Waiting for Waiting for Robot
DARPA’s Autonomous Vehicle Challenge

GPS World

A lonely vigil took place March 13 at the desert finish line of the Defense Advanced Research Projects Agency’s (DARPA) Grand Challenge. Spectators and team members anxiously awaited word of fifteen unmanned vehicles on a hazardous 146-mile course from Barstow, California to Primm, Nevada. Starting at dawn, the vehicles attempted to navigate the mountainous Mojave crossing with GPS and other sensors. 

DARPA dangled a $1 million prize to stimulate creative thinking and lead to the development of autonomous vehicles that can resupply U.S. troops in the battleground. The Defense Department wants a third of combat vehicles to operate without drivers by 2015, and the initiative has stalled with conventional large contractors. 

Winning the prize required completing the course — its exact route and mileage not revealed until two hours before start time — in less than 10 hours, for an average speed around 20 miles per hour. Typical speed for earlier off-road robotic vehicles has hovered around 10 miles per hour in the flat. As the terrain would force vehicles to slow for switchbacks, steep climbs, and obstacles, they would have to move at near-highway speeds over other stretches to finish in time. 

More than 100 initial entrants thinned to 25 for a March 11 qualifying test, and then to the Final Fifteen at the starting line. They came from technical universities, private firms, ad hoc engineering groups, and even from Palos Verdes High School, and ranged from a mammoth truck to a dune buggy. 

The favorite arrived from Carnegie Mellon University: Sandstorm, a souped-up Hummer using an Applanix (now Trimble) POS LV GPS and inertial system, with corrections from Omnistar. The team also drew support from Boeing, Space Imaging, Advanced Motion Controls, and others. 

Entries fielded by Cal Tech, Digital Auto Drive, the Center for Intelligent Machines and Robotics, the University of Louisiana, SciAutonics, and Terra Engineering, used NavCom Technology’s SF-2050G receiver and StarFire corrections network. A second SciAutonics vehicle used Trimble GPS. 

Teams spent months in preparation. Carnegie Mellon’s Red Team began with pre-existing, low resolution map data of the Barstow-to-Las Vegas area, poorly registered to ground truth. They drew new satellite image data at meter resolution from Space Imaging, with a narrow strip of orthorectified imagery provided by Visual Intelligence Systems, co-registered with a coarser footprint of elevation data, and groundtruthed by a portable geotool from SAIC. 

Sandstorm used a range of perception sensors to see terrain and obstacles: a laser range finder looked 50 meters ahead over a 60-degree field and generated terrain modeling paired with maps; a lidar system handled close-in modeling; radar took over in dusty conditions; stereo video handled the 20-meter range for close maneuvers. 

Position and orientation were estimated by six-axis inertial sensing and axle encoding fused with GPS by the Applanix pose estimator and OmniStar carrier-phase differential corrections. A complex system of gimbals, actuators, and controllers attempted to stabilize and isolate the sensors from vehicle motion over rugged terrain — a key challenge. Sandstorm performed well during tests and aced the qualifier — the only vehicle to do so. 

At 3 a.m. on race day, DARPA handed contestants a CD with latitude and longitude of 2,000 route waypoints, and they loaded the data aboard their GPS and mapping suites. The robots set off at dawn, each chased by an experienced off-road racer with a DARPA passenger holding a pause/kill switch. 

Sandstorm wowed the early morning crowd with its charging 40-mile per hour start, but soon exhibited problems. It failed to recognize several fence posts and flattened them. More trouble came soon. From the Red Team’s racelog: 

“7.2 miles in, we came off an inside switchback a little loose. Sandstorm jumped some rocks and edged the inside wall. After the turn, it drifted to the outside, which would have been a long, steep drop. In an instant, Sandstorm edged the brink with the outside tires and bellied onto the skid plate. The momentum was forward, not outward, so we plowed, stuck and teetered rather than rolling. 

“Our race was run. We were saved from the plunge by high-centering on the outer berm. Sandstorm’s left side and wheels were leaned over the bank. The perception, computing, driving and automotive systems were operational. The rear driveline was dug in, so the front spun. We burnt off the tires and broke the half-shafts. When Sandstorm could do no more, the chase vehicle shut us down.” 

A Sandstorm rollover during desert trials nine days earlier had damaged some of its sensors, and during the race it operated with only a laser rangefinder and GPS. 

Still, it went further than any other robot on the course. SciAutonicsII stuck in an embankment at mile 6.7. Digital Auto Drive hung up on a rock at mile 6.0. Golem Group couldn’t climb a hill at mile 5.2. And others didn’t make it far from the gate, if at all. 

Still, everybody partied that night at Buffalo Bill’s Casino in Primm, including Sandstorm, righted, restored, and having completed the course under assistance. DARPA sponsors expressed great satisfaction with the Challenge, even without finishers. After all, they got to see a lot of great ideas in action for virtually no cost. They pledged to hold the event again in 2005 or 2006 — reportedly doubling the purse. 

Teams will debrief over the next weeks and months, but it appears that, in most cases, GPS technology functioned as expected. Platform rocking and jarring that disturbed sensor functions (as well as the handicapping damage to Sandstorm) may have been the prime factor that turned back this generation of robots.

