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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. Trend s 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 Iowa 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 Progra 
The Iowa Department of Transportation in cooperation with Iowa State Univers ity, Ames, Iowa 

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 Iowa Department of Transportation to conduct research activity on 
topics that are mutually beneficial to the Iowa Department of Transportat ion 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 Iowa 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 I, 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. 
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Part I · 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: 

(1) Computer Cartography 
(2) Computer-Ass isted 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 
al l types of maps and charts, one can see the 
general equivalence of terms. 

2. Why Computer Mapping? 
Accord ing to Teicholz and Dorfman (10}, com­

puter mapping is becoming increasingly in de­
mand because of computer economics, the 
amount o f available data , new and 
sophisticated mapping techniques, graph ic 
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 , 
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the ability to create data bases, the reducti on 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 IV) 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. 

Wi lli am Radlinuski , Associate Directo r of the 
United States Geological Survey (USGS}, has 
these reasons for automation: 

1. Speed up the map-making process. 
2. Improve the economics o f mapping. 
3. Generate dig it al data for direct 

dissemination and rap id manipulation to 
produce maps at di fferent scales and 
with selected contents . 

4. Facilitate map revision. 
5. Reduce the incidence of errors. 

Warren Schm idt, also of the USGS, has these 
reasons: 

1. Economy 
2. Speed 
3. Orig inal data in machine form 
4. Volume 
5. Accuracy 
6. Graphic prec ision 
7. Com putat ion 
8. Data Manipulability 

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

1. Informat ion avai lability in graphic, 
li sting , and data file forms for uses rang ­
ing from dec ision -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 
~-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. General ly, 
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 ill ustrates 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 using the digitizer an 
operator uses a curser with cross-hairs to pin­
point locati ons on a map document. After posi­
tioning c ross-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 
represe nt s the distance in inches from the left 
edge of the table andY 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 
repre sent 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 ident ify 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 computat ion capabilities are 
more fully ut ili zed. 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 peop le are familiar with 
it. 

The main alternat ive to direct use of the large 
computer is the interactive graphics system 
that uti izes 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. 
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Figure 1. Basic Computer Mapping Process 
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Figure 2. Large Computers - (Off-Line) 
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Figure 3. Mini-Computers - (On-Line) 
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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: 
immediate availability 
interactive capabilities 
easily moved (small size) 
can create tape files for other computers 
low cost 
smaller programming effort (if any) 
dedicated 
can be directly connected to a large com -

puter 
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-
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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 plotter is 
used to obtain the required accuracy. On a 
flatbed plotter the paper is flat and remains in a 
static position. 

Often the paper is 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 a drum 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 sim plest 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 
disp layed . 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) - li nes con­
necting points of equal value 

(2) Choropleth -shaded zones showing den­
sities 

(3) Conformal - conforming in shape (little 
distortion) 

(4) City street 
(5) City plat - boundaries and subdivsions 
(6) County 
(7) State 
(8) 
(9) 

(1 0) 
(11) 
(12) 

Country 
Road (transportation) 
Soils 
Geology 
Topograph ic - showing 
features including relief 
tour lines 

all important 
through con -

(13) Planimetric - showing all important 
features except relief 

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

(15) Demograph ic - 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 wh ich 
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 o f 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 l ine 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 
exist ing 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 
~- 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
tograph ic 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 f ields 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 on ly product is a visual display of 
the geographic data. In Computer Graphics and 
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Geography, modeling and analytical tech­
niques are applied to geographic data, but the 
stat istical 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 re lated data applications is expected to 
reach $240 mi llion in 1978. Frost and Sullivan (6) 
estimate that by 1986 total sales in this area will 
increase to approximately $480 million. 

In another report, Te icholz 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 
digit ize 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 
t ime, 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 nu-.'llerous 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. 
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12. How is the Technology Pro· 
grassing? 

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) ident ified the follow­
ing eight issues: 

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

2. Functional detai l - carefu ll y consider at­
tributes and amount of detai I. 

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 w ith the 
timeliness of data utility 

6. System response -characteristics of hard­
ware/software 

7. Modeling methodology - methodo logy in 
wh ich jurisdict ional areas are used to 
forecast land-use requ irements 

8. Jur i sdict iona l coord i nation - Ap ­
propriateness and the usefu lness of the 
data by different jurisdictional groups 

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

One method requ i res 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 ex isting computer system . Com­
patab ili ty among all the components is a 
cruc ial 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
ist ing system may have to be drastically altered 
to meet those needs. The overriding considera­
ti on of any system is the establishment of the 
data requ irements necessary to meet the needs 
of all agencies participating in such a program. 
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Part II · Computer Mapping And Iowa 

1. What Data Bases Currently Ex· 
ist in Iowa? 

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, Omaha/­
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 
Iowa and they don't anticipate many in the near 
future. 

The Federal H~ghway Administration of the 
U.S. Department of Transportation has a file 
containing geodetic coordinates of all the 
county boundaries of Iowa. 

The Iowa 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 Iowa? 

Most of the activity has been in thematic 
mapping for geographic data analysis. The 
University of Iowa, 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 
Iowa and various sizes of circles 
representing data associated with Iowa 
cities. 

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

similar to SYMVU. 
12. HIDE/HIDES - Subroutines similar to 

SYMVU. 
13. SOLUP- Simulation of land-use patterns. 



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 
creat in g , editing , analyzing, storing, and 
displaying (plotting) files . Data may also be sent 
to an IBM 360/65 computer for processing and 
disp laying. 

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

1. CONTUR - Produces contour maps on 
th e pen plotter. 

2. THREED - Produces three-dimensional 
maps on th e 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 Mapp ing 
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 Iowa Department of Transportation has 
the following programs : 

1. CART A - 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 Iowa county outlines on 
the pen plotter. 

The Iowa Department of Social Services has 
two programs : 

1. S470S102 - Produces choropleth county 
or district maps on the line printer. 

2. S470S103 - Same as S470S102 but pro­
duces very large maps. 

The Iowa Geo log ical Survey is developing a 
graphics system composed of a Tektron ix 
graphic display and a dig itizer connected to the 
CYBER computer of the University of Iowa. 

The City of Des Moines produces subdivision 
maps as part of the Integrated Municipal Infor­
mation System as discussed in Part IV . 

3. Why Should a State Look at 
Computer Mapping? 

Since federal agencies cannot handle the 
enormous amount of data needed to cover the 
country and cities ,and counties cannot handle 
the task economically and guarantee a compati­
ble data base, the state can serve as a logical 
agency to assimilate such data for a computer 
mapping program. In addition , the state can 
distribute such data to federal, county, .local 
and other state agencies as the need arises. 

4. Who Will Benefit in Iowa From 
a Computer Mapping System? 

The Iowa Department of Transportation, Of­
fice of Transportation Inventory, produces 
several series of maps used by governments, 
businesses, and the public. These include: 

1. General Highway and Transportation 
(County) 
a. 1" = 1 mile (1 :63,360) 
b. 1" = 1/2 mile (1:31,680) 
c. 1" = 1/4 mile (1 :15,840) 

2. Township maps (1:126,720) 
3. State Railroad Map (1 :500,000) 
4. 55 Urban Areas (from 1:18102 to 1:36205) 
5. County outline map (1:500,000) 
6. Tourist map (1 :500,000, 1:360,000, 

1 :850,000) 
7. 956 city maps (from 1:6,336 to 1:12,672) 
8. Primary Road Condition State Map 

(1 :500,000, 1 :253,440) 
9. Miscellaneous other maps at various 

scales. 

Several are modified to produce other maps 
such as traffic maps, bridge maps, etc. They are 
also reduced for smaller maps. 

As an example of potential labor savings, us­
ing the existing library of maps upwards to nine 
different maps wou ld have to have cartographic 
corrections manually made if a new section of 
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interstate highway were constructed. This up­
date could be accomplished on only one map if 
a computer map system were adopted because 
of the single data base. 

The Iowa Geological Survey produces maps 
in the study of geology, water resources, 
mineral resources, remote sensing, and land 
use. 

The Office of Planning and Programming 
uses numerous thematic maps in their 
activities. 

The Agricultural Experiment Station at Iowa 
State University is cooperating with the State 
Soil Conservation Service and the Federal Soil 
Conservation Service in the production of soil 
survey maps at a scale of 1:15,840 (4" = 1 mile). 
Aerial photos are composited by the federal 
government to provide a base photo map. 
These base photo maps are utilized in the field 
to determine soil types and other features such 
as roads, railroads, streams, buildings, boun­
daries, etc . and are added to the final map. 

The Land Use Analysis Laboratory research 
portion of the Agricultural Experiment Station 
at Iowa State University has been developing 
land-use maps by computer using the line 
printer based on a gridded data base. 

All other state , county and local agencies 
have utilized maps and related data files to 
some degree in carrying out their programs. 

5. What Are Some Recommenda­
tions for Getting Into Computer 
Mapping? 

Since the Iowa Department of Transportation 
maintains a complete library of transportation 
maps which form a base map for many other 
state, county and local agencies, the Iowa DOT 
should be one of the leading agencies initiating 
a computer mapping program. The base data for 
a transportation map should have the following 
items: 

1. Streets and roads 
2. Railroads 
3. Rivers, streams and lakes 
4. Buildings and cultural features 
5. County, township, section and corporate 

boundaries 
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In addition to these bas ic features, other 
state, county and local agencies could add 
features for the ir particular application. A data 
base could be developed that would include an 
integrated file of various geographic data 
elements. In addition to the geographic data, a 
unified coordinate system would be developed. 

Three major objectives of a computer map-
ping program should be: 

1. Planimetric maps 
2. thematic maps 
3. useful data base 

In order to achieve these in terms of produc­
tion, the most likely input document at this time 
would be the USGS ?V2 minute quadrangle 
maps (1 :24,000). A proposal has been made to 
complete the quads for Iowa by 1983. More 
detailed documents such as large-scaled aerial 
photographs would drastically increase the 
amount of work involved. 

The most 8conomical choice of a computer 
system should be an interactive graphics 
system wh ich has demonstrated it s usefu lness 
in an existing mapp ing program. Mapping 
capabi l ities to be cons idered shou ld include 
being able to construct cartographic data bases 
and to attach attributes (data) to objects in the 
files . It should be able to develop coordinate 
referencing systems such as state plane , UTM, 
etc . Many character and line fonts should be 
available to the user. Various forms of retrieval 
processes such as by attribute, object , or loca­
tion , in graphic and report format should be 
available . A high precision plotter is necessary 
for quality cartographic products. 

Computer mapping is a process where 
system interfaces cou ld be developed fo r two 
separate but related data base files. Such is the 
case for the Acc ident Locat ion and Analys is 
System (ALAS) and the highway base records 
system. At the present t ime these two systems 
are not compatable but they could be in­
tegrated through the computer mapping 
process. 

Elsewhere in the Iowa DOT, the Offices of 
Road Design and Right of Way are interested in 
the potential of data on utility locations and 
land ownership. The Office of Project Planning 
is interested in land-use and this is where a 
system which handles gridded data as well as 
vector data may be helpful. 



Interfaces to other agencies is important 
because data can be exchanged, thus avoiding 
duplicated effort. For example, six or more Iowa 
count ies have been done by the Federal Soil 
Conservation Service in Lincoln (see Part IV). 
Exchange of digitized data would save time and 
effort. Even if the flow is one-way, savings for 
another state agency becomes savings for the 
state. 

Another factor to be considered is the ability 
to add on user stations to a system. Not only 
can more activity in mapping take place, but 
other applications such as transportation net­
work analysis or engineering graphics can be 
realized. 

Much has been said about vendor selection 
in terms of contractual agreements so I will just 
state th at service after the sale is an extremely 
important factor. 
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Part Ill. More Tenninology 

1. What is a Scanner? 
The automatic vector scanner is used to 

digitize continuous-tone photographs and line 
drawings. Prices range upward from $20,000. 
The raw data has to be processed to recognize 
and create lines (also called vectors). Some 
firms offer software that exracts vector informa­
tion from the scanned data, but these packages 
cost about $40,000. No one yet offers software 
to recognize text characters on a map. 

2. What is a Line Follower? 
The automatic line follower reduces a draw­

ing to a series of lines as it digitizes. It traces 
over lines and records points needed to 
reconstruct them. An operator has to intervene 
when it comes to line intersections. A typical 
system costs more than $100,000. 

3. What are Data Structures? 
Since computers store only numbers and 

characters, we have to introduce meaning to 
data and show its relation to other data. This 
structuring produces the data structure, also 
called the data base or file structure. 

Two major thrusts of development have been 
of the gridded data base and the vector data 
base. They represent rather different concepts 
of representations of space and each has its 
own special advantages. 

A grid partitions a map with vertical and 
horizontal lines so that values may be assigned 
to the data in each cell. This data is easily 
stored and accessed in a two-dimensional ar­
ray, i.e. data for the cell in row 2, column 6 is 
referenced by the pair (2,6). A typical use is 
when aerial photographs are interpreted as to 
the land use. Obviously, the smaller the cells, 
the higher the resolution. This is limited, 
though, by computer storage. An advantage of 
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using grids is the availability of machines for 
automatic scanning and input as well as line 
printer output. 

The building block for vector data bases is 
the point in space identified with X-Y coor­
dinates. By connecting two points we have a 
line segment. By connecting line segments we 
obtain continuous lines and curves. These con­
cepts form the bulk of the structure, but with a 
little more structure we can represent more 
relationships. If we connect the endpoints of 
several continuous line segments, we obtain a 
polygon (many-sided closed figure), which can 
be used to represent counties, city blocks, soil 
types, etc. If we interconnect lines to other 
lines at adjoining points, we obtain networks 
which can represent roads, streams, pipelines, 
etc. Sometimes interconnected line segments 
connecting one point of interest , such as an in­
tersection, to another are called a chain and can 
have a different structure since they are often 
of less interest than the whole of the line. 
These are also called a chord, random line, 
snake, or segment. 

To associate data with something like a line 
segment or point, we would group the in forma­
tion together in storage. For example, a well 
may be the group: (X-coordinate, Y-coordinate, 
well number). A city block segment may be the 
group: (X-coordinate for one end, Y-coordinate, 
X-coordinate for the other end, Y-coordinate, 
street name, range of house numbers). 
Likewise, values can be associated with 
polygons such as county populations. 

The coordinates we speak of depend upon 
the coordinate system used. Plane systems 
produce X-Y coordinates. Units of measure­
ment may be in real world feet or in actual map 
inches. Geodetic systems produce latitude­
longitude coordinates in degrees. In general, it 
is possible to transform data from one system 
to another. 



Data is often divided into groups with com­
mon characteristics. County, state and other 
highway data may be collected into a road net­
work "layer". Streams and lakes may form a 
water layer. These layers are then composited 
to produce the final map. 

4. What Happens to Data Files? 
After initial construction of a file, the next ac­

t ion is always editing to correct mistakes and to 
finish assembling the data. Editing includes the 
addition, removal and modification of all types 
of features. Filtering is done to remove un­
necessary or redundant data. Symbols and let­
tering to appear on the map are often added. 

With a finished file , we may merge or com­
bine it with other files to obtain a larger file. Ad­
jacent features are joined and coordinates may 
be changed if they were originally independent. 

Li kewise we may window or extract a portion 
of fi le from a larger one. For example, we may 
want to look at one township in one county. 

When data coordinates are stored with 
respect to a part icu lar size map, such as one 
inch equals one mile, we may want to scale the 
data to produce larger or smaller maps. This is 
done by multiply ing or dividing all coordinates 
by a constant. 

To transform the coordinates is to add or sub­
t ract constant numbers with respect to the 
coord inates. Th is would move data, for exam­
ple, from the upper left corner to the lower right 
corner of a map. 

As ment ioned earl ier we can also change 
coordinate systems. This is based on formulas 
for project ions of the earth's surface onto a 
plane surface and their corresponding inverse 
project ion formulas . 

Many fi les are divided into features or layers . 
Thi s gives us the ability to select or extract cer­
tain features to be displayed or manipulated 
later. This is one of the strongest actions in 
terms of what we hope to gain from the struc ­
ture . Not on ly can we select geographic 
featu re s. but often we also get the attributes or 
information associated with those features. 
Tt1is data can always be processed by conven ­
t ional data processing . 

The final action is one of our primary pur­
poses: display through plotters, or other output 
devices. This process often does scaling and 
transformations followed by the issuance of 
plot commands to the device. 

5. What is Spatial Analysis? 
Spatial analysis is primarily the visual 

analysis of the spatial distribution of informa­
tion in a picture. Also called statistical 
geography, it attempts to determine such 
things as centroids of polygons, density per 
area, recognition of patterns or events and 
derivation of emerging trends. 

Techniques used include choropleth , con ­
tour, density, proximal , and trend surface maps. 
Other methods include distortion according to 
valuers and three-dimensional views of 
polygons " raised" according to data. 

Choropleth maps have zones defined and 
then shaded in accordance to some assoc iated 
data. For example, darker shades mean higher 
values for some reg ion . 

Contour maps have lines connecting equal 
values in two d imensions. Very often, they are 
used to show elevation in topographic maps. 

Density maps are similar to chorop leth maps. 
The value of a reg ion is divided by the area o f 
the region to achieve a rate such as population 
per square mile. 

Proximal means after values for some points 
are given, values for all other points are those of 
the nearest defined point. 

Trend surfaces attempt to derive trends from 
the data distribut ion . 

When stat ist ical analysis is done on data 
with geograph ic assoc iations such as 
breakdown by area, it is also called spatial 
analysis . Thi s is t rue for network analys is, too. 

6. What Are Projections? 
Since the earth 's surface is on a sphere and 

maps are f lat and two-dimensional , locat ions 
on the earth have to be " projected " onto the 
map so features are not distorted . The 
mathematical methods used are called projec ­
tions and the method used depends upon the 
desired map. For example, a map of the wo rld 
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needs a different method than a map of a 
county . Some of these methods are: 

(1) Conic- where a cone on top of the earth is 
used to represent the data on the earth. A 
portion of the earth is "flattened" to 
become the planar map. 

(2) Cylindrical- a cylinder around the earth is 
used. 

(3) Equal Area - those projections which 
yield planar area proportional to actual 
area (excluding scale). 

(4) Equidistant - those projections which 
yield linear length proportional to actual 
length (excluding scale). 

(5) Lambert Conformal Conic -a type of con­
ic projection. 

(6) Albers Equal Area - a type of equal area 
projection. 

(7) Polyconic- a type of conic projection with 
many cones. 

7. What Are Some of the Plane 
Coordinate Systems? 

The Universal Transverse Mercator (UTM) 
grid system takes the geodetic system of 
latitude-longitude and divides the earth into 
grids that are 6 degrees wide and 8 degrees tall. 
Each quadrilateral is divided into 100,000 meter 
zones. Within each zone, the meridian (north­
south line) in the center is given a negative X 
value of 500,000 (meters). The equator is 
designated as having a y value of 0 for the 
northern hemisphere. 

The U.S. Coast and Geodetic Survey (now the 
National Ocean Survey) worked out a system of 
plane coordinates for each of the states on 
either the Transverse Mercator or Lambert's 
conic projection. Larger states may have two or 
more overlapping zones. The units used are 
feet. The Iowa State Plane Coordinate System 
is the system for Iowa and it has a north zone 
and a south zone, both based on the Lambert 
projection. 

A crude coordinate system is used by the 
U.S. Public Land Survey and is based on perfect 
six mile square blocks called townships. They 
are numbered in a north-south system and an 
east-west system based on a zero po int. The 
township number (also called tier) is the north­
south part and the range number is the east­
west part. For example, Ames is in a square at 
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24E, 84N, which means it is the 24th square to 
the east and the 84th to the north of the zero 
point. Because of this imperfect representation 
of the surface, correction lines were surveyed 
every once in a while, resulting in non-six-mile 
square blocks on one side of the line. The thirty­
six square miles within the township are called 
sections. 

8. What is Photogrammetry? 
Photogrammetry is defined as the art, 

science and technology of obtaining data on 
objects and the environment by recording, 
measuring, and interpreting photographic im­
ages and patterns of electromagnetic radiant 
energy. It results in topographic map informa­
tion and photo interpretation, which generates 
attribute data for thematic land-use maps. 

Remote sensing is concerned with ultraviolet 
sensing, thermal infrared sensing, microwave 
sensing, and multispectral sensing as well as 
aerial photographs. 

Road and highway designers use photogram­
metry to extract elevations and other informa­
tion from aerial photographs of the same area 
from different viewpoints. Through optics, the 
operator can "view" the ground in three dimen­
sions and calculate the elevation of a point 
from known control points. 

The Florida Department of Transportation is 
one organization which has connected a 
stereoplotter to their computer for direct 
transferral of data (see Section IV.B.2). The Iowa 
Department of Transportation and the Texas 
State Department of Highways and Public 
Transportation have stereoplotters which 
punch cards for later input to computer 
systems. 

9. What is an Orthophotograph? 
It is a composite of aerial photos which 

achieves an orthographic projection on a plane. 
With appropriate markings and legends added, 
a orthophotomap is produced. They may or may 
not include contours. Because imagery natur­
ally depicts an area in a more true-to-life man­
ner than the conventional line map, the or­
thophotomap provides an excellent portrayal of 
extensive areas of sand, marsh, or flat 
agricultural areas. 



Orthophotoquads are a basic type of 
ph o t o image map prepared in U.S.G.S. 
quadrangle map format. They can be produced 
quickly because they are printed in shades of 
gray without image enhancement or car­
tographic symbolization. Orthophotoquads are 
valuable as map substitutes in unmapped areas 
and as complements to existing line maps. 

10. What are Peripherals? 
Peripherals are devices connected to a com­

puter to provide communication (such as card 
readers, line printers, terminals, plotters, and 
d ig itizers) or auxiliary storage functions (such 
as disk drives, tape drives, and drums). 
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Part IV · Cunent Systems In Use 

A. Federal Agencies 
1. United States Geological 
Survey (USGS) (17)* 

The USGS program to gather, process, and 
distribute basic cartographic data to map users 
is called the National Mapping Program (NMP). 
One of the major activities is the development 
of computer mapping in a program called the 
Digital Cartographic Application Program 
(DCAP). 

The base categories of data are: 

(1) Reference systems 
(2) Hypsography (contours, slopes, 

elevations) 
(3) Hydrography (water) 
(4) Surface cover 
(5) Non-vegetative features (soils) 
(6) Boundaries 
(7) Transportation systems (including 

pipelines, transmission lines, etc .) 
(8) Cultural features 
(9) Geodetic control and survey 

(10) Geographic names 
(11) Orthophotographic imagery. 

The major emphasis of DCAP will be pro­
viding data at an accuracy and level of detail 
equivalent to the 7V2 minute quadrangle maps 
(1 :24,000). 

Two bas ic kinds of files are produced, pro­
cessed and combined to form a final product . 
The first is called the digital line graph (DLG) 
which is planimetric data and the other is the 
digital elevation model (OEM) wh ich consists of 
terrain elevations. 

In DLG f i les, they initially have raw data from 
a digitizer which must be edited. They then con­
struct the spatial relationships of the various 

*The number ind icates that most of the material in the section 
is derived from that reference number in the Bibliography for 
Part IV 
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line segments, such as identifying lakes, coun­
ties, etc. 

Similarly, the OEM files are ed ited to remove 
obvious errors. The data is then interpolated 
and contoured to produce the final model. 

Most development has gone into the DLG 
f iles. They use a Bendix (now Summagraphics) 
Datagrid and several lnstron ics (now Valcom) 
Gradicon digitizers. The digitized data is placed 
on tape and processed through the Unified Car­
tographic Line Graph Encod ing Syst em 
(UCLGES) on an IBM mai nframe computer. Th is 
is where the major edit ing and all other related 
activities are accomplished. 

In our region , the Rolla, Missouri office of the 
USGS operates a Gradicon digitizer. Data is 
sent to Reston, Virginia to be processed by 
UCLGES. 

Another method of computer mapp ing being 
developed uses interactive mini-computers. 
Two Digital Data Edit ing Systems (ODES) pro­
duced by M&S Computing have been installed . 
These are designed for interactive editing of 
raw data. 

USGS uses a CALCOMP 7000 plotter fo r data 
verification plotting and a Gerber Sc ientif ic 
1232 for h igh precision plott ing. 

Pilot projects undertaken have been: 

(1) Coal research project - National Coal 
Resource Data Bank 

(2) Idaho Forestry Project - State of Idaho 
(3) U.S. Forest Serv ice Project 
(4) Oregon & Montana - Bureau of Land 

Management, Forest Service, and Fish & 
Wildlife Service 

(5) Boone County, Illinoi s - Census Bureau , 
Soil Conservat ion Service 

(6) Montana - State o f Montana 



When the USGS goes into production status, 
they estimate the cost of digitizing a ? V2 
minute quad to be $2,000. The file produced for 
a user wou ld cons ist of line segments and 
points w ith attri bute codes attached to both. 
Thus, the user would need software to 
reconstruct the networks, polygons, etc., as 
wel l as software for manipulating and display­
ing the reconstructed files. 

Various map series of the USGS are available 
to the pub li c for use. The popular ?V2 minute 
quadrangle maps (1:24,000) are being digitized 
in other federal and state agencies (see Florida, 
So il Conservtion Service, Michigan, Texas, Il­
lino is). Other series being used are the 15 
minute quads and the new 1:1 00,000 scale 
county maps. Under development is a proposed 
metric map series (1 :25,000). 

2. U.S. Department of Agriculture 
(USDA), Soil Conservation Service 
(SCS) (11, 16) 

The Advanced Mapping System (AMS) is 
managed by the Cartographic Unit of the Soil 
Conservation Service o f the U.S. Department of 
Agricu lture. Primary emphasis is on soil survey 
maps, but many other features can also be 
dig iti zed. 

As orig inally planned , there are four mini­
computer sub-systems involved. The Scanning 
subsystem automat ical ly converts all l ines and 
points on a document into raw data. The Iden­
tifi cat ion subsystem enables one to identify 
lines and enter symbols to the file. The Edit 
subsystem does the error correction, data base 
man ipulation and fin al preparation for drafting 
(plotting). The Automatic drafting subsystem 
does the photoplott ing. Little analysis is done 
sin ce the line segment data structure can be 
used by other programs. 

A different version is in operation in Lincoln, 
Nebraska which this author has observed. 
Utili zing an interactive graphics system by 
Computervision , they use a digi tizer to enter 
each feature of a fi le. USGS quads from various 
states are used for most features and original 
artwork is used to digitize the soil features. 
Simu ltaneous ed iting of other files can be per­
formed with a graphics terminal. Finished files 
are sent to Hyattsville, Maryland to the 
automatic drafting subsystem mentioned 
above to produce county soil association maps. 

The present cost of a Computervision system 
is approximately $150,000 and the cost of the 
Gerber Scient ifi c photoplotter is also approx­
imately $150,000. The reason that the two in­
stallations are different is because the Hyatt­
sville , Maryland system is designed to process 
and produce small maps of approximately two 
by three miles in size while the Lincoln, 
Nebraska system is for compi ling county soil 
maps which average 24 by 24 miles in size. The 
maps are also different in content. Examples of 
county maps are in Part VI (page 35). 

The agency has spent $1 .4 mi llion on seven 
mini-computer subsystems excluding the draf­
ting. This is the only federa l agency with the 
mini-computer based approach. 

3. U.S. Department of Commerce 
· Bureau of the Census (3) 

This agency is well known for their develop­
ment of GBF/DIME wh ich stands for 
Geographic Base File/Dual lndendent Map En­
coding . They define a Geographic Base File as 
simp ly a street map in a fo rm which can be used 
by computer. DIME is a method of representing 
map features numerically for processing by 
computer. 

A GBF contains local address in formation­
street names, intersections and zip codes, as 
well as the identification of geographic and 
political areas in which the local address falls 
(such as census blocks and tracts, townships, 
cities and count ies). Other geographic iden­
tifiers can be added by users to include local 
statistical areas such as poli ce precincts , 
school distri cts , transportation zones, and 
health reporting zones. The GBF/DI ME System 
refers to a package of computer programs for 
establishing , main taining, and using GBF/DIME 
files. 

The basis of the techno logy is the line seg­
ment represen tati on of a city street in terms of 
one block. Coordinates are establi shed for both 
nodes (end po ints) making up the segment. The 
street name is added as we ll as the range of 
house num bers for each side of the street. 
Many more attr ibutes can be added. 

This is one system whose main focus is on 
information availabi li ty. Thus, many requests 
can be made to extract information, such as 
average income versus educati on by census 
tract in selected areas. 
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These files are created and maintained for 
the Standard Metropolitan Statistical Areas 
(SMSA's) of the nation. Those areas in Iowa 
with GBF/DIME files are: Des Moines, Waterloo, 
Cedar Rapids, Dubuque, Omaha/Council Bluffs, 
Sioux City and Davenport/Rock 
Island/Moline/Bettendorf. 

With the appropriate software, any user can 
use these line segments to create data bases of 
networks (roads, etc.) and polygons (blocks, 
tracts, etc.). The Bureau is also very actively in­
vo lved in the display of information, especially 
micrographics. Most maps are of the 
choropleth (shaded zone) type. 

The base document for the files is the 
Metropolitan Map Series (MMS). This was the 
first set of maps uniform in format, scale, and 
content for the SMSA's. The base for these 
maps were planimetric maps of the USGS. Cur­
rently, the Bureau is getting ready for the 1980 
Census which will result in about 300,000 maps. 

4. Central Intelligence Agency 
(CIA) 

The CIA began planning for cartographic 
automation in 1965 and initiated a pilot system 
two years later. Since the CIA is a producer of 
small scale thematic maps, it needed the 
capability to quickly vary all map parameters. 
The resulting system, called AUTOMAP, used a 
Bendix digitizer, IBM 2250 graphic CRT for cor­
rection, and IBM 360 computers for manipula­
tion of input data into a cartographic data bank 
of the world. The same map frame is used to 
generate a plot on CRT devices and a wide 
variety of vector or raster plotting devices. The 
main reason for AUTOMAP was data 
manipulability with speed and computation 
fol lowing closely behind. 

The Cartographic Automatic Mapping (CAM) 
program is the output portion of AUTOMAP 
ment ioned above. It generates commands for 
five plotters that plot a variety of functions on 
any one of six azimuthal, four conic, five cylin­
drical or three other map projections. 

Data banks developed by the CIA are the 
World Data Bank I (input scale 1:12,000,000 with 
100,000 points) and World Data Bank II (input 
scale 1:3,000,000 with 6,000,000 points). These 
data banks are primarily country and water 
boundaries. 

21 

5. Defense Mapping Agency 
(DMA)/U.S. Army (16) 

The DMA is responsible for fu l filling 
worldwide military requirements for air, land 
and marine charts and maps. The DMA 
Topographic Center (DMATC) provides the land 
part of these. 

The U.S. Army Engineer Topographic 
Laboratories (USAETL) performs research for 
the DMA. They are a U.S. Army Corps of 
Engineer lab whose mission is to conduct 
research in the mapping sciences, and they 
view the DMA as a customer who makes known 
to them their requirements in th is area. 

The first production system of the DMATC 
was the Semi-Automated Cartographic System 
(SACARTS). The input is handled by the Con­
trol, Ganticule, and Grid (CONGRD) software 
and the Symbols, Names and Placement 
System (SNAPS). The core software is the 
Graphic Improvement Software Transportation 
System (GISTS) which handles: 

(1) Coordinate system conversion 
(2) Digital Topographic Information Base 

(DTIB) 
(3) Vertification plott ing 
(4) Updating 
(5) Continuity 
(6) Symbol Enhancement 
(7) Application of final symbolization and 

smoothing 

Equipment includes two Calmagraph ic 
Digital Systems, seven Bendix (now Sum ­
magraphic) DataGrid digi t izers, CALCOMP and 
Xynetics f latbed plotters and other graphic 
equipment. The main emphasis of the entire 
system is the producti on of topograph ic 
(mainly rel ief) maps for m il itary requ irements. 

Another current activity of the two agenc ies 
is an experimental digi tal interact ive fac ility 
utilizing advanced computer hardware. The 
Digital Image Analysis Laboratory (DIAL) uses a 
CDC 6400 as host computer, a Goodyear 
ST ARAN assoc iative array processor, and an 
image softcopy/hardcopy/digitizing subsystem 
(PDP-11/50). Applications beside automated 
cartography include digital image processing, 
stereo-photogrammetry and storage and 
retrieval. 



The process tor map compilation is: 

(1) tracing, resulting in an overlay per feature 
(2) digitize each overlay 
(3) data processing 
(4) color separation 
(5) print five-color map 

In a raster processing time study, the follow-
ing map functions were investigated: 

(1) registration mark detection 
(2) character recognition 
(3) vectorization 
(4) skew correction 
(5) line break detection 
(6) line smooth ing 
(7) li ne symbol generation 

The timing results showed 9.5 hours for an 
IBM 360/40 and 52 seconds tor the STARAN . 

Fixed point arithmetic and short word 
lengths characterize the chosen applications 
on this experimental facility. 

6. National 
(N OS)/N at ion a I 
mospheric 
(NOAA) (16) 

Ocean Survey 
Oceanic and At­
Administration 

NOS has responsibility for producing both 
nauti cal and aeronautical charts. Their three 
major objectives related to computer mapping 
are: 

(1) Nautical Data System Project -operation 
of a complete automated nautical data 
system by 1980 from data acquisition 
through production and distribution. 

(2) Aero Chart in g Automation Project 
-automated production of aeronautical 
chart s with a complete data system by 
1980. 

(3) National Geodet ic Survey- establishment 
of a digital data base tor geodetic control 
and North American datum by 1979. 

7. Department of Interior-Bureau 
of Land Management (BLM) (16) 

The Bureau of Land Management (BLM) is 
developing a graphic-based geographic infor­
mation system for resource management. Data 
will be generated on land-use categories, such 
as soi l, water, forage , wood, minerals, wildlife 
and recreation. Selective retrieval of overlay 

map data can be achieved, sealed and then in­
terrogated for resource inform at ion . Analys is 
capabilities include calculat ion of areas, 
lengths, counts, summations, and the display 
of the results in graphs and tables. 

Orthophoto maps at a scale of 1:12,000 were 
used for a major part of the area to generate 
base maps. The primary data also comes from 
aerial photos, existing maps, photogrammetry 
and inventories. The system allows for storage, 
selective retrieval, comparison , sort ing, 
transformation , and summation of both tabular 
and geographic data. Outputs include printer, 
plotter, graphic display and hard copy units. 

All of this is done on an IBM 370 using the 
batch oriented MAP/MODEL system of the 
University of Oregon. It provides polygon edit 
capabilities , merging of attributes to map data, 
calculations, overlays, selective retrieval , sum­
mary and plotting. This author feels that this 
system may be the same one discussed in the 
section on Eugene, Oregon. 

In Riversi.de , California, BLM is acquiring a 
geo-based in format ion system from Camarc 
Design Systems of San Francisco (4). It will be 
used to inventory bas ic resource info rmation 
such as vegetation , soils , geologic and mineral 
filed notes , archeological sites , w ild l ife, 
hydrology, slope, etc. They wi ll util ize a Data 
General Eclipse C330 mini-computer along with 
a 36" Zeta drum plotter, a large table dig it izer 
and a Tektronix graphics display. 

8. U.S. Air Force (8) 
At the Rome Air Development Center (RADC), 

a U.S. Air Force research and development 
organization, a computerized d ig ital mapping 
system, the Advanced Cartographic System 
(ACS), is being developed to encompass the en­
tire cartographic process. The envis ioned 
system is made up of fou r major subsystems: 

(1) photogrammetric 
(2) graph ic line compilat ion 
(3) product preparati on 
(4) cartographic data bank 

This system was developed at RADC's Ex­
perimental Cartographic Facility (ECF) which 
utilizes a Calma 303 digitizer, a PDP-9 mini­
computer and a CALCOMP 563 plotter. An AS-
11 B analytical stereo-p lotter is also used to pro­
duce X-Y-Z (i.e., elevation inc luded) data for 
points. 
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The four primary feature types are: 

(1) contours 
(2) drains 
(3) roads 
(4) cultural 

Main input is aerial photographs and USGS 
71/2 minute quadrangle maps. 

B. State Agencies 
1. Texas (1 0) 

The Texas Automated Mapping System of the 
Texas State Department of Highways and 
Public Transportation offers the engineer new 
dimensions in map compilations and 
measurements for transportation planning. 

Photogrammetric data from aerial 
photographs is used to create files of all 
cultural and terrain features. Individual features 
can be selected as well as small areas within a 
large area. Updating is a primary concern as 
well as display of different scalers. Statistical 
analysis is done with respect to perimeters, 
areas, etc. 

Many converted stereoplotters are hooked up 
to a mini-computer designated as the data ac­
quisition system. The data is transferred to the 
Interactive Graphics System (IGS) mini­
computer from M&S Computing to be corrected 
at an edit station and displayed and analyzed at 
an application station. The Texas Automated 
Plotting System (TAPS) is used for plotting on 
flatbed and drum plotters . 

This system is being utilized along with their 
Road Design System (RDS) as a base for the 
development of their Interactive Graphics 
Aided Design System. Its objective is interac­
tive highway design with graphics displays. 

Primary maps produced by the mapping 
system are planimetric, topographic, land use, 
design and interchange conditions. The map­
ping system is also used to create geographic 
data bases for larger area maps such as county 
and city maps. USGS 71/2 minute quadrangle 
maps compose the base which is updated us­
ing current 1" = 2,000' aerials . 
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2. Florida (13) 
In September, 1977, the Florida Department 

of Transportation purchased an Interactive 
Graphics System for use in the State 
Topographic Office. The primary objective was 
use of interactive graphics techniques in map­
ping applications. 

The state awarded the November, 1976 bid to 
M&S Computing of Huntsville , Alabama. The 
system was tested in May, installed in July, and 
accepted in September of 1977. 

This Interactive Graphics Design System 
(IGDS) is used for these major applications: 

(1) County mapping - existing general 
highway maps at 1 inch = 1 mile scale 
are digitized and updated through field in­
ventories and aerial photographs. Twenty­
one levels (layers) are used . An example 
is in Part VI. 

(2) Land use and vegetation inventory 
-photographs are interpreted and ap­
propriate data entered. 

(3) Photogrammetric mapping from an on­
line stereo plotter - a KERN PG-2 stereo 
plotter is interfaced to capture 2- and 
3-dimensional data from aeria l 
photographs. Planimetric and 
topographic maps are produced. 

(4) Topographic mapping -field survey notes 
are used to interactively construct a map. 

(5) Urban mapping- existing base maps were 
digitized in order to produce mileage 
files . 

Future plans include investigation of more 
engineering applications. The system is also 
tied to the IBM mainframe through an in terface . 

3. Illinois (5) 
ILLIMAP is a computer system used by the Il­

linois State Geological Survey for converting 
locations described legal ly to plottable X-Y 
coordinates and for drawing base maps. Sec­
tion corner coordinates from USGS quadrangle 
maps make up a basic part of the system file 
along with coordinates for state and county 
boundaries. 



An Au totro l dig itizer was used with punched 
card outp ut. Data was processed on an IBM 
360/75 computer to create files . Plots were 
done on a CALCOMP plotter. The generated 
data fi le has also been used by other programs 
for generating contour and choropleth maps. 
Given a township, range, tier set of identifiers, 
the 100,000 point file produces base maps on 
the plotter. 

4. Michigan 
The Michigan Department of State Highways 

and Transportation presently has an interactive 
graph ics system obtained from M&S Com­
put ing, Inc. of Alabama. This dedicated system 
cons ists of a PDP 11/70 mini -computer, a tape 
drive , three disk drives, a Versatec on-line elec­
trostati c plotter and ten graphic user stations. 
Six of the user stations are design/digitizing 
stati ons consisting of Tektronix 4014 and 613 
graph ic disp lays, digitizing board and menu 
tab let s. Anot her design-only station has 
everyth ing but the dig itizing board. The remain­
ing th ree stat ions are attached to stereoplotters 
in the photogrammetry unit. They do not have 
dig itiz ing boards, but do have microprocessor 
interfaces to the PDP for Z-coordinate transfor­
mations. An anticipated upgrade will include 
another PDP 11/70 with peripherals, six more 
stations and a CALCOMP 960 plotter. Currently , 
plotting is done off-line on a CALCOMP 1036 
drum plotter and a Xynetics 2000 flatbed plot· 
ter. Present applications include: 

(1) bridge design ·preliminary to final plans 
(2) road design · plan sheets, critical path 

diagrams 
(3) photogrammetry · including planimetric 

maps and dig it ized terrain files (used as 
input to a Numerical Ground Image 
System) 

(4) land-use mapping · including digitized 
land use data for input to the Environmen­
tal Information System 

(5) right-of-way maps and plans 
(6) county map digitizing ·using 1" = 1 mile 

maps 
(7) traffic and safety · layouts, diagrams, 

pI an s 

Future plans in mapping include using USGS 
quadrangle maps instead of existing 1" = 1 
mile maps for the county map application. 

5. North Carolina 
On October 15, 1977, the Land Resources In· 

formation Service (LRIS) a new state agency, 
took delivery of a Comarc Geo-Based Informa­
tion System from Comarc Design Systems of 
San Francisco. Fifteen other state agencies are 
already relying on the system for projects rang· 
ing from the precise identification of state 
timber holdings to the prediction of ar­
cheological sites. 

The configuration consists of a Data General 
Eclipse mini-computer, tape drive, disc drive, 
line printer, drum plotter, video display ter­
minal, a Tektronix 4010 graphics display and a 
44" x 60" digitizer. Comarc calls the system an 
Interactive Graphics System (IGS). All data is 
tied together by the North Carolina State Plane 
Coordinate System. 
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Some of the analytical capabilities include: 

(1) Simultaneous handling of data in point, 
line, polygon, or grid format 

(2) Perform extracts of data by label, 
polygon, window, minimum and/or max­
imum area 

(3) Perform overlays and sieve analysis of 
any combination of point, line, polygon , 
or grid information 

(4) Calculation of acreage, distance, propor­
tion , percentage, volume under a sur­
face 

(5) Conversion of polygon data to grid cells 
and grid data to polygon 

(6) Calculation of proximity to a point, line 
or polygon 

(7) Perform extreme value search 
(8) Perform updates and edits on data fi les 
(9) Calculate slope, aspect and view ex-

posure 
(10) Calculate impoundment or flood levels 

based on topography 
(11) Produce file reports and summaries 
(12) Produce maps at any scale with title 

block, border, and options for shading 
and use of 4 colored pens 

(13) Produce plots in perspective 

1 

\ 

l 

j 



Some examples of anticipated uses of an in-
teract ive graphics systems include: 

(1) Soil association data 
(2) Use land use data 
(3) Historic properties 
(4) Archeological modeling 
(5) Resource inventory 
(6) Economic Development 
(7) Coordinated Permit letting 
(8) Forestry 
(9) Areas of environmental concern 

The staff for the North Carolina mapping pro­
gram is composed of seven persons including 
the project director, secretary support, two ap­
plications analysts, a systems analyst, an ap­
plication programmer and a digitizer/operator. 

6. Minnesota (9) 
The Minnesota Land Management Informa­

tion System (MLMIS) was developed to provide 
a location for the centralized storage and 
analysis of accurate and reliable natural 
resource information necessary for state and 
local government decision makers to make land 
management decisions. The core of the MLMIS 
is a computerized data bank of land resource in­
form ation that has been collected by various 
state and federal agencies. It contains 
statewide data on land use, zoning, land owner­
ship, bedrock geology, mineral potential, soils, 
forest cover, water orientation , and highway 
orientation. The system was developed by the 
Center for Urban and Regional Affairs at the 
University of Minnesota for the State Planning 
Agency (SPA). 

Data is interpreted from aerial photographs 
and keypunched to form the gridded data base. 
Overprint ing is done on a line printer to shade 
the cells for output. 

7. New York (7) 
The Traffic and Safety Division of the New 

York State Department of Transportation is 
developing a Centralized Local Accident 
Surveillance System (CLASS) to maintain and 
analyze records on almost 60,000 accidents a 
year on almost 100,000 miles of public roads in 
New York. 
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The major elements of CLASS are: 

1. An accident site location map using in­
teractive graphic techniques and a 
link/node coding scheme. A node is a 
point of interest along the highway (e.g. in­
tersection , railroad crossing) and a link is 
the segment between two nodes; 

2. A data base containing highway informa­
tion and accident data oriented to the 
link/node system; 

3. A software system which allows the data 
base information to be accessed, sum­
marized, and analyzed, and permits com­
munication to occur between the graphic 
and non-graphic files. 

The three primary types of information 
available from CLASS are: 

1. Accident data and analysis; 
2. Inventory of highway characteristics; 
3. Cartograph ic products. 

The system runs on the Interactive Graphics 
Design System (IGDS) developed by M&S Com­
puting of Huntsville, Alabama. It has four sta­
tions, four disk drives, two tape drives, a line 
printer, and a Konsberg flatbed plotter. 

The total cost of development will be about 
$2 million with the hardware/software/­
maintenance contract representing $750,000. 
The remainder is for two years of operation . 
These costs are about the same as was 
estimated to prepare these products using 
standard cartographic procedures for the 
reference maps. The advantages of interactive 
graphics justified the selected approach. 

A staff of seven prepare input documents. 
Five persons do the digitizing and map produc­
tion. Three people run the computer, plotter, 
and perform typical data processing functions. 

Since the input documents are 1 112 -minute 
USGS quadrangles, a new county base map 
series is being planned. 

The advantages of CLASS are: 

1. More effective safety analysis 
2. More complete accident information 
3. Earlier identification of emerging safet y 

problems 
4. Reduced duplication of effort 
5. Increased professional productivity 
6. More effective management of recon­

struction and safety funds 
7. Accurate road inventories and current 

maps 



The CLASS project was totally funded under 
the Section 402 Highway Safety Grant Program 
of the Federal Government. 

The computer system was acquired in the 
summer of 1978 and the development/creation 
phase will last three years. 

8. Other State Agencies 
The New Hampshire Department of Public 

Works and Highways uses a CALMA Corp. 
digitizer and a CALCOMP 563 plotter for: 

(1) acquiring coordinates for use in Census 
Bureau geographic base files 

(2) acquiring digital data that may be plotted 
at various scales to serve as a base 
reference for the drafting at large scale 
highway maps. 

The New York Office of Planning Coordina· 
ti on uses the Land Use and Natural Resource 
(LUNR) inventory. Land-use is obtained from 
aerial photographs and placed on a gridded 
data base. 

The State of Maryland uses the Maryland 
Automated Geographic Information (MAGI) 
system wh ich includes data on water quality, 
geology, transportation facilities, land owner· 
ship, soils , vegetation, and slope in a gridded 
data base. 

C. City or Regional Agen· 
cies 
1. Eugene, Oregon (14, 15) 

The Geograph ic Data System, started in 1971, 
is conducted by the Regional Information 
System (RIS) for the Lane Council of Govern­
ments (LCOG), U.S. Bureau of Land Manage­
ment, the cities of Eugene and Springfield and 
Lane County. More than 30 public agencies par· 
ticipate in RIS. 

Lane County currently operates an IBM 
370/158 computer with 236 terminals. Graphic 
hardware includs a CALCOMP drum plotter, 
two Tektronix graphics displays and graphics 
tablet, and a Calma digitizer. 

Initially, 750 tax maps were digitized, edited, 
and compiled in two years into a complete 
parcel file containing land-use data for the 

Eugene-Springf ield metropolitan area. A stan­
dardized file of boundaries (e.g. census tracts , 
precincts) was established in 1975. 

The software package used is called the 
MAP/MODEL system of the University of 
Oregon . Digitizing, editing, combining , overlay­
ing and plotting are all provided in a series of 
compatible batch programs. It is very flexible, 
but very hard to completely comprehend. There 
is also sizeable overhead cost in both file space 
and execution time. Portions are being aban­
doned in favor of on-line interactive programs. 

The data base is composed of " parcels " for 
land , rivers, streets, etc. Each parcel record 
contains, along with the Oregon State Plane 
Coordinates, data on land-use, acreage, zoning , 
property value, etc . 

Digitizing is now done on Tektronix 4081 in· 
teractive graphics terminals with tablets. Cost 
factors of the digitizing/editing system include 
the following: 

(1) 12 worker months of programmer time 
-programmers already familiar with equip· 
ment and software. 

(2) $100,000 for two work/display stations 
(3) use of the IBM 370 (shared) 
(4) two or three persons full time for digitiz­

ing and editing 

Eugene's Planning Department has made the 
most use of the system both in graphics output 
and information retrieval. Future uses include 
the following : 

(1) comprehensive land use planning 
(2) transportation planning 
(3) public utilities management 
(4) social services delivery analysis and 

planning 
(5) d ispatching and routing of emergency 

vehicles 
(6) environmental quality analysis 

2. Burnaby, British Columbia (2,6) 
The Burnaby Joint Utility Mapping Pilot Pro­

ject (BJUMP) officially commenced on the ac­
ceptance of the computer-assisted mapping 
system on December 31 , 1976. BJUMP's objec­
ti ve is to thoroughly examine the effectiveness 
of a computer-assisted mapping system in a 
joint-agency working environment, for the pur­
pose of creating and maintaining utility map-
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ping over a substantial portion of Burnaby. 
Another objective was metric maps and calcula­
tions. 

A Synercom ST-700 mapping system was in­
stalled for use by the city and the local utilities. 
The PDP mini-computer based system uses 
aerial photos, existing maps, legal plans, and 
survey control for input. Custom maps pro­
duced include utilities, highways, fo rests, 
assessments, land use, engineering, planning, 
traffic, surveying, fire and poli ce, real estate, 
etc. The system cost about $400,000, including 
two digitizers and four keyboard CRT terminals. 

The project timetable shows initiation of 
operational production in February, 1979, and 
completion of inputting the base data in 
January, 1980. The major emphasis is on facility 
data management where information in regular 
computer files are tied together with coor­
dinates. The concept is very similar to CAMRAS 
in Memphis, Tennessee (see Section IV-C-5.). 
The foundation of the base map files are the 
block lines. 

In a savings comparison of computer drawing 
versus manual drawing of maps, they observed 
ratios of 4.8:1 to 8:1. However, when they in­
cluded the benefits of facility data manage­
ment, they felt the comparison became mean­
ing less. They also concluded that using ex­
ist ing maps when possible was much better 
and faster than conducting a survey. 

3. Santa Rosa, California (1 0) 
The Santa Rosa Planning Information System 

was designed and developed for the city of 
Santa Rosa by Comarc Design Systems, Inc., a 
San Francisco firm. Parcels were encoded from 
maps provided by the City at a variety of 
scales. Approximately 60,000 parcels were 
digitized with the exact parcel boundary, the 
parcel centroid and the Assessors Parcel (AP) 
being stored. 

Integrated to this base are environmental 
data, interpretive data, traffic data, planning 
data and assessors data. A unique aspect of 
this system is the fact that grid maps and files 
can be produced by converting parcel 
polygons to grids. Polygon files are used for ac­
curacy while grid files are very efficient in terms 
of processing. A Tektronix graphic display unit 
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in Santa Rosa is linked to Comarc 's mini­
computer which has a Talos digitizer. A hard 
copy unit and a plotter are used for hard output. 

4. Nashville, Tennessee (16) 
The Location and Mapping Program (LAMP) 

is an urban information system consisting of a 
variety of physical planning, management, and 
control systems. A variety of overlays can be 
generated and displayed on a graphics display 
(such as sewer systems, traffic accidents, and 
census data), and statistical analysis performed 
on any of the attributes associated with the 
GBF (geographic base file). Base maps were 
developed primarily from county property 
maps. Output is on a microfilm plotter. The 
following systems were inputs: 

(1) inventory of highway environment 
(2) development of land accounting system 
(3) order distribution network 
(4) sanitary sewer system 
(5) storm sewer system 
(6) public utility physical inventory 

Land parcels were digitized using the state 
plane coordinate system. Two files are main­
tained: a parcel based file and a subdivision 
description file. There are a variety of interac­
tive capabilities including editing, centroid, 
calculation , updating and deletion. Retrieval is 
done either by parcel name or by coordinates. 
The control systems implemented include: 

(1) daily activity reporting system 
(2) permit control system 
(3) complaint control system 
(4) work order control system 
(5) resource allocation and scheduling 
(6) precinct analysis 
(7) sewer load analysis system 
(8) water distribution analysis system 
(9) transportation planning system 

(10) land use planning system 

Data from a digitizer is processed on an IBM 
370/145 computer. Generalized applications 
supported by the base system include schedul­
ing/dispatching, inventory, districting , map 
overlay, and topographic mapping. Dr. Joel Orr 
was director of the LAMP project from concep­
tualization through implementation. M&S Com­
puting of Huntsville, Alabama also provided 
assistance in development of the system. 



5. Memphis, Tennessee (1) 
The Computer Assisted Mapping and 

Records Activities Systems (CAMRAS) is a pro­
ject of the American Public Works Association 
(APWA). It was conceived as a joint-use plan­
ning , engineering, and management tool for the 
efficient and effective use of information 
needed by a large number of public agencies 
and companies operating within a common 
area. 

The program proposes to develop, 
promulgate and implement suggested pro­
cedures and standards for jointly funded, and 
shared-use, computer-assisted, geo-based 
location record systems based on an im­
plemented system . Memphis is serving as the 
site of the model test application. In addition to 
the city, active participants will include Shelby 
County, the State of Tennessee, and the private 
and public utilities servicing the area. 

Total cost is projected to $1.7 million and it 
wi ll be funded by APWA, the Memphis Consor­
tiu m of users and other participating agencies. 
End products wil l include documentation with 
standards and procedures for conducting pro­
blem definition , feas ibility , benefit/cost ratio, 
specifications, photogrammetry, interagency 
agreements and operator training manuals. 

Input will be done through aerial photography 
and ground survey. After input , the data base 
will be accessible by subject as well as by area. 
The fundamental components of the data base 
wil l be the parcel boundary, address, street 
name, hydrography, parcel identifier, city 
l imits/political boundaries, curb, sidewalk, and 
control (monuments). 

Equ ipment is expected to be selected and 
delivered by May, 1979. 

6. Des Moines, Iowa (16) 
The In t egrated Municipal Information 

System (IMIS) of the City of Des Moines at­
tempts to correlate and aggregate municipal 
and urban environment data. Geocoding techni­
ques are used to develop a data base made up 
of data from the following sources: 

1) Plan and Zoning Commissions 
2) Traffic and Transportation Bureau 
3) Community Development Board 
4) Public Works Department 

5) Finance and Building Inspect ion Services 
6) Urban Development Board 
7) Assessor's Office 
8) County Audits 
9) County Treasurer 

The project was funded in the 1960's by the 
Federal Department of Housing and Urban 
Development (HUD) to develop a large number 
of computerized municipal data fi les, which are 
just now beginning to be updated and used. The 
project has as a goal the integration of various 
subsystems and the ability to cross-reference 
data between various on-line files . 

Another joint system, deve loped by the 
Battelle Institute, is GEOPLANS, which does 
the geographic data aggregat ion for the storage 
retrieval and linking of the various data source 
files. GEOPLANS uses a common geographic 
referencing index to relate data files in different 
agencies to each other. This system enables 
the individual agencies to maintain their data 
base, but by adding this po inter-file system, 
data can be aggregated across agency lines. 

Although the main computer operations go 
through the Polk-Des Moines Computer Center, 
the mapping activities take place in the city of­
fices as this author has observed . Aerial 
photographs and existing plat maps are digit­
ized on a Bendix (now Summagraphics) 
DataGrid digitizer. The data is put on tape, pro­
cessed and a plot tape is produced. The plot­
ting takes place on a CALCOMP plotter in the 
city offices. 

7. San Diego, California (16) 
The Integrated Regional Environment 

Management (IREM) Project was developed by 
the County of San Diego Environment Develop­
ment Agency. The project provides regional en­
vironmental services as well as administration 
and management services. Graphic in nature, it 
deals with impact studies primarily involving air 
pollution models. 

8. Columbus, Ohio (16) 
This project is cal led BENCHMARK, was 

developed by the Battel le Memorial Institute 
and Ohio State University, and is directed by 
the Academy for Contemporary Problems. It at ­
tempts to provide data concerning the pro-
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blems in a metropolitan area and to assist deci­
sion makers in making more effective publ ic 
policy. Information on basic social, economic, 
and ecological conditions is available to public 
policy researchers. Data on social profiles of in ­
stitutions and neighborhoods within a region 
are also collected. The model will provide pro ­
jections of future alternatives for the Columbus 
area and will provide graphic outputs of com­
puter maps from the data base. 

9. Fort Collins, Colorado (16) 
The Regional Economic Study (RES) started 

in 1971 with the establishment of uniform files , 
data flow, and shared data between a variety of 
urban departments. The hardware consists of a 
DEC PDP-10 mini -computer, a Houston Instru­
ment DP-drum plotter and a Tektronix graphic 
display. 

The Larimer County, Fort Collins model is 
significant in that it tries to deal with the day-to­
day planning decisions that must be made , 
rather than with the more accepted long-range 
comprehensive planning decisions. 

Most services are non-graphic in nature and 
include: 

1) utility billing 
2) engineering data for utilities 
3) general accounting 
4) policy reporting 
5) hydraulic analysis 
6) traffic flow analysis 

The increasing number of graphic 
capabilities include land, boundary line and 
property mapping, surface approximation, and 
general contouring software. 

Most significant of the on-line data files is 
th e co llect ion of land-use and housing inven­
tory data which is updated weekly . Initially, 
base maps were created from air photos for a 
213 square mile area at scalers of 1" = 200' and 
1" = 600'. The data is then matched and 
merged with existing files. Over 17,000 struc­
tures and parcels have been mapped to date at 
a cost of $25,000 (not including monthly ad­
ministrative costs). 

29 

1 0. Kansas City, Kansas (16) 
The Computer Mapping Project of Kansas 

City and Wyandotte County, Kansas, has 
resulted in the development of a comprehen­
sive data base and a heavy use of computer 
mapping techniques. 

The data base developed for this project con ­
sists of a GBF/DIME file (see Census Bureau) 
and a parcel file. Base maps were developed at 
a scale of 1:1200 which were made by stereo 
photogrammetric methods using the Kansas 
State Plane Coordinate System. All maps in­
cluded planimetric features and two-feet con ­
tour intervals. 

A number of choropleth mapping programs, 
dot mapping and street network mapping pro­
grams were developed for use with pen plot­
ters. The entire system is called GRAFPAC II 
and is implemented on IBM, Honeywell, and 
CDC computers. Using a multi-pen plotter, a 
variety of line fonts and co lor maps have been 
developed. 

The maps files have been merged to existing 
data files on such items as streets and street 
signs. Most of the applications result in 
choropleth maps usin g the 1970 Census of 
Population and Housing Data. Current mapping 
plans are to use the parcel file to generate 
parcel outlines, perm it the entry of parcel data 
and the display of parcel related data. 

11. Los Angeles, California (16) 
The Mult iple In put Land-Use System (MILUS) 

is a further development of the Land-Use 
Management Informat ion System (LUMIS) of 
the Jet Propulsion Laboratory (JPL). LUMIS is 
based on low-altitude aerial photos and con­
sists of two systems: Land-Use Plann ing and 
Management System (LUPAMS) based on data 
from the County Assessor's Office for each 
parcel, and GEO-BEDS based on a DIME file 
(see Census Bureau) format and incorporating 
census-type information. 

The MILUS system utilizes satellite image 
(raster scan) data in conjunction with tabular 
and graphic data that are geographically cross-



re f eren ce d. Application areas include 
metropo l itan land-use categories , regional 
resource inventory, and general modeling and 
forecasting systems . An interface program 
takes the raster scan data and uses a reference 
polygon (map) to enable pointers to be 
generated to tabular data records. The 
reference polygon is usually a street outline, 
such as an individual city block. 

Results of two test cases show that the 
system tends to be cheaper to operate than any 
manual photo interpretation, manual coor­
dinate digi ti zation, or polygon overlay system. 
A current project is the development of a pro­
gram to automat ically convert DIME files to 
reference polygons. 

Although operational costs are st i ll low, 
system costs are high . It currently uses an IBM 
370/155 and expensive image processing 
equ ipment. 

Another project underway is tax mapping for 
the County of Los Ange les. The County is using 
a Computervis ion System fo r data entry and tax 
parcel identification, measuring, and output of 
data files used directly in tax preparation. 

12. Atlanta, Georgia (16) 
An unusual cooperative project among 

several publ ic uti lit ies and government agen­
cies was initiated in mid-1974 and called the 
Georgia Coord inate Mapping Project. The 
Atlanta Gas Light Co., the City of Atlanta, the 
Georgia Power Co ., Southern Bell Telephone, 
and the Georgia Department of Transportation 
jo int ly contracted to obtain orthophotographs, 
s t e reophotographs, planimetric maps, 
plan imetric key maps, and digitized data base 
tapes of the city of Atlanta area, including cen­
tro ids o f buildings and street intersections. 

The Systems and Programming Office of the 
City received the tapes and is respons ible for 
updati ng the maps for itself and the other 
members of the group. The other groups re­
ceived sets of 100 foot scale planimetric key 
maps and 833-scale and 500-scale stereo­
photographs. All data is referenced by state 
plane coordinates. 

A 21 " graphics terminal is used to inter­
act ively update, manipulate and display the 
data. An automated drafting subsystem does 
the plotting. As of 1978, the Georgia Depart­
ment of Transportation has not used the data 
tapes. 
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Part V · Vendors 

Material in this section is derived from 
manufacturers brochures, advertisements, and 
some personal communications. Therefore, it 
is not formal as in a questionnaire and should 
not be regarded as complete and all inclusive. 

Since the primary trends are in interactive 
graphics systems with mini-computers, the 
following vendors and systems w ill be 
examined: 

1) Gerber Scientific Instruments - Interac­
tive Design and Drafting System (IDS) 

2) Cal ifornia Computer Products, Inc. 
(CALCOM P) - Interactive Graphics 
System (IGS) 

3) Bendix (now Summagraphics, Inc.) 
-System 100 

4) Keuffel & Esser (K + E)/H. Dell Foster Co. 
· IGS/330 

5) Calma- Calmagraphic Interactive (CGI) 
6) Synercom Technology, Inc.- MAP-IN 
7) Comarc Design Systems - Interactive 

Graphics System (IGS) 
8) Applicon, Inc.- Applicon Graphic system 
9) M&S Computing, Inc. - Interacti ve 

Graphics Design System (IGDS) 
10) Computervision Corp.- Designer System 

The following symbols are used in the tables: 

1) M -million 
2) K - thousand 
3) DVST - Direct View Storage Tube 
4) HP- Hewlett-Packard 
5) DG - Data General 
6) PDP - computer system family from 

Digital Equipment Corp. (DEC) 
7) CC - CALCOM P 
8) C - circuits 
9) D -drafting 

10) F- FORTRAN 
11) ·· Not Available or Unknown at time of 

Report Preparation. 
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Table I is for the hardware. Table II is on the 
software capabilities of each system. Table Ill 
is essentially a checklist of terms found in the 
brochures in connection with mapping uses. 
Some terms may be similar to or include other 
terms and like terms were not combined . Table 
IV is for other information such as costs, ap­
plications, operating systems, languages, and 
first delivery dates. 

No vendor preferences are intended in these 
tables. A formal survey would certainly provide 
more information. Our intent is to give the 
reader an idea of what to expect when examin­
ing systems. The characteristics shown for 
each system reflect to a certain extent the 
availability of data on each system at the time 
this report was prepared. Before ruling out or 
deciding on any one system it would be ad­
visable to obtain more information regarding 
the capacity and versatility of the system of­
fered by each vender. This is particularly 
needed in today's rapid changes and advanc­
vements occurring in the computer technology 
field. 
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Table II · Software 
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Part VI • Examples 

Pages 36-40 are examples of computer maps 
produced by the Soil Conservation Service (See 
Part IV). USGS quadrangle maps were digitized 
and combined in Lincoln, Nebraska using a 
Computervision System. This data was sent to 
Hyattsville, Maryland where the various data 
components were plotted using Gerber Scien­
tific Instruments machine. From these separa­
tions color overlays were prepared for printing. 

On page 41 is a reproduction of a sample por­
tion of a county map produced by the Florida 
Department of Transportation (see Part IV) on 
an Interactive Graphics Design System by M&S 
Computing. It was done on a CALCOMP 960 
plotter which can use a ballpoint, wet ink, or felt 
tip pen on paper, vellum , and mylar surfaces. 

Page 42 illustrates a map done on a 
CALCOM P Plotter at the Iowa Department of 
Transportation using the program CALFORM 
and data from the Federal Highway Administra­
tion. The illustration has been reduced 80% for 
publication purposes. 

These examples serve to illustrate the ver­
satility and detail that can be accomplished us­
ing computer mapping techniques. These are 
only limited examples and in no way reflect the 
maximum capability that exists in computer 
mapping. 
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Glossary Of Tenns Not Defined In Text 

accuracy - the degree to which a measurement 
is known to approximate a given value. 

algorithm - a step by step procedure which 
stops. 

centroid - the mean position of a polygon deter­
mined by the X and Y means of the polygon 
points . 

choropleth mapping- maps composed of shad­
ed zones where zones with a common value or 
value range have the same shade or color. 

compatibility - the ability of two objects to 
match at the point(s) where they join . 

electrostatic plotter - a plotter which uses 
vector-to-raster conversion and rolls the paper 
out in one direction, putting very tiny dots on it 
to form lines and characters . 

geodetic coordinates- exact coordinates on the 
earth based on its actual shape. Expressed in 
latitude-longitude. 

hard copy unit - a device attached to graphic 
displays and CRT displays which chemically 
produces a (dry silver) picture of what is on the 
d isplay. 

hardware- all the devices and components of a 
compute r. 

lati tude - a number in the geodetic coordinate 
pair denoting the angle in degrees between a 
point, the center of the earth and the nearest 
po int on the equator. Example : the North Pole 
is 90 degrees north . 

longitude- a number in the geodetic coordinate 
pair denot ing an angle in degrees east or west 
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in terms of an east-west circle running th rough 
a point which is divided into 360 degrees. Exam ­
ple: Ames is 94 degrees west. 

LUDA - Land Use Data Analys is, a federal pro­
gram of providing satellite data. 

micrographics - graphics in reduced forms such 
as microfilm and microfiche. 

planim~tric - maps attempting to show 
geography without respect to elevation, 
therefore planar. 

raster scan - a technique for generat ing or 
recording an image with an intensity controlled , 
line-by-line sweep across the entire display sur­
face. Telev isions use this method. 

rectification - taking the "tilt " out of 
photograph when it wasn 't taken perpendicular 
to a surface. 

repeatibility - the ability to accurately repeat 
coordinates when a point is digitized twice or 
plotted twice. 

resolution - a measure of the ability of a dev ice 
to differentiate values. Example: a plotter may 
have a resolution of .001 inch. 

software - all the programs (instructions) run­
ning on a computer. 

thematic - maps showi ng structure of a distribu­
tion such as populat ions , averag e rainfa l l, 
graph production , etc . Maps used in spatial 
analysis. 

topographic - maps attempt ing to show all 
geography including elevations by using con ­
tour li nes . 



• 

Bibliography 

Part I & Part Ill 
1. Connelly, Daniel S. "File Design in 

Automated Cartography" , Proceedings of 
the American Congress on Surveying and 
Mapping, March 1972, pp. 218-226. 

2. Dowling, Wayne C. " Computer Graphics 
and Design" in Encyclopedia of Computer 
Science and Technology, Vol. 1 (J . Belzer, 
A.G. Holzmann, and A. Kent, eds.) Dekker, 
New York, 1975, pp. 447-472. 

3. Dueker, Kenneth J. and Joseph S. Drake, 
Information System tor Land Resource 
Planning , Techn ical Report No. 16, In­
st itute tor Urban and Regional Research, 
University of Iowa, January, 1973. 

*4. Dutton , Geoffrey, H., and William G. 
Nisen, "The Expanding Role of Computer 
Cartography" , Datamation, June, 1978, pp . 
134-142. 

5. Edson , Dean T. and George Y. G. Lee, 
" Ways of Structuring Data Within a Digital 
Cartograph ic Data Base" , Computer 
Graphi cs, ACM-SIGGRAPH Newsletter, 
Vol. 11 , No. 2, Summer, 1977, pp. 179-185. 

6. Frost & Sul livan , Inc ., Computer Graphics 
& Manufactu rin g Markets & Technology, 
187 pages, New York. 

7. Ho lekamp , Richard A . " Interactive 
Computer-A ided Cartography Without a 
Program me r", Proceedings of the 
Ameri can Congress on Surveying and 
Mapping , Fall Convention, 1976, pp . 
363-369. 

8. Moe ll ering, Haro ld, " Interactive Car­
tog raphy", Proceed ings of the Interna­
t ional Sympos ium on Computer-Assisted 
Cartography, Auto-Carto II, September, 
1975, American Congress on Survey and 
Mapp ing. 

•recommended reading 

9. Myers , Wave , " Interactive Computer 
Graphics: Poised for Takeoff?", Com ­
puter, January, 1978, pp. 60-74. 

*10. Orr, Joel N. , "Computer Graphics", Min i­
Micro Systems, February 1978, pp. 46-71 . 

* 11 . Teicholz and Dorfman , Computer Car­
tography: Worldwide Technology and 
Markets, International Technology 
Marketing , Newton, Mass., May, 1976, 426 
pp . 

*12. Teicholz , Eric , " Interactive Graphics 
Comes of Age ", Datamation , December, 
1975, pp. 50-53. 

*13. Teicholz, Eric, "Graph ic Technology and 
the Display of Spat ial Data" , Computer 
Graphics and Art, February, 1977, pp. 8-17. 

44 

1 

l 



Bibliography 
Part IV 
1. American Public Works Association, 

CAMRAS Memphis, Progress Report No. 
78-1, January-March, 1978. 

2. American Society of Civil Engineers, 
" Making maps on a computer-city and 
utilities team up in a pioneer effort ", Civil 
Engineering-ASCE, February, 1979, pp. 
56-59. 

3. Cagle, Maury, " GBF/DIME, Dollars, and 
Sense", Nation's Cities. 

4. Comarc Design Systems, "Two New Com­
arc Systems" , Comarc Commentary, July, 
1978. 

5. DuMontelle, Paul B., Richard F. Mast and 
Lindell H. Van Dyke, " ILLIMAP-Computer 
System for Location Conversion and Base 
Map Construct ion in Illinois", American 
Congress on Surveying and Mapping, 
March , 1971 . 

6. Garth, S.L., "Experience With Computer­
Assisted Mapping in Burnaby", Computer 
Graphics, Vol. 1, No. 7, May-June, 1978, 
Cygnus Communications, Inc. 

7. Green, David A. , Improved Highway Safety 
Through In teractive Graphics, Traffic and 
Safety Division, New York State Depart­
ment of Transportation, December, 1978. 

8. Hall , Donald, " Digital Cartographic Com ­
pil ati on ", American Congress on Survey­
ing and Mapping, March, 1974. 

9. Hicks, Jimmy E. and Tom Hauger, Manag­
ing Natural Resource Data: Minnesota 
Land Management Information System, 
Council of State Governments, Lexington, 
Kentucky, May, 1977. 

45 

10. Howell, Tommie F., Implementati on of an 
Automated Mapping System, Departmen­
tal Research Report, No: 40-1 F, Texas 
State Department . 

11. Johnson , C. Gene , An Advanced Mapping 
System for the Soil Conservation Serv ice, 
Cartographic Unit , Soil Conservation Ser­
vice, U.S. Department of Agr icu lture 
(presented at AutoCarto II , September, 
197q). 

12. Johnston , Donald R., " The Santa Rosa 
Planning Informat ion System", Computer 
Graphics, Vol. 1, No.8, July, 1978, Cygnus 
Communications, Inc. 

13. Kent, Mitchell, Interactive Computer 
Graphics at Florida Department of 
Transportation , Summary Report , Ju ly 14, 
1978, Florida Department of Transporta­
tion . 

14. Mahan, Sheila, Gary Spivac and Robert 
Swank, " Plotting Land Use in Oregon" , 
Datamat ion , November, 1978, pp. 155-162. 

15. Spivak, Gary, A Case Study of the Use of 
Computer Mapping by the City o f Eugene, 
City of Eugene Data Processing, Eugene, 
Oregon (Presented at the Harvard Univer­
sity Computer Mapping Symposium in Ju­
ly, 1978). 

16. Teicholz, Eric and Juli us Dorfman, Com­
puter Cartogra ph y : Wor l d-Wide 
Tech nology and Markets, International 
Tech no logy Marketing, Newton , Mass., 
May, 1976. 

17. Topograph ic Division, U.S. Geological 
Survey, Program Descri ption: Digi tal Car­
tographic App licat ion Program (DCAP), 
August , 1977. 



Keyword Definition Index 

accuracy, 43 
algorithm, 43 
cartographic data base, 8 
centroid, 16, 43 
chain, 15 
choropleth, 8, 16 
compatibility, 43 
computer mapping, 3 
contour, 8, 16 
data base, 4, 8, 15 
data structures, 15 
density map, 16 
digitizer, 4 
direct view storage tube, 8 
drum plotter, 7 
editing, 16 
electrostatic plotter, 43 
file, 4, 15, 16 
filtering, 16 
flatbed plotter, 7 
GBF/DIME, 20 
geo-based information system, 8 
geocoding, 8 
geodetic coordinates, 15, 43 
geographic base file, 8 
geographic data bank, 8 
geographic data system, 8 
geographic information system, 8 
geoprocessing , 8 
graphics display, 4, 8 
gridded data base, 15 
hard copy unit, 43 
hardware, 43 
interactive, 7 
LANDSAT, 11 
latitude, 43 
layers, 16 
li ne, 4 
line follower, 15 

line segment, 15 
longitude, 43 
LUDA, 43 
merge, 16 
microfilm plotter, 7 
micrographics, 43 
networks, 15 
orthophotograph, 17 
peripherals, 18 
photogrammetry, 17 
photo plotter, 7 
plane coordinate systems, 17 
planimetric, 43 
plotter, 4, 7 
point, 4, 15 · 
polygon, 15 
projections, 16 
proximal map, 16 
raster, 43 
rectification, 43 
refresh vector display, 8 
remote sensing, 17 
repeatibility, 43 
resolution, 4, 43 
scale, 16 
scanner, 15 
scribe plotter, 7 
software, 43 
spatial analysis, 16 
stereoplotter, 17 
tablets, 4 
thematic, 43 
three-dimensional views, 16 
topographic, 43 
transform, 16 
trend surface map, 16 
turnkey system, 9 
vector data base, 15 
window, 16 

46 

l 

j 



llllllllllll~~~ijilll]lilil~ij~ll]~ll'l~mllllllllllll 
3 1723 02116 4520 


