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ABSTRACT

An Intelligent Mobile Sensing System (IMSS) has been developed for the automated inspection of radioactive and
hazardous waste storage containers in warehouse facilities at Department of Energy (DOE) sites. A two-dimensional space of
control modes was used that provides a combined view of reactive and planning approaches wherein a two dimensional
situation space is defined by dimensions representing the predictability of the agent's task environment and the constraint
imposed by its goals. In this sense selection of appropriate systems for planning, navigation, and control depends on the
problem at hand. The IMSS vehicle navigation system is based on a combination of feature based motion, landmark sightings,
and an a priori logical map of the mockup storage facility. Motion for the inspection activities are composed of different
interactions of several available control modes, several obstacle avoidance modes, and several feature identification modes.
Features used to drive these behaviors are both visual and acoustic.
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1. INTRODUCTION

1.1. Problem

The purpose of the IMSS program is to create a system to automate monitoring and inspection of stored hazardous,
radioactive, and mixed waste drums. The DOE has hundreds of thousands of storage drums stored in multiple facilities located
at several sites in the United States. The Environmental Protection Agency (EPA) requires positive weekly inspection of each
storage drum in a storage facility. The current human inspection process is time-consuming and presents inherent health
hazards. The IMSS will automate the inspection process, lowering costs and providing safer, more accurate and more
consistent inspections.

Most waste storage facilities contain 5,000 to 20,000 banels per building. Barrel sizes include 35-, 55-, 87-, 93-, and 110-
gallon drums; colors include white, yellow, silver, gray, and black. Storage facilities typically have barrels stored four to a
pallet, with pallets arranged in single rows. Observed stacking heights for pallets vary from two to five pallets with an average
of three high. Aisle widths vary from facility to facility, ranging from 65cm to 95cm. Aisle lengths also vary from 5m to
hundreds of meters. In general, space is left between the last pallet in a row and the adjacent wall. Positive inspection of each
barrel is required and operator response to flagged barrels is required within 24 hours.

Inspection tasks identified to be performed include detection of rust spots, rust streaks, corrosion, dents, bulges, tipped
drums, and displaced drums. Bar Codes must be located and read; other labels and markings should be ignored. Visual
anomalies NOT to be mistaken or confused as a defect include:

1) Accumulations of dust or dirt on ridges, rims, or seams;
2) Condensation streaks in dust or dirt;
3) Symbols or other labels that are not bar codes;
4) Drum seams.

The inspection requirements are not standardized in general because of differences of the various state and federal regulating
agencies and various DOE facility policies.

Variables and external events in the operational environment include frequent rearrangement of the drums and aisles,
randomly abandoned forklifts, extra pallets, and new drums. The lighting is highly variable, and there can be various amounts
of dust, floor seams, containment berms, and ramps.
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