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SUMMARY

A digital raster graphic (DRG) is a raster image of a published map. The U.S. Geological Survey

plans to produce DRG's of its standard topographic map series through contracts with the private

sector and through partnerships with State agencies.

DRG's are made by scanning published paper maps on high-resolution scanners. The raster image

is georeferenced and fit to the UTM grid. Colors are standardized to remove scanner dependencies

and artifacts. The final data set is about 10 megabytes in Tagged Image File Format (TIFF) with
packbit compression. DRG's can be easily combined with other digital cartographic products, such
as digital elevation models and digital orthophotoquads. Using DRG's and derivative products as

source material makes vector data collection and revision faster, cheaper, and more accurate than
traditional methods. DRG's provide a spatially accurate, visually appealing backdrop for other

geographic data. A DRG combined with a digital orthophotoquad image can be used for
monoscopic vector collection and revision. The combined image significantly reduces total

collection and revision times. DRG's can provide inexpensive, consistent base data for the entire

country.
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INTRODUCTION

Digital raster graphics (DRG) are digital images of published maps. A DRG can be thought of as
a picture of a map taken with an electronic scanner instead of a film camera.

Unlike most vector representations of maps, DRG's do not attempt to alter or enhance the

cartographic content ofa map. DRG's exactly duplicate the map's cartographic content on a different

medium.

Raster graphic in cartography

Digital raster maps are not new. Some ofthe earliest digital maps were simple raster images made
with text symbols on line printers. Such maps were not very useful. They had low resolution, were

not visually appealing, and were not useful for automated land analysis.

Digital maps based on vector models solved several of these problems. Vector maps could hold
large amounts ofuseful information, yet still be small enough to be manipulated by the computers

ofthe 1970's and 1980's. Digital cartography through these years, therefore, emphasized vector data.

By the late 1980's, computer visualization technology had nearly caught up with cartographic
requirements. Interest in raster images of maps began to grow again as computers powerful enough

to display map images became relatively common and affordable.

Today, desktop workstations are easily powerful enough to manipulate raster images of large maps.

Today's geographic information systems (GIS) can use both vector and raster data.

Background of TISGS raster graphic product

Various Federal agencies have experimented with, and in some cases sold, different kinds of raster

maps in the past few years. Several private companies offer similar products.

The U.S. Geological Survey (USGS) proposed a digital raster graphics program for USGS standard
quadrangles in early 1994. The product name digital raster graphic was already in use in the
cartographic community. The USGS adopted this name rather than cause confusion by establishing

a new one.



Through the first part of 1994, the USGS produced a few dozen DRG's of its 1:24,000-scale

topographic quadrangles. These test maps were used for demonstrations to other Federal and State

government agencies. This helped to refine the requirements for a DRG product.

In October 1994, a "Product Development Report" on compact discs-read only memory (CD-ROM)

was released to the public. This report solicited comments from the users on the proposed product.

The CD contained several dozen standard USGS quadrangles at 1:24,000,1:100,000, and 1:250,000

scale, as well as documentation, metadata, and examples of derivative products.

CHARACTERISTICS OF USGS DRG's

DRG's are true cartographic products, not simple document scans. They have correct scale and

orientation, as well as a precisely defined relationship with ground coordinates.

DRG's are less complex than digital orthophotos or topological vectors, but they are not trivial to

produce. As with other kinds of maps, there are many different ways to define and produce a DRG.

The desirable characteristics ofthe final product depend on how the data will be used.

The objectives of USGS DRG specifications are to (1) preserve the positional accuracy, feature

content, and general appearance of a published map, (2) make the data available to a wide variety

of users and compatible with application software throughout the public domain and (3) allow

flexibility by permitting a reasonably broad range of technical specifications.

Some of the important technical characteristics of USGS DRG's follow.

• USGS DRG's are produced by scanning published paper maps. The scanned image includes

all map collar information. Scanning map separates was considered but ruled out as too slow

and expensive. Scanning paper maps does not measurably affect the positional accuracy of

a DRG.

Maps are scanned at 500 dots per inch (dpi). The data are resampled during processing to

a final resolution of 250 dpi. The DRG product specification will allow a broad range of

resolutions.

The image inside the map neatline is oriented, scaled and georeferenced by fitting to the true

values of the published map's geographic coordinate tick marks. All 16 2.5-minute tick

marks on a USGS 1:24,000-scale quadrangle are used for this control. The map is

reprojected to Universal Transverse Mercator (UTM). The geodetic datum ofthe source map

is preserved in the DRG.



The horizontal positional accuracy ofthe DRG matches the accuracy ofthe published source

map; therefore, the 7.5-minute DRG complies with the National Map Accuracy Standards

for the 7.5-minute topographic map. The distributed 1:24,000-sca!e DRG at 250 dpi will

have a ground sample distance of 2.4 meters.

• DRG colors are fit to a 13-color palette that will be constant for all USGS standard

quadrangles. Some scanning systems are accurate enough to reduce the color palette further,

to the precise number of ink colors on the original map (seven, including white, on a USGS

1:24,000-scaie quadrangle). For some applications, however, it may be desirable to scan

more colors. The DRG product specification will allow a range of color characteristics.

DRG's are distributed in the Tagged Image File Format (TIFF) using packbit compression.

TIFF is a widely accepted raster file format and can be read directly by many graphics

systems and GIS's. This compatibility with existing application software is critical for

DRG's. A l:24,000-scale DRG at 250 dpi contains about 60 million pixels, so full

decompression is not practical on most computers. Packbit compression reduces the size of

a l:24,000-scale DRG to between 5 and 15 megabytes.

DRG's will also be available in Spatial Data Transfer Standard (SDTS) format in 1995.

• Complete metadata, compliant with the Federal Geographic Data Committee (FGDC)

standard, will be part of each data set. Metadata will be stored in a separate physical file in

ASCII text.

GIS APPLICATIONS OF DRG's

Since DRG's are relatively new, it is difficult to predict how, or for how long, they will be useful to

the GIS community. One important use is certainly to provide a spatially accurate, visually

appealing backdrop for thematic vector data. Like the standard quadrangles from which they are

derived, DRG's can furnish consistent base data for the entire country.

Derivative products

DRG data can be combined with other kinds of digital cartographic data. Shaded relief maps can

be made quickly and cheaply by combining DRG's with digital elevation models (DEM's). Digital

orthophoto maps can be made by removing the white background and area tints from DRG's and

then combining the data with digital orthophotos.

Vector collection and revision

Base-category vector data can be digitized directly from a DRG on a computer screen. This is not

cost effective for such data categories as contours. For most categories, however, on-screen

digitizing provides a cheap and easy alternative to scanning or table digitizing, both ofwhich require
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more equipment and training.

The DRG combined with a digital orthophotoquad image can be used to combine vector collection

with monoscopic revision. The combined image significantly reduces total collection time by

contrast to a two-step process of collection from a graphic followed by revision from imagery.

DRG's can be used for some types ofvector data quality control by allowing fast visual comparisons

between a map and derived vector data. For some data categories, spatial accuracy of nonbase data

can be verified by overlaying vectors on a DRG base map.

On-line indexes and catalogs

The USGS is developing a network-accessible system for display and ordering of products. Digital

map indexes are seamless and can display more product information than paper indexes.

Appropriate filtering of DRG data produces a map image small enough to be transmitted over the

network (typically several hundred kilobytes in GIF format), while retaining enough quality to make

a full quadrangle image visually appealing. This DRG browse image allows users to preview maps

quickly and easily.

USGS DRG PRODUCTION AND DISTRIBUTION

Mass production ofUSGS DRG's will be contracted by competitive bid. Production is expected to

start in the spring or early summer of 1995.

Map series and production schedules

DRG's will be made of standard USGS quadrangles at 1:24,000,1:25,000,1:100,000,1:250,000 and

(Alaska only) 1:63,36O scales. The order and rate of production will be driven by user requirements

and by partnerships with Federal and State agencies.

Although requirements of other Federal agencies are not fully documented at this writing, full

coverage of the contiguous 48 states likely will be achieved in 1995 for 1:100,000- and

1:250,000-scale maps. Full coverage at 1:24,000 scale is expected in about 3 years.

Investigations into making DRG's of nonstandard maps are just beginning. The raster graphic

concept extends easily to any kind of map, and DRG's ofthematic and historical maps will become

important. The Library of Congress is currently exploring options for producing DRG's of its

historical maps.

Product packaging and distribution

DRG's will initially be distributed on CD-ROM. Each CD will include technical and user

documentation in addition to the DRG data and metadata. The data will initially be packaged in



regularly shaped blocks; for example, 1-degree squares (64 quadrangles) for 1:24,000-scale data.
Network distribution for some types of product orders is being considered.

The USGS will also make DRG's available in SDTS format in 1995. The distribution media for

these data have not yet been determined.

Contracted production

The USGS intends to make multiple awards of an indefinite-quantity contract for DRG production.

The initial contract will be for the standard quadrangle series named above. Growth and expansion

ofcontracts in coming years will be determined by user requirements and the success of the initial

production.

Government agency cooperative production

Many other government agencies at Federal, State, and even local levels are working with products

similar to DRG's. In addition to government contracts, a second production method will involve data

exchange or cooperative agreement with these agencies. By late 1994, the USGS had entered into

a cooperative production agreement with California, had begun negotiations with the State ofTexas,

and had conducted preliminary discussions with several other states.

ADDITIONAL INFORMATION

Information and sample images can be obtained through Mosaic on the World Wide Web at

http://mcmcweb.cr.usgs.gov/
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