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Introduction

     Advancements in the field of artificial intelligence began as a combination of dreams and necessities. At its inception, the Mars exploration project made use of robotic technology as a means of understanding the atmospheric and geological conditions from orbit. This prepared the way for use of semi-autonomous ground based robots like the Mars Rover, “Spirit,” which just celebrated its first anniversary on the red planet according to the Martian solar calendar. Currently NASA is utilizing the cutting edge in modern robotics to ready Mars for the eventual arrival of human explorers. 

     These robotic advancements, though originally designed for use in space exploration have other, possible applications that are currently in development. One example of this rapidly growing technology is the robotic munitions ordinance and disposal units currently in use by ground forces in both Afghanistan and Iraq. The development of these robots for military use gives troops between 300 and 3000 feet of advance protection in a stand off, and enables a better quality inspection of sites that could contain explosives that are being left by insurgents in everything from dead animals to blocks of concrete. (Handwerk, 2004)

     The potential for development of these life-saving machines goes well beyond the bounds of their military application, however. In this paper I will address several theoretical applications for existing robotics technologies and propose additional research projects related to both law enforcement and medical applications for these thinking machines.

The Exploration Of Mars

     Early planning models for the exploration of Mars were met with several problems that could not be overcome without the aid of intelligent machines. The first and most notable is the distance between Earth and Mars. It takes two years of space travel to reach Mars, which made manned missions impossible. There would then be the same problems meeting the needs of the astronauts required for the return trip. The problem of supplying a crew with food, water, and breathable oxygen for that long a period of time is simply not feasible at this stage of any of the space programs in existence. Sending robotic machines then became the most plausible alternative. 

     Robotics were not without drawbacks as well though as real-time communication with these machines would not be possible over this great a distance. It then became necessary to create machines capable of some level of independent reasoning and basic decision making skills. This was where the Rover project was born.

     The Mars Rover called “Spirit” by its designers is equipped with the latest in artificial intelligence programming, and while it is not a completely autonomous vehicle it does have certain abilities that allow it to carry out its mission largely without the assistance of human operators. It is capable of self-navigation and has the ability to map the safest route to its objective by performing varying levels of terrain analysis on its own. This is achieved by the use of two different forms of computer navigation technology developed by Jet Propulsion Laboratories.

     Prior to the current Mars mission the rover Sojourner was delivered to Mars during the Pathfinder mission. This two-month mission proved that it was possible to deliver robotic machines safely to Mars, but it also proved the need for more autonomous machines capable of more independence and problem solving abilities. The problems faced by Sojourner lead to the development of ASPEN, the Automated Scheduling and Planning Environment. This system is used to encode rover design knowledge and uses search and reasoning techniques that automatically generate low-level command sequences while respecting the constraints of its own operability, science and engineering preferences and environmental predictions. Specifically ASPEN is used to create downlink schedules, or interfaces with ground personnel on Earth, given a set of imaging activities, and to validate compliance with mission and operations constraints, but it was never intended for goal-based planning. (Sherwood et al, 2001)

     Sherwood et al (2001) list the following protocols for ASPEN:

Rover knowledge is encoded in ASPEN under seven core model classes: activities, parameters, parameter dependencies, temporal constraints, reservations, resources and state variables. An activity is described as an occurrence that takes place over a time interval that in some way affects the rover. It can represent anything from a high-level goal requested by the user, to a low-level event or command. Activities are the central structure in ASPEN.

An example of the modeling language for ASPEN appears like this:

Activity move_rover { 
constraints = 
starts after end_of 
rate_sensor_heat_up by [2m,3m]; 
reservations = 
solar_array_power use 35, 
rate_sensor_state change_to "on", 
target_state must_be "ready"; 
};  (Sherwood et al, 2001)
 

     ASPEN is only part of the innovations in AI used to upgrade the Mars Rover Project. Enhanced movement and sensory programs have been written to enable Spirit to operate more independently of the ground station. The first is called Computer Aided Remote Driving or (CARD) for short. Rover sends short-range stereo imaging back to the ground station on Earth. 

A three dimensional picture of the target area is generated and fed back allowing Rover to determine the fastest, safest route to its objective. It also gives the Rover a form of depth perception similar to that of a human being when analyzing its route over short distances so that it does not become trapped in any of the geographical features it analyzes. This program also makes it easier for Rover to perform numerous experiments in one area without the need for continual transmissions back to the ground station. 

     The second navigational program is called Semi-autonomous Navigation, or (SAN). Topographical data is sent back to the ground station from the Mars orbiter. An approximate map of the terrain and various features along with a proposed route to the objective are then transmitted to Spirit. Using on board stereo imaging cameras and laser rangefinders Spirit is then able to map its own route without being instructed to do so by the personnel on Earth. 

     There are several features incorporated into Spirit, which allow it to accomplish these rather profound feats of artificial intelligence. Its ability to model its own surroundings give it the ability comprehends basic concepts. For example, Spirit is aware of the difference between uphill and downhill. It can also “sense” potentially dangerous situations like the lip of a canyon or obstacles in its path and plan its own trajectory to avoid these hazards. 

     These abilities may seem amazing, bordering on the realm of science fiction. However, Spirit has recently celebrated its first catastrophe-free solar year on Mars, and is still transmitting and performing the functions for which it was designed. 

This demonstrates a milestone in artificial intelligence that should be expanded for use in the private sector. The potential for developments in AI for the exploration of our own planet and for improving the quality of human life right here on Earth is the next logical step for these milestone achievements.

Innovations In Military Application

     There are currently several models of AI machines in use within all four branches of the U.S. Military. These robotic vehicles, some weighing under one hundred pounds, are not as advanced as the Mars Rover, but they are the cutting edge of military technology.

      Robin Laird, supervisor of the Unmanned Systems Branch of the U.S. Navy's Space and Naval Warfare Systems Center (SPAWAR) was quoted in The National Geographic News as saying, 

In my mind, someday we'll be doing battle with robots—not killing people. The military robots currently available, however, are not nearly as sophisticated as those that are sometimes portrayed by Hollywood films. We're probably 10 to 20 years behind the least sophisticated system you'd see in something like Terminator 3, but we're getting there. (Handwerk, 2004)

     Unmanned aircraft, such as the Predator, a missile capable reconnaissance plane, and its ground-based counterpart, the Unmanned Ground Vehicle of UGV which is a larger vehicle built on the chassis of a John Deer Tractor used for uncovering enemy mines have been in use since the war in Bosnia. 

     Another such machine is the JPL (Jet Propulsion Laboratories) Humvee, an unmanned vehicle capable of autonomous navigation. This vehicle is used primarily by military personnel and is described as:

The computing system includes several VME single-board computers operating under the VxWorks real-time operating system. The HMMWV is equipped with a NovAtel RT20 differential global positioning system (DGPS) receiver, which yields a 20-cm horizontal circular-error-probable (CEP) accurate positioning solution at 10 Hz. It also contains a Honeywell Modular Azimuth Positioning System (MAPS), an inertial navigation system (INS) that produces position, orientation, and velocity data at 25 Hz. The INS and DGPS solutions are integrated with an external Kalman filter. A 5-kW propane generator, housed in a side panel, provides power for all onboard sensors and computing hardware. (Jet Propulsion Laboratories, 2005)

     In recent months smaller robotic vehicles weighing as little as fifty pounds are being used by individual troops in Iraq and Afghanistan. These vehicles are used in explosives disposal, a life-saving measure effective in keeping down human casualties. With the passage of time these technologies will no doubt be advanced to the point that wars very well may be fought from a distance using robots instead of people. 

     Examples of these innovations are beginning to become visible in the private sector, mainly for use by law enforcement. One such machine is the “Urbie” Rover. According to Jet Propulsion Laboratories (2005):

Urbie is a robotic platform designed for urban environments. The chassis is an iRobot® Packbot augmented with a perception payload consisting of two Pentium PC-104 form-factor processors, wireless Ethernet, a differential GPS receiver, an inertial measurement unit, digital compass and inclinometer, a single-axis scanning laser range finder (LIDAR), an omni-directional camera and a binocular stereo camera pair. One processor is dedicated to vision processing, while the other is dedicated to navigation. When combined with JPL's sophisticated perception and navigation software, these sensors enable Urbie to perform a wide range of autonomous tasks, including EKF-based self-localization, autonomous stair climbing, LIDAR and stereo-vision-based obstacle avoidance, safeguarded teleoperation, GPS and visually-designated waypoint navigation, visual servoing, and autonomous retrotraverse.

     These machines can be used to determine conditions hazardous to human beings as well as give law enforcement on-site reconnaissance prior to entering potentially dangerous situations.

     Is this progress? No. Progress would be the development and application of this form of artificial intelligence for non-violent, private sector use The potential benefits to the human race range from their potential use in medical procedures, law enforcement, life saving technologies and educational aids for children. In order for these innovations to happen, however, money to back the research is required. 

Conclusion: AI In The Private Sector

     Robotic mechanisms do exist in the private sector, but at present these are little more than functional novelties. They are expensive to produce, costly to maintain and contain none of the autonomous features present in either the Mars Rover or the military robots. 

     Police departments in several states have access to “bomb sniffing” robots that have saved the lives of many bomb squad personnel. Further developments in this type of artificial intelligence would no doubt benefit law enforcement immensely. AI could prove useful in database management, allowing for quicker access by law enforcement officials to vital and criminal statistics, fingerprint analysis, forensic analysis and cross-database searches that at present take considerable time and manpower. By charging these tasks to AI robotics law enforcement officers would then be free to continue their real-time investigations unimpeded. 

     Further benefit to the advancement of artificial intelligence is evident in the medical field. While clinical and surgical advancements over the last century have been considerable, the introduction of AI components to be used in diagnostic and treatment apparatus has the potential to save lives and improve the quality of life for people with chronic and life threatening conditions such as coronary artery disease and cancer. 

     For example, biomedical applications developed using AI miniatures could be used to clear blocked arteries, deliver medications to cancerous masses or aid doctors in the diagnosis of previously undetectable conditions. These benefits far outweigh their costs, and should be funded as readily as the military devices currently in use.

     In conclusion, it is my belief that the future of AI robotics lies not with the military or even with the space agencies where it was born, but with the private sector.  The military is only interested in developing better ways to wage war, and even NASA is only interested in using AI technology for space exploration.  While these groups have more money to fund AI research, the full possibilities will not be explored until private investors fund diverse research options. The humanitarian potential for these devices should be explored, and developed alongside their militaristic counterparts or we become guilty of what so many science fiction writers have always feared. The creation of a slave race designed merely to suffer and die in our stead.
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