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ABSTRACT: A manual, forms-based system is described which potentially can facilitate documentation of data in the
context of database production for some GIS applications. The system documents the data transformation from the
point of identification to the point of integration in analysis. The forms-based system consists of five components: (1)
map selection, (2) test plan, (3) preprocessing, (4) digitizing, and (5) edit. In addition to documentation, it provides a
decision guide for data selection and the means to establish an audit trail for maps and data through the production

system.

NSTITUTIONS AND AGENCIES utilize geographic information

systems (GIS) for decision making purposes. If modeling ef-
forts are carried out using geographic data to provide infor-
mation about resource availability or suitability, the data going
into these systems warrant scrutiny. As these data are substan-
tially transformed as a result of manipulations designed to ren-
der the data suitable for use in GIS systems, the transformations
are best recorded also.

The ability of a user to evaluate the appropriateness of a data
source can be enhanced by documentation and an associated
guide. The information provider can enhance the use of the
product by documenting the process used to create it. It is in
this context that a prototype decision guide and audit log of
steps in the preparation of digital spatial databases has been
developed.

GOALS AND ASSUMPTIONS

The decision guide and audit log should be educational and
practical. To the extent that it can assist the user in understand-
ing the framework and production steps involved in developing
a spatial database, it can be educational. To the extent that it
can be used as a “production diary,” it can be practical.

There are two assumptions that underly the design and ap-
plication of the forms: (a) more can be communicated through
the use of a partial graphic format, i.e., paper forms, and (b)
the forms can provide documentation about decisions made
during production.

DESCRIPTION

The main stages of the system being modeled were adapted
from Marble (1984). The stages are (1) map selection, (2) test
plan, (3) preprocessing, (4) digitizing, and (5) editing.

The selection stage involves an inventory of existing data,
perhaps compared to specifications developed with some use
of existing sources. Specifications refers to some identifiable
characteristics of map data that are required to portray a par-
ticular theme or need. These can also be described as carto-
graphic and thematic content.

The test plan stage involves identification of points in the
production process where data accuracy might be audited to
insure or relate some minimum standard. The cartographic con-
tent and thematic content can be monitored as they are trans-
formed in the production process.

The preprocessing stage details what transformations or en-
hancements the map undergoes before it is actually manually
entered into the computer. The digitizing stage is the actual
entry of the data into the computer. Finally, the editing stage
represents the implementation of the quality assurance proce-
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dures that are undertaken after the major data transformation
that is brought about by digitizing.

The form for map selection is shown in Figure 1. It provides
the opportunity for data inventory and comparision and is based
on a comparison table from Hudson (1987). The Table helps to
answer questions about the cartographic and thematic content
of the maps. Moreover, it also helps form the questions needed
to address the requirements of the data bases.

The first column is provided to list special criteria to be used
in comparison with the actual, existing map data. These spec-
ifications, based on map attributes listed down the left side of
the form, may define the characteristics of the best map data
for some theme of interest. The sources of map data for the
theme listed can then be documented and compared with the
specification, and can facilitate selection. The form provides
documentation of available data sources and a structure for
comparison of data types. Analysis of forms allows decisions
about data suitability and they can be reviewed.

The second form, Figure 2, is meant to be used with the first
form. It details the potential or selected data source by refer-
ence, and lists all attributes or codes describing it's thematic
content. The map is given a fuller description through a listing
of it's categories.

Once data have been selected for automation, the process
becomes one of defining what quality control measures or tests
should occur during the subsequent stages of production. These
tests allow a user to form some idea of the data quality asso-
ciation with a digital data product. The general form of a quality
report is outlined by Moellering and the National Committee
for Digital Cartographic Data Standards (1987) and the Journal
of American Congress On Surveying And Mapping (1988). As
described by these sources, the lineage of the digital data could
be constructed from the information provided on the forms,
with tests for accuracy described in the test plan form (Figure
3). Table 1 describes some potential elements of the form.

The preprocessing form (Figure 4) records the preparation of
map data for digitizing. Major reformatting of data includes
redrafting and photomechanical reproductions, as well as data
transfers.

Coordinates and georeferencing are scrutinized during pre-
processing to insure that all maps can be registered to the same
coordinate system and range of coordinates. This is specified
in the data inventory or laid out in the test plan. Tests of po-
sitional accuracy would occur at this point. Photomechanical or
optical processes may also be used to “warp” a map into align-
ment with the base, or data may be registered to the base map
by means of some optical transfer process. Whatever the treat-
ment, the details will be recorded on the sheet.
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Fic. 1. Map Selection - data inventory and specification. Adapted from Hudson (1987).

FiG. 2. Map Selection — data inventory, thematic content.
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DEFINE QUALITY CONTROL MEASURES
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Fic. 3. Test Plan — define quality control measures. Fic. 4. Preprocessing — preparation for digitizing.
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Create A Digital File
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Fic. 5. Digitizing — create a raw digital file.

FiG. 6. Edit — quality assurance and reformat.
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TaBLE 1. ACCEPTANCE TESTS FOR POSSIBLE INCLUSION IN TEST PLAN

Test For Test

positional accuracy comparison to ground; to source of higher accuracy

coordinate representation comparison to known range
digitizer accuracy calibration
selup accuracy deviation magnitude;RMS
redundant points some fraction of the maximum coordinate distance
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a)line intersection,
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machine check, topology tesls:

a) chains intersect at nodes,
b) cycles of chains and nodes are consistent
around polygons,
c) inner rings embed cc
polygon
machine check: that all codes in the data dictionary
ara represented in file
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iy in

!

completeness

To maximize the use of digitizing personnel, the maps may
be redrafted into separate sheets. One or more products can be
made for line work and, possibly, separate sheets can be made
for attributes. This is a major reformation of the data, while
highlighting or annotating features on the map may be a similar
exercise but not as extreme. Other features may include coor-
dinate points on the map that will be used to establish the grid
on the digitizer bed itself. Other points may aid in testing the
grid as setup on the digitizer.

The digitizing form (Figure 5) includes the major components
for setup, digitization, and takedown. Setup procedures use
georeferencing previously established on the maps during pre-
processing. Setup accuracy can be measured using assigned
methods and standards from the test plan. Methods include
measuring magnitudes of deviation from reference coordinates
Or measuring the root-mean-square error (RMS) of the setup
points. Standards might be set according to limits imposed by
the positional accuracy of the map. For example, the U.S. Geo-
logical Survey utilizes a horizontal accuracy of 0.85 millimetres
(1/30 of an inch) on the map or approximately 20.3 metres (67
feet) on the ground.

With a coordinate base established across the digitizer sur-
face, all features on the map can then be “digitized.” Again,
methods and standards can be assigned from the test plan and
a record can be kept of hours to perform the task and any errata
encountered during the process.

For instance, digitizing mode and a snap tolerance can be
defined on the form. The mode refers to coordinate data cap-
ture. It can occur one point at a time, or in a continuous stream
of coordinates. The line work can be digitized as arcs and nodes,
or as an entry of coordinates without designating line intersec-

tons or nodes. A “snap” tolerance is set to determine how close
a digitized point has to be to a node before it can be considered
identical to that node. Errata may be defined as errors in the
map or from preprocessing steps and can be noted on the sheet.
The audit log also addresses functions such as takedown of the
map and proper storage and archive of the map and digital data.

Figure 6 shows the edit form, where most of the digital data
quality assurance is documented and reformatting is per-
formed.

The edit stage consists of two phases, including (Marble, 1984)
one within a data set and the other between data sets. The latter
is described as a database level check, the former as a multilevel
check. Test plans are implemented through the edit form and
documented as to their completion and correction of inadequa-
cies in the data set.

Correction of inadequacies can be accomplished using one or
more of three general procedures: (1) browse/interactive edit,
(2) machine check, and (3) graphic check/check plot.

Finally, topology can be built. This is the process of associ-
ating line segments with the polygons or areas that they de-
scribe. Topological consistency can then be reported by machine
check according to the tests for topology mentioned in the test
plan. Their completion may serve as a minimum quality state-
ment about some aspects of the data production, and could
mention software name and version number used to further
document the conditions.

The forms may be altered to suit the individual application.
Should any such device be employed, it should be evaluated
with the following points: (1) how well do they describe the
production process, (2) is the boundary of the study realistic,
(3) does the user know more about the production process after
using the forms, (4) how well do the forms define quality as-
surance as well as when to apply it, (5) do they offer an op-
portunity for documentation in all places it is needed, and (6)
how does this model fit into existing models of spatial data base
production.

CONCLUSIONS

Recording production details in a systematic fashion can pro-
vide valuable information to the user related to quality. In ad-
dition, the forms offer a guide for completing the tasks included
in the process.
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