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I. Introduection

{ the many courses lectured by Immanuel Kant at the Umiversity of Kénigsberg, legend
has it that one of the most frequently offered was 2 course on natnral philesophy (that is,
physical geography). It was argued that individuals could acqure understanding through
three distinet perspectives! the perspective of formal logic and mathematics, the perspee-
tive of ume (history). and the perspective of space (geography], The last of thess — the
perspective of space — acknowledges the importance of distance. site characteristics. and
relative location in describing the relationships among several objects or facilities.

Maps are the pomary means of representing such relationships. Maps are analvtical tools
which depict spatial relationships and portrav ohjects from the perspective of space. The
power of maps reste on their synophic representation of complex phenomena. To paraphrass
the Confucian wisdom, & map is worth & thousand words.

“Recently 1t has become common to convert spatial phenomena to digital form and
ttore the data on tapes or discs. These data can then be manipulated by a computer
to supply answers to questions that formerly required 2 drawn map ... This stored
geagraphic information is referred to as a [data base|” |1

The maps produced from such data bases are termed digital maps. Computenzed data
beses, which may be gueried and used by several pzople simultanecusly, and digital maps
are of immense value to engineers. comptrollers, planners, and managers. The combination
of & digital map and data base is worth a thousand “mega-words.”

The advantages of digital maps over manually drafted mips are most apparent in sit-
uations of frequent growth or change. Among these advantages are the ease and speed of
revision and the fact that special purpose maps can be produced in small velume at rea-
sonable cost. Moreover, digital maps offer greater precision in representation and analysis.
"As more governmental bodies |and other agencies| expend the necessary one-time capital
mvestment, and begin to reap the vast rewards of computer-assisted record and map keeping,
others are likely to follow quickly (2

II. Basic Issues

After an agency or firm has decided to convert its manual records to digital map and
date base form, several issues must be addressed.

The first, and most important question the agency must answer is related to the source
documents to be used by the mapping firm. In general terms the choice is between cario.
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graphic sources and mechamcally drafied sources
Cartography iz defined as:

“The art, science and technology of making maps, together with their study as
scientific documents and works of art, In this context maps may be regarded as
including all types of maps, plans, charts, and sections, three-dimensional models
and globes representing the Earth or any celestial body at any scale” 4]

In particular, cartography is concerned with the accurate and consistent depiction on a
flat surface of activities ocourring on a sphere.

It is not possible to duplicate, without distortion; the features on the surface of a sphere
on eny objest other than a sphere. A surface of constant positive curvature may be repre-
sented on a surface of zers curvature only if distortion is introduced in the reprezentation
Az a simple illustration of this fact, conzider the problem of “Hattening” an orange peel: it
will tear. If the orange was made of rubber, it would be possibie to flatten it without tearmg,
hut net withent distortion of ancther kind — & topological transformation.

The methods by which cartographers represent the surface of the earth on 2 flat piece of
paper are known as map projections. For any particular purpese, the selection of a particulas
projection (transformation) is based on the properties of a sphere that the projection loses oz
retains. Every method of mapping large areas is affected, whether it 12 confinuous mapping
or facet mapping. No coherent, distortion-free transformation exists, nor, given the theorsms
of mathematics, can it ever exist. |4, 3 However, cartographers can identify projections that
suit a chent’s particular purpose.

Quite often appropriate cartographic source documents already are available to a public
utilitv and mapping firm team. Indeed, such sources may have served as the base for the
construction of existing records. In other cases, it may be necessary for the mapping firm to
serform an aerial photographic survey and to translate these photographs into cartographic
documents — a process known as photogrammetry.

It it also possible 30 produce map: from non-cartographic sources such as 1ax asses-
sor shests, Certainly the most common nen-cartographic sources are mechanically drafted
cadastral maps and engineering drawings or plans, These documents have been defined by
the International Assocation of Assessing Officers:

map. cadastral — A map showing the boundaries of subdivisions of land, usually
with the bearings and lengths thereof and the areaz of individual tracts, for purposes
of describing and recording ownership.

map, engineering — A map showing information that 1= eszenual for planming an
enginecring project or development and for estimating its cost. An engineesing map
it usually & large-scale map of a comparatively small area or of a route. [6]

Although such drawings have some value for small area design, engineering, and planning
purposes, there are a number of problems associated with their use as source documents for
large area mapping. The most entical of these is related to accuracy; tax assessor sheets in
the United States, for example, are designed to be used as indices only and are subordinate
to actual legal descriptions. They are highly stylized and, despite their appearance and
name, highly inaccurate in terms of geographic placement.
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Small plans “look™ correct pmmarnly because they correspond to the limited range of
visiom of human bemgs at ground level However, these documents also suffer from the
transformation problem. Non-umiform; interpretive, subjective corrections by a draftsman
make this problem appear to vanizh on individual sheeis. But such corrections preclude
accurately merging shesis for 2 large area.

In the langrage of the philosophy of science, the distinction i1s one between an 1comic
model and a symbolic model. An iconic model {the mechanically drafied plan) is designed
to look, in some metaphomcal fashion like the object of study. Often, the closer the similanty
in appearance, the less valuable the model for analytical purposes. A symbobe model [Lhe
map) ts designed to faclitate guantitative measurements of characienstics of interest to
analysts, managers, and enginesrs.

A second issue that must be considered by public utilities i1s the use to which the digital
maps will be put. This will determine the type of output the mapping firm will generate.
This also will determine the accuracy levels needed. 7] In general terms, the types of output
products correspond io the types of input products: maps and plans. [8] In our expenence,
public utility clients generally have expressed a preference for digital maps related to spatial
relationship data bages because they facibitate the more accurate analysiz of physical plant
attributes and distnbutions over a large area in & geographic information system.

The primary purpose of most digital map and data base conversion work 15 1o provide a
means to manage corporate assete. Often the actual maps produced are used for index only,
not for scaled or direct measurement. This is in parl a lunction of the distortion inherent to
any mechanical production or reproduciion process, in part a function of the demonstrated
superiority of a fullv digital, displayable linked-atinibute data base management svstem (see
Section 5}, and in part a funciion of the distortion inherent to all map projections (the
transformation problem previously discussed.)

In some cases, an agency may wish to construct & geographic data base that will support
a computerized plan generation and [achties management system. As azn example, consider
the case where facility data will be superimposed on a merged cadastizal and land base
The data base must guarantes the geopraphic lecations of features and their connectivity,
relationships, and other characteristics. The final digital plan and data base may include
information on street. road, and highway names, centerlines, and nghts-of-ways: political,
legal, and natural boundarnes; township, range, and section bines; over; stream, and creek
centerlines and names; and legal lot and parcel lines and numbers, ameng other data. [8]

111, Map Production

Fegardlese of the type of source docnment or output product, several stages in cario-
graphic production remain relatively constant, These are considered first in & general manner
and then as they apply to digital map production per se.

First, we must define the purpose and accuracy standards of the map, For example, will
the map be used for scaled meagurement? Or will the map be used as an index? Second,
we must identify the features and activities to be mapped. The nature of these features
will influence the amount of detail appropnate for the Lbase map and the fimshed map. The
strength of a map may be dimunished by displaying too much detail.

Third, we must prepare or obtain & land base or base map. In this regard, 1t 15 important
to consider the vamety of map projections and coordinate svsiems available for particular

43



Winter, 1851

tasks. Using a widely accepted system such as the UTM grid or latitude and longitude coor-
dinates has a number of advantages including ease of date exchange and reduced production
time and cost.

The next step is to collect and compile the data to be mapped. The basic rule is
to compile data af the most detailed level of meazurement possible and to aggregate the
data only at later analytical stages. Finally, we must design and construct the map. This
15 & two step process that involves: (a) the design of symbols, patterns, legends, and other
cartographic devices, and (b) the location and actual placement of the features and activities.

IV. Inhgital Maps

As in freditional cartography the first step in constructing a digital map 18 1o establish
accuracy levels and to determine which attributes should be displayed and which should
simuly be stored

A displayable linked-attribute datz base system (discussed below) allows for the con-
struction of a fully digital geographic information system for data management, az well as
for the construction of index and general route maps. For such mape, placing items of plant
“on the nght side of the street” generally 1s adeguate: n the real world, & utility pole 60 fest
tall 15 clearly visible at an intersection. The critical attributes of each item of plant appear
2z numbers or words on the map and also as manipulable information in the data bass. On
the other hand. if the map 15 to be used for scaled measurement, zccurate placement of items
of plant is paramount. It should be noted that this second approach implies considerable
supplementary manual adjustment and therefore substantially higher production costs.

The next guestion 15 the method of land base consgtruction. Land bases, or hese maps,
may be construcled in a variety of ways. It may be possible o develop an accarate land
base by digitizing exdsting source documents. The information may be captured. by board
digitizing vectors (Lne stongs and endpoints) or by raster scanning, If the quality of the
source documents is high, these methods are extremely cost effective.

If the guabty of the available source documents s unknown or suspect, 1t 15 common
to conduct an aerial photographic survey and o compile the photographs into 2 “model”
of the region (the air photos are reclified to generate a plane view of the plotographed
region similar to a map projection). These models are then stereo digitized and used as
highly accurate sourcs documents for land base construction using the digitizing or scanning
methods noted above. (— 10 feet accuracy is standard, but + 1 foot accuracy 15 possible.)
Although more expensive than working from existing source documents, such an appreach
guarantees exireme accuracy. Moreover, the end product ofien has resale value which will
offset the initizl cost incurred by the end user

Data sources also may be combined to form a hybrid land base. For example, individual
assessor sheets at a wide vanety of scales can be overlaid on a sterec digitized base. The
slereo digitized street centerline metwork can be modified to agree with cadastral maps so
the assessor data will scale properly and satisfy aesthetic critena.

Because such a hybnd 15, by definition, unigue, it is appropnats to discuss m detail at the
outset of the project the problems likely to be encountered in production. Disadvantages of
such an approach include the substantial cost to make the map “lock” like the source docu-
ments, many difficult production problems (e.g., warp of cadastral data and fitting cadastral
information o an accurate land baze), and the volume of source documents required.
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Nevertheless, some utilities wish to usze a hybrid approach because it gives them a prod-
uct that is internally acceptable from an aesthetic viewpoint. We have encountered many
situations where end users are uncomfortable with the computer-plotted version of 2 geo-
graphic data base because 1t does not “look” like the product they have used for many vears.
The 1ssue of user accepiance 15 of cotical importance 1o the ulfimate suceess of & conversion
project. The cost and problems associated with a hybrid approach may be justified in the
long tun because the end user is comfortable with the “lock” of the product. However, care
must be teken to avold simply computerizing exsting problems.

The proces: of generating a hybrid combines land base construction and data compi
lation. When =z data base management system approach is used, the distinction between
these twe production processes is much clearer. After a land base 15 azsembled; & deaision
is made to define some selection of “attributes” of facilities or items of plant as displayable.
Displayable attributes are those attributes that actwally will be plotted on a map. Other
attributes may be stored in the data base, but not, as a matter of course, be displayed on
maps. (Information of interest to comptrollers may be of little use {0 enginesrs. Conversely,
attributes that facilitate engineering procedures may be unimportant to comptroblers.

Onee agresment on the atiributes to be displayed is reached, the data are coded and
laid cut on the source document. Some of the information will be recorded interactively at
2 board digitizing station. Other information will be keypunched and bulk loaded at the
construction phase. After construction, updating normally is performed interactively. One
significant advantage of a data base management system approach 15 its ability to grow or
change with technical advances,

“Maps today are strongly functional in that they are designed. bke a bndge or &
house, for a purpose. Their pnmary purpose is to convey information or o ‘get
acrose’ a geographical concept or relationship ... The mapmaker 15 essentially =
faithful recorder of given facts, and geographical integrity cannot be compromsed to
any great degree. Newvertheless, the range of creativaty through scale, generalization,
and graphic manipulation available to the cartographer is comparatively great."[10]

(Given its pragmatic character, it may be surprising to learn that the physical appearance
of & map i5 a common paoint of disagreement. Mest frequenily such disagreement anses
because different sets of aesthetic prinmples have heen applied by the chent and the mapping
firmn,

The general question of aesthetics is not at all simple: as the arl histonman Iving has
argued, the notion of simple geometne relationships is not invarant in aesthefic assess-
ments. |11 Indeed, aesthetic issues are involved in both the creation and the appreciation
ar perceprion of & work of art. Within cartography, the term “aesthetics” is reserved for
consideration of the placement of elements such as compass rose. legends, and scales: Lhe
balance aof these slements vis-a-vis the map object; the selection of type faces from the range
of standard or customary fonts; and similar elements of visual display. To equate “correct”
with cartographic assthetics 1s inappropriate, except in the lmited sense that some featurss
are reguired by cartographic convention (e.g., italic type fonts for bodies of water), Styles as
to what 15 “correct” from a crestive standpoint also vary from one academic discipline to an-
other: the geographer prefers a fine-line drawimg while the urban planner uses heavy lines to
focus attention and the landscape architect emplovs pictorial symbols. Differences in styles
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of map creation help to condition the manner in which maps are appreciated by consumers;
that is, aesthetics is more than simply giving the consumer what he is used to. For example,
many public utilities have developed a sense of assthetics comditioned by expernience with
manually drafied, subjective, and highly symbolic plans. Unless discussed at the beginning
of & conversion project this peint can become mest diffienlt, because a mapping firm must
assume that map accuracy takes precedence over map symbology, wisual appearance, and
the superfical assthetics of the perception of appearance. Ofien in cases of this sort, the
assthetics of appreciation: of the consumer give way to concerns of accuracy on the part of
the mapping firm which in turn may rest on the aesthetics of cartographic creation.
V. Computerized Data Bases

“Computer systems are increasingly used to aid in the management of informauen,
and as a result, new kinds of daia-omnented software and hardware are needed to
enhance the ability of the computer to carry out this task, Data basze systems
are| computer systems devoted to the management of relatively persistent daia, The
computer software emploved in a data base svstem iz called a data base management
system (DBMS)." [12

Of the several methods of classifying data bases used by software engineers, one most
important dichotomy 1 that between network (hierarchical) and relational data bases. |13
Certainly the most useful approach for many users is the relational data base, because this
approach permits a larger variety of quenes. Regardless of the approach, the method of
manipulating the data base remains 2 critical issue.

A neted in the quotation of Blasgen |12 the software used with 2 data base 18 known
senesically as & data base management system (DEMS). Such a system generally will have
provisions for data structure definition as well as for data base creation, maintenance, query,
and verification. Blasgen observed that in 1981 an estimated 50 companies were marketing
54 different DBMS packages. [14]

In cur experience. as noted earlier, most public uulity chents prefer working with a “dis-
playable inked-attribute” DBMS. This term desenibes a system in which selected attributes
or characteristics of the company’s physical plant are stored in the data base, where they
may be manipulated by users and also displayed on the digital map. For example, the age,
length, size, and identification number for a piece of cable may be stored and displayed.
Because the length of cable in a given span 12 known from installation and stored in the data
base, scaled measurement 15 wnnecessary,

A second approach to building and mantaning a data base is termed the “hybnd”
approach. Consider the following example.

Analvtics technicians select National Geodetie Survey monuments and photo identifiable
points which provide a network for accurate conirol of the area. On-site field survey crews
accurately survey these points and target them for aerial photography. After the flight,
analvtics technicians assemble these points into an accurate control network and place them
in a digital file, Using the network file, features defined in contract specifications are sterec
digitized from the photography in & digital format. The major features are portrayed in the
form of a detailed centerline network of interstate highways, public roads and private roads
The file then 1s divided into facets (corresponding to individual maps) and plotied at a scale
of 1:100,
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Tax assessor sheets and the 1:100" stereo digitized centerline plots are joned at the next
production phase The 1:100° plot is overlaid on individual assessor sheets, intersections are
held for control, and the stereo digitized road centerline network is adjusted to match the
cadasiral maps. The revised centerlines and additional features such as nghts-of-ways, lot
lines, boundaries, and text are board digitized.

The product is the best of the digital and mechanical worlds. [1 1s accomplished in digital
format eo [uture modifications can be made easily, and it iz assthetically pleasing — 1t looks
like an engineering drawing or cadastral map. The information is accurate. the data can be
scaled, and beanngs can be extracied.

The sueccess of endeavors of thiz type depends on an excellent vendor and chent rela-
tionship. For such a project, it is recommended that a test or pilot study in a pre-selected
area be completed prior to final contract negotiations, It is the responsibality of the client to
define hiz needs as aceurately as possible and convey these requirements in understandable
language to the vendor. Vague termunclogy and ambiguous specifications can compound
production problems. The wvendor, based on his background and experience; must make
meaningful suggestions to the chient as eatly in production as possible as alternative options
may be considered.

VI, Uzer Community

In summary, 2 comprehensive digital map and data svetem has many advantages. In
order to fully realize these advantages, users must consider and resolve several questions
related 1o actual needs and aesthetic conditioming. Users shonld understand that digital
maps and data bases constructed using highly accurate aerial photographic source documents
will not, ae a rule, lock like familiar graphic products. Thev must consider the distinctions
between mechanically drafied products and cartographic products and decide at the outset
of the project whether they are comfortable with the graphic specifications.

(lose communication between the untility company and the mapping firm 15 critical. The
more carefully specified the project 1s at the beginning, the fewer the changes that will be
requited, Changes 1n specifications made dunng production, no matter how toval they
appear, generally affect production schedules and costs adversely.

Thus, the creatien of a digital map invelves not only the mastery of current technology, in
order to produce an “accurate’ map, but it also involves an awareness of assthetics, as well
Attention te assthetice, as appreciation of the map by the consumer will ensure a satisfied
client: to this end, considerable education of the client with attention to close commumnication
is appropriate. At the other end, the mapping firm needs lo conmder the aesthetics of map
creation. When the sesthetics of creation help to guide the choice of technology, an accurate
and satisfying digital map is generally the end product.
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