data display rum concurrently on the same operator 
interface that is used for K2A+ control. This eliminates 
redundant hardware, making it easier to transport MACS to 
survey sites. The data are displayed by using the 
R A D W  software package developed at SRTC as shown 
in Fig. 3. The operator can select between the K2A+ 
programming' window or data display window while 
operating MACS. Data will also be stored on the vehicle 
for downloading at the conclusion of the survey. 

IV. BENEFITS 

Automated floor characterization offers several 
potential benefits, including reduced worker exposure, cost 
reduction, improved data quality, automated data storage and 
record keeping, simultaneous operation of multiple 
sensors, and reduction in decontamination and secondary 
waste. A time-consuming, tedious task such as floor 
characterization is .an excellent task for automation. 
Around-the-clock operations and simultaneous operation of 
multiple sensors can help to reduce costs when compared to 
manual surveys. Initial cost estimates indicate a potential 
for significant savings over manual surveys, especially for 
large-scale operations such as the Oak Ridge K-25 Site 
process buildings. Improved control of scan rates, 
consistently maintaining a desired speed, will improve data 
quality, reducing the chances of missing contaminated 
spots. Previous testing of SIMON, conducted at SRTC, 
has demonstrated the capability of the automated system in 
identifying small spots undetected by manual surveys. The 
automated collection and storage of data provides for record 
keeping and comparisons of survey data that are currently 
not feasible with manual methods. The resulting detailed 
map of a survey, indicating precise locations of 
contaminated areas, can reduce the amount of floor 
requiring decontamination and thus the resulting secondary 
waste. 

V. CURRENT STATUS 

The floor characterization system, including the 
robotic platform, radiation sensors, and control station, 
have been procured. The robotic platform includes an 





Fig. 3 RADMAP Display 

option for improved navigation from the vendor. This 
option, which is a significant improvement over dead 
reckoning, has not been delivered as of this writing, nor 
have the new radiation detectors. All remaining hardware is 
either at  SRTC or ORNL and is being prepared for 
integration in early FY 1995. 

VI. FUTURE PLANS 

The individual subsystems for MACS have been 
procured and will be integrated in early FY 1995. After 
verification of performance, initial use of MACS will be 
focused on obtaining comparative results with manual 
methods. Surveys will be conducted both manually and 
with MACS to compare relative costs and data quality. 
Preliminary cost analyses indicate the potential for 
significant benefits for large-scale operations, and data 
quality benefits should be even more significant. 

As stated earlier, the philosophy behind MACS is to 
make it a tool for HPs. The graphical user interface has 
been designed to facilitate its use by users not familiar with 
the robot programming language used by MACS. The 
user will be able to graphically designate the area to be 
surveyed. The robot program will be automatically 
generated and downloaded to the robot. During initial 
testing of MACS, feedback will be sought from HPs to 
evaluate and improve the graphical interface. 

Efforts to enhance the MACS navigation subsystem 
and the battery system have already been defined and are 
being implemented. The navigation enhancements will 
allow for improved operation in large open environments. 
The ultimate goal is the capability to use natural landmarks 
for position determination, as opposed to preplaced 
markers. The MACS battery system upgrade will allow 
for quick replacement of uncharged batteries with a fresh set 
for around-the-clock operations. This upgrade will provide 
for capabilities that will be required for large-scale 
operations. 

In the corning yeax, two demonstrations of MACS are 
planned. The first will be conducted at the Reactive Metals 
Incorporated (Rh4I) facility in Ashtabula, Ohio, and the 
second at the K-25 Site in Oak Ridge. The objective of 
both demonstrations is to evaluate MACS as an J3P tool in 
an operational environment and to obtain further 
comparisons with manual methods. 

A significant amount of floor space in process 
buildings requiring floor characterization is not readily 
accessible by a robot the size of MACS. A reduced-size 
robot, equipped with appropriate sensors and a data link to 
MACS, will provide a means for surveying much of this 
limited access floor space. The reduced-access 
characterization system (RACS) will be procured from 
private industry and modified as required to provide the 
desired functionality. Design specifications will include 





appropriate interfaces for integrating RACS with MACS. 
Following procurement and integration, RACS will be 
demonstrated and evaluated in conjunction with MACS. 

VII. SUMMARY 

SRTC and ORNL are developing an advanced floor 
characterization system, MACS to characterize indoor 
contaminated floors. MACS is based upon previous work 
done at SRTC, namely SIMON. MACS, using the same 
platform as SIMON, will feature enhanced navigation 
sensors, operator interface, and an interface to simplify 
integration of additional sensors. The enhanced navigation 
system will provide the capability to survey large open 
areas much more accurately than is possible with SIMON. 
MACS operator interface is designed to facilitate the use of 
MACS as a tool for health physicists. 

Initial use of MACS, which will be equipped with 
radiation detectors, will be focused on obtaining 
comparative results with manual methods. Tests and 
demonstrations are planned at both the RMI facility in 
Ashtabula, Ohio, and the K-25 Site in Oak Ridge in FY 
1995. 
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