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A customized autonomous vehicle supported by an integrated GIS is enabling rapid 
geophysical and radiological data collection and improving data accuracy and coverage.  
 
By Suzy Cantor-McKinney and Michael R. Kruzic. 
 
ZAPATAENGINEERING challenged our engineers and scientists, which included robotics 
expertise from Carnegie Mellon University, to design a solution to meet our client’s 
requirements for rapid digital geophysical and radiological data collection of a munitions 
test range with no down-range personnel.  A prime concern of the project was to 
minimize exposure of personnel to unexploded ordnance and radiation.  The field season 
was limited by extreme heat, cold and snow. 
 
Geographical Information System (GIS) tools were used throughout this project to 
accurately define the limits of mapped areas, build a common mapping platform from 
various client products, track production progress, allocate resources and relate 
subsurface geophysical information to geographical features for use in rapidly 
reacquiring targets for investigation.   
 
We were hopeful that our platform could meet the proposed 35 acres per day, towing 
both a geophysical package and a radiological monitoring trailer.   We held our breath 
and crossed our fingers as the autonomous Speedrower began to crawl across the playa 
lakebed.  We met our proposed production rate, and we averaged just less than 50 acres 
per 12-hour day using the autonomous platform with a path tracking error of less than +/- 
4 inches.  Our project team mapped over 1,800 acres in an 8-week (4 days per week) 
timeframe. 
 
The expertise of our partner, Carnegie Mellon University, was recently demonstrated 
when their two autonomous vehicle entries finished second and third at the 2005 Defense 
Advanced Research Projects Agency (DARPA) Grand Challenge. “The Grand 
Challenge program was established to help foster the development of autonomous 
vehicle technology that will some day help save the lives of Americans who are 
protecting our country on the battlefield,” said DARPA Grand Challenge Program 
Manager, Ron Kurjanowicz.    
 
Our autonomous remote-controlled vehicle (ARCV) was a modified New Holland 2550 
Speedrower retrofitted to allow the machine-actuated functions to be controlled by an 
onboard computer.  The computer-controlled Speedrower was developed at Carnegie 
Mellon University to automate agricultural harvesting.  Harvesting tasks require the 
vehicle to cover a field using minimally overlapping rows at slow speeds in a similar 
manner to geophysical data acquisition.  The Speedrower had demonstrated its ability to 
perform as it had already logged hundreds of acres of autonomous harvesting. This 
project is the first use of autonomous robotic technology on a large-scale for geophysical 
surveying. 
 



 

The Speedrower is typically guided autonomously, but can be remotely-operated or 
conventionally driven for transport, set up, service, obstacle negotiation, or recovery from 
a remote location.   The fully autonomous operation is programmed from the user 
interface and provides Global Positioning System (GPS) tracking of the platform and 
payload based on user parameters.  The remote control operation was via the 
communications link.  Onboard cameras provided visual feedback for the operator. 
Onboard emergency stop switches and a radio-linked emergency stop assured that remote 
operators always had a means to stop the vehicle. 
 
Vehicle autonomy was accomplished by establishing a planned path for the area to be 
covered using a differential GPS and inertial system combined to accurately locate the 
vehicle at all times and control the vehicle operating systems.  This path plan was 
generated using available geospatial data in conjunction with GIS software.  Through 
photo interpretation of recent aerial surveys and client provided land use history, areas 
were selected for geophysical and radiological surveying.  GIS tools aided in defining the 
scope of the surveys and reduced inaccuracies and gaps from various data sources.  As 
there was no operator on the vehicle the accuracy of the boundaries and obstacle 
information was critical to the safe and efficient operation of the autonomous vehicle.  
Robotics technicians developed a path plan to avoid known obstacles and other areas 
defined by the client.  The resulting path plan was a series of way points that guided the 
vehicle to completely cover the area of interest and minimize traffic outside the defined 
survey area.  The ARCV was armored to protect vital components in the event of an 
accidental detonation of explosive items encountered. 
 
Our onsite support van contained personnel and hardware to support the field deployment 
of the autonomous vehicle, including communications and console equipment to monitor 
and control vehicle operation.  Communication links allowed for manual override of 
remote control operations.  The vehicle was equipped with high-resolution video, a GPS, 
and long-range high-bandwidth wireless communications capable of transmitting high-
resolution video, survey data, and driver commands from the survey vehicle to the field 
support facility in excess of 500 kbps with a range in excess of 2 miles.   
 
The ARCV’s navigation system provided position estimation to within 1.5 in using a 
RTK base station.  High-definition, live color video feed was supplied from a high-
resolution color camera installed on the front of the vehicle.  The color camera was 
outfitted with a fixed-focus lens.  The video signal was routed to the support van over the 
wireless communications.  At the support van, the video, GPS, time, and date information 
were recorded and displayed.  A stationary video camera was mounted to provide a view 
of the sensor trailers.   Upon deployment, the ARCV was monitored as it operated 
autonomously.  The system had the capability to issue an alarm for remote manual 
operation in the event the vehicle could not navigate autonomously. 
 
The autonomous platform was used for digital geophysical surveys to detect, quantify, 
and map metallic items on the ground to a depth of 10 ft below ground surface using a 
three-coil EM61 MK2 system.  In addition to towing the geophysical trailer, the 
autonomous vehicle also towed a tandem radiological monitoring trailer to develop a 



 

complementary dataset.  Data streams from both the geophysical and radiological sensors 
were downloaded to the support van on a real-time basis.  Line spacing was 10 ft and 
positioning accuracy was at 2 in.  Latitude and longitude coordinates are recorded five 
times per second for post-survey analysis. 
 
The ARCV data collection system with a combination of GPS and inertial positioning 
provided large amounts of geophysical data with minimal data gaps, due to the positional 
accuracy of the vehicle remaining on course.  GPS dropout was rare resulting in minor 
positional errors.  Our project team developed automated routines for processing the large 
data files.  Data editing was limited and data processing productivity was significantly 
increased.  Data were processed within 48 hours of data collection, per client 
requirements.  Once the data was processed, our GIS staff was able to quickly produce 
status maps for all team members to monitor progress.  Target anomalies were then added 
to the GIS based maps.  These GIS maps provided easy to read tools for quicker target 
acquisition for technical field personnel.  At times, these maps would allow field crews to 
directly navigate to the target anomalies without GPS devices.  This process ensured all 
team members were looking at accurate data for analyzing work schedules, resources and 
budgets.   
 
 
The use of an autonomous vehicle and GIS was a success and the advantages are 
obvious: 

 
 Does not require personnel to enter hazardous areas during data collection 
 Programmed survey route eliminates data gaps created by “operator error” in man-

driven or pulled systems 
 Eliminates personnel fatigue 
 Continuous data collection beyond daylight hours increases daily productivity rate 
 Eliminates work-rest cycles during excessive heat/cold conditions 
 By minimizing field personnel and field-related work hours, the opportunity for 

accidents is greatly reduced 
 Reduction in direct project costs such as per diem, lodging, and equipment rental 
 GIS identified data gaps for route planning and identified obstacle avoidance areas 

 
 

ZAPATAENGINEERING has successfully used what most may think is an unproven 
technology still in the research and development stage.  However, we were able to 
transition this technology to commercial use and leverage the capabilities of autonomous 
vehicle operations to increase productivity for mundane, repetitive and potentially 
hazardous tasks.  Using off-the-shelf platforms, computers, and software, an ARCV can 
be configured to operate in a variety of environments for earthmoving in high-hazard 
areas, inspection/palletizing unknown containerized wastes, as a stand-alone 
reconnaissance vehicle, and/or towing data collection sensors (digital geophysical, air 
monitoring, etc.). 
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Modified New Holland 2550 Speedrower with radiological monitor and a three-coil MK2 
detection system.  Photo courtesy of Michael Kruzic. 
 



 

 
ARCV operating on the playa lakebed.  Photo courtesy of Michael Kruzic 


