I.   INTRODUCTION


A.   BACKGROUND

The use of multiple, small robotic vehicles for performing reconnaissance, marking and clearing of mines and minefields, as well as clearing unexploded ordinance from areas of interest, is currently an active pursuit of the Navy's Explosive Ordinance Disposal (EOD) Research and Development Department. Known as a Basic Unexploded Ordinance Gathering System (BUGS), these small robots are being designed to assist EOD technicians whose responsibilities include entering battlefields and test-firing ranges to clear "improved munitions", as well as similar systems for performing the reconnaissance mission that supports the clearing of approach lanes to the beach for amphibious force landings. For the land-based operations, the goal is to improve safety and performance with these smart machines, with the EOD technician having the capability to instruct the vehicles to transit an open area, while performing the necessary obstacle avoidance, and pick up pieces of ordinance or place charges that can be detonated upon command. This range remediation and battlefield-clearance aspect of these small, autonomous robots will also reduce the EOD squad's time-consuming task of clearing the affected areas after hostilities cease. In the Surf Zone Reconnaissance Program, the goal is to provide a shallow-water mine, obstacle and environmental mapping capability to the amphibious warfare commanders to facilitate amphibious attack and clearance operations. In addition to the reconnaissance mission, the technologies to use groups of small robotic vehicles to mark ordinance in the surf zone and conduct mine neutralization missions are also being developed. By eliminating the human from the immediate area, the EOD technicians will be able to formulate decisions from remote sites and determine which items to remove. There are many other potential advantages to using groups of small, crawling BUGS to search the battlefields and surf zone bottoms. Close-range sensing may offer better classification potential than long-range sensing, particularly against well-buried mines. Multi-vehicle systems can provide search redundancy and improved system reliability. Once deployed in the surf zone environment, a group of Autonomous Search Vehicles (ASV) could be covert, and it could operate during the day or night and in adverse weather. With the current technology involving essentially a brute-force approach, the promise of autonomous BUGS would provide a method with more stealth and the ability to prevent loss of life and limb.  

B.   SCOPE OF THESIS
This thesis is intended to document and detail the developments of numerical simulation studies to examine strategies for the combined usage of many low-cost BUGS in land-based and surf-zone environments. These simulations are, in particular, developing performance data for the use of BUGS in pick-up and carry-away (PUCA) clearance operations for the land-based simulations, and performance data on the reconnaissance capabilities for the surf-zone mission.  The work presented for the land-based simulations of the autonomous vehicles builds on work done by Healey and Kim in [1] for the Naval Explosive Ordinance Disposal Technology Division, Indian Head, MD., conducted at the Naval Postgraduate School.  For the land-based scenario, the ultimate purpose of the work is to develop the low-level (per BUGS) and high-level (fleet) control strategies needed to implement a fleet of BUGS vehicles to perform the remediation of large areas of land in reasonable amounts of time. For the surf-zone reconnaissance mission, the goal is for the small fleet of vehicles to be placed in the amphibious approach lane from the seaward side, and perform the necessary locating and marking of the unexploded ordinance (UXO) that is to be disposed. In short, these numerical simulations will allow the user to determine the most optimal use of his autonomous robotic assets and to determine the clearance and reconnaissance times to be expected for the various modeled scenarios. 

Chapter II will cover the derivation and development of the mathematical modeling of search algorithms and sensor packages and how they relate to the overall simulation. Chapter III discusses obstacle avoidance modeling and how it is implemented into the simulation code. Chapter IV develops the vehicle dynamics model and its interaction with the sensor and obstacle avoidance routines. Chapter V will discuss the results of numerical simulations performed to compare various scenarios and vehicle combinations for the land-based and surf-zone reconnaissance models. Chapter VI will summarize this thesis, present the conclusions, and make  recommendations for further simulation code development. 
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