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Abstract

Computer mapping is a new and developing technology prompted by the need for accurate
maps and integrated data and the increased availability of computer systems. Trends are being
established by many organizations, most of which are governmental agencies. Numerous projects
are being started and many are in production mode. To this end, the lowa Department of Transpor-
tation is beginning to investigate the possibility of a computer-aided mapping and records
system.

The purpose of this report is to provide an introduction to computer mapping by defining terms
and concepts, by examining current projects of various federal, state, and municipal agencies and
by studying current vendor offerings. Some initial guidelines are suggested.

Graduate Research Assistant Program

The lowa Department of Transportation in cooperation with lowa State University, Ames, lowa
sponsors a Graduate Research Assistant program. This program is administered through the
Office of Transportation Research. Graduate students such as John Matrow are provided an
assistantship through the lowa Department of Transportation to conduct research activity on
topics that are mutually beneficial to the lowa Department of Transportation and the graduate stu-
dent. John Matrow has previously prepared reports on computer graphics and choropleth

mapping.



Introduction

Computer mapping is a new and developing
technology prompted by the need for accurate
maps and integrated data and the increased
availability of computer systems. Trends are be-
ing established by many organizations, most of
which are governmental agencies. Numerous
projects are being started and many are in pro-
duction mode. To this end, the lowa Depart-
ment of Transportation is beginning to in-
vestigate the possibility of a computer aided
mapping and records system.

The purpose of this report is to provide an in-
troduction to computer mapping by defining
terms and concepts, by examining current pro-
jects of various federal, state, and municipal
agencies and by studying current vendor offer-
ings. Some initial guidelines are suggested.

The scope of computer mapping investigated
here extends primarily to production systems
for planimetric maps. Systems for topographic
and thematic mapping are also included where
relevant.

Numbers in parentheses in the text refer to a
citation in the bibliography. Terms are defined
in Part |, Part Ill, and the Glossary and an index
is provided at the end.

After reading this report, a person should
have a clearer understanding of the elements in
a computer mapping system. Initial re-
quirements can then be started by those in-
terested in a program of computer-aided map-
ping and records system.



Part | - Questions and Answers

1. What is Computer Mapping?

Computer mapping is a very general term
referring to the use of a digital computer in the
compilation and production of maps. Broadly
speaking, it includes the means to analyze and
interpret information with a geographical or
spatial structure.

Computer generated maps take advantage of
a computer’s unique capability to manipulate
large volumes of data and proiduce graphic
displays quickly and accurately.

Other terms which are used when referring to
computer mapping are:

Computer Cartography

)
(2) Computer-Assisted Mapping
(3) Computer-Assisted Cartography
(4) Automated Mapping
(5) Automated Cartography
(6) Computer-Aided Mapping
(7) Computer-Aided Cartography
(8) Digital Cartography
(9) Numerical Cartography

Since cartography is the science of preparing
all types of maps and charts, one can see the
general equivalence of terms.

2. Why Computer Mapping?

According to Teicholz and Dorfman (10), com-
puter mapping is becoming increasingly in de-
mand because of computer economics, the
amount of available data, new and
sophisticated mapping techniques, graphic
hardware development, and the forthcoming
conversion to the metric system (causing ob-
solescense in existing manual maps). The
reasons why one might consider computer
mapping include the speeding up of the map-
making process, the acceleration of making
map revisions, the potential cost reductions,

the ability to create data bases, the reduction of
manual drafting work, the reduction in worker
requirements, and even the potential improve-
ment of the aesthetic qualities of maps
themselves.

The BJUMP system users in Burnaby, British
Columbia (see Part 1V) experienced a speed-up
factor of 4.8 to 8 in computer mapping over
manual mapping. They also concluded that the
comparison was meaningless when one also
realizes that a new data base and a manage-
ment information system are of much added
value.

William Radlinuski, Associate Director of the
United States Geological Survey (USGS), has
these reasons for automation:

1. Speed up the map-making process.

2. Improve the economics of mapping.

3. Generate digital data for direct
dissemination and rapid manipulation to
produce maps at different scales and
with selected contents.

4. Facilitate map revision.

5. Reduce the incidence of errors.

Warren Schmidt, also of the USGS, has these
reasons:

Economy

Speed

Original data in machine form
Volume

Accuracy

Graphic precision
Computation

Data Manipulability

0 N OY f 0 hol it

In addition to all these reasons, this author
supports the following reasons:

1. Information availability in graphic,
listing, and data file forms for uses rang-
ing from decision-making to information
exchange.

2. Decreasing cost of computer hardware.



The biggest disadvantage of computer map-
ping is the high initial cost of equipment and
training. Effective use, however, would spread
the cost out over a period of time and savings
as outlined above would also discount the cost.

3. How Does a Computer
Mapping System Work?

The initial stage of this process is to convert
the information on a source document such as
a map or aerial photograph into digital data to
be processed by a computer. The most com-
mon method of doing this is with a digitizer.

All of the converted or digitized information
from a map or document is collectively called a
file. The processing of a file is manipulating its
various elements into a usable form. The file is
also referred to as a data base.

After sufficient processing, the contents of a
file can be displayed for the viewer. Generally,
this is accomplished through utilization of an
ink pen or series of ink pens instructed by the
computer to draw points and lines on a piece of
paper. This drawing device is called a plotter.
Lines can also be drawn on a television-like
screen using a device referred to as a graphics

display.

The following diagram illustrates the basic
computer mapping system process. The rec-
tangles are computer processes, the circles
represent data storage, and the arrows show
flow of data.

4. What Is a Digitizer?

A digitizer is a device with an electronically
sensitive table. In wusing the digitizer an
operator uses a curser with cross-hairs to pin-
point locations on a map document. After posi-
tioning cross-hairs on the point location, the
operator presses a button and the electronic-
ally sensitive table automatically computes the
X-Y coordinates of the point. X usually
represents the distance in inches from the left
edge of the table and Y represents the distance
in inches from the bottom of the table. This uni-
que pair of numbers is coordinated to represent
a point on a map. Coordinates defining two
points can be connected to form a line. With
this building block procedure, the operator can
represent a series of drawings of points and
lines. Most digitizers also have an interactive

keyboard console whereby the operator can
enter commands or messages to identify points
or lines.

The coordinates and connecting links ob-
tained from the digitizer are transferred to a
magnetic tape. This tape is placed on another
computer for processing the file. In a mini-
computer configuration, the coordinates are
sent directly to the computer to be processed
and/or stored on a tape or disk.

Small digitizers are often called tablets and
are often used for commands instead of using a
keyboard. Costs may range from $1,000 to
$50,000. The large digitizer systems have mini-
computers for editing the data before putting it
on tape. Digitizers now available have a resolu-
tion of accuracy that varies from 0.01” to
0.001".

5. What Are the Configurations of
Computer Systems?

In a main-frame set-up, we are attempting to
use a large computer which is often being used
for data processing programs at the same time.
Through a time sharing procedure the com-
puter’s powerful computation capabilities are
more fully utilized. Time sharing results in hav-
ing to compete for the computer’s resources
and there are limits to sharing which must be
carefully considered. Programs requiring a
maximum amount of memory or other
resources must be executed on large com-
puters. Examples of large memory programs
are automatic contouring and large data base
manipulation. The large computer is the tradi-
tional set-up and most people are familiar with
it.

The main alternative to direct use of the large
computer is the interactive graphics system
that utiizes a mini-computer. The mini-
computer can be utilized at all times in the map-
ping process. The mini-computer is usually the
size of a desk and can have the input and output
devices connected directly to it. Because of
rapid technological advancements a mini-
computer can have the capabilities and capac-
ity of large computers of fifteen years ago and
also be much faster at a fraction of the previous
costs.

These two types of set-ups are also called
off-line and on-line systems respectively.



Figure 1. Basic Computer Mapping Process
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Figure 2. Large Computers - (Off-Line)
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The following advantages and disadvantages
of each computer system are as follows:

Advantages:

large capacity

superior speed

vendor support

commonly known (programming support)
centralizes data processing

Disadvantages:
competition for time
competition for space
dependence on operators
(physical handling)
large programming effort
priorities among competition
batch mode (no interaction)

Advantages:

Large Computers:

¢ immediate availability

@ interactive capabilities

‘5’ easily moved (small size)

). can create tape files for other computers
E low cost

() smaller programming effort (if any)

(I) dedicated

E can be directly connected to a large com-
o puter

M

can be ready-to-run (pre-programmed)

Disadvantages:

may require different programming (obscure
machine architectures)

lacks large capacity

6. What Does Interactive Mean?

This means an interaction between human
operator and computer. Questions are asked or
commands are given requiring a response. An
example is a machine request for input and the
operator typing in data. The operator requests a
process and the computer does it. This com-
munication occurs on a typewriter-like device
or an alphanumeric cathode-ray tube (CRT) ter-
minal. In contrast, there is the batch program
environment where the user assembles data
and control cards in a deck, submits the card
deck for processing and waits several hours or
more to obtain the output. A single error in the
card deck can waste the entire run with addi-
tional time lost.

This delay and downtime can be eliminated
when an interactive environment is used in con-

structing objects like programs, data files, or
maps. The computer can “help” the operator by
notifying him/her that they may have made er-
rors or omitted some data. In a graphics situa-
tion, the computer may ‘‘draw” what is being
digitized on a graphics CRT screen. The
operator can immediately recognize errors and
correct them. This method guarantees quality
of input data better than any other method.

A typical interactive graphics system costs
$170,000 and contains a mini-computer having
64K of memory, 10-megabyte moving-head disc,
direct view storage tube graphic display, 11" by
11" tablet, 3’ by 4’ digitizer, and a medium
speed (10 ips) drum plotter. (10)

7. How Does a Plotter Work?

A mechanical arm with an ink pen is posi-
tioned above a piece of paper. Plotter com-
mands are a series of X-Y coordinates directing
the pen movement. Each command instructs
the arm to move with the pen either down or up,
thus drawing a line to a point or just skipping to
a point.

For high precision plotting a flatbed plotteris
used to obtain the required accuracy. On a
flatbed plotter the paper is flat and remains in a
static position.

Often the paperis very long and rolls across a
drum replacing the movement of the
mechanical arm in one direction. It utilizes a
combination of paper movement and arm move-
ment to draw lines. This is called adrum plotter.
It is less expensive than a flatbed plotter and
occupies less space. It can be very accurate for
a majority of applications.

Both of these devices can have several pens
mounted on the arm and are capable of produc-
ing multi-color drawings. They are often refer-
red to as incremental pen plotters. Plotters and
their controlling devices are generally termed
automated drafting systems.

There are several specialty plotters that are
designed to do a specific job or produce a
special product. Some of these are the scribe
plotter which etches an open line on an opaque
surface, the photo plotter which directs a beam
of light on a large negative for graphic work,
and the microfilm plotter which directs a beam
of light on a small negative for microfilm filling
of graphic data.




8. How Does a Graphics Display
Work?

The simplest and most common graphics
display is the Direct View Storage Tube (DVST).
One can think of it as a plotter on a television-
like screen because it ‘“draws’ lines to be
displayed. If any changes are required, the en-
tire picture must be erased and redrawn. The
cost for DVST graphics display ranges from
$5,000 to $12,000.

Another type of graphics display is the
refresh vector display (RVD). The graphics are
displayed in such a manner that immediate
changes can be made without redrawing the en-
tire display. There is no erasing and redrawing
for deletion, addition or moving of points and
lines. This capability is highly desirable due to
its time saving features in making changes. It
requires a very small computer of its own in
order to immediately calculate changes and
present the display. However, it is also more ex-
pensive. The cost of a RVD ranges from $10,000
to $20,000.

Other types of display are the plasma panel,
the raster cathode ray tube and the scanned
storage tube. Work is being done to improve
resolution, add color and lower the prices of
these graphics display devices.

9. What Types of Maps Can Be

Produced?
The maps can be:

(1) Contour (lsarithm, Isopleth) - lines con-
necting points of equal value

(2) Choropleth - shaded zones showing den-
sities

(3) Conformal - conforming in shape (little

distortion)

City street

City plat - boundaries and subdivsions

County

State

Country

Road (transportation)

(10) Soils

(11) Geology

(12) Topographic - showing all important

features including relief through con-

tour lines

Planimetric showing all

features except relief

CXISTE

(13) important

(14) Thematic (statistic) - includes contour,
choropleth and types of data display

(15) Demographic - population density and
distribution

(16) Land use

(17) Property Plats

10. Are Maps the Only Objective?

While maps are the primary output, another
most common by-product is a data base which
can be analyzed, manipulated, exchanged, ac-
cessed, and displayed in many forms. Almost
all systems seek to achieve these abilities to
some degree. These files are called (digital) car-
tographic data bases.

Since the majority of digitized map data is
points and lines, what makes this data more ef-
fective is the ability to attach attributes or infor-
mation to these lines and point. A line segment
can be identified with only two pairs of coor-
dinates. However, to this line segment, we
could attach additional data such as street
name, address range, census tract, city name,
street type, identification numbers, zip code,
county name, zoning codes, etc. In describing a
highway segment we could also add pavement
type, width, traffic volume, accident records,
etc. It is also possible to attach coordinates to
existing files of bridges, culverts, wells,
railroad grade crossings, etc. The list of items
is almost endless. An integrated base of this
nature is generally termed a geographic base
file. The programs that create and use a
geographic base file are sometimes termed a
geographic information system, geographic
data system, or a geo-based information
system. Other terms associated with car-
tographic data bases are: geoprocessing,
geocoding, geographic data bank.

Another way to view this concept of
geographic data is to consider the interaction
and merging of data for the fields of Geography,
Cartography and Computer Graphics (8). In any
one of the fields by themselves, only a limited
amount of data can be manipulated and
displayed for the user. In Computer Graphics
and Cartography, systems are developed to
reproduce maps but the resultant data has no
analytical power. In Geography and Car-
tography, the only product is a visual display of
the geographic data. In Computer Graphics and




Geography, modeling and analytical tech-
niques are applied to geographic data, but the
statistical data produced is generally in the
form of tables, graphs, charts, etc. and not a
map.

In combining all three fields, a very powerful
tool for manipulation of data emerges. It incor-
porates the cartographic display, the computer
graphics techniques and the geographical
analysis to produce a document or series of
documents that visually display data.

11. How is Computer Mapping
Growing?

According to Teicholz (12), sales in 1975 were
$7 million and are estimated to be $20 million in
1978 for cartographic applications of “turnkey”
(ready-to-run) interactive graphics mini-
computer systems. Sales of these systems and
all related data applications is expected to
reach $240 million in 1978. Frost and Sullivan (6)
estimate that by 1986 total sales in this area will
increase to approximately $480 million.

In another report, Teicholz and Dorfman (11)
feel that the most prevalent trend is toward in-
teractive mini-computer based systems. One
major vendor recently introduced a “‘turnkey”
drafting system that costs $40,000.

There is considerable interest in various
state and federal agencies toward computeriza-
tion of the 1:24,000 scale quadrangle maps of
the U.S. Geological Survey. Because of the
magnitude of the task, some of the agencies
digitize only what is needed for their own work.
If coordinated and compatible, this could
develop into a massive exchange program of
data between various agencies. At the present
time, however, no effort has been made to coor-
dinate these data needs.

As will be seen in Part IV of this report, many
municipal agencies are getting more deeply in-
volved in computer graphics and mapping
because of the numerous benefits associated
with the integration of various management in-
formation systems. The Computer Assisted
Mapping and Records Activities Systems
(CAMRAS) project (see Memphis, Tennessee) is
serving to develop guidelines and standards for
others interested in creating a mapping and in-
formation system.

12. How is the Technology Pro-
gressing?

Some of the problem areas include input data
reduction, raster-to-vector conversion, im-
proved and lower cost output devices, clean
and up-to-date cartographic data bases, better

application and display software, and better
management information systems.

Research is in progress in the fields of
topologically oriented chain file data struc-
tures, digital terrain data bases, raster and vec-
tor data structures, computer mapping soft-
ware, and specialized and general purpose ap-
plications software.

13. What Are Some Systems
Design Issues for Land-Use Plan-
ning Information Systems?

Duecker and Drake (3) identified the follow-
ing eight issues:

1. User needs - Use a method for assessing
information needs.

2. Functional detail - carefully consider at-
tributes and amount of detail.

3. Areal detail - capturing more detail re-
quires more processing but results in
greater analysis and display potential

4. Temporal detail - frequency of data collec-
tion

5. Data utility - cost is associated with the
timeliness of data utility

6. System response - characteristics of hard-
ware/software

7. Modeling methodology - methodology in
which jurisdictional areas are used to
forecast land-use requirements

8. Jurisdictional coordination Ap-
propriateness and the usefulness of the
data by different jurisdictional groups

14. What Are Possible Ap-
proaches to Instituting Computer
Mapping?

One method requires the sponsoring
organization to purchase the hardware and do

its own programming. This can be a very dif-
ficult task for those with little or no experience



in computer graphics and cartography. Another
way is to purchase the hardware and the soft-
ware for an existing computer system. Com-
patability among all the components is a
crucial component.

This author feels that the best way is to pur-
chase a system that is ““up and running”
elsewhere. One of the major difficulties in pur-
chasing an existing system is that individual
data desires may not be available and the ex-
isting system may have to be drastically altered
to meet those needs. The overriding considera-
tion of any system is the establishment of the
data requirements necessary to meet the needs
of all agencies participating in such a program.

10



Part Il - Computer Mapping And lowa

1. What Data Bases Currently Ex-
ist in lowa?

The Advanced Mapping System of the Soil
Conservation Service (see Section IV.A.2) has
done the following counties using USGS
quadrangle maps: Adair, Fayette, Black Hawk,
Jasper, Lee, Sac, and Benton.

The following urban areas identified as Stan-
dard Metropolitan Statistical Areas have been
encoded in GBF/DIME files for the Census
Bureau (Section IV. A-3): Des Moines, Omahal-
Council Bluffs, Sioux City, Waterloo, Cedar
Rapids, Dubuque, and Davenport/Rock
Island/Moline/Bettendorf.

The City of Des Moines also has files on pro-
perty, etc., as part of the Integrated Municipal
Information System (see that section).

The U.S. Geological Survey has no files in
lowa and they don’t anticipate many in the near
future.

The Federal Highway Administration of the
U.S. Department of Transportation has a file
containing geodetic coordinates of all the
county boundaries of lowa.

The lowa Geological Survey has files on well
and water systems which have coordinates and
can thus be plotted.

The National Aeronautics and Space Ad-
ministration (NASA) launched satellites called
LANDSAT, LANDSAT-2 and LANDSAT-C. They
produce imagery data on tapes primarily in a
gridded data base.

A firm called List Processing Company has a
file called Geographic Data File which contains
geodetic coordinates for every zip code zone
main post office. X-Y coordinates are included
for calculating distances.
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2. What is the Status of Com-
puter Mapping in lowa?

Most of the activity has been in thematic
mapping for geographic data analysis. The
University of lowa, including the Department of
Geography and the Institute of Urban and
Regional Research, has the following programs
and systems:

1. Planning Land Use System (PLUS) - An
analysis package which produces tables.

2. POWRMAP - Produces an outline map of
lowa and various sizes of circles
representing data associated with lowa
cities.

3. SIGNMAP - Produces an outline map of
lowa and various symbols denoting data
associated with lowa cities.

4. CMAP - Produces choropleth maps on
the line printer.

5. SYMAP - Produces choropleth, proximal,
contour, trend surface, and residual
maps on the line printer.

6. SYMVU - Draws three-dimensional maps
on the pen plotter where, normally, peaks
represent high values and the valleys
represent low values.

7. MAPS - Similar to SIGNMAP, but uses
the line printer.

8. COPLOT - Function unknown.

9. CALFORM - Produces choropleth maps
on the pen plotter.

10. CONTR - Produces contour maps on the
pen plotter.

11. SETUP/OPAQUE/VISIBL
similar to SYMVU.

12. HIDE/HIDES - Subroutines similar to
SYMVU.

13. SOLUP - Simulation of land-use patterns.

Subroutines



Coordinate data files are set up for some of
these programs through the Digitizer/Graphics
System. The Graphics Laboratory portion has
an IMLAC PDS-4 mini-computer, an IMLAC
graphics display, a SAC digitizer, an IMLAC
hard copy unit and a keyboard. This system
serves as a worker unit to an HP-2000 mini-
computer through a program interface called
PROTOCOL. The primary applications package
is called DIGIT. Options in DIGIT include
creating, editing, analyzing, storing, and
displaying (plotting) files. Data may also be sent
to an IBM 360/65 computer for processing and
displaying.

lowa State University, including the Land Use
Analysis Lab (LUAL), the Association for lowa
Data Exchange and Service (AIDES), and the
Computation Center has the following pro-
grams and subroutines:

1. CONTUR - Produces contour maps on
the pen plotter.

2. THREED - Produces three-dimensional
maps on the pen plotter.

3. GRIDS - Produces choropleth maps on
the line printer.

4. SCANGEN - Produces choropleth maps
on the line printer.

5. Multi-Scale Data Analysis and Mapping
Program (MSDAMP) - Data is stored and
analyzed using the gridded data base ap-
proach and shaded grid maps are pro-
duced on the line printer.

The lowa Department of Transportation has
the following programs:

1. CARTA - Produces contour maps on the
pen plotter.

2. GPCP - Produces contour maps on the
pen plotter.

3. CALFORM - Produces choropleth maps
on the pen plotter.

4. SP99 - Produces choropleth and density
maps on the pen plotter.

5. COPLOT - Plot lowa county outlines on
the pen plotter.

The lowa Department of Social Services has
two programs:
1. S470S102 - Produces choropleth 