
COMPUTER MAPPING: 21 ROLES FOR AUTOCAD 

lfan D H Shepherd 

Desktop CAD sojtwpre has emerged as a versatile and powerful mapping tool during the 1980s. This 
paper examines how one such program,AutoCAD, can be used for mapping applications, and identifies 
the important role of software extensions and add-ons which enable AutoCAD to fulfil roles not envisaged 
by its developers. 

INTRODUCTION 
There are several ways of assessing the potential value 

of computer software for mapping applications. One ap
proach is to take a single mapping task, and to apply a 
number of different programs to carrying out that task. In 
doing so, the comparative merits and deficiencies of the 
various programs become apparent. This is the method 
adopted by Grassie (1982) in his comparison of contouring 
software, and by Green et al. (1990) in their discussion of 
the benefits of general graphics software for map drawing. 

An alternative approach is to take a single computer 
program, and to attempt to apply it to as wide a range of 
tasks as possible. By doing this, the limits of the applica
bility of the software can be revealed. This approach also 
has another advantage. Because many map-makers are 
often unaware or unsure of the potential uses of computer 
software until these are demonstrated by actual applica
tions, an in-depth evaluation will hopefully demonstrate the 
potential of the software to new users. For both these 
reasons, this second approach is adopted in this article, and 
is applied to an evaluation of desktop CAD software. 

DESKTOP CAD AND AUTOCAD 
During the 1980s, computer aided design (CAD) took 

off on personal computers (PCs), and 'desktop CAD' or 
'PC-CAD' emerged as a powerful tool for creating draw
ings. At the beginning of the decade, when most desktop 
CAD software was available only on 8-bit micros (such as 
the Apple 11), its impact on cartography was minimal; 
special-purpose mapping software dominated the field. 
Even by mid-decade, following the appearance of the mM 
PC and CAD software designed specifically for 16-bit 
microcomputers, only a few experimental uses of desktop 
CAD in mapping were visible (e.g. Shepherd & Chilton, 
1986). By the end of the 1980s, however, PC-based CAD 
software has penetrated almost every aspect of mapping, 
and is used for this purpose throughout the world 

This paper will demonstrate the wide range of mapping 
applications for which desktop CAD software is suited by 
describing the potential contributions of one particular pro
gram: AutoCAD. 

AutoCAD made its frrst public appearance, in the USA, 
in December 1982. By the standards of the big commercial 
CAD systems of the period, it was a David amongst Go
liaths and, when compared with the current version of the 
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software, the ftrSt release of AutoCAD was crude and 
under-powered. Since then, however, it has evolved rapidly 
from a rather primitive drawing and drafting program into 
a highly sophisticated design and modelling system, sup
ported by a growing family of related software products. 

Although AutoCAD was conceived as a general-pur
pose drawing program, its early design embraced a number 
of important concepts (notably device independence and 
open architecture) which have made it able to meet the 
needs of a large and extremely diverse group of users -
including map-makers. Evidence that AutoCAD has been 
used for mapping applications, even from its earliest ver
sions, can be found in the official history of the company 
(AutoDesk) which developed the program (Walker (1989), 
pp.93, 151,244 and415). 

Until Release 10 of the software appeared in 1989, 
AutoCAD remained an essentially 2-dimensional drawing 
program. Most of its use amongst map-makers during the 
1980s was therefore largely for two-dimensional applica
tions. However, the 3-D drawing and display features of the 
current version of the software, and particularly its ability 
to construct 3-dimensional surfaces, means that it will be 
increasingly used for such applications as terrain modelling 
and landscape visualisation. 

AutoCAD is, of course, only one of a large number of 
CAD programs designed for use on personal computers. 
However, it is probably the most appropriate system to use 
to illustrate the general applicability of PC-CAD systems to 
mapping, for the following reasons: 

• It is the most widely used PC-CAD system in the world. 

• It is available on a range of computers (including mM 
PCs and compatibles, Apple Macintosh, Sun, Apollo 
and VAXstations), and runs under a variety of opera
ting systems (including MS-DOS, PC-DOS, OS/2, 
Apple MultiFinder and Unix). 

• Many (perhaps most) other PC-CAD systems strive to 
offer at least comparable facilities to AutoCAD, and 
most are able to exchange drawings with it. 

• It is probably the most widely used PC-CAD system 
for mapping applications. 

• A large number of mapping applications of AutoCAD 
have been reported in the specialist literature. 

BENEFITS AND LIMITATIONS OF AUTO
CAD FOR MAPPING 

AutoCAD, like many other PC-CAD programs, has a 
number of facilities that make it suitable for mapping: 
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• Drawing design and modification 

• Interactive graphical user interface 

• High precision coordinates 

• Quality output 

• Digitising facilities 

• Slide making and slide shows 

• Ability to work with a wide range of hardware 

• Ability to import and export drawings 

• Ability to import and export drawing attribute data 

• User customisation facilities 

• Programming extensions 

• Links to external software 

• Large number of 'add-on' programs 

• Lowcost 

• Industry standard software 

These are discussed more fully in 

precision or complete geographical accuracy. In illustrative 
cartography, both graphic and geographic licence are tol
erated -- even encouraged -- for the sake of 'getting a 
message across'. Illustrative maps, which figure prominent
ly in academic publications and newspapers, are usually 
produced by skilled draftspersons who apply their artistic 
and design sense to produce a required graphical product 

AutoCAD is well equipped to support the production 
of illustrative maps. For example, it provides facilities that 
enable the map designer to: 

• Interactively draw and edit (including freehand sketch
ing, automatic curve-fitting, and the interactive 
manipulation of drawn objects). 

• Copy detail from paper drawings by tracing or digitis
ing. 

• Use a variety of symbols, line types, hatch patterns and 
lettering fonts. 

• Display illustrations on a variety of hard copy devices. 

A simple example of what can be achieved with the 
program is shown in Figure 1. 

Shepherd & Chilton (1986) and Shep
herd (1990a). Against these advantages, 
however, must be set the limitations of 
desktop CAD programs in general, and 
AutoCAD in particular. These include: 

Yangshuo County, Guangxi Province 
Showing Location of Field Sites 

• It is a line drawing (or vector 
graphics) programme, having no 
raster graphics facilities 

KEY 
--County Boundary 
················ Commune Boundary 
-Major Road 

• It describes objects purely by their 
geometry, paying scant attention to 
topology 

-- Minor Road 
® County Town 

• Its coordinate system is a simple 
cartesian grid; it cannot handle geo-
graphicals 

• It has limited feature coding mech
anisms 

• It is poor at managing non-graphic 
data 

• It has no specialist mapping fa
cilities (e.g. generalisation) 

• It has no spatial analysis facilities 
(e.g. polygon overlay) 

• Town 
Village 

These problems, together with appropriate solutions, 
are discussed in greater detail elsewhere (Shepherd, 1990a). 
The remainder of this article will focus on the advantages 
of AutoCAD for mapping, and will attempt to illustrate 
these by means of a number of applications. 

AUTOCAD APPLICATIONS IN MAPPING 

1. Designing Illustrative Maps 
Illustrative cartography is characterised by the use of 

map imagery and symbolism to convey a message with 
force and/or clarity, but with a relaxed concern for graphic 
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Figure 1 

Because AutoCAD is essentially a line drawing (or 
'vector graphics') program, it does not provide the kind of 
painting or colour wash effects found in bit mapped 
graphics software such as PC Paint, Corel Draw or Mac
Paint However, if these facilities are required, then an 
AutoCAD map displayed on screen can be transferred to a 
painting or graphic design program so that the required 
effects can be added. (On a PC running MS-DOS, this is 
done by 'grabbing' the AutoCAD map using a screen dump 
utility program; under OS/l the map can be transferred to 
the painting program using the Clipboard; the same ap
proach can also be used with AutoCAD running on the 
Apple Macintosh.) 
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Another advantage of using AutoCAD to produce il
lustrative maps is that the fmished product can be passed to 
a word processing or desktop publishing program (e.g. 
Word Perfect or Ventura- as with this article), and incor
porated into a report or monograph. This is done by 
converting the AutoCAD dra~ing into a 'slide' file, a draw
ing interchange file, or a plot file, and importing this into 
the document compilation software. (I'he technical details 
of drawing conversion will be described later.) 

2. Polishing Computer-produced Maps 

AutoCAD can also be used to put the fmishing touches 
to maps produced by other software. For example, although 
thematic mapping programs are ideal for automatically 
generating map symbolism from numerical data, some lack 
the easy-to-use design facilities necessary to construct a 
high quality finished product If it is possible to store the 
map output from such programs on a temporary plot file, 
then this information can be read into an AutoCAD draw
ing. AutoCAD's interactive editing facilities can then be 
used to complete the required design: 

• Placing text (e.g. title, key, annotations) 

• Smoothing lines 

• Changing colours, linestyles or syml>ols 

• Moving drawing components around 

• Adding boxes or neat lines 

• Enlarging or reducing selected drawing elements 

The details of how this approach can be used with 
GIMMS are described in Shepherd (1986); the general 
principles of importing graphical data into AutoCAD will 
be discussed later. 

3. Reference Map Making 

Reference maps are precisely drawn, contain accurate 
geographical information, and are usually produced to a 
specific (usually large) scale. They are widely used in civil 
engineering, local authority planning, and landscape de
sign, and by utility companies, estate agents and land 
registry offices (e.g. Stone, 1988). Most reference maps are 
produced by national agencies, drawing on information 
from a number of sources. 

AutoCAD has a number of features which make it a 
suitable and inexpensive reference map production system: 

• It stores map coordinates with up to 15 decimal 
digits precision. This permits AutoCAD maps (e.g. 
based on Ordnance Survey National Grid Refer
ences or UTM coordinates) to be drawn to 
fractions of a metre precision. 

• By using appropriate software, AutoCAD can be 
linked directly or indirectly to the diverse types of 
information needed to produce reference maps. 
For example, field survey data can be read in to 
AutoCAD from a total station, converted to x,y 
coordinates, and then used to produce a highly 
accurate map (Dower, 1989). A PC can also be 
linked to an analytical stereoplotter, so that ground 
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elevation information derived from stereo pairs of 
air photos can be directly input into AutoCAD 
drawings (Foote, 1987; Rogers & Bennett, 1988). 
It is also possible to import digital cartographic 
data (e.g.large-scale Ordnance Survey plans) into 
AutoCAD, using the program's drawing inter
change mechanism. (This mechanism is described 
in section 9.) 

• Hard copy output can be produced on almost every 
type of high precision plotting device (including 
multi-pen plotters, electrostatic plotters and 
photo-plotters), and maps can be plotted at spe
cific scales and on specific sizes of paper. 

4. Producing Small-Scale Maps 

Small-scale maps that show large parts of the globe are 
frequently produced. Unfortunately, AutoCAD does not 
work with geographical coordinate systems; its own coor
dinate framework is based on a simple square grid rather 
than a sphere or spheroid. Nor is AutoCAD able to trans
form geographical coordinates into grids using map 
projection equations. However, despite these limitations, 
there are several ways in which AutoCAD can be used to 
produce maps of the world, or large parts of it. 

One approach is to use AutoCAD's 2-D facilities to 
digitise a world map, using a 'false' rectangular grid over
laid on the printed sheet A second approach is to use a world 
mapping program, rather than AutoCAD, to store earth 
surface information, in geographical coordinates. This spe
cialist program is then used to produce appropriately 
projected versions of the world map which are imported into 
AutoCAD, and further embellished. Figure 2 illustrates a 
world map, based on Miller's projection, produced by this 
method. 

Major Post-War Famines 

Figure 2 

Both of these approaches involve the creation of 2-D 
AutoCAD drawings. However, from Release 10 of the 
software, AutoCAD is a full, three dimensional drawing 
system, and so it is also possible to import world informa
tion into AutoCAD in 3-D coordinates. This is done by 
using a utility program to convert world database informa
tion from spherical coordinates (i.e. latitudes and 
longitudes) to 3-D cartesian coordinates (i.e. x, y and z 

3 



values). An AutoLISPprogram is then used to enable Auto
CAD to read this information into its three dimensional 
database. (AutoLISP is the internal programming language 
provided with AutoCAD.) Once this 3-D model of the world 
has been created, AutoCAD's standard viewing facilities 
can be used to view the world from any point in space, and 
to 'hide' the features that lie on the rear side of the globe. 
Figure 3 illustrates the outcome. 

Figure 3 

It is worth mentioning here that some world databases 
(e.g. MundoCart) are now able to export world coordinates 
in a format that can be read directly by AutoCAD. (This 
format is described in section 9.) 

5. Producing Derived Scale Maps 

Derived scale maps include general topographic maps, 
some tourist maps, travellers handbooks, street atlases, and 
general atlases. They have some of the characteristics of 
reference maps (e.g. accuracy and precision) from which 
they are usually derived, and some of the characteristics of 
illustrative maps (e.g. generalised detail, symbolic repre
sentation of selected features) which they often visually 
resemble. Derived scale maps are produced by the same 
national mapping agencies that create reference maps, but 
also by an increasing number of commercial publishers. 
They are frequently targetted at members of the public, for 
use indoors, in vehicles, and out in the countryside. 

AutoCAD can support this type of map-making be
cause it can: 

• Import, merge and eo-register existing digital carto
graphic data in a new drawing. (Facilities include 
interactive edge-matching and cropping.) 

• Rescale drawing information produced at one scale so 
that it fits information produced at another scale. (Res
eating can be applied to individual features as well as 
to entire maps.) 

• Selectively filter classes of drawn entities. 

• Create and rapidly alter lettering and symbolism. 

• Adjust the precise location of map features in relation 
to one another. 
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One of the things that AutoCAD cannot do, however, 
but which is frequently required in derived scale mapping, 
is to automatically generalise map features. However, it is 
relatively easy to use AutoCAD to digitise linear map 
features (as described in section 8), then pass the digitised 
information to a standard line generalisation program which 
carries out the generalisation, and passes the results back to 
AutoCAD for display. Figure 4 illustrates the River Suir in 
Ireland, whose geometric complexity was reduced in this 
way, and whose network was further simplified by automat
ically pruning all first order streams using a second external 
program developed by the author. The composite map 
presented here illustrates the effect of this generalisation on 
a reduced scale inset. 

'----L 

Figure 4 

6. Creating Thematic Maps 
Thematic maps are typically used to visualise geo

graphical patterns in statistical data, and a large number of 
specialist thematic mapping programs have been developed 
since the 1960s. These automatically translate statistical 
data into map symbolism, and can rapidly produce a bewil
dering variety of maps: point symbol, flow line, contour, 
choropleth, prism, etc. A growing number of general-pur
pose database, spreadsheet and statistical analysis programs 
(e.g. dBASE, SPSS-PC and SAS) also provide thematic 
mapping modules which create many of these types of map. 

AutoCAD, like other desktop CAD programs, does not 
have thematic mapping facilities built in. So, in order to 
produce thematic maps with AutoCAD, each map symbol 
has to be constructed interactively from the appropriate data 
value(s). However, this can be an extremely arduous task if 
a map is being drawn that consists of hundreds of points, 
lines or zones, or if separate maps are needed to visualise a 
large number of variables. 

In order to automate this process, control instructions 
for the data conversion operations can be stored in an 
AutoCAD 'script' file. (Benson (1989) describes how this 
approach was used to produce choropleth maps from his
torical data.) A more powerful approach is to write the 
control instructions as an AutoLISPprogram, which is then 
run by AutoCAD. (Lang (1987) and Evans (1988) provide 
examples of how this approach has been used in the water 
industry and for traffic analysis.) Figure 5 illustrates the 
result of reading 1981 population census data from a file 
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Population Density 1981 (persons per hectare) 

116.18 

19.54 

-26.24 38.14 

0 

Losses Gains 

Percentage Population Change 1971-81 

Figure 5 

into AutoCAD, using two AutoLISP programs, PROCIR source map using AutoCAD. To the right of the map is a 
and CHOROMAP. These automatically generated propor- pair of rose diagrams which summarise the orientations of 
tional circles from population change data, and classless these fault lines. These were generated automatically from 
choropleth shading from population density data. the digitised lines in the AutoCAD drawing, using a pro-

An alternative method of producing thematic maps gram (ROSENE1) written in AutoLISP. To produce this 
with AutoCAD is to team it up with an external program diagram, the appropriate lines were 'picked' from the screen 
that carries out the data transformation work, and passes the display with a mouse, the required drawing options were 
necessary information back to AutoCAD to produce the set, such as the location, scale and colour of the rose 
graphical display. This can be illustrated by the production diagram, and AutoCAD then scanned the drawing database 
of contour maps. AutoCAD has no in-built facilities for to extract the information needed to produce the diagram. 
generating contours from point height information. How
ever, a number of add-on contouring programs are available 
(e.g. Quicksurf, CPS/PC, DCA, LANDCADD) which take 
spot height information digitised with AutoCAD, triangu
late the points, and thread the contours (White, 1989). They 
then pass the contours back into AutoCAD where they can 
be smoothed, annotated with height values, and displayed 
either as a planimetric view, or draped over a block diagram 
representation of the terrain. 

7. Creating 'Self Illustrating' Maps 
In thematic mapping, geographical data is read into a 

program from an external source and transformed into map 
symbolism. A variation on this is the automatic production 
of graphical displays from information contained within a 
computer-drpwn map. An example is provided in Figure 6, 
which shows a set of geological faults digitised from a 
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8. Map Digitising 
Map digitising is an essential part of most computer 

map-making work. AutoCAD is well suited to supporting 
this important service activity, and is widely used for this 
purpose. The facilities available in AutoCAD that make it 
particularly suitable for map digitising include: 

• The ability to work with numerous digitisers and 
data tablets. 

• The ability to calibmte digitiser coordinates to 
paper map coordinates (including correction for 
skewed placement of the map on the digitising 
device). 

• The large numerical precision (up to 15 significant 
figures) of the drawing coordinates. 

• The precise snapping of line endpoints to other 
map features, which ensures exact registration. 

• The automatic closure of zone boundaries. 

• The zoom and pan facilities that can be used to 
locate features precisely at their appropriate loca
tions. 

• The intemctive graphical editing facilities that en
able mistakes to be rectified, or map features to be 
updated. 

When a map has been digitised as an AutoCAD draw
ing, it can either be used for further mapping purposes 
within AutoCAD (e.g. as a base for producing thematic 
maps), or it can be transferred from AutoCAD to other 
specialist mapping or GIS software. This can be done by 
using the drawing exchange mechanism built into Auto
CAD which enables a drawing to be exported to a plain 
ASCII file, using the DXF drawing interchange format The 
DXF method of describing the contents of a CAD drawing 
was pioneered by AutoCAD, and is now widely adopted by 
other CAD, gmphics, mapping and GIS software. 

The dmwing exchange mechanism is an extremely 
important facility, for it means that AutoCAD can be used 
as a low-cost digitising station, capturing basic map infor
mation for use by specialist software running on other 
computers. The DXF files can be transferred between 
micros, workstations, minicomputers and mainframes, 
either on floppy disk, or by using a file transfer progmm 
such as Kermit. Because of this drawing exchange mech
anism, AutoCAD is now widely used to produce digital 
cartographic data for use in surveying, civil engineering and 
construction. Many digitising bureaux also distribute their 
digital map data in the D XF format because it can be almost 
universally read by other graphics programs. 

However, one of the major problems with manual map 
digitising is that it usually takes a great deal of time. Even 
with the full deployment of the labour saving facilities 
available in AutoCAD, map digitising is still a major bot
tleneck in the map-making process. One way round this 
problem is to scan original paper maps rather than digitise 

6 

them by hand, and convert the resulting raster image into a 
CAD drawing with 'vectorising' software. Several such 
programs (e.g. Scan Pro) are available for use alongside 
AutoCAD, or the entire process can be undertaken by a 
bureau. Unfortunately, the digital maps created by scanning 
and vectorising do not always result in entirely meaningful 
gmphical or geogmphical information. For example, map 
text is frequently misrepresented, and continuous linear 
features are often converted to very short line segments. 

Another approach, which has become popular recently 
(CAD User, 1989a; 1989b), is to scan a map, and then use 
special software to convert vertical or horizontal runs of 
pixels in the raster me into line entities. (This approach is 
illustrated in Figure 7.) Because this results in a vector 
dmwing (each run ofpixels is represented by a line entity), 
maps in this form can be imported directly into AutoCAD. 
They can then be used as a 'background' on which to display 
other map information (e.g. utility lines superimposed on a 

Figure 7 

Original (vector) 
map detail 

Raster version cre
ated by scanning 

Runs of pixels con
verted to vertical 
lines 
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street plan), or as an alternative method of digitising -- the 
operator manually traces selected detail directly from the 
image displayed on screen. However, care should be exer
cised before going down this route for all mapping 
applications, because the time and storage overheads of 
using these 'pseudo-vector' maps may not always be entire
ly acceptable (Shepherd, 1990b). 

A second problem with digitising is that almost all 
paper maps (and those drawn or printed on other unstable 
media) are geometrically distorted (Sprinsky, 1987). When 
original maps are digitised, these distortions are captured 
along with the map features. In the worst cases, where a 
photocopied map is used as the digitised document, the 
digitised map will also contain the additional distortion 
introduced by the copying process. 

Fortunately, software such as WARP (Bedell, 1988; 
Shepherd, 1989b) is available that can be used alongside 
AutoCAD to correct such distortions. A paper map is first 
digitised, using AutoCAD, along with the coordinates of a 
set of control points on the map for which accurate coordi
nates are available. The map and control point coordinates 
are then exported toW ARP, while AutoCAD is still running. 
WARPftrst makes a numerical assessment of the nature and 
extent of the distortion in the digitised drawing, based on a 
comparison of the distorted and true control point coordi
nates. It then uses this information to correct the distorted 
map data by applying a low order polynomial transforma
tion to the original digitised coordinates. Finally, the 
corrected coordinates are transferred back into AutoCAD. 
An example is shown in Figure 8, in which the dotted lines 
show the course of the River Thames around the Isle of 
Dogs, as digitised from a distorted paper map, and the solid 
lines indicate the corrected position of the river's banks. 

FigureS 
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9. Importing Digital Cartographic Data 
A growing number of maps are now available in digital 

form, at a variety of scales. These include: large scale plans 
and local authority boundaries of the UK (Wise 1989); 
DIME and DLG ftles showing streets and general topo
graphy in the United States (Cowen, 1986; Bauer, 1988b); 
and world datasets (notably the two World Databanks from 
the CIA, and the MundoCart from Petro-Consultants) 
which describe coastlines, rivers and political boundaries. 

Where such data are available, it makes little sense to 
re-digitise paper maps -- unless the cost of purchasing the 
digital data is prohibitive (as is the case with MundoCart 
for academic institutions). The immediate problem that has 
to be overcome with many digital datasets, however, is that 
they are often distributed as files that can only be read by 
speciftc mapping packages. In order to use these data with 
AutoCAD, a utility program has to be written to convert the 
file into DXF format Fortunately, most of the US digital 
map datasets are now available in DXF format, so that they 
can be directly used with AutoCAD (Bauer, 1988a), and 
there are signs that 1990 may see the Ordnance Survey 
issuing its own large-scale plans in DXF format. 

There are several advantages to using existing digital 
data with AutoCAD. In particular, a customised version of 
a map or plan can be rapidly produced for a research 
monograph or report, without having to go through the 
lengthy process of manually digitising the original paper 
map. Figure 9 illustrates an extract from a large-scale Ord
nance Survey map edited for a particular purpose. 

CHURCH PROPERTIES 
(Acacia Road and Mercer Road) 

Figure 9 

10. Producing Landscape Views 

........... 

The use of AutoCAD to represent relief in the form of 
contours has already been described Another commonly 
used graphical technique to display the three dimensional 
form of a landscape is the block diagram. Such diagrams 
are a traditional tool of the geographer, but they are increas
ingly used by civil engineers and landscape architects to 
simulate the appearance of proposed new structures in the 
landscape. These are shown to prospective clients, or used 
as evidence in planning enquiries. Because of these uses, 
surface modelling and landscape display capabilities are 
becoming a major component of modem computer graphics 
software. (For a review of techniques and products, see 
Petrie & Kennie, 1987.) 

The type of landscape visualisation that can be under-
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taken with AutoCAD depends on which of its internal 
drawing models are used. Its '2-and-a-half-D' facilities, in 
which two dimensional entities such as lines, circles or 
polygons are extruded vertically by a given distance, have 
long been the only '3-D' tool available with the program, 
but they have only limited relevance for mapping applica
tions-- except perhaps as a means of producing prism maps. 
Fortunately, with Release 10 of AutoCAD, full 3-D drawing 
facilities are available, and these can be used to produce 
wire-frame representations and surface models. 

Relatively simple landscapes can be created using lines 
drawn in AutoCAD's 3-D Cartesian coordinate system to 
create a 'wire-frame' model, which is then displayed using 
the program's perspective viewing facility. However, to 
give more 'body' to the terrain, it is better to construct a 
surface model, because it allows background detail to be 
automatically 'hidden' behind foreground detail. AutoCAD 
helps here, because a patchwork quilt mesh of rectangular 
slope 'facets' can be created to approximate a smoothly 
varying surface. AutoCAD can also perform a 'hidden 
surface' operation on this model (as displayed in Figure 10), 
but this can take a considerable amount of time to compute. 

If surface shading (or 'rendering') facilities are avail
able, then a more realistic visual appearance can be given 
to the landscape. To do this, a surface model is generated 
within AutoCAD, or imported from an external source, 
experiments are carried out to find the best viewpoint, then 
the final view is colour rendered, and optionally recorded 
on paper or on film. To carry out the rendering, the geome
tric model of the landscape has to be exported to AutoShade 
(a closely linked but separate program), or else to some 
other specialist program (such as Topaz or RenderS tar). 

Finally, it is also worth mentioning stereoscopic views 
of landscapes. The twin surface views shown in Figure 10 
demonstrate what can be done using a combination of 
AutoCAD's 3-D display facilities, some mental arithmetic 
and a lot of patience. (These should be viewed using the 
'crossed eyes' technique.) For those who prefer a packaged 
solution, various add-on AutoCAD programs are available 
which generate stereo views. For example, LANDCADD 
uses the classic analglyph method to display red and green 
images of a terrain model on screen, which is then viewed 
through red and green coloured glasses to provide the 
stereoscopic effect. AutoShade goes one step further, by 
automatically generating stereo pairs of rendered images, 

Figure 10 
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either for use with a stereoscope, or for viewing with the 
'crossed eyes' technique. 

Most maps display the world as a two dimensional 
place; even landscape views ignore what lies beneath the 
surface. AutoCAD's 3-D facilities can also be used, how
ever, to reveal the world beneath our feet. One example is 
provided by Anon (1989), which describes a visualisation 
system that allows geologists to display a 3-D 'map' show
ing strata and boreholes underground, and to view these 
from any angle. A similar approach could be used to enable 
a viewer to visualise underground built structures, such as 
tube stations. 

11. Producing Animated Visualisations 

Animated computer graphics sequences, suitably ren
dered to provide realistic colour, are increasingly used to 
produce publicity or advertising material, and to create 
dramatic title sequences for television programmes. At the 
time of writing, for example, one national TV news bulletin 
is introduced by a simulated low-level flight along the River 
Thames, with the viewer coming to rest in front of Big Ben. 

Animation techniques are also being used to present 
proposals affecting the environment to decision makers and 
to the public. A favourite technique is the 'walk-through', 
'drive-through' or 'fly-through' of a chosen locality, in 
which a new building, row of electricity pylons or by-pass 
scheme is being proposed. These animated sequences are 
often more effective than static maps or fixed viewpoint 
drawings in indicating the potential visual impact of such 
schemes. 

AutoCAD can assist in the production of animated 
sequences in several ways. At a relatively simple level, 
individual AutoCAD and AutoShade maps can be trans
ferred to the Animator program (another AutoDesk 
product), along with other scanned or computer drawn 
images, and incorporated into a 2-D animated sequence. 

Alternatively, AutoCAD can be used to construct a 
surface model of a selected landscape (as described in 
section 10), which is then used as the basis of a 3-D 
animation. A separate animation program (e.g. AutoFlix) is 
used to defme a 'motion path' for the model and a 'view 
path' for the viewer, so that a sequence of views of the model 
can be created. This information is then passed to a rende
ring package which, under user control, colours the surface 
according to an appropriate lighting model and information 
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that describes the land surface. If required, the rendered 
sequence of images can then be played back on screen using 
AutoFlix, or recorded on videotape. 

12. mustrating Geographical Simulations 
AutoCAD can be used to display geographical infor

mation genemted by computer models. The advantage of 
using AutoCAD, rather than a purpose-built progmm, to 
handle user intemction and produce graphical displays from 
a simulation model, is that its intemctive graphics facilities 
are extremely powerful, and opemte on a wide mnge of 
computer hardware. 

An interactive, graphical simulation package that uses 
AutoCAD can be developed in two ways. The frrst is to 
write the simulation progmm entirely in AutoLISP, but this 
can lead to a slow running simulation. The second is to link 
AutoCAD to an external progmm which runs the model, 
and which passes appropriate graphical information back 
into AutoCAD to be displayed and/or interrogated by the 
user. An example of this approach is illustmted in Figure 11, 
which shows several frames of output from the SPITSYM 
program (King & McCullagh, 1971) routed through Aut<: 
CAD for display. Each square symbol represents sp1t 
material genemted by different marine and wind processes. 

Figure 11 
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13. Graphical Browsers 
Because AutoCAD's dmwing coordinates have such a 

large numerical range, a single AutoCAD map can .con~ 
world coastlines, national frontiers, urban boundaries, city 
streets, and detailed floor plans of individual buildings. As 
long as there is sufficient hard disk stomge capacity on the 
PC, an 'all-scales' approach can be adopted when creating 
maps with AutoCAD. Maps dmwn with the pro~.m do. not 
have to be limited to a single scale, or be subdivided mto 
sheets as is the case with conventional paper maps. 

This chamcteristic of AutoCAD means that it can be 
used as a geographical browser, or graphical gazett~r, 
allowing a user to pan across a seamless map of an entrre 
country, to zoom in on points of interest, and look at selected 
features or localities in greater detail. To speed up the 
progmm 's performance when used in this way, the detailed 
views can be stored as separate dmwings or as pre-prepared 
'slides'. (Further details of slide making are provided in 
section 19.) 

An AutoCAD map may also be used as a geographical 
index to other graphic information, including maps, aerial 
photographs, or remotely sensed images. This type of ap
plication can work in two ways. Firstly, one can display a 
general base map as an AutoCAD dmwing, and use a mouse 
to defme a geographical search window on screen. The 
coordinates of this window are then passed to a linked 
database which searches for maps, photos or images that 
cover that particular part of the earth's surface. This is the 
philosophy behind the GEOZOOM/GEOVIEW system 
(Waugh & Healey, 1987). Alternatively, a conventional 
search can be made of a database which contains records of 
a map collection, and the geographical boundaries of the 
recovered sheets automatically dmwn on an AutoCAD base 
map. One British supplier of satellite imagery uses the base 
version of AutoCAD in this way, to provide graphical index 
maps for its stock of images and data. Figure 12 illustmtes 
the effect of using AutoCAD to display the results of a 
search carried out with MAPLffi, the map library informa
tion retrieval system (Shepherd, 1982). 

Figure 12 
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14. Spatial Information Retrieval 

In many social and environmental applications of com
puter mapping, simply drawing maps is not enough; it is 
often necessary to gain access to non-graphical information 
which is associated with maps. It might be necessary, for 
example, to list rateable value information for properties in 
a local authority area, to display the traffic flow figures for 
a stretch of road, or to tabulate socio-economic data from 
the last population census for an enumeration district or 
ward. For each of these applications, it is possible to display 
an AutoCAD map on screen, and then call up the required 
non-graphical information by pointing to a feature using a 
hand-held mouse or stylus. 

This type of facility can be implemented several ways 
using AutoCAD. Firstly, the non-graphical information can 
be stored within an AutoCAD drawing, as 'attributes' at
tached to individual map features. However, if the attribute 
information already exists on a separate data file, then it 
makes more sense simply to link the records in the data file 
to the matching entities within the AutoCAD drawing. An 
alternative approach is , to relate an appropriate database 
record to all map features stored on a particular drawing 
layer within AutoCAD. A number of programs are available 
(e.g. Slimpac,A-Base,AddmapsandCAD-MAPS)thatlink 
desktop CAD and database software in one or other of these 
ways. (See, for example, Tupitza (1989) and Law & 
McClintock (1989).) 

Figure 13 illusttates the type of retrieval that is possible 
by using AutoCAD linked to a standard database program. 
In this example, taken from the CAD-MAPS system de
veloped by the author, an inquirer has 'picked' the boundary 
of a mineral extraction area on the map (the shaded poly
gon), an AutoLISP program has passed information about 
this to the database program, which searches for the record 
containing information about this particular feature. The 
retrieved database record is then displayed in a window on 
screen. 

This idea can be extended further by associating other 
kinds of information (including text, maps and plans, diag
rams, and photographs) with an AutoCAD base map. The 
scanned photograph of the mineral waste area displayed in 
the second window in Figure 13 illustrates this. 

15. Automatic Map Construction 
In an earlier section, the automatic construction of 

thematic map symbolism from external data was described. 
In that application, new graphical information (i.e. point, 
line, area or surface symbols) was added to an existing base 
map. It is also possible to automatically construct maps by 
selecting appropriate graphic information that is already 
present within a layered AutoCAD drawing, or by automat
ically linking together map information from several 
AutoCAD drawings. This is done by linking elements of an 
AutoCAD map with records in a database program, as 
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described in the previous section, but then using the data
base link the other way round -- i.e. interrogating the 
database to identify which map features are to be displayed. 
On the basis of the database search, particular map layers 
are switched on or off, or component maps are loaded into 
a single new drawing from irlQividual flies. 

As an example, consider an environmental impact ana
lysis of a major new flood prevention scheme, in which a 
map is required to show the spatial relationships between 
various grades of farmland, the property owned by different 
people, and the extents of the flooded area. Such a map can 
be constructed using the CAD-GIS system developed by the 
author, which combines AutoCAD and dBASE Ill Plus into 
a single system. By interrogating a land quality database to 
fmd all instances of Grade 1 and 2 farmland, and an owner
ship database to identify all property owned by local 
authority and conservation bodies, the appropriate boun
daries of all land parcels satisfying these two criteria can be 
automatically selected for display along with a base map 
showing proposed flood alleviation works. 

16. Automatic Report Construction 

Most maps and plans show repeated instances of a 
standard feature: houses, spot heights, pubs, electricity py
lons, etc. In AutoCAD, the graphical symbols that represent 
such features can be constructed from simple entities, these 
can be stored as 'blocks', and then inserted repeatedly in a 
drawing. It is also possible to store descriptive information 
with each instance of a block, in the form of numerical or 
textual 'attributes'. In this way, an AutoCAD map can serve 
as both a graphic and a non-graphic database, with the 
obvious advantage that the two types of information are 
kept up-to-date in step with one another. This is because the 
graphic symbol and the non-graphic attribute data are en
tered into a map at the same time, and are subsequently 
modified together. 

When maps are constructed with data-bearing sym
bols, users can interrogate them on screen, by pointing to 
specific symbols, and the stored information can be instant
ly displayed. AutoCAD also provides facilities that permit 
the attribute information to be extracted from a selection of 
features displayed on a map, exported to an external me, 
and then formatted to create a report or bill of materials. For 
local authority applications, this can be a highly effective 
method for costing and ordering items of street furniture, 
based on information stored in a large-scale street plan. 

17. Map-Based Data Entry 

What comes out of a computer mapping system must 
first go in. The use of AutoCAD to capture graphical infor
mation from a map has already been described in section 8, 
and its advantages for routine map digitising are now well 
known. AutoCAD can also be used to enter the attribute 
information associated with map features into a database. 

The conventional method of entering non-graphical (or 
attribute) data onto a computer is to use a text editor, word 
processor, database or spreadsheet program. (A consider
able amount of spatial data is frrst written out onto coding 
forms, and then passed to skilled operators for data entry.) 
However, if the data have a strong spatial element, and are 
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related to specific map features, then it makes greater sense 
to use a computer map as the vehicle for data entry (Shep
herd, 1990c). AutoCAD's highly interactive user interface, 
together with its programmability, makes it well suited to 
providing geo-graphical data entry facilities. 

An example of this type of application is the Property 
Data Map Input System (PDMIS), developed by the author, 
which consists of a set of AutoLISP programs that cus
tomise AutoCAD so it can be used to speed up the entry of 
property survey data. Figure 14 shows a background map 
of a small town centre in southern England, as seen by the 
PDMIS operator. In this particular example, the operator 
has 9 items of information to enter for each property: its 
easting and northing, its address (including street number 
and name), the number of individual properties at that 
address, the land use code, the height of the property above 
sea-level, the height of the ground floor above ground level, 
and the floor area of the property. 

603493, 171598,'28 Hlah Street', I, 6891, 0.00, 480.48 
603510, 171801,'32-38 Hlth Street', I, 611, 0.00, 508.03 
003528, 171808.'40-42 High Street', I, 0153, 0.00, 372 ... 
608539, 171803.'"" Hlsh Street', 1, 6158, 0.00, 72.78 
603541, 1?1808,'48 lflsh Street', 1, 5131, 0.00, 191.42 
603547, 171811,'48 Hlsh Street', 1, 6132, 0.00, 164.21 
003552, 171814,'60 lflah Street', 1, 852, 0.00, 203.24 
603452, 171527,'5& 'l'hiuneo Street', 1, 5142, 0.00, 1"".27 
503487, 171618,'4 Thamoa Street', I, 5000, 0.00, 148.88 
603472, 171613,'3 Thama Street', I, 5141, 0.00, 1 ... 71 
603478, 171508,'2 Thama Street', I, 6000, 0.00, 158.92 
603478, 171602,'1 Tham ... Street', 1~6000, o.oo. 174.80 
603625, 171521,'31i-46 High Stroot bomhama)', 1, 6181. 0.00, 2591.40 
603632, 171663.'47 High Street', 1, 93, o.oo, 136.88 
603647, 171648,'49-61 Hlah Stroot (1r H Smith)', 1, 6181, 0.00, 782.90 
503548, 171587,'53 High Street', 1, 5393, o.oo, 284.17 
603568, 171559,'65 Hlah Street', 1, 5118, 0.00, 249.90 
6031i84, 171687,'67 Hlah Street', 1, 6149, 0.00, 389.82 

Figure 14 

Using the PDMIS system, three items (easting, north
ing and address) can be entered simply by using a mouse to 
pick the appropriate information from the base map dis
played on screen; one item (ground floor area) is calculated 
from the property boundary traced on screen by the oper
ator; and a further item (ground floor height) is 
automatically generated from the nearest set of reference 
heights, which are stored as part of the background map. To 
further speed the data entry process, all items of information 
for a given property can be given the same value as the 
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previous property, simply by pressing the RETURN key, or 
an appropriate mouse button when prompted for a value. 
By using this map-based data entry system, it is possible to 
enter up to 5 times as many properties per unit of time as 
with previously used methods. When data have been en
tered using PDMIS, they can be rapidly exported to other 
data processing or mapping software by means of a standard 
ASCII file. The partial contents of such a file is also illus
trated in Figure 14. 

18. Displaying Real World Events as they Happen 
Most information that appears in AutoCAD drawings 

is either entered interactively by a human operator, oris read 
from external data files by an AutoLISP program. In each 
of these cases there is an inevitable time-lag between events 
occurring in the real world, the gathering of data about those 
events, and the construction of a map to illustrate them. 
Sometimes there is a pressing need for a map to be created 
in as short a time as possible after some event has occurred 
in the real world. (A good example is the mapping of the 
Alaskan oil spill using AutoCAD, as described by Perkins 
(1987).) 

One possibility, which is only just being explored, is 
for information to be entered directly into AutoCAD from 
external data gathering devices, in real time. This can be 
done by linking the PC's serial port to appropriate sensors 
or data loggers. Using the incoming information, AutoCAD 
can update a base map, add text or symbols to an existing 
map, or draw the viewer's attention to specific features of 
a map displayed on screen. 

An example of this type of application is the CAD
Alarm system (Shepherd, 1989a), in which AutoCAD is 
linked to an intelligent fire alarm panel to monitor fire-re
lated events in buildings. When a sensor is triggered, 
CAD-Alarm automatically provides the human operator 
with a detailed plan of the affected area on screen, and 
flashes a symbol at the precise location of the triggered 
sensor. It can also automatically dial up an appropriate 
emergency service by means of an auto-dialling link to a 
telephone. Although it was designed primarily to monitor 
buildings, CAD-Alarm can be equally well applied to larger 
installations, in which the display is a map rather than an 
architectural plan. 

19. Processing Geographical Information 
A significant proportion of the data processing work 

undertaken by local authorities, utility companies, and busi
nesses involves geographical information (DOE, 1987). In 
order to handle this information effectively, various spatial 
processing capabilities are needed. Geographical analysts, 
for example, require facilities for spatial searching, buffer 
zone calculation, polygon overlay and filter mapping. Simi
larly, architects require software to carry out shadow 
simulation, facilities planning, and intervisibility analysis; 
and civil engineers and landscape designers require fa
cilities that automatically convert field survey data into 
maps, create site models, perform 3-D volumetric analysis, 
derive sections from ground models, and carry out cut-and
fill calculations. 

Since AutoCAD provides none of these facilities, how 
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can it help in the processing of geographical information? 
At a relatively simple level, AutoCAD can be used to 
automatically calculate distances along linear features, to 
fmd the areas of enclosed boundaries, and to determine the 
directions between places on a map. AutoCAD's graphical 
facilities can also be used as an aid to visual geo-processing. 
For example, it can be used to create multi-layered maps. 
Then, to help the analyst explore spatial relationships in the 
data, various combinations of map layers are displayed on 
screen, either side by side in separate windows, or superim
posed on one another. 

Another way that AutoCAD can help to process geo
graphical information is to use it as a graphical interface to 
a fully fledged GIS, either to enter spatial data into the GIS, 
or to display spatial data stored in the GIS. Willis (1989), 
for example, describes how street information from the 
MARS GIS for Merseyside is sent to AutoCAD to produce 
high quality mapped output. AutoCAD can also be linked 
to ARC/INFO, which has facilities for automatically con
verting AutoCAD drawing information (in DXF format) 
into coverages (and vice versa), and can import AutoCAD 
plot files as background maps. 

Geographical data processing capabilities can also be 
added to AutoCAD. One way of doing this is to use standard 
data handling software (e.g. a database, spreadsheet or 
statistical analysis program) to perform routine data pro
cessing operations on non-graphic data. The necessary 
attribute data can either be transferred to these programs 
from within AutoCAD drawings, or the data can be held in 
the external program, and linked to graphical entities within 
the AutoCAD drawing. Software modules that carry out 
geo-processing operations can be developed using a stand
ard programming language, or purchased from independent 
software developers. Indeed, there is a growing number of 
specially adapted versions of AutoCAD on the market 
which carry out geographical data handling tasks in sur
veying and civil engineering (e.g. DCA), landscape design 
(e.g. LANDCADD), land information systems and AM/FM 
applications (e.g. MunMAP, FMS/AC and TerraCAD). For 
further details, see Breslin (1987, 1989). 

A third way of adding geo-processing capabilities to 
AutoCAD is to write programs using AutoCAD's pro
gramming language AutoLISP. When Release 11 of 
AutoCAD appears, it will also be possible to write programs 
in C, and other high-level languages, so that users' external 
programs will be able to interact directly with AutoCAD's 
graphics facilities. 

Figure 15 shows the result that can be achieved by 
linking AutoCAD into a 'software federation' consisting of 
a standard database program and a spatial search program. 
(This was created using the CAD-GIS system developed by 
the author). The main map shows all properties in the 
Maidenhead area liable to be flooded by a 56 year event. 
These were selected using a standard database search, and 
point symbols were automatically added to the base map. 
Next, those properties lying within 500 metres of the river 
Thames and within 2 special study areas were selected, and 
displayed in an enlarged scale inset, along with automat
ically derived summary statistics for the two areas. 
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20. Cartographic Slide Shows 

When maps have been created with AutoCAD, they 
can be turned into electronic slides, and mpidly displayed 
on screen. By arranging the slides in a set order, they can 
be used to illustmte a pre-prepared talk or lecture, with each 
slide being called up on screen by pressing a single key on 
the keyboard. Slides can also be viewed in random order by 
'picking' them from a purpose-built screen menu. Using 
these facilities, slides can also be incorpomted into a tutorial 
or 'help' facility for users new to computer mapping, and 
can be offered as an on-demand visual resource for students 
to support their studies. 

21. Teaching the Principles of Computer Cartography 
Many of the principles of computer mapping can be 

taught using AutoCAD (Foote, 1987; Hobbs & Chan, 
1990), or its 'market entry' version, AutoSketch. The pro
gram can be used both as a visual aid (as outlined in the 
previous section), and as a 'hands on' training tool. The first 
of these roles is illustmted by the IN1ERPOLdemonstrator, 
developed by the author to demonstrate the method of 
spatial interpolation commonly used to create a grid of 
height values from randomly spaced data. This technique is 
frequently used as the first step in creating contours. Using 
AutoCAD, spot heights are frrst entered at appropriate 
points on a base map. An AutoLISP program is then used to 
immediately calculate and display interpolated height 
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values for any point located on the map by the user. (See 
Figure 16.) 

A second customised AutoCAD program developed by 
the author (PROCIR) is used by students to explore the 
differences that result when different formulae are used to 
construct proportional circle symbol maps. By rapidly cre
ating and comparing maps drawn with each formula, 
students are better able to make informed judgements as to 
the most appropriate method to use for particular maps in a 
production environment They also come to appreciate the 
significant role of human decision making in the computer 
assisted map making process. 
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Although there are several map-making techniques 
that cannot be demonstrated or implemented using Auto
CAD, these limitations are more than compensated for by 
its other qualities: its interactive interface, its drawing and 
design tools, its customisability and its programmability. 
Separate menus can, for example, be set up for different 
groups of students, or for use while teaching a particular 
group of skills. Indeed, the cartographic versatility of Auto
CAD, as demonstrated in previous sections, means that it 
could well be used as a' core' resource for all practical work 
undertaken in a cartographic training course. 

For those students likely to find jobs in a general 
graphic design environment, AutoCAD training provides a 
skill that is currently in considerable demand. AutoCAD is 
also widely used for map production work in many com
mercial companies and public organisations. 

CONCLUSIONS 
In this article, a wide range number of applications for 

AutoCAD in mapping have been described It is clear from 
these examples that AutoCAD can be used in a variety of 
ways to produce maps: as a free-standing design program, 
as a means of digitising maps destined for use in other 
mapping software, as a tool for collating or polishing maps 
originating with other programs, as part of a multi-program 
flowline, or working in close partnership with other soft
ware. However, there are three conclusions that should not 
be drawn from these case studies. 

The frrst conclusion to avoid is that AutoCAD is the 
best program to use in each of the mapping applications 
described, or that the maps could not have been created with 
other software. The truth is that many (perhaps most) of the 
maps that illustrate this article could have been produced 
just as easily (sometimes more easily) with a conventional 
mapping program, or with an alternative kind of graphics 
package. Indeed, applications that involve control by an 
AutoLISP program can perform rather sluggishly, and are 
therefore best avoided if speed of response is essential. 

The second impression to be avoided is that AutoCAD 
is all that is needed in order to do the kinds of thing 
described in this article. This is clearly not the case. For 
several mapping applications, AutoCAD alone is sufficient; 
but for others, additional software is also required -- and 
sometimes specialist hardware as well. The additional soft
ware may be a relatively simple routine written in 
AutoCAD's own internal programming language (Auto
LISP), it may be a more complex external program, written 
in some other language (e.g. BASIC, Fortran or C), or it 
may be a completely separate general-purpose program 
(such as a database, spreadsheet or expert system) which 
exchanges data with AutoCAD. The big advantage of Auto
CAD in these circumstances is that it is able to handle 
external data of various kinds and can talk to a variety of 
other programs. This means that it can be used for virtually 
any mapping task. 

The third conclusion that will hopefully not be drawn 
from this article is that human interaction with a graphics 
toolkit such as AutoCAD is necessarily the best way of 
producing maps. This is patently not the case. Several 
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applications have been described (notably thematic maps, 
self-illustrating maps, and real-time maps) which demon
strate that it is often far more cost-effective to convert data 
automatically into map symbolism than to attempt to do so 
by hand. 

In the 1990s, map-makers can look forward to an 
increasingly rich set of tools with which to create an increas
ingly varied range of cartographic products. Map-making 
tools are now provided by several software 'families', 
among them painting programs, business and presentation 
graphics packages, desktop publishing software, mapping 
modules attached to databases and spreadsheets -- quite 
apart from specialist desktop mapping programs and fully 
fledged geographical information systems. At the end of the 
day, the individual map maker must decide which tool-- or 
set of tools -- to use to create particular maps. It is hoped 
that this article has indicated some of the map-making work 
for which it may be appropriate to turn to AutoCAD for 
assistance. 
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