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OVERVIEW

This report summarizes the results of an investigation conducted by the Federal Highway Administration’s (FHWA) Office of Operations, Research, Development, and Technology at the Turner-Fairbank Highway Research Center (TFHRC). This investigation targets the evolving character of applications using Differential Global Positioning System (DGPS) technology for surface transportation, especially highways, on the State and local government levels.

The Global Positioning System (GPS) is a satellite-based radio-beacon navigation system developed, owned, and operated by the U.S. Government. GPS uses a constellation of 24 satellites that transmit time signals continuously. Users equipped with the appropriate receivers can receive signals from the satellites to calculate the user position, time, and velocity. The civilian GPS signal, referred to as the Standard Positioning Service (SPS), is available free of charge worldwide and provides a guaranteed accuracy of 100 meters (2 drms).

Many transportation applications require better accuracy than what basic GPS/SPS provides. To achieve such accuracy, an augmentation technique commonly known as the Differential Global Positioning System (DGPS) is used. The DGPS technique is based on a highly accurate geodetically surveyed location of a GPS reference station. The reference station observes GPS signals in real time and compares their ranging information to the ranges expected to be observed at its fixed location. The differences between observed ranges and predicted ranges are used to compute differential corrections, which are then provided to GPS users.

In general, DGPS techniques can be categorized as either real time or post-processing. In real-time correction, the appropriate GPS receiver receives the differential signal at the time of data collection. The process is automatic and is transparent to the user. On the other hand, the post-processing technique is a multi-step process. It starts with collecting GPS data in the field and saving it in electronic format. Then, upon returning to an office or facility equipped with computers and specific software applications, as well as access to the Continuously Operating Reference Stations (CORS) archived GPS data files, the user would initiate a lengthy computer calculations process. The length of the process would vary depending on the number of GPS data points corrected. It should be noted that centimeter accuracy is achievable using the post-processing technique.

Numerous State and local transportation departments are already using this technology, while others are in the process of evaluating it for their specific applications requirements. There are several incentives for transportation departments to use this evolving technology. An example of such an incentive is to improve public safety (e.g., faster emergency response). Yet another example is to increase efficiency since GPS technology and its augmentations are easy to use and are more efficient (e.g., fewer person-hours are required to collect and process location data than are needed for traditional techniques).

Each transportation department’s use of DGPS is based on its particular needs. However, there is a common thread among transportation applications. Each uses this technology to improve public and personnel safety as well as efficiency. There is a whole gamut of transportation applications using DGPS. Such applications include:

· Geographic databases for use in emergency 911 systems. 

· Highway inventory (i.e., cantle signs, milepost markers, right of way, guardrail, and bridges). 

· Emergency response services (e.g., police, fire, and rescue). 

· Automatic vehicle location for public transit and other fleets. 

· Snowplow guidance for low-visibility situations. 

· Inventory of railroad crossings and road centerline. 

· Land-use planning. 

· Tracking hazardous materials from origin to destination. 

· Mapping pavement condition, safety, accident, and traffic data. 

One of the most widely used applications within transportation agencies is the integration of DGPS with the Geographic Information System (GIS). GIS allows the association of data statistics of any kind with a specific geographic location and the displaying of the data on an interactive map. The role of DGPS comes in determining a location for each data point. An example is the use of DGPS to monitor dangerous sections of highway by mapping accident statistics on a GIS map.

To date, 21 State representatives have provided a description of their DGPS-related activities and applications. These States are: Arizona, Colorado, Florida, Indiana, Iowa, Kansas, Louisiana, Michigan, Minnesota, Montana, Nevada, New Hampshire, New York, North Dakota, Oregon, South Dakota, Tennessee, Texas, Utah, Virginia, and Wisconsin.

DGPS applications are not limited to transportation departments. Hence, several State, local, and Federal agencies rely on DGPS technology to carry out their missions. Examples of such entities are:

· Park service and wildlife departments. 

· Public land management. 

· Planning and surveying departments. 

· Environmental agencies. 

· Police departments. 

Finally, this limited-scope investigation sheds light on numerous applications, especially transportation applications that rely on DGPS technology. It is difficult to compile a comprehensive list of DGPS-related activities since there are an extensive number of government entities that are using the technology, conducting operational tests, or planing to use it in the future. Consequently, the information provided herein is a "best effort" that has been conducted within the twin constraints of time and budget.

INTRODUCTION

The Federal Highway Administration’s (FHWA) Office of Operations, Research, Development, and Technology at the Turner-Fairbank Highway Research Center (TFHRC) is conducting an investigation of Differential Global Positioning System (DGPS) technology applications for surface transportation. This investigation targets the evolving nature of applications relying on this technology within State and local transportation departments nationwide. State and local transportation agencies rely on DGPS to improve public safety, enhance efficiency, and increase productivity.

This report summarizes DGPS-related activities within State and local transportation agencies. It is important to note that most of the information contained in this report was provided by and is the perspective of the staff of State and local agencies.
The following is a brief description of several State and local governments’ transportation-related activities that are currently using and/or plan to use DGPS.

Arizona | Colorado | Florida | Indiana | Iowa | Kansas | Louisiana | Michigan | Minnesota | Montana | Nevada | New Hampshire | New York | North Dakota | Oregon | South Dakota | Tennessee | Texas | Utah | Virginia | Wisconsin 

ARIZONA

The Arizona Department of Transportation (ADOT) is currently involved in a variety of research and field deployment projects that involve the use of DGPS and Geographic Information System (GIS) technologies. The following projects in the DGPS/GIS arena are currently in progress in Arizona:

Differential Global Positioning System (DGPS): Arizona has taken an active role in pursuing funding for the establishment of DGPS stations in the State in an effort to accelerate the deployment of this technology from its present coastal/river focus to larger rural market areas. ADOT views the DGPS concept, with its 1-meter enhanced accuracy, as vital for future public and private fleet management, emergency services response and coordination, rural mayday technology, and vehicle navigation systems.

Vehicle Guidance System: The Intelligent Vehicle Initiative (IVI) promotes a variety of guidance systems, many of which are based on DGPS or other satellite-based concepts. ADOT has taken a lead role in testing and demonstrating vehicles developed using this technology. Both magnetic guidance courses and test sites (California PATH), as well as a vision-based control system (Carnegie Mellon), have been showcased in Arizona. In addition, ADOT is actively participating in a coalition with Caltrans (California Department of Transportation) and other departments of transportation for testing of prototype snowplow guidance systems with DGPS support as a possible component for primary or secondary location referencing. Also, ADOT is involved in the ITS America-sponsored national working group on Intelligent Transportation System (ITS) Applications in Road Maintenance.

Feature Inventory: Arizona has maintained a videolog of roadside features for many years, and a program is underway to key this feature inventory into a database using Global Positioning System (GPS) technology. The ADOT effort employs current civilian GPS technology and levels of accuracy with good results. It is planned to further refine the database with DGPS technology as it becomes available.

Back to list of states
COLORADO

There are several efforts and initiatives within Colorado that are using DGPS, especially applications integrated with GIS technology:

The Colorado Department of Transportation (CDOT) has taken the lead in creating a "B" order, Class 2 (1:500,000 accuracy) densification of the High-Accuracy Reference Network (HARN) throughout Colorado. CDOT has taken an aggressive approach in setting monumentation on a 10-kilometer (6-mile) spacing along State highways to facilitate the use of real-time kinematic (RTK) GPS These stations have been "Blue Booked" and sent to the National Geodetic Survey (NGS) for inclusion in the national database. Similar countywide grids using the same density have been developed.

The Transportation Commission of Colorado funded a statewide GPS project so that CDOT personnel could participate in "partnering" efforts with cities, counties, and other government agencies, and even the private sector. They visualized the long-term savings that CDOT would realize in the future. DGPS equipment using Rapid Static or RTK methods can now be used, showing a savings in manpower, since these methods require very short occupation time (a few seconds to 15 minutes) as opposed to static methods (30 minutes to 2.5 hours).

Other than setting control for engineering projects, CDOT has done little as far as using DGPS for GIS purposes. CDOT engineering regions have purchased equipment that is capable of doing preliminary surveys for roadway design using DGPS almost entirely. This also means that they are capable of performing as-built surveys that could be entered into the transportation layer of CDOT’s GIS map.

The CDOT Intelligent Transportation System Branch of Highway Operations has been working with a company in Monument, Colorado to develop their mayday system. This is being developed for use by the Colorado State Patrol and eventually by CDOT maintenance for snowplows. The system will be operated through CDOT’s radio network and the patrol dispatchers, and will trigger an "officer needs assistance" or "snowplow in trouble" signal. The current plan does not consider upgrading the present road map using GPS Consequently, the mayday system location accuracy will be limited to 100 meters, which is, in some cases, on the other side of the canyon and is thus unreachable.

Colorado counties have a very good idea of how DGPS can make their GIS systems better. The main problem for the counties is their lack of funds to achieve their goals. Some of the counties that have their own county HARN system are starting to drive the road centerlines using DGPS technology and are locating section corners, utilities, and many other features that will allow them to update their maps.

One county judge ordered every traffic sign in the county to be located and updated on a regular basis using this technology. The judge now has the data in a computer system that tells him if the sign was there on a certain date. In traffic court, a major excuse is usually, "there was no sign when I went through the intersection."

The counties are required to submit a road and bridge report to CDOT for allocation of Highway Users Tax Funds for the building and maintenance of county roads. For this purpose, CDOT prepares a county road map and distributes them with the digital data of the map to each county. One county bought GPS equipment to update their report and discovered that the CDOT map was not very accurate. By locating the bridges, it was found that these structures were not only nowhere near the road, but they were also nowhere near the rivers they were supposed to cross.

In the near future, CDOT intends to take advantage of the Federal Aviation Administration's (FAA) Area Navigation Array (ANA) project. The project will be putting a HARN station and some secondary survey monuments at selected airports. CDOT's Aeronautics Board voted to furnish the funds to cover those airports not covered under the FAA plan.

Back to list of states
FLORIDA

The Florida Department of Transportation (FDOT) is a major user of DGPS/GIS FDOT uses DGPS/GIS for roadway inventory, as well as for locating roads and water resources. The FDOT Surveying and Mapping Office in Tallahassee is undertaking a few initiatives integrating DGPS with GIS:

The first initiative is a multi-year effort to provide GPS capabilities directly to the districts and indirectly to the State consultants to improve survey data-collection efforts in support of FDOT to design, build, and maintain transportation systems in Florida. In 1998, FDOT was in the process of outfitting each of its districts with a minimum of four survey-grade GPS units. In future years, FDOT plans to locate GPS base stations around the State every 40 kilometers or so. This network of approximately 75 stations should provide total statewide coverage for post-processing capabilities in support of the State’s surveying needs. FDOT is researching the possibility of using airborne GPS to produce seamless maps for GIS and the determination of orthometric heights using DGPS.

The second initiative is a multi-year effort to develop and maintain a Civil Engineering Data (CED) base map. This CED base map is built from and will serve as the framework to provide the State with ready access to all of its planning, design, construction, and maintenance data associated with the transportation systems. In the future, the CED base map should provide for an accurate base map that could readily be used for an ITS. As a point of reference, the CED base map is not a map in the conventional sense. It is the data gathered during the planning, design, construction, and maintenance phases of all transportation projects.

In future years, FDOT hopes that with assistance from other Federal, State, and local agencies, it will be able to combine the benefits of the above two efforts into a highly accurate ITS for Florida by converting some of the base stations to broadcast stations.

Back to list of states
INDIANA

The Indiana Department of Transportation (INDOT) and the Data Processing Oversight Commission are working in conjunction with the National States Geographic Information Council and the Federal Geographic Data Committee to survey various agencies in Indiana on what they are doing in the area of geographic information. This information will enable State, county, local, public, and private entities to ascertain what geospatial data is being collected and where it is located. Moreover, this information will be used in a national database that will be part of the National Spatial Data Infrastructure.

Several GIS initiatives that use DGPS technology are taking place in Indiana. Examples of these projects are:

· All Interstate, US, and State roads; railroads; incorporated city boundaries; unincorporated city/town locations; road symbols; section corners; township outlines/names; reference posts; county outlines/names; and various other features. 

· Fatality location and vehicle type are linked on the GIS map. 

INDOT is continuing to bring more and more diverse data into the State’s GIS map through cooperation with State, county, and local governments, along with other public and private entities. According to an INDOT official, "The future is limitless and the possibilities are endless."

Back to list of states
IOWA

The Project Development Division of the Iowa Department of Transportation is currently using GPS in several areas covering the process of highway design. One of these areas is:

Roadside Development (Wetland Delineation and Mitigation): The Wetland Unit of Roadside Development is using DGPS for reporting the coordinates of wetland impacts due to road construction to the US Army Corps of Engineers so that the impact sites can be mapped with greater confidence. DGPS technology is being used for geo-referencing sample points taken in the field during wetland delineation. The Wetland Unit uses a Magellan hand-held GPS unit with a post-processing differential accuracy of 3 to 5 meters. Future use of DGPS technology will be geo-referencing of sample points within wetland mitigation sites for navigation back to the same point during later monitoring visits and determining the boundaries of wetland mitigation sites for use in GIS mapping and area determinations.

Back to list of states
KANSAS

The most advanced GPS/GIS program in Kansas is implemented in the videolog system. The videolog data collection includes latitude and longitude for each picture. This provides tracking of points along each route. The Kansas Department of Transportation (KDOT) videologs each Interstate, State highway, and US route on a 3-year cycle. In 1998, one-third of the State had been completed. The data collection includes the county, route, and distance from the county line.

The highway patrol has started a project to outfit all patrol vehicles with a DGPS unit for locating accidents and other distress calls. This will tie into a specialized GIS to provide mile marker references. The system is also connected to the highway patrol 800-MHz communications network. The system provides DGPS correction "on demand" (only when an incident is identified).

Other uses of DGPS technology include locating pavement sections chosen for testing in the Pavement Management System and the development of an AVL system to locate city buses in Kansas City.

Back to list of states
LOUISIANA

The Louisiana Department of Transportation and Development and Louisiana State University sponsored a study to demonstrate the feasibility of using GPS/DGPS and GIS technologies to measure travel-time and speed data on urban highways. The study was carried out by the Louisiana Transportation Research Center and was completed in April 1997. The specific objectives of the study were:

· Development of an efficient travel-time data-collection methodology. 

· Development of an efficient procedure for producing GPS and DGPS-based highway network maps suitable for travel-time studies. These directional centerline network maps allow for an accurate mapping of GPS-derived travel-time data to highway segments. 

· Development of a procedure and accompanying software to link GPS-derived travel-time and speed data to highway segments. 

Procedures and results of the study concluded that it was possible to provide a sound methodology, based on GPS/DGPS and GIS, to conduct the type of macro travel-time studies needed to develop congestion management systems for metropolitan areas such as Baton Rouge, Shreveport, and New Orleans.
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MICHIGAN

Currently, several projects in Michigan use real-time DGPS in areas covered by the US Coast Guard (USCG) DGPS network. Some problems occurred in the middle of the State where the USCG DGPS signal is unavailable. In these areas, GPS data has to be post-processed using the Continuously Operating Reference Station (CORS) network. Set forth below is a description of a few projects that use DGPS technology:

Non-Trunkline Federal-Aid Survey: The Michigan Department of Transportation (MDOT) is evaluating the takeover of all or part of the Non-Trunkline Federal-Aid System and has no current data on pavement condition or which bridges are located in this system. This data is considered of vital importance to management in making decisions and determining the cost of maintaining this system. Thus, a three-county pilot AGPS/Road Condition and Bridge Location Inventory Survey was initiated to collect this data and has been completed successfully. MDOT is preparing a Request for Proposal (RFP) to hire a consultant to collect the information on the remaining 37,000 kilometers (23,000 miles) of the Non-Trunkline Federal-Aid System in Michigan. MDOT wishes to obtain the following products from this study:

· Road Condition Database: This database will contain road conditions, pavement types, and lane information. 

· Bridge Location and Structure Identification Numbers: This information provides a link to the Critical Bridge File, thereby allowing the determination of the bridges and their structural condition on the system. 

· GIS Centerline Network: This study would produce an accurate computer network of the Non-Trunkline Federal-Aid System. This network will allow for the display and analysis of this systems=s roads and bridges. 

DGPS Centerline Survey of the Trunkline System: The purpose of this survey would be to determine exactly how many pavement lines of roads MDOT owns; to collect exact locations of control-section beginning and ending mile points, and MALI PR beginning and ending mile points; and to collect accurate coordinates for all bridges. MDOT goals include obtaining the following products:

· Trunkline Mileage File: Precise data on the mileage of the roads that MDOT owns. 

· Documented Point File: A documented waypoint file containing a description and the latitude and longitude of all beginning and ending points of control-section and MALI PR locations. 

· Control-Section/MALI PR Conversion File: An accurate conversion of control-section mile points to MALI PR mile points. 

· GIS Trunkline Centerline Network: A computerized digital network of the trunkline system that would have meter accuracy. 

· Bridge Locations: Centerline point coordinate file for all bridges owned by MDOT. 

Environmental Section GPS Demonstration Project: This is a joint project with the environmental section to evaluate GPS and DGPS technology as a utility for conducting environmental surveys. These surveys will include mapping the following as they relate to the existing or proposed trunkline stationing: Endangered species populations/critical plant and animal habitat, delineating natural wetland boundaries, delineating habitats, and size verification of created wetland mitigation sites. GPS and DGPS technology could be used during all general surveys, during the draft Environmental Assessment (EA) or Environmental Impact Statement (EIS) stage, and for determining proper positioning along the alignment while performing a survey. The objective of this project is to obtain the following products:

· I-96 Webster Road Wetland Delineation: This wetland will have all habitat types delineated and the size verified for each habitat. 

· Plant Protected Area Map/Critical Habitat Map: A trail map will be created for one Plant Protected Area, which will include the plants locations within the right of way and the critical habitat present in relation to the alignment. 

· Wetland Size and Type Impact Map: Wetland impact, including size and type, will be evaluated for one project that is currently being evaluated for mitigation purposes. 
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MINNESOTA

The Minnesota Department of Transportation (MnDOT) made its first use of GPS technology in 1985 when GPS was used to make precise geodetic control measurements to replace the traditional angle and distance measurements. Since then, MnDOT has purchased enough GPS receivers so that all nine of its district survey offices and the Geodetic Unit in the Central Office own at least one set of GPS equipment (four receivers) that is capable of measuring to millimeter accuracy. In addition to the survey-accuracy receivers, MnDOT owns many handheld DGPS receivers used for positioning or navigating to objects in a 1- to 5-meter accuracy range.

Because of its early involvement in GPS technology, MnDOT became active with other State and local government agencies to promote applications and to provide technical support for GPS-related activities. Besides surveying and mapping GPS activities at MnDOT, other GPS and DGPS applications include:

· Location of drainage structures along highway corridors for maintenance and facilities management applications. 

· Fleet management of the Highway Helper Vehicles operating on the Twin City Metro freeway system. 

· The Safe Truck Project is using centimeter-accuracy DGPS data in real time to remotely control a semi truck tractor so that it can steer itself. 

According to an article in the May 1998 issue of GPS World, the University of Minnesota's=s Department of Mechanical Engineering and Center for Transportation and MnDOT are working to develop a system that takes control of a vehicle if loss of manual control is evident. This effort is part of a project to investigate truck-based, safety-oriented technologies. The project uses DGPS, making it the first steering control system that uses DGPS to stay in the lane of normal roads.

The above list of applications is not all-inclusive; new applications are being discussed and implemented on a continuing basis.

Back to list of states
MONTANA

The Western Transportation Institute (WTI) is working on the Greater Yellowstone Rural ITS Corridor project. WTI's staff is using GIS to create layers of data for the corridor, including accident types, traffic volumes, major recreational destinations, services, emergency response times, rail and modal transfer points, communications infrastructure, planned construction improvements, hazardous materials, existing ITS components, and geometric alignment. This is a nationally significant rural transportation corridor between Bozeman, Montana and Idaho Falls, Idaho that includes:

· Three States: Montana, Wyoming, and Idaho. 

· Two national parks: Yellowstone and Grand Teton National Parks. 

· A variety of rural transportation facilities. 

· Full interstate and freeway to low-volume rural-lane highways. 

The Montana Department of Transportation is using DGPS to inventory 42,000 kilometers (26,000 miles) of roadway. This inventory is currently about 90-percent complete. The roadway was digitally filed and x, y, and z coordinates were taken every 10 meters. The coordinates are in State plane and are currently available in Arc/Info format. Routers were created on the coverage in order to perform a linear reference of data to the roadway. This data can be referenced via mile marker, accumulated distance, or by State plane coordinates.

There have been a number of county/city government agencies that have used post-processing DGPS to inventory their roads, utilities, and other government-owned assets. These agencies are in the process of creating a GIS database from the inventoried items. Some uses of the road inventory will be emergency services, best routes for maintenance, and map display. Other uses include placing land-ownership records into this GIS map to keep track of rights of way, especially when new areas are bought for new road projects.

Back to list of states
NEVADA

In 1996, the Nevada Department of Transportation (NDOT) began using GPS equipment. Since then, GPS technology has been used on every project. NDOT has 4 Trimble 4000 receivers, 4 Trimble 4600 LS receivers, and 10 Trimble Geo-Explorer GPS units. Two of the Trimble 4000 receivers and two of the Trimble 4600 LS receivers are placed in the northern regions and the other two Trimble 4000 receivers and two Trimble 4600 LS receivers are placed in the southern regions. These receivers are dedicated to survey-grade operations within High-Accuracy Reference Network (HARN) extensions taking place on each project as needed. The 10 Trimble Geo-Explorer GPS units are dedicated to GIS collection for continuous updating of the GIS statewide database.

The following types of GPS and DGPS collection techniques are used statewide:

· Static. 

· Fast-Static. 

· Stop-and-Go Kinematics. 

· Kinematics. 

· Continuous Kinematics. 

· Real-Time Kinematics. 

The assessment of the current GPS applications is primarily for HARN densification and conversion to the NAD83/94 coordinate system from the existing NAD27 and NAD29 data. Control for aerial mapping projects and R.O.W. acquisition are other primary uses for GPS technology.

NDOT has budgeted for an increase in survey-grade GPS equipment to add two Trimble 4000 SSI receivers to supplement GIS data collection, and money is budgeted for a GPS receiver and software to allow the aerial camera and plane to possibly be used for airborne kinematics surveys.

A cooperative effort in Las Vegas Valley between Clark County, NDOT, City of North Las Vegas, City of Las Vegas, City of Henderson, Las Vegas Valley Water District, and private users to establish and locate a control network was undertaken and completed.

Transportation systems are a controlling factor of a statewide GIS database, the referencing of which is to collect latitude/longitude data points for engineering works statewide. NDOT expects continuous expansion of GPS applications for all disciplines of the engineering and geophysical fields, in addition to political district boundaries, educational district boundaries, and emergency routes for fire and police departments.

Back to list of states
NEW HAMPSHIRE

The New Hampshire Department of Transportation (NHDOT) has been using GPS since 1985 when a survey crew used rented GPS equipment to lay out the control for a project in Pittsburgh, NH. In 1991, NHDOT purchased its own GPS equipment and the use of GPS technology in NHDOT has grown continuously ever since.

NHDOT uses GPS equipment and technology for a wide array of activities, including control geodetics, aerial photo positioning, mapping and positioning of wetlands, environmental sites, town boundary crossings, preliminary centerline layouts, and control-point recovery. Currently, NHDOT is developing and updating the base map for GIS efforts and the staff is using GPS roving receivers to verify and update the roadway centerline. The road inventory crews record the GPS positioning of the roadway networks they travel. Also, NHDOT staff is using GPS data collected by the State's emergency 911 mapping people. The staff achieves a level of accuracy of 3 to 5 meters using the post-processing technique. Such accuracy is well within the needed accuracy of 1:24,000 scale mapping.

Currently, NHDOT is not using real-time DGPS; however, NHDOT does maintain a GPS base station collecting correction data 24 hours a day, 7 days a week. 
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NEW YORK

At this time, the New York State Department of Transportation (NYSDOT) uses DGPS in the following activities:

· Geodetic Network Control Surveys, under the supervision of the National Geodetic Service (NGS). 

· Geodetic Horizontal and Vertical Control Surveys for NYSDOT highway projects. 

· Wetland delineation surveys. 

· GIS mapping projects. 

Other activities that are taking place around New York State include:

· Department of Environmental Conservation: Control surveys for real estate property acquisitions, habitat, wetlands, and resource mapping. 

· Office of General Services: Inventory and facilities management. 

· Adirondack Park Agency: Wetlands location and GIS mapping. 

· New York City Department of Environmental Protection: New York City watershed management. 

· Niagara Mohawk Power Corporation: Inventory and GIS mapping. 

· City of Saratoga Springs, Engineering Office: Inventory and GIS mapping. 

Several other area programs have expressed interest in GPS and DGPS and are working towards using them for the following:

· Emergency Management and Department of Corrections: Fleet tracking, search and rescue. 

· State Police: Accident locations. 

· New York State Department of Transportation: Linear referencing (inventory) of all State highways and thermal mapping of State highways. 

Currently, New York State is only partially covered by real-time DGPS signals from the USCG Differential Beacon Network. With the conversion of two former Ground-Wave Emergency Network (GWEN) sites in Hudson Falls, NY and Hawk Run, PA, New York State will have 100-percent redundant real-time DGPS coverage statewide. This should enhance and promote New York State programs requiring real-time GPS.
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NORTH DAKOTA

The North Dakota Department of Transportation (NDDOT) uses DGPS in its highway surveys of road construction. This information is the basis for the design of improvements and the purchase of rights of way.

NDDOT has initiated a comprehensive highway inventory program and highway reference marker location program. NDDOT's goal is to develop the highway network as the foundation for computer-generated highway mapping and to attribute data to assist NDDOT, counties, cities, and planning districts in mapping the State's entire system of highways. Consultants and engineers use it for boundary and construction surveys. The Health Department, Agriculture Department, and the North Dakota geological survey use it for data collection in their respective areas.

Proposed Uses of DGPS in North Dakota: NDDOT would use DGPS to enhance its collection of highway inventory programs and replace destroyed highway reference markers. Other uses would include accident location, emergency vehicle tracking, environmental concerns and data collection, intelligent highway systems, and surveys.

Other uses of DGPS would include agriculture, public health, law enforcement, consultants, and water resources.

Back to list of states
OREGON

The users of DGPS in Oregon are as varied and comprehensive as they are in most States. Users include members of State and local governments, as well as the private sector. Search-and-Rescue (S&R) personnel are using DGPS and the State police are using DGPS and GIS to develop a rural emergency 911 addressing system.

Back to list of states
SOUTH DAKOTA

South Dakota is one of the few States that are pioneering statewide DGPS/GIS integration. Currently, there are several activities relying on DGPS/GIS in South Dakota, including:

South Dakota Department of Transportation (SDDOT) Road Mapping Project: Started in 1995 to record actual mileage for all of the roads in the State and to produce updated county highway maps. Post-processing DGPS units were used to record the actual location of roads, as well as surface type, width, condition, number of lanes, speed limit, and other information used by SDDOT. The units were also used to collect point features such as bridges, mile reference markers, power substations, and other relevant data. The use of this technology makes collection of information quicker and more accurate than ever before and it gives the State and local governments something they never had - a geographically referenced road map layer that can be used in conjunction with other layers created by other entities. The State's entire road system should be in a GIS format (based on DGPS) within 3 years.

Emergency 911 System: DGPS/GIS technology is employed to identify the location of structures, vehicle routing, and associated data for emergency responders. The goal is to collect DGPS data points and integrate them with GIS maps for all counties statewide. Some of the planning districts are using DGPS and GIS to rural address counties using SDDOT data. This is important for emergency 911 systems and emergency management.

Property Data Management: The goal is to better manage private property since the city staff believes that Yankton was losing thousands of dollars each year in missed special assessments because manual methods of calculating property taxation were inefficient.

Rural Water System Data Management: The B-Y Water District serves a five-county area and gets its water from the Missouri River. The district serves a 9,300-square-kilometer (3,600-square-mile) area and manages more than 4,200 kilometers (2,600 miles) of pipeline and 19 reservoirs within its boundaries. South Dakota and many of the Western States have a semi-arid climate. The availability of quality water is a limiting factor for raising livestock and for other rural development activities. The B-Y Water District needed to compile a comprehensive database for all of its project areas and facilities to better manage its infrastructure. It needed readily accessible information on pipeline characteristics, pumping and storage capabilities, and general repair activities. This is where DGPS/GIS comes to the rescue to solve this problem quickly, accurately, and efficiently.

Land-Use Planning: Some of the districts have used DGPS data for planning and zoning purposes.

Several other State agencies are using or planning to use GPS and GIS with different applications. In the Sioux Falls area, the South Eastern Council of Governments (SECOG) has completed the data-gathering phase of their survey of all highway attributes in six southern South Dakota counties. They have begun production of GIS products from the DGPS data and plan to complete the GIS production process later this year (1998). SECOG is using some of the data to develop comprehensive plan information for small-community comprehensive planning. In addition, SECOG has been involved in rural addressing for their region. Other users of DGPS data, including the Sioux Falls Airport Authority and local tracking and delivery services, exist in Sioux Falls.
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TENNESSEE

The Tennessee Department of Transportation (TDOT) began research and development activities for the use of GPS technology for mapping and GIS in 1987. The initial project was to develop and equip two vans with data-collection capability. In 1990, TDOT completed the collection of 21,700 kilometers (13,500 miles) of highway centerline data with an embedded link to TDOT's Tennessee Roadway Information Management System (TRIMS). The data was not of sufficient quality for use in mapping and GIS on a scale of 1:63.360 or larger. Typical use was on a smaller scale of 1:253.440. With this quality issue came a need for data that was differentially corrected and smoothed to eliminate the errors sometimes collected with GPS data.

In 1994, TDOT began a new research project to develop and refine the process of field data collection and to use other technology solutions along with GPS. This research and development has provided an inventory van that brings DGPS, gyroscope, and barometric altimeter data together to provide the best solution for the highway alignment data, while maintaining linkage to the TRIMS Linear Reference System (LRS) key. The solution also provides valuable elevation and slope data for the highways.

TDOT collected data for approximately 32,000 kilometers (20,000 miles) of State highways and local collector highways. The plan is to collect the remaining data (approximately 24,000 kilometers (15,000 miles)) for this class of highways and then proceed to collect the data for all local roads. There are 136,800 kilometers (85,000 miles) of highways and roads in Tennessee. The plan is to collect data for all of these highways and roads, and to load the data into GIS.

The collected GPS data is given the LRS key identification for GIS as the data-collection process is performed. The data is corrected differentially in real time. The gyroscope and altimeter data are incorporated into the processing to fill time-loss gaps and smooth alignment when GPS data alone provides an unacceptable solution.

Once all post-processing tasks have been completed, ensuring an exact tie-in for all intersections and at county boundaries, the data is batch-loaded into the GIS. The data is then incorporated into a GIS database, using a GIS tool for processing and maintaining coordinate data for the spatial network. The final process is the creation of a State coordinate file for all of the highways. This coordinate file provides the unique and basic requirement for TDOT - a GIS with dynamic segmentation capabilities.

The application of this technology to the creation of a GIS database for transportation would not have been possible without the support of the Federal Highway Administration through the research program. The expansion of the Research and Technology Transfer Program would be helpful as these new technologies become more applicable in the civilian sector. Several utility companies and cooperatives throughout Tennessee are using DGPS as a tool for the location of infrastructure assets. Some use the centerline data files created by TDOT as the base map for these systems.
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Texas has initiated a statewide GPS/GIS effort. In 1994, there were several State agencies using GPS to gather GIS locational data and to perform surveying tasks. The Texas Department of Transportation (TxDOT) has the largest inventory of GPS equipment and is the most experienced user within the State, with more than 10 years of GPS experience. TxDOT operates a network of base stations strategically located throughout the State to provide post-processing differential correction for their applications. Differential correction data from the base stations is available to other State and local government agencies and the public to use in correcting GPS positions. The State of Texas recognized the importance of the DGPS technology that it had planned to develop low-frequency beacons to cover the entire State. However, the frequency requested is protected since the primary user is the USCG.

Other State and local government agencies using GPS and DGPS include:

· Texas Parks and Wildlife Department. 

· Railroad Commission of Texas. 

· Texas Natural Resource Conservation Commission. 

· Texas Water Development Board. 

· Various university departments such as the University of Texas Bureau of Economic Geology. 

These agencies are using this technology to collect position data for their GIS databases.

DGPS applications include verifying and obtaining locations for the following:

· Oil and gas wells. 

· Public drinking water resources. 

· Hazardous waste facilities. 

· Hydrographic surveying sites. 

· Sampling sites for geologic and hydrologic studies. 

· Sampling sites for use in classifying imagery. 

· Ground control for aerial photographs. 

· Endangered species habitats. 

· Water sources for wildlife. 
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UTAH

The Utah Department of Transportation (UDOT) is taking an active role in investigating and using GPS technology in various transportation applications. Set forth below is a description of several of these efforts:

UDOT is conducting a research study on the time savings and usefulness of survey-level GPS data collection. Initial layout of projects may be accomplished more rapidly with fewer personnel using DGPS data-collection equipment. This project is funded at less than $60,000 and should be completed in 12 months.

UDOT is mapping pavement condition, safety, accident, and traffic data by linear referencing systems located by GIS dynamic segmentation. DGPS location has been proposed as a solution to linear referencing problems. DGPS data collection in this area requires only 10- to 20-meter accuracy for evaluation of condition and accident analysis. The funding for this project is ongoing and as needed or approved.
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VIRGINIA

The Virginia Department of Transportation (VDOT) is using DGPS and GIS to inventory the State's highway structures (e.g., cantilever signs, bridge-mounted signs, high-mast lights, and several other structures). VDOT will use the database for maintenance and repair purposes. The sources of the DGPS signal used by VDOT are:

· USCG DGPS radio-beacon reference station east of I-95. 

· VDOT-owned base station in Richmond. 

· VDOT-owned base station in Fairfax County. 

· Trimble vendor in Charlottesville. 

VDOT is planning to erect a base station on 4 to 5 hectares (10 to 12 acres) of land near Lynchburg or Roanoke. VDOT's goal is to provide DGPS coverage for the entire State.

Other uses of DGPS include:

· Tracking hazardous waste (vehicles and sites). 

· Mapping wetland boundaries. 
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WISCONSIN

The Wisconsin Department of Transportation (WisDOT) first became aware of GPS as a possible location tool in 1983 through involvement with national organizations. WisDOT started contracting for GPS geodetic surveying horizontal location services in 1985 and also rented some equipment for use by its staff. In spring 1989, WisDOT purchased five geodetic-quality GPS receivers. In 1991, Wisconsin completed the third State High-Accuracy Reference Network (HARN) in the country, using GPS consultant services for horizontal point locations for 100 stations. WisDOT continued to upgrade its geodetic-quality receivers and surveying procedures to provide horizontal control for projects. In addition, WisDOT has been providing some counties with technical assistance toward densifying the HARN. WisDOT has purchased some limited numbers of non-geodetic GPS receivers that are used to obtain non-precise locations of objects for GIS applications. This past spring, WisDOT purchased a set of real-time kinematics (RTK) GPS receivers and associated radios for each of the eight district offices, plus a spare set for development and loan to be used for recording topographic information. One RTK GPS receiver has been installed in aerial photography aircraft.

WisDOT uses GPS technology in several current and planned activities. Different projects require various levels of accuracy. Set forth below are current applications that use GPS technology:

Geodetic Surveying Quality (" a few centimeters):

· Densifying the HARN. 

· Replacing destroyed HARN stations. 

· Surveying horizontal locations of photogramatic targets. 

· Determining bridge pier relative movement. 

· Topographic field surveys. 

· Staking of rights of way. 

Non-Geodetic Surveying Quality (sub-meter to several meters):

· Location of salt storage sheds. 

· Roadway centerline location from photolog van. 

· GIS-level location of features such as wetland boundaries, well heads, etc. 

· Navigation of the aerial photography aircraft to fly predetermined flight lines and provide general locations of photo centers. 

Near-Future Geodetic-Quality Applications:

· Vertical locations of benchmarks. 

· Vertical locations of aerial targets. 

· Precise determination of aerial photo centers, reducing the need for aerial target locations. 

· Location of mobile laser ranging platforms for digital terrain model creation. 

· Accident site location information, both where it happened and in the reconstruction of what happened. 

Near-Future Non-Geodetic Applications:

· Sign-inventory location information. 

· Assistance in real estate negotiations. 

· Locations of pictures from hand-held ground-based cameras. 

· Photolog camera locations to be used for absolute location of points in photolog images. 

Back to list of states
