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DEVELOPMENT OF AUTOMATIC NAME PLACEMENT SOFTWARE

1. OBJECTIVES

The objectives of this one-year software development project were (1)
to demonstrate the capability of automatically placing names on maps and
(2) to accomplish this with software able to run on a DEC VAX-family
computer under the VMS operating system.

Specifically, a names placement software system (NPSS) was to be
developed which would be able to place the names for USGS 1:24,000
scale maps, using the Digital Line Graph (DLG) data files for these maps
together with the corresponding Geographic Names Information System
(GNIS) files. The names for point features, line features, and area
features were to be placed in a manner that would approach the place-
ment quality normally expected from manual placement. All software was
to be written (or modified) to run on a VAX 780 or similar computer
running under the VMS operating system.

The project was funded under a subcontract from Battelle Columbus
Laboratories on behalf of the U.S. Army Engineer Topographic
Laboratories, Fort Belvoir, Virginia through the U.S. Army Research
Office.



2. THE NAMES PLACEMENT SOFTWARE SYSTEM (NPSS)

2.1 General Design Approach

In earlier work by the principal Investigator and his associates, two
software systems relating to map name placement were developed. These
were AUTONAP 1 92 and AUTOCOR3. AUTONAP is an expert system that
places the names for point, linear, and areal features by following a set
of rules that closely parallel the rules a cartographer would follow in
accomplishing this task. For its input data it must have clearly defined
line graph data with unambiguously associated names. AUTOCOR is a
names-to-features correlation program that attempts to establish the
correspondence between a map feature and its name. AUTOCOR was
developed to extract feature data from USGS Digital Line Graph (DLG)
files and correlate them with names obtained from the corresponding
Geographic Names Information System (GNIS) files. The output from
AUTOCOR can then serve as the input to AUTONAP.

In their original implementation, both AUTONAP and AUTOCOR were
designed to run on a PRIME computer running under the PRIMOS
operating system. Also AUTOCOR was limited to working with 1:2,000,000
scale DLG data. The objectives of the project described here were to
redesign AUTOCOR so that it would handle 1:24,000 USGS DLG files and
to improve its performance in establishing correspondence between a
feature and its name in spite of commonly occurring data-integrity
errors and ambiguities. In addition, both AUTOCOR and AUTONAP were
to be revised to run on a VAX-family computer under the VMS operating
system. It should be noted that neither the DLG nor the GNIS data files
were ever intended to be used for automated name placement and hence
are not "friendly" to this task.

2.2 USGS DLG and GNIS Files

The United States Geological Survey (USGS) has mounted a large-scale
effort to digitize its 1:24,000 scale topographic maps. The purpose being
to create a standard cartographic database from which geographic
information can be extracted and analyzed. The digitization process
converts each 7.5- or 15-minute map into two sets of data. The first
set is known as a Digital Line Graph (DLG). This contains the point,
lineal, and areal data that define the geographic features on each map.
The points are defined at particular locations within the map. The lineal
data is a set of line segments whose ends correspond to the afore-
mentioned points. Areal data is a list of line segments that, when joined
together, become closed loops. For example, the DLG for Middlesex
County in New Jersey might contain the location, size, and shape of the
city of New Brunswick and part of the Raritan River. DLG's also contain
the locations of roads, trails, railroads, and even power lines. A sample
DLG file is shown in Appendix B, Fig. 1. The other set of data is called
the Geographic Names Information System (GNIS). The GNIS is a list of
names of principal geographic features in a given area, usually an
entire state. It contains the names for such items as towns, schools,

2



rivers, lakes, towers, cemeteries, airports, etc. A sample GNIS file is
shown in Appendix B, Fig. 2.
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3. THE AUTOCOR124 PROGRAM

3.1 General

The goal of this project is to construct a map from the digital data,
with all features correctly labeled. Map production is accomplished in
three stages. The first step is to analyze the DLG data and determine
which segments correspond to line features. Actual drawing of the map
is a relatively simple task. It requires the translation of the informa-
tion in the DLG to a format which can be understood by a plotter or
graphic workstation. Line feature identification, however, is a compli-
cated task. It requires a set of complex slope and attribute matching
procedures to identify the set of connected line segments that define a
particular line feature and determine the points where the feature
begins and where it ends. Since many line features intersect with other
line features, determining which name is to be associated with what
branch is a challenging task. A new program, AUTOCOR124, was devel-
oped to accomplish this for 1:24,000 scale map data provided in DLG and
GNIS files. The program is a major redesign of the earlier AUTONAP
program, which had been designed to accomplish a similar task for
1:2,000,000-scale maps.

The second step is to correlate all the features with names from the
GNIS. This is complicated because the DLG contains no information
concerning the names of the features within it. What the DLG does
contain is a list of attributes describing each feature. AUTOCOR124
examines these attributes and uses matching heuristics to identify the
names of features. One of the problems might involve determining
which fork of a river, if any, retains the name of the river, and what
the names of the other branches are. One solution is to compare the
attributes of the branches with the attributes of the river. Another
solution is to see which branch most closely follows the direction of the
originating river. In either case, the branch which is the best match
is given the name of the river. Once all the features have been
identified, they must be properly labeled. The labeling process is
another complicated procedure. It involves placing the names on the
map so that each feature is clearly marked. Also, names must not over-
lap, nor may they be superimposed by a line or symbol. Another rule is

that the names be placed in a manner that conveys the curvature of the
Earth (see Appendix B, Fig. 1). This capability is provided by the
program AUTONAP'.

The original AUTOCOR program3  correlates names and geographic
features from USGS 1:2,000,000-scale maps and generates data for use by
AUTONAP. The 1:24,000-scale DLG is similar to the 1:2,000,000-scale DLG,
except that the attributes that describe features are different for the
two scales. For instance, the smaller-scale DLG contains a description of
the length of rivers whereas the 1:24,000-scale DLG files only describe a
segment as a river. For this reason a major rewrite of AUTOCOR was
required, leading to the new version called AUTOCOR124. AUTOCOR124
uses a significantly different correlation procedure from that of the
earlier version.

4
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3.2 Correlation of Names with Geographic Map Features

AUTOCOR124 is a program that will correlate features in a USGS
1:24,000-scale DLG with names from a GNIS. The DLG contains a list of
points, lines, and areas that define the geographic features within a
given area. Associated with each feature is a list of attributes that
describe it. The GNIS consists of feature names, locations, and a
classification for all the geographic features within each state. Together
the GNIS and the DLG form a cartographic database. Unfortunately, this
database lacks any relationship between features and feature names.
The purpose of AUTOCOR124 is to determine which name belongs to
which feature. Each of the three different types of features, points,
lines, and areas, requires a different method to determine its name.
Point features are the simplest to associate with their names. For area
features this is harder, and for line features it is the most difficult.

The correlation process is as follows:

1. Determine the boundaries of the DLG.
2. Extract all the point, area, and line feature data from the DLG.
3. Extract all the feature names from the GNIS located within the

boundaries of the DLG.
4. Convert all locational data to a single format that takes into

account the flattening of an ellipsoid projection.
5. Determine which features are point features.
6. Correlate area features.
7. Correlate line features.
8. Prepare the data in such a manner that AUTONAP can place the

names on the map in accordance with cartographic standards.

3.3 Determining the Coordinates of the Geographic Quadrangle

For the 1:24,000-scale, each set of three to five DLG files cover a 7.5-
minute geographic quadrangle. Where a 7.5-minute map was not avail-
able for the USGS to digitize, a 15-minute map was used. In the DLG,
the coordinates of the corners of the quadrangle are listed in degrees
of latitude and longitude. These coordinate pairs are also referred to
as the geodetic coordinates. The geodetic coordinates for the four
corners of the quadrangle are read into AUTOCOR124 in decimal-degree
format. They must then be converted to a degrees, minutes, and
seconds format (DDMMSS) so that they can be compared to the GNIS
feature locations. The following formulas are used to convert an angle
from decimal degrees to DDMMSS format:

min = [x - int(x)] * 60
sec (mi - int(min)] * 60

DDDMMSS = int(x) * 10,000 + int(min) 2 100 + int(sec)

where x = angle in decimal degrees
min = minutes of angle
sec = seconds of angle

int(argument) = the integer portion of 'argument'.
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The resultant, DDDMMSS, is a 6- or 7-digit integer in which the right-
most 2 digits (SS) indicate the seconds, the next 2 digits (MM) indicate

the minutes, and the left-most 2 or 3 digits (DDD) indicate the degrees.
For example, the number 954567 means 95045'67" and the number 1345609
means 134056'9".

3.4 Extracting GNIS Feature Names

The GNIS is a series of files, one for each state, that lists the names,
locations, and generic type of each geographic feature in the United
States. A GNIS is a sequential-access, 132-byte record, fixed-format file.
It is arranged alphabetically by feature name (see Appendix B, Fig. 2).
Each GNIS record, one for every feature, is divided into the following
fields:

Name: (Bytes 1-46) The official name of the feature, i.e. Raritan
River, Piscataway, District School Number 1, etc.

Generic: (Bytes 47-54) The generic feature type [4]. i.e. stream, ppl,
school, etc.

LOCI: (Bytes 55-61) Federal Information Processing Standards
(FIPS) state and county code of the location of the
feature.

Loc2: (Bytes 62-68) Optional secondary FIPS state and county
code used if the feature spans more than one county.

Latlong: (Bytes 69-83) Primary geodetic coordinate of the feature.

" Bgn: (Bytes 84-88) Year that the U.S. Board of Geographic Names
rendered a decision on the official name of that feature.
The decision was required because of a name conflict
between two or more locations.

Elev: (Bytes 89-93) Elevation of the feature (in feet). Source:
Geodetic coordinates of the source (or mouth) of linear
features.

Source: (Bytes 94-109) Geodetic coordinates of the source (or mouth)
of linear features.

Mapl-4: (Bytes 110-130) A list of topographic map numbers on which
the feature is located. More than one entry indicates the
feature spans more than one map.

For point features there is no need for a special procedure to correlate
the names to the features because we can use the Latlong field as the
feature's location. The best means for discerning which entries are
point features is by their generic type designation. AUTOCOR124
compares the generic type of each feature with a list of selected point-
feature types. For the current version of AUTOCOR124 the following
generics are used for the extraction of point features:

. 6
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airport, cave, cemetery, church, dam, geyser,
hospital, lake, locale, populated place,
school, summit, tank, and tower

If the generic is one of these types, AUTOCOR124 checks whether the

reference point is within the boundaries of the quadrangle. If it is, the
point feature is entered into an array containing feature names and
feature locations. A counter keeps track of the total number of point
features found.

3.5 Computation of the map projection

One of the problems of drawing a topographic map concerns the projec-
tion of the curved surface of the earth onto the flat surface of the map.
For purposes of handling the 1:24,000 maps with AUTOCOR, the Universal
Transverse Mercator projection (UTM) is used. A set of Fortran
subroutines was acquired from the National Oceanographic and
Atmospheric Administration to perform the necessary transformation.
The coordinate pairs are converted to UTM and normalized to a range of
0 to 21,000 as required by the format of the output file. The normal-
ization formula is as follows:

scaled = (x - minx/maxx-minx) * 21,000

where
x original UTM coordinate

scaled = the scaled coordinate
minx = minimum UTM coordinate of all the locations to be

scaled (here minx is the bottom boundary of
the quadrangle)

maxx = maximum UTM coordinate of all the locations to be
scaled (here maxx is the top boundary of the
quadrangle)

3.6 Preparing AUTONAP Compatible Data

Once the names have been extracted and their locations scaled,
AUTOCOR124 writes an AUTONAP input file. The header of this file
consists of the maximum values of the scaled coordinates and the
number of point, line, and area features. This is followed by a list of
nodes, their locations, and their names. The third part then describes
the line features on the map. The fourth includes areas, and the last
part is a list of intermediate points to which the lines conform. A
sample of an AUTONAP input file, generated by AUTOCOR124, is shown in
Appendix B, Fig. 3.

A critical and difficult problem in the original AUTOCOR project
involving the 1:2,000,000 DLG data files was the extraction of boundary
data for area features. The 1:24,000 data files provided these
boundaries, thus removing that difficulty. However, what was gained in
boundary extraction, may have been lost in line feature extraction. The

7
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principal line features used in this study were rivers and streams. A
river presents most of the difficulties involved in line feature
extraction: it branches, it merges, its path is non-deterministic, it
passes in and out of map boundaries, and often its source is a
subjective determination. The attributes describing rivers and streams
in the 1:2,000,000 DLG files are enumerated among 62 different
categories, thus providing a very detailed and quantifiable distinction
among dissimilar line segments. Among these distinctions is an
indication of the length of a river (a valuable parameter in the AUTOCOR
heuristics). In contrast, there are only 2 categories among rivers in
the 1:24,000 DLG files ("stream" and "braided stream"), with no
indication of length.

3.7 Extraction of Linear Features

Line feature extraction is the identification of the particular line
segments which comprise a whole line feature. For example, the Hudson
river may be described by 20 different segments within a particular map
region. Each of the segments should have identical or very similar
attributes.

AUTOCOR124 parses all the line segments in search of segments belong-
ing to extractable line features (rivers). When one is encountered (if it
has not already been used as part of another feature), AUTOCOR124
searches forward (at its end node) for other intersecting line segments.
The crucial difficulty in extracting a line feature is determining its
continuation (if any) at its intersection with other features. Where
there is but one line segment with similar attributes at an intersection,
the extraction simply involves inserting that segment (along with its
proper orientation - forward or backward) into the linked list which
is constructed to describe the feature. Where there is more than one
candidate for continuing the feature, AUTOCOR124 implements the
heuristic that the most likely candidate will be the segment whose
"immediate angle of intersection" with the extracted feature is closest
to 180 degrees. The "immediate angle of intersection" is the angle
formed by the intermediate point immediately preceding the intersection,
the point of intersection, and the intermediate point immediately follow-
ing the intersection. A feature cannot, however, adopt its most likely
candidate as its continuation without first considering that it may be
stealing that segment from a feature which ultimately has a stronger
heuristic for adopting the segment. To ensure against this, a check is
performed by placing the last segment extracted for the feature onto
the list of eligible candidates; the best match algorithm which deter-
mines the most likely candidate is asked to select the best match for
the selected candidate. If the algorithm chooses anything other than
the segment just placed back on the eligible candidates list, the match
is non-reciprocal, and, therefore, is disregarded. In more precise
terms, let BM(S,P) be the best match for continuing segment S at node
P. Let F(l)...F(n) be the n segments currently extracted for feature F.
Let N be the node at which segment F(n) is not joined by another
segment of F (ie. a current end-point of F). Then F(n+l) = BM(F(n),N)
if and only if BM(BM(F(n),N),N) = F(n).

8



When no segment is found to continue the feature, the original segment
is parsed backwards (from its beginning node) for continuing segments
until there are none found in that direction.

3.8 Correlation of Linear Features

Linear features are more likely to pass in and out of the bounds of
large-scale maps. Because the only information available from GNIS
about the geographic location and orientation of "stream" generics is
their source and mouth coordinates, it is often the case that no point
associated with a feature name within the bounds of a 1:24,000 scale
map will be given for a river which passes over the map boundaries.
It is, then, more likely that credible correlations between river features
and their names will be made when either one or the other is within
the bounds of the map.

Potential matches between names and line features are assigned a weight
calculated by summing the inverses of the distances between the source
coordinate and the line feature and the mouth coordinate and the line
feature. The inverse of coordinates which are far out of the bounds of
the map are insignificantly small and, therefore, have little affect on
the weight of the potential match. The feature whose potential match
has the greatest weight is assigned the name only if there has not been
a stronger weighted name previously assigned, in which case the next
greatest match is assigned.

3.9 Extraction of Area Features

By explicit inclusion of the identification numbers of the line boundary
data, the optional data file format of the 1:24,000 DLG files rendered the
task of extracting the boundary data for area features very easy. This
is a welcome variation from the 1:2,000,000 DLG data files where
determination of certain boundary data was a nightmare. The 1:24,000
files are not, however, void of problems. For example, the attributes
which describe county boundary lines indicated the same county for all
the lines (all county attributes were given the Chittenden County FIPS
code when many were, in fact, in Rutland County). Another problem
with the 1:24,000 DLG data files inherent with its large scale, is that
some populated places are best described as area features while others
are better described as point features. It was not always apparent
what the political boundary represented (ie. corporate limits, etc.).

3.10 Correlation of Area Features

When a GNIS area feature name is encountered, the DLG data is parsed
for area features with corresponding attributes. A weight measuring
the credibility of the match is calculated. The strongest weighted match
determines which DLG feature is assigned the name. If the feature,
however, had been assigned a stronger weighted match, then the next
strongest match is assigned the name; this usually only occurs when the
strongest match has not yet been encountered.

9



The weight of the match is calculated by first considering whether the
GNIS reference point is contained within the boundary of the DLG
feature boundary lines. If so, the weight is assigned a value of 1.
This is summed with the inverse of the distance between the GNIS area
reference point and the DLG area reference point. It could be argued
that the geographic center of the DLG boundary lines should be used
rather than the DLG area reference point, but it was felt that the
criteria used to choose the reference points for both the DLG and GNIS
area features would tend to be the same; and that, in most cases, the
reference points were approximately central anyway.

3.11 Untried Algorithms

There remain a few untried although promising ideas for river extraction
and correlation. The source and mouth coordinates of the GNIS river
names are most likely to be positioned at an end-point of the feature.
This fact provides criteria for extracting line features by specifying
where the feature ends. Implementing this fact into an algorithm
presents a difficulty in the form of a paradox: in order to determine
that a river has ended at a junction, all other junctions must have been
resolved and a high probability must have been assigned to the
correlation between the name and the feature before the feature has
been extracted.

Also, a DLG attribute pair exists for nodes which represent river
origins. While this data should be useful, it must be understood that
source coordinates are determined subjectively, and that the likelihood
of a match is, therefore, lessened. This unfortunate fact should also be
considered when using both end-points for feature extraction as
described in the preceding paragraph.

10



4. Modifications to AUTONAP

4.1 Conversion of AUTONAP from PRIMOS to VAX/VMS

Following are the problems encountered and solved during the
conversion of AUTONAP from PRIME to VAX/VMS.

1. Moving Programs and Data from PRIME to VAX

Data transfer procedure between PRIME and VAX was ill-defined. This
resulted in many source and data files with missing and/or incorrect
information.

2. Ratfor Support in VAX

Ratfor support in VAX was difficult to obtain. In particular, macros
with arguments were not well supported. All macros with arguments
were removed and replaced with the expanded code. It was learned
after the fact that the UNIX emulator in VAX has the capability to
handle macros.

3. Equipment Problems

Data communications through modem was VERY slow with Smartcom. The
emulator was later switched to CTRM and PROCOMM. These two worked
better. In addition, line noises made data communications impossible at
times.

4. Compiler/System Dependency in AUTONAP

Autonap called a few PRIMOS system routines (mostly to perform I/O).
These had to be replaced by corresponding VMS calls. In addition, I/O
behaved differently under VMS Fortran 77 and PRIME Fortran 66.

5. Machine Dependency in AUTONAP

PRIME integers are 2 bytes by default. VAX integers are 4 bytes by
default. This caused problems in Autonap, which stores all characters
into 2-byte integers and work under that assumption.

4.2. Modifications to AUTONAP Source Code

Autonap source code was changed by other people. Most of these

changes had to be undone before Autonap could be run successfully.
Also, there were some bugs in the original AUTONAP which were
tolerated under PRIME but which are not tolerated under VAX/VMS.

4.3. Plotting Problems

New plotting software had to be written to plot the output file
generated by running Autonap.

I



5. SAMPLE RESULTS

The NPSS software, consisting of AUTOCOR124 and AUTONAP, was tested
against two sets of USGS DLG and GNIS data files. One of the sets
consisted of the Chittenden, VT quadrangle, a rural and relatively
sparcely settled area. For the other set, the Berwyn, IL quadrangle
was chosen; the latter consists of a heavily populated, urban area. The
corresponding GNIS data files were those of Vermont and Illinois,
respectively.

Appendix B, Fig. 4 shows a plot of selected point, line and area features
for the Chittenden quadrangle. Fig. 5 shows the Berwyn quadrangle
with names placed for area-features defined by political boundaries.

12



6. CONCLUSIONS

The new name placement software system, NPSS, consisting of the new
program AUTOCOR124 and the modified version of AUTONAP, is able to
correctly correlate names derived from USGS GNIS files with their
associated features derived from DLG files. The data quality must be
high; where the data is ambiguous or il-defined, the system encounters
difficulty. However, this was not unexpected. Higher standards of data
integrity must be achieved before dependable automatic name placement
from DLG and GNIS files will be possible.

lI
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Appendix A

NPSS Magnetic Tape Files

The NPSS magnetic tape contains various files in VAX-VMS backup

format. The following file categories are recorded on the tape:

Filename Description

Doc Documentation for running NPSS programs

AUTOCOR124 A] source, object, and executable files for
AUTOCOR124, as well as some command procedures
for compiling and linking AUTOCOR124.

AUTONAP All RATFOR and FORTRAN source and executable code
for AUTONAP. Included are an object library and
command procedures to link AUTONAP, and the
associated support file (AUTONAP.TABLE).

MAP Source, object, and executable files to convert
AUTONAP output into HP-GL language plot files for
plotting on Hewlett-Packard plotters, in particular,
an HP-7550A 8-pen plotter.

DATA DLG files for the Chittenden, VT and Berwyn, IL
quadrangles, and GNIS files for the states of
Vermont and Illinois. Also included are sample
AUTOCOR124, AUTONAP, and MAP output files.

To load the foregoing sets of files into a VAX/VMS system, do the
following:

$ mount/for DEVNAM:
where DEVNAM is device name of tape drive being used.

$ backup DEVNAM:[000000]doc/sav 8.8
$ backup DEVNAM:[000000]autocor 124/save 2.
$ backup DEVNAM:[000000]autonap/save $.2
$ backup DEVNAM:[000000]map/save 8.,
$ backup DEVNAM:[000000]data/save 8.2
S dismount DEVNAM

Each backup command will copy the indicated file set from the tape into
the current directory. The file DEMO.DOC contains instructions for
running AUTOCOR124, AUTONAP, and MAP.
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Appendix B

Sample Program Run

The following steps demonstrate running the AUTOCOR124 and AUTONAP

programs under the VMS operating system to achieve automatic names
placement with actual USGS DLG and GNIS data files.

Note 1: Text typed by computer is shown bold. Text typed by user is
shown in italic.

Note 2: It is assumed that all files are in the same default directory.
If they are in a different directory, the actual directory path must be
specified ahead of the filenames, following standard VMS procedures.

1) login to computer and choose for default directory the one where the

AUTOCOR124 and AUTONAP software is stored.

2) $ DIR /shows all files

The list should show DLG files marked Chittenden and Berwyn. These
contain data as follows:

Berwynl & Chittendenl political boundary data
Berwyn2 & Chittenden2 transportation
Berwyn3 & Chittenden3 hydrography
Berwyn4 railroads
Berwyn5 pipelines

In its present form, AUTONAP can only handle 1000 line features at a
time. To prevent possible overflow, one of the above line-feature
categories should be processed at a time (e.g., only hydrography or
only transportation). Different categories can always be overlaid later
at plotting time.

3) r autocorl24 /run AUTOCOR124

4) No. of files: I /see reason above

5) Name of file: chittenden3.dlg /example selected
/map info supplied

6) Name of GNIS: vermont•Snis /relevant GNIS file

7) Output file: y

8) Name of output: chittenden3.cor /name assigned
JA

9) ppl to areas? n /use point (no) for
Chittenden, and use area (yes) for Berwyn files. You'll receive feedback
whenever a ppl is matched to an area: the first digit will be 0 if outside
area and will be 1 if inside area. The "weight" is measure of the
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quality of the match. The mantissa is the inverse square of the
distance between the ppl and the area's reference point.

10) Label add'L points? (yN) y

11) Label all? (a,C) C /select C for "certain ones"

12) Specify generic types: ppl
13) Specify another type: y

..... (repeat) locale
..... (repeat) summit
... (repeat) school

(at end), enter N /for "No more"

Program will now run to completion and system prompt will reappear.

14) $ r autonap /runs AUTONAP program

15) Enter input file: chitt3.cor /the output from autocorl24

16) Enter output: chitt3.nap /the output from autonap

The AUTONAP program will now run to completion. During this process
many "error messages" will be displayed. This merely indicates that
the program was not able to match up some of the names and features;
it does not indicate any malfunction in the software. When prompt
reappears, we are ready for plotting.

17) $ map /run the map plotting
program

18) Input: chitt3.nap /input is output from
AUTONAP

19) Output: chitt3.plot /make plotter is ready;
plotting will now take place.

17
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USS-IMD DLO DATA - CI:CTER FWMT - 09-29-82 UERS I Ol
ClITTENNEt 1961 24000

3 1 18 2 0.510000iOOO+00 4 0 4 1
-0.7205601 r 0.4304101500000 19D08 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

O.1 1 0.0 0.0 0.0
S9 43.625000 -73.000000 661361.10 4831951.75
Hi 43.750000 -73.000000 661026.54 4845833.83
HE 43.750000 -72.8 75000 671000.38 4846084.49
SE 43.625000 -72.875000 671445.67 4832202.32
BOtRCMIES (24&25) 0 37 37 010 18 18 011 53 53 1
I 1 661361.10 4831051.75 2 0 0

-16 17
H 2 661026.54 4845833.83 2 0 0

-1 2
N 3 671090.38 4846084.49 2 0 0

-4 5
N 4 671445.67 4832202.32 2 0 0

-11 12

R I 660938.89 4837753.16 18 19 1 0 0
-17 -16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6

-5 -4 -3 -2 - 1 -18
661352.58 4832515.59 661361.10 4831951.75 664358.27 4832023.17
664637.96 4832031.34 664775.75 4832032.33 666426.12 4832070.28
671445.67 4832202.32 671431.08 4832740.40 671379.55 4834814.23
671359.78 4835708.30 671305.66 4837689.99 671296.67 4838174.55
671266.66 4839308.63 671090.38 4846084.49 663306.92 4845892.32
661070.30 4845839.80 661026.54 4845833.83 661252.17 4836606.01
661352.58 4832515.59

0 0

R 4 662360.71 4839283.08 7 11 3 0 0
-19 f 2 -20 -23 24 -26
666051.29 4836970.99 661252.17 4836606.01 661026.54 4845833.83
661070.30 4845839.80 665824.38 4837415.38 665838.79 4837277.32
665822.70 4837188.50 665885.42 4837167.40 665061.42 4837127.31
665993.08 4837104.92 00:051.29 4836970.99
91 50 92 21 90 100

L I 18 2 1 4 2 0 0
661252.17 4836006.01 661026.54 4845833.83

L 2 2 5 1 4 2 0 0
661026.54 4945833.83 661070.30 4845839.80

L 3 5 6 1 2 2 0 0

Fig. 1. A sample DLG file
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21187 21687
N 017944.3 078760.9

712 146 26
0 0 1

21187 0 2
21187 21687 3

0 21687 4
3568 21356 5
238 21159 6
2510 10243 7
1016 16032 8
1148 11391 9
3506 7300 10
5148 7096 11
5074 6912 12
7504 5500 13

18925 11123 161 Ptlcansas C i ty
7614 8766 162 PtlFlogstoff
7258 7307 163 PSFlesa
7742 6220 164 PNITucson
8240 5737 165 PSTombstone
5252 7041 166 PMWuso
10996 8173 167 PLRIbuquarque
11226 6330 168 PtHIaowgordo

5 6 0 2 1 2476 000010
6 7 0 -38 2 1226 02476 WB
7 8 0 42 3 1586 03702 UB

29 30 0 -65 26 796 10284 LRtIissouri R
30 31 0 28 27 324 20080 LRBig Sioux R
31 32 0 29 28 4 20404 LB
32 33 0 -58 29 220 20408 LR
33 34 0 -31 30 748 20628 LFRed River Of The North
35 34 0 110 31 748 213761 8
36 35 0 31 32 1304 22124 1B
37 36 0 32 33 108 23428 1B

3 1 RLOREGO
35 2 RLIDRHO

Fig. 3. Sample AUTONAP data file
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Fig. 4. Example of some point, line, and area features
labeled in Chittenden, VT quadrangle
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