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With the consolidation of automated cartography in the microcomputer environment, more users are 
becoming involved in the digitizing process. However, with this explosive growth of users of digital data 
and of digitizing individuals, there does not seem to have been an equal growth of interest in analysing the 
quality of the digital data being produced both in-house and by national agencies. This paper sets out to 
explore some myths about the use of digital data, and to point to some inherent {but avoidable) e"ors both 
in digitizing data sets and in importing those that are produced by individuals and agencies. 

It is perhaps worth reiterating that no map is ever 
"correct". Because of the factors of scale, selection, and 
symbolization any map gives only an impression of reality. 
Blakemore (1985) calls the lines representing rivers "a 
scale-dependent generalization of what in reality are 
infmitely long lines". In some instances it may even be 
better to construct "pseudo-maps" that better represent 
the problem being depicted ( cf the success of the stylized 
London tube map). Dutton (1984) argues that in some 
instances (eg. polygonal boundary data sets) "approxi
mating tracts by computing their Thiessen polygons 
from arbitrary centroids would serve just as well; they 
might even be preferable, by simplifying shapes and 
eliminating details which distract map readers from their 
goal of interpreting the patterns in the data". After all, 
these boundary lines represent what is in any case a 
fictional feature. 

In most cases with digital data the least one can hope 
for is "consistency" - ie. closed polygons, lines meeting, 
correct relative locations, etc. Even with this level of 
compromise, however, there still can be hidden errors. 
The number of errors will tend to be directly propor
tional to the size of the digital map in question. In the 
past, people have talked of "clean tapes" (ie. error-free), 
but all data sets will contain errors. Blakemore ( 1983) 
comments that it "has been a case of out-of-site out-of
mind and this mentality has been one reason for insuffi
cient appreciation of problems of resolution and relia
bility in retrieval situations". It is the provider's function 
to minimize these errors, and to bring them within an 
agreed standard. 

This paper deals in turn with controlling and preventing 
errors while digitizing data, and the problems arising with 
imported digital data. Suggestions are made on both 
identifying and eradicating errors in data sets. 

Errors in digitized data 
Preparing digital data from existing paper products is 

forced on many people by the restrictive costs of much 
digitized data produced by others, and by the fact that 
their esoteric needs are best met by providing their own 
data files. For example, OS digital data may cost more 
than eight times the price of the equivalent paper product. 
(At the time of writing 1:10 000 coverage cost £12.25 for 
the paper map, and £95.00 + VAT for the equivalent 
digital coverage.) 
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In this discussion comments are restricted to providing 
data via a digitizing table or tablet, although other methods 
do exist (varying in sophistication from recording National 
Grid (or other) coordinates by keying in numerical 
values, through "mouse" digitizing, and scanning). 

Source 

The first problem likely to be encountered is the 
source of the data. Trainee cartographers have it drummed 
into them that "final" drawings should be produced, where 
possible, from "original" drafts. This is because several 
subsequent redrafts of compilations would introduce 
variations at each stage in the positional elements of the 
map being produced. Similarly with digitizing, there is no 
point in working from a traced or a xeroxed copy, if the 
original map is available. Both of these can be dimen
sionally unstable, and indeed may be several "generations" 
removed from their original. 

Scale 

It is also of fundamental importance to choose an 
appropriate scale map to digitize from. Appropriate in this 
instance means appropriate to the use that is to be made 
of the digital data. A digital data base contains a fmite 
number of coordinate values, and will be portrayed as a 
set of straight line vectors joining these coordinates at 
whatever scale it is displayed. Obviously, prodqcing an 
excessive enlargement from the digitized scale will produce 
a coarse and unacceptable graphic image. Similarly, use at 
too small a scale, compared to digitized scale, will produce 
an excess of data points, as the vectors between them will 
in some cases be too small to reproduce. At these scales 
there will be a heavy overhead of redundant data values, 
and a graphic effect which will look cluttered and heavy -
unless generalization routines are incorporated. 

Projection 

As in conventional cartography, it is important to 
consider the projection of the source map before digitizing. 
This is not so much of a problem when digitizing large
scale plans, where there is relatively little deformation of 
the grid through different projection techniques, but it 
becomes more of a problem with smaller scale maps. 
Various routines exist for coordinate transformations 
from projection to projection, which use algorithmic 
procedures to perform the task. However, Bortoluzzi and 
Ligi (1986) point out that a mathematical threshold of 
accuracy in such transformations can only be achieved 
realistically in particular instances, when the maps used 
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are perfect graphically. Again, output is only as good as 
the original input. 

Date 

It is also important to consider the date of the source 
of derived digital mapping. Maps are invariably out of date 
before they are printed, and will contain more and more 
historical data the older they become. There is little point 
in encapsulating in the new digital database a redundant 
and out of date set of information. It will be hard enough 
to keep digital data up-to-date without introducing out
dated input from the source. 

Sheet lines 

One of the most frequently publicized benefits of 
digital mapping is that once data are captured, users will 
not be restricted to pre-determined sheet lines, but will be 
able to display whatever portion of the digitized area they 
require. Inevitably, there will be occasions when digitizing 
will extend across the edges of adjoining sheets, in order 
to capture this "seamless" database. This can introduce 
another breed of problems. It is a startling revelation to 
many people who try to put sheets together at the digiti
zing stage that what was previously thought of as an 
excellent cartographic product becomes rather less than 
perfect when features are compared across sheet lines. 
The mismatching of information at sheet edges on paper 
maps has historically been allowed to happen because, 
usually, each map in a series has been produced in isola
tion from it's neighbours, often at very different times. 
There has been no pressing editorial need to cross-check 
the cartographer's representations of linework at sheet. 
edges until now. 

Another potential source of errors when digitizing; 
across sheet lines is the possibility of features changing; 
across the boundary, because of differences in the revision 
dates of adjoining sheets. An example recently encountered 
by the author when digitizing a complicated river network 
was of a stream disappearing over one sheet edge and 
turning into an enormous lake on the next sheet. Clearly, 
it is a difficult task realistically to digitize such a "river 
network", where on one sheet the river valley has been 
drowned, and the contour detail lost because bathymetric 
detail was not shown, from which it might have been 
possible to reconstruct the former river valley prior to 
digitizing. What is needed in such cases is an up-to-date 
map showing the outline of the rest of the reservoir. 

Control mechanisms 
Having decided to digitize, what can one do to alleviate 

errors? The fundamental requirement is a rigorous set of 
control mechanisms. 

Annotating 

One means of "controlling" data quality is to annotate 
the source document prior to digitizing. This pre-editing 
might consist of identifying nodes, and specific features, 
or of feature-coding the source. These tasks are more 
efficiently done off-line, because the operator can concen
trate either on the pre-coding or the digitizing, and not 
have to worry about both. Simpler jobs may not need this 
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treatment, but it has proved more efficient in terms of 
both time and accuracy on more complex jobs. 

Control points 

Other controls vary from ground control points 
obtained from existing maps or from the ground, to the 
calibration of the digitizing area to the known co-ordinate 
system of the source map. The accuracy of the resulting 
digital data must be fixed by the calibration process. It is 
vital to be as precise as the technology allows when 
calibrating, as errors at this stage will be perpetrated 
throughout the work. As a general rule, when calibrating 
a source map to the tablet, the calibration points should 
be at extreme edges of the document. In this way, a 
positional error when placing the cross-hair on the calib
ration point will only result in a small percentage error 
over the distance between them. Where originals are 
known to have distortion errors, perhaps due to poor 
reproduction, allowance should be made by siting calib
ration points in "good" areas, and by calibrating in 
sections. Proctor ( 1986) records that when the Ordnance 
Survey reduced the calibration points for a 1:2500 sheet 
in number from 36 to 9 "unsatisfactory results ensued, 
and a full 36 point set-up was re-introduced". 

Rules 

Having calibrated the source and identified control 
points, it is important to have digitizing "rules" for 
operators to follow, in order to ensure standardization 
and a common recording technique. For instance, it is 
obviously no good having part of an area digitized in 
point mode (where the operator selects all vertices with 
the digitizing cursor) and another part in stream mode 
(where the software inserts vertices at pre-determined 
intervals as the line is "followed"). The respective repre
sentations of the features will be distinctly different in 
style and accuracy. The aim of the operator rules should 
be to state simply the digitizing technique to be operated. 
Clarity should be the essence, as more than one operator 
may be using the same rules. It is particularly important 
to have unambiguous rules for attaching feature codes, 
yet have the flexibility to deal with multiple features. 
An unstructured approach is doom-laden in this most 
subjective phase of the digitizing process. Operators 
should obviously be fully conversant with the digitizing 
rules before commencing production work. It is a useful 
cross-check when employing new staff or new rules to 
get the operator to digitize a test piece, and have it fully 
evaluated - for both technique and accuracy - before 
embarking on the full job. 

Having established operator rules it is still possible 
for "errors" to creep in, even if the operators follow 
those rules. For instance, in point mode digitizing of a 
non-annotated source document, one operator may 
establish a much finer set of points/inflections when 
digitizing than others. Similarly, the frequency rate of 
sampling in stream mode should be pre-determined (either 
by hardware or software), rather than being left to the 
discretion of individual operators. Both these points 
should be covered in the detail of the operator rules. It 
should also be noted that the physical characteristics of 
digitizing style can vary from operator to operator. All 



operators should therefore work directly over the cross
hair cursor, where possible, to maximize the accuracy 
of placement of digitized points. 

Fatigue 
This leads on to a physical aspect of digitizing. If done 

diligently, it can be both mentally and physically demand
ing. There comes a point when operator fatigue will start 
to affect performance levels. Little empirical evidence 
exists on human performance at digitizing tasks. Rhind 
(1974) suggests that IQ and personality may have some 
bearing on aptitude, but reports the example of "one 
operator who was highly accurate and rapid in point 
digitizing, but poor in line following". Personal experience 
suggests that to achieve uniformly acceptable digital data 
the tapering off due to physical fatigue and mental loss of 
interest should be expected after an hour or so of 
continuous work. While it may be acceptable in an 
academic environment to work on a digitizing table for 
an hour, and then do something else for an hour or so, 
this may well not be acceptable in a commercial environ
ment. However, with careful staff management, these 
problems can be avoided. For instance, the operators 
could perhaps spend their days alternating between digiti
zing, "marking-up" sources for digitizing, and checking 
their own and others' work. 

Enhanced digital data 
As noted earlier, for some purposes exact boundary 

data may not be relevant. For instance, for planning 
purposes it is often more important to analyse the inter
relationships between areas rather than their exact geo
graphical attributes. For this purpose a screen display of 
the mapped data could be based on boundary data pro
duced with very few coordinate points. This digital 
boundary data can be produced relatively quickly because 
of the reduced digitizing standard, but will look very 
stylized and unrealistic. If desired, the power of fractal 
enhancement can be incorporated to give a more realistic 
visual effect. Bracken ( 1986) even suggests that the data 
still be stored in the original form and fractal routines 
incorporated as software procedures at the drawing stage, 
thus saving on data storage. 

Imported digital data 
It should be borne in mind that the problems discussed 

in the sections on "Errors in digitized data" can all 
potentially occur in imported data. Unless the status of 
the data is known these problems can easily remain 
hidden. For instance, edge mismatches may be present 
and will only manifest themselves when data for adjoining 
sheets are selected. 

Although economics dictate that many people will 
digitize rather than purchase digital data, it will increas
ingly become likely that the data one requires will have 
been digitized by someone else. Having found a suitable 
data source, there only remains the problem of importing 
it to your system for your use. Leaving aside the physical 
aspects of data transfer, what problems can arise as far as 
the data are concerned? 

Origin 
It is obviously very important when importing digital 

data to know as much about their generation as possible. 
In particular, the origin of the data is important in order 
to avoid the trap of rescaling the data inappropriately. 
If you do not take into account the original use intended 
for the data you will get some very strange results. For 
instance, importing the CIA World Databank I country 
outlines, and using them to portray Great Britain will 
produce a graphic image so coarse as to be unsuitable for 
most mapping uses. This is because there are necessarily 
few data points available to record the inflections of the 
British coastline in a file covering the World's coastline. 
Another example, noted by Blakemore (1985), consists of 
users taking the DOE districts of Britain me - which was. 
digitized for choropleth mapping purposes - and using it 
for topographical purposes, and wondering why point-in
polygon searches produced anomalous results. 

Cu"ency 
Another aspect of importing data is currency of infor

mation. Digital data files can all too easily become fossil
ized records of what is a continually changing world. It is 
therefore very important to ascertain what steps your 
supplying agency have taken to update their data, or to 
produce the data from a current source. Is there so much 
updating to be done that you will spend as much time 
doing it as you would digitizing from source yourself? 
Cartographers must beware of taking the easy option of 
using existing data, as mountaineers say "because it was 
there", without thinking of the consequences. 

Feature coding 

One of the most serious problems with imported data, 
particularly large scale topographical data, is that of feature 
coding. In order to fully utilize large scale topographic 
data, the components have to be coded so that the features 
they identify can be interpreted within the database. The 
real difficulty comes in attributing feature codes to a 
line, or sections of line, that represents more than one 
feature. For example, a line bounding a building may also 
be a pavement line and a property boundary line. In a 
simple system, which of these feature codes would it be 
given? When importing data of this nature, you have got 
to be sure that features are coded logically for your later 
use. It is certainly not unusual for Ordnance Survey DMC 
format data to have a considerable number of "errors" 
in coding, based on this type of feature coding decision 
being made by the digitizing operator. 

Hopefully, the revised Ordnance Survey feature code 
list and the OSTF format will go some way to alleviating 
these feature code problems. The Ordnance Survey's 
defence on this point (McMaster, et al, 1986) is that 
"early development was directed towards automation of 
the map drawing process". Only later was it "appreciated 
that the potential of digital data was not only in the 
drawing of user-defmed maps, but also in the computer 
solution of planning and land management problems". 

Applications of the latter type demand different data 
structures from those already in use. Hence restructuring, 
and in fact a new specification, took place. 
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Error checking 
Once data have been digitized (or imported), wha1 

error checking procedures can be adopted to try tc 
identify and eliminate "errors"? Several practices are 
possible, but it should be recognized in advance that err01 
checking can be a time consuming and thus expensive 
business. As White {1983) reports, the common practice 
is to "make corrections (actually changes that one hopes 
are corrections) and continue until no visible errors remain . . ' no t1me remams, or no money remains, whichever is first". 

Plotting 

Various means exist for visually checking digital data 
flies against their source. For instance, derived data can be 
plotted and manually overlaid on the original as a simple 
means of checking correspondence of data to their source. 
Different colours can be utilized at the plotting stage to 
identify different features. 

Displaying 

Equally, the data may be displayed on a graphics screen, 
and with appropriate software one can "zoom-in" on the 
map to further facilitate error checking. There are strong 
arguments for taking the digitizing stage away from the 
mapping software and performing it as a separate step 
(which should be interactive). The possibility of digitizing 
at a workstation that has interactive zooming and editing 
facilities incorporated in its software can considerably 
enhance the quality of the digital flies produced. Shepherd 
and Chilton {1986) discuss the use of the AutoCAD soft
ware as a free-standing digitizing system, drawing attention 
to its commands for "snapping" lines to already digitized 
nodes, and for closing polygons automatically rather than 
by manual means. 

Software checking 

Various software routines can be incorporated to 
perform polygon counts, check that values are within a 
given range, or that areas digitized as polygons are "closed". 
It is also possible to accept the unchecked data and 
forward it on within the cartographic system, hoping to 
"see" where errors occur at a later stage. However, this is 
a time-consuming approach that is not to be recommended. 
For instance, if your mapping software expects closed 
polygons in order to produce its output, then it is very 
likely to crash on fmding errors in the data me. You then 
have wasted this time and probably are no nearer knowing 
where exactly the errors occur. Far better to "tidy" data 
before attempting any thematic or enhanced mapping. 

Data quality and standards 
If you are intending to export digital data or to offer 

them to others in some way, it is important to be informed. 
(and inform) on data quality and standards. Interest in 
data quality arid standards is high at present, academically 
if not commercially. Readers wanting further background 
to this topic should refer to the Proceedings of Auto Carto 
London, where several major contributions on the topic 
will be found (eg. Beck and Olsen, 1986, and Kennedy
Smith, 1986). Earlier work has been done in the USA, and 
has led to the establishment in the USA of a National 
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Committee for Digital Cartographic Data Standards. The 
remit of this committee is to look at cartographic objects 
~d features, data exchange and data quality, and its brief 
lS: 

"To provide a professional forum for all involved 
Federal, State and local public agencies, private 
in~u~try, and professional individuals to express their 
opm1ons, assessments, and proposals concerning 
digital cartographic data standards. After sufficient 
time for the formulation, circulation, discussion, refor
mulation, and comment, these proposed standards will 
be submitted to the US Bureau of Standards to become 
national digital cartographic data standards." 

{Moellering, 1986) 

The US National Committee (NCDCDS) Interim 
Proposed Standard recognizes five quality components 
{Chrisman, 1986): ''lineage (a record of all source materials 
and transformations which produced the fmal product) 
positional accuracy, attribute accuracy, logical consistency 
and completeness". It also concludes that "the producer 
is not responsible for achieving any particular threshold of 
quality, only for informing the user about what was done 
and the level achieved". 

In the UK the House of Lords Select Committee on 
Science and Technology made the following recommen
dation: 

"Standards for the exchange of digital map data should 
now be established and consultation to that end should 
be pressed forward between the British Standards 
Institution, the OS and other interested bodies, under 
the aegis of the Royal Society." 

(House of Lords 1983) 
From this recommendation came a Working Party to 

produce National Standards for the Tranfer of Digital 
Map Data, under the auspices of the OS. The Working 
Party considered both data quality aspects and a National 
transfer format, and its deliberations were reported at 
Auto Carto London {Sowton and Hayward, 1986), where 
the draft Standard was also published. 

Conclusions 
It should be accepted by all who create digital carto

graphic data that they have a responsibility to attach a 
statement of source, digitizing technique, and accuracy 
level to their data. Many of the problems outlined in this 
paper would be prevented if agencies and individuals 
would accept and adopt the National Standard for the 
Interchange of Digital Map Data. The draft standard was 
published at Auto Carto London, but to limited response. 
If greater efforts are not made to record data quality, and 
to adhere to published transfer standards, then the 
situation will not improve for data users. 
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NEW AWARD FOR FOLDING LANDSCAPES 

A unique conservation project that sets out to preserve 
the deep sense of place of some of Ireland's most remote 
regions has been chosen as the overall winner of the 
prestigious 1987 Ford European Conservation Awards in 
Madrid, Spain. 

The project is called "Folding Landscapes" and was 
submitted by Tim and Mairead Robinson of Roundstone, 
Co. Galway. It beat projects submitted by national 
finalists from 13 other European countries to take the 
top award. 

The judges' decision was announced by the Mayor of 
Madrid, Senor Don Juan Antonio Barranco Gallardo, at a 
presentation ceremony held in the city. 

"Because of the unique combination of culture, 
heritage and conservation, the Jury decided to present the 
1987 Ford European Conservation Award to Folding 
Landscapes submitted by Tim and Mairead Robinson of 
Roundstone, Co _ Galway, Ireland," Mayor Barranco 
Gallardo said. 

The award carries a cash prize of $10 000 and a specially 
commissioned trophy of an otter. As winners of the Irish 
National finalists of the 1987 Ford European Conservation 
Awards, Tim and Mairead have already won a cash prize 
of £5 000 and two unique trophies which were presented 
at a special awards ceremony last November in the Pillar 
Room of the Rotunda Hospital, Dublin, by the Taoiseach, 
Mr. Haughey. 

The success of "Folding Landscapes" and Tim and 
Mairead Robinson in the European finals is all the more 
spectacular as this is the first year that Ireland has taken 
part in the Conservation Awards, which are sponsored in 
the 14 participating countries by the Ford Motor Company. 

The "Folding Landscapes" project places heavy 
emphasis on the links between the landscape and the 
people who inhabit it. Tim and Mairead Robinson's map:; 
of the areas such as the Aran Islands, the Burren and 
Connemara bring a new dimension to cartography - an 
interpretation of the landscapes through the feeling for it 
of those who live with it. 

The chairman of the Irish judging panel which chose 
"Folding Landscapes" as the national winner, Mr William 
Finlay, S.C., said "This is a project that has been well 
proven over the last 10 years. It involves a programme of 
exploration, research and interpretation of the landscapes 
of the west of Ireland and expresses itself in writings and 
maps designed to secure the preservation of a local cultural 
heritage and its integration into the self image of the 
contemporary community. 

"Its style and quality are unique and its techniques and 
standards are capable of being applied to similar exercises 
in community understanding on any scale, large or small". 

Tim Robinson himself describes "Folding Landscapes" 
as "that mysterious and neglected fourth dimension of 
cartography which extends deep into the self of the 
cartographer". 

The Chairman and Managing Director of Her ry Ford & 
Son, Mr Edwin J. Nolan, congratulated Tim and Mairead 
Robinson on their outstanding achievement and said it 
represented a major success for the spirit of conservation 
in Ireland. 

[Ford Press Release 4/3/88] 
Editor's Note 

Tim Robinson gave a stimulating lecture at the SUC 
Summer School in Dublin and has also written for the 
Bulletin (20/ 1 ). 

MOULE'S MAPS 

Over a six month period, World Magazine is presenting 
a series of colour reproductions of some of the English 
county maps of Thomas Moule, the early nineteenth 
century topographer, cartographer and mapseller. The 
first of these, Monmouthshire, is included with the 
March 1988 issue, and the work of Moule is introduced by 
Johnathan Potter. Of the maps themselves, Potter says 
they "are carefully engraved with good detail and show 
hundreds of towns, villages, parks, hilly areas (using 
hachuring techniques), canals and roads. As the editions 
progress, the development of the railway system is added 
to the engravings. Furthermore the Great Reform Bill of 
1832 is recorded from around 1837 giving detail as to the 
number and boundaries of the new Parliamentary seats 
returned by the county shown." 
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