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GENERAL

The U. S. Ceol ogical Survey (USGS) serves as the | ead Federal agency
for the collection and distribution of digital cartographic data.
The standards specified in this docunent pertain to the collection,
processing, revision, and quality control of Digital Line Gaph
(DLG data intended for entry into the National Digital Cartographic
Dat a Base (NDCDB).

These standards are intended to facilitate the interchange and use
of DLG data. DLG col l ection and processing systens nust produce
data that are conpatible with other production systens not only
within the Federal sector but also within other governnent and
private sector organi zations. Due to rapidly changing technol ogi es
in the mappi ng industries, these DLG standards cover a broad range
of collection and processing systens. It is not the intent of this
standard to inhibit usage of any procedure, but to set conmon
standards which will allow data to be acceptable for entry into the
NDCDB.

This docunment also provides the NDCDB nmmnager and the quality
control units within the USGS with standards for testing DLG data.
Dat a generated by National Mapping Division (NVD) production units
are coll ected according to the standards set forth in this docunent.
DLG data collected by other Federal agencies or acquired through
procurenment fromthe private sector will be accepted for entry into

the NDCDB after verification according to these sanme standards.
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SERI ES DESCRI PTI ON

One formof digital cartographic data produced for and distributed
fromthe NDCDB is the Digital Line Gaph (DLG. Three distinct

types of DLG data are archived in the NDCDB: (1) large-scale DLG
data digitized primarily from 1:24,000-scale USGS topographic
guadrangles, (2) internediate-scale DLG data digitized from
1: 100, 000-scal e USGS quadrangles, and (3) small-scale DLG data
digitized fromthe 1:2, 000, 000-scal e sectional maps of The Nati onal

Atlas of the United States of Anerica. The basic applications of

DLG data are to support autonation of cartographic processes and

aut onat ed spatial data anal ysis.

The DLGfile structure is designed to acconmodate all categories of
spatial data represented on a conventional line map. Node, line,
and area data types are accepted. The attribute coding schene is
desi gned to accommopdat e basi ¢ cartographi c data categories such as
hypsogr aphy, hydrography, or political and cultural features, as

wel | as additional thematic data categori es.
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DATA SOURCES

Digital Line Gaph data are currently derived by digitizing nap
features as line graph elenents fromcartographic source naterials.
The scale of the source materials is contained in the file header
The scale is also reflected in the resolution field, which states
the ground length in neters of the smallest data collection unit

(0.001 inch) for each scale.

Large-Scale Digital Line G aphs

The large-scale DLG data files are derived primarily from USGS
t opogr aphi ¢ maps published as 7.5-mi nute quadrangl es at 1:24,000 or
1: 25,000 scale. Where 7.5-m nute coverage is not available, the

foll owi ng sources are used, in order of preference:

o Advance manuscripts for 7.5-ni nute nmaps.

o Published 15-m nute quadrangles at 1:62,500 scale (1:63,360

scal e in Al aska).
o0 Archival conpilation materials for 15-m nute quadrangles, if
avail able at a larger scale than the published map, such as

1: 48, 000 scal e.

Internedi ate-Scale Digital Line G aphs

The intermediate-scale DLG data files are derived from USGS
t opographic maps published as 30- by 60-minute quadrangles at
1: 100, 000 scale. Were 1:100,000-scale coverage is not avail abl e,

the foll owing sources are used, in order of preference:

0o Bureau of Land Managenent planinmetric editions of
1: 100, 000- scal e maps.

o Archival conpilation materials, if avail able.
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Smal | -Scale Digital Line G aphs

The small-scale DLG data files were derived fromthe 1:2, 000, 000-

scal e sectional maps of the 1970 National Atlas of the United States

of America. Al askan hydrography data were «collected at
1: 1, 000, 000- scal e. Sel ective updating of the sectional nmaps was

conducted prior to digitizing.

Digital Line G aph Revision

Sources for revision of digital data archived in the NDCDB may
i ncl ude aerial photographs, orthorectified or other inmagery, other

agency graphic and digital data, and field data.
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DATA CONTENT
The DLG files derived fromthe 1:24,000- and 1:100, 000-scal e nmaps

contain selected categories of cartographic data in digital form

t hese

data categories do not necessarily correspond to the

traditional feature separates associated with the maps.

The following categories are valid for large- and internediate-

scal e

DLG fil es:

Hypsography -- This category of data consists of information
on topographic relief (primarily contour dat a) and

suppl enentary spot el evati ons.

Hydr ography -- This category of data consists of all flow ng

wat er, standing water, and wetl ands.

Veget ati ve Surface Cover -- This category of data consists of
i nformati on about vegetative surface cover such as woods,
scrub, orchards, and vineyards. Vegetative features
associated with wetlands, such as narshes and swanps, are

col I ected under Hydrography.

Non- Veget ati ve Features -- This category of data consists of
information about the natural surface of the Earth as
synbol i zed on the map such as | ava, sand, and gravel features.
This category is not all-inclusive, as other non-vegetative
surface features, such as glaciers, are found in the category

of Hydrography.
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Boundaries -- This category of data consists of (1) politica
boundaries that identify States, counties, cities, and other
nmunicipalities, and (2) adninistrative boundaries that
identify areas such as national and State forests. Politica
and adni ni strative boundaries are al ways col | ected as a single

data set.

Survey Control and Markers -- This category of data consists
of informati on about poi nts of established horizontal position
and third-order or better elevations that are used as fixed

references in positioning and correlating nap features.

Transportation -- This category of data includes nmgjor
transportation systens collected in three separate overlays
| abel ed: (1) Roads and Trails, (2) Railroads, and (3)
Pi pel i nes, Transm ssi on Li nes, and M scel | aneous

Transportation Features.

Manmade Features -- This category of data includes cultura
features not included in the other nmajor data categories, such
as buildings and other related industrial, comercial, and

residential features.
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U S. Public Land Survey System (PLSS) -- This category of data
descri bes the rectangular system of |and surveys which is
adm ni stered by the U S. Bureau of Land Managenent. PLSS data
exist only for areas falling solely, or in part, within the
States which were formed from the public domain. The PLSS
subdivides the public domain and represents property
boundari es or references to property boundaries. These DLG
data are not intended to be official or authoritative. They
are presented as cartographic reference information. The only
legal basis for determining |and boundaries renains the

original survey.
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A st andar di zed nami ng conventionis required to ensure uniformty of
DLG files and to conform with the requirenents of the National

Digital Cartographic Data Base (see table 1-1).

Table 1-1
Formal and abbreviated forns of the DLG category/overlay nanes

Long Form Short Form Abbreviation
Hypsography HYPSOGRAPHY HP
Hydrography HYDROGRAPHY HY
Vegetative Surface Cover VEG SURFACE COVER SC
Non-Vegetative Features NON-VEG FEATURES NV
Boundaries BOUNDARIES BD
Survey Control and Markers SURVEY CONTROL SM
Roads and Trails ROADS AND TRAILS RD
Railroads RAILROADS RR
Pipelines, Transmission Lines, and

PIPE & TRANS LINES MT

Miscellaneous Transportation Features

Manmade Features MANMADE FEATURES MS
U.S. Public Land Survey System PUBLIC LAND SURVEYS PL

The long formis the proper formof the overlay nane and is used in
DLG docunentation and other NVD docunentation and publications
referenci ng DLG category nanes. The short formis used in the DLG
overlay record. The first four characters of the short form are
used by NVD DLG processing software to verify the proper use of the
short form The abbreviation is used in accordance with the

i nstructions in Suppl emental Topographic Instruction 85-1-D.
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DLG data are collected, processed, and archived as single

topologically structured files for the above categories or overl ays.

The 1:2, 000, 000-scale nap series was digitized to produce files of

data grouped into the follow ng categories:

(o]
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Political Boundaries

Admi ni strative Boundaries

Roads and Trails

Rai | r oads

Streans

\Wat er Bodi es

Cultural Features (airports, Al aska pipeline)

Hypsography (Continental Divide only)
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1.4 DATA STRUCTURE
The structure of the DLG data will be described by considering the
followi ng subject areas: levels of structuring, t opol ogy,

t opol ogi cal el ements and graph theory.

1.4.1 Level s of Structuring

The termDigital Line Gaph (DLG is used by the USGS to describe a
digital map data set in vector form Oiginally, three |levels of
DLG data (DLG 1, DLG 2, and DLG 3) were envisioned; these |levels
were differentiated by their positional accuracy, |level of attribute
coding, and relational spatial information. It was found, however,
that the w dest user community would be served by producing DLG 3
data, which have the full range of attribute codes, are
topol ogically structured, and have passed certain quality-control
checks. These three properties are required by users whose work
i ncl udes both graphic and anal ytic applications. Level 2 DLGs are
not topologically structured and usually have |less than the full

range of attribute codes.

1.4.2 Topol ogy
Current data collection is directed toward produci ng topol ogically

structured level-3 DLG data, referred to as DLG 3. The DLG 3
concept is based on graph theory in which a two-di nensi onal di agram
is expressed as a directed graph conposed of a set of nodes
(topologically significant points), lines, and areas in a nanner
that explicitly expresses logical relationships. Applied to a map,
this concept is used to encode the digital data with the spatial

rel ati onshi ps between map el enents that are
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obvious when the map is examined visually. The spati al
rel ati onshi ps include such concepts as adjacency and connectivity
between features on the map. The abstraction of the nap data
according to the rules of graph theory preserves the spatial
rel ati onships inherent in the nap graphic and creates a | ogi cal and
consistent data file structure for conputer processing. A digita
file of cartographic or geographic data that nmaintains the spatial
relationships inherent in the mp is called a topologically
structured data file. A topologically structured data file can
support sinple graphic applications, such as plotting streans and
roads for base maps, as well as nore advanced applications, such as
conputations and analysis involving areas and lines and their

spatial relationships.

Topol ogi cal El enents

A DLG3 file is conposed of three separate, but related, elenents:
nodes, lines, and areas. Nodes define the | ocation of the endpoints
of every line, and a single node may mark the start or end of one or
nore lines. Thus, nodes occur at intersections of l|inear features
and at other places on linear features where the feature is

subdi vided into separate |ine segnents.

Aline is an ordered set of points that describes the position and
shape of a linear feature on the map. Each line starts at a node
and ends at a node, has an area to the left of its direction of
travel, and has an area to the right of its direction of travel

The direction of travel is arbitrarily determned at the tine of

data capture. Lines connect to each other at nodes, and a line
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does not cross itself or any other Iine. A line nmay describe the
boundary between two areal nap features, such as counties, or nay
define a map feature by itself, such as a road. A special line,
called a degenerate line, is used to define features synbolized as
i sol at ed (nonconnecting) point features on a map. A degenerate |ine
starts and ends at the same node, has two identical coordinate
pairs, has zero length, and has the sane area to the | eft and right
of the direction of travel; that is, it is totally enclosed inside
one map area. Topologically, a degenerate line is considered to be
a fully connected |line, since the attached node has a node-line |ist
count of two. Topol ogi cal symretry would require a 'degenerate
area' elenment; however, the node-area |inkage can be determ ned

t hrough the Iine topol ogy.

An area is a continuous, unbroken region of the nap bounded by
lines. In older DLGfiles, each area is identified in a DLG 3 data
file by an arbitrary point chosen to represent the characteristics
of the area; the point was not required to be inside the area it
represents. However, files processed using the DLG Production
Syst em ( PROSYS) have uni que area points | ocated i nside the area t hey
represent. Also, every DLG data file will have at |east two areas
identified: one representing the area covered by the file and the
other representing the area outside the coverage of the file.
Pol ygons as unique features are not defined explicitly in a DLG
file. However, pol ygons can be constructed using |line-area |inkages
built into the DLG data structure.
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G aph Theory
The digital Iine graph concept is based on graph theory, in which a

di agram can be expressed as a set of elenents (nodes, areas, and
lines) in a nmanner that shows |ogical spatial relationships with
m ni mal  redundancy. Historically, there were three ways to
i mpl enent the line graph concept in DLGfiles: the area case, the
network case, and the area-hybrid case. These cases were
differentiated by the nature of the information contained in the
categories. Al NWVD files are now coll ected and processed as area

or area-hybrid case DLG s.

Area |line graphs can be used to represent areal features such as
political entities or the U S. Public Land Survey System |n the
area case, all closed circuits of lines formunique areas. Al line
el enents bound two different area elenments. Line elenents for area
line graphs are not nornally assigned primary attributes. The
characteristics of lines in these categories can usually be derived
by exam ning the attributes of the area el enents on each side of the

l'ine.

Network |ine graphs were used to represent linear features such as
roads or streams. The network case differs fromthe area case in
that, irrespective of the nunber of cl osed areas forning the graphs,
only two area elenents were encoded: (1) the area outside the
donmain, terned the outside area; and, (2) the area wthin the
donmai n, terned the background area. Al lines except the graph
boundary, or neatline, were considered to be contained within the
background area. The major topol ogical relationship expressed by
network data is that of connectivity. |In the pure network case the
lines thenselves have the identity and carry the appropriate
attribute codes. Data encoded in network line graph form are
sui tabl e for various fornms of network anal ysis, such as ni ni num path

conput ati ons.
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In the area-hybrid case, network and area type information are
gathered in a single DLG file. In this approach, all closed
circuits of lines define unique areas, sone of which have a
cartographic identity. Sonme lines may exist which do not formthe
boundari es between two areas. The unique areas which represent
features for the overlay are given attribute codes. For exanple, in
t he hydrography category there are areal features, such as | akes,
reservoirs, and swanps that are represented by unique attributed
area elenents. There are also |inear features, such as single-line
streanms and aqueducts, that are significant in thenselves and are
al so assigned attri bute codes. These features nmay occupy a position
in an area of no other hydrographic significance, that is, an

unattributed background area.
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