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CHAPTER 1 

1.1 INTRODUCTION 

In October 1979 "the committee s et up under the 
chairmanship of S i r David S e r p e l l to review the Ordnance 
Survey presented i t s report to the Se c r e t a r y of State 
f o r the Environment. One of the proposals put forward 
by the committee was; 

'a r e s e a r c h and development programme 
would be set up ( w i t h i n Ordnance Survey) 

i ) to re s o l v e u n c e r t a i n t i e s about the 
d e t a i l e d nature of user needs f o r smaller 
s c a l e data and the appropriateness of ex
i s t i n g Ordnance Survey d i g i t i s i n g procedures, 
data s t r u c t u r e s and software, both f o r map 
production and f o r the p r o v i s i o n of data 
s u i t a b l e f o r other computer based a n a l y s e s . 

i i ) s u b j e c t to the r e s u l t s of ( i ) 
to develop the appropriate software f o r 
the c r e a t i o n of a topographic database 
from the 1:50,000 s e r i e s to f a c i l i t a t e 
the conversion of the 1:50,000 F i r s t 
S e r i e s to Second S e r i e s ; and to produce 
derived mapping at smaller s c a l e s ' . 

C e n t r a l to both ( l ) and (2) i s the concept of 
using g e n e r a l i s a t i o n of data to produce subsets of 
the databases f or s p e c i f i c purposes i n c l u d i n g the 
production of derived maps at smaller s c a l e s . The 
ob j e c t i v e of t h i s d i s s e r t a t i o n i s to consider the 
processes involved i n the manual g e n e r a l i s a t i o n of 
maps and to f i n d ways i n which these might be 
minimised by automated means i n the context of the 
topographic map s e r i e s at 1:50,000 and 1:250,000 

s c a l e s produced by Ordnance Survey. 
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1.2 Automated G e n e r a l i s a t i o n 

The reasons f o r the S e r p e l l Committee's proposals 
l i e i n the i n c r e a s i n g awareness of the p o t e n t i a l use of 
cartographic data i n computer-readable form. Much of 
the growing body of l i t e r a t u r e on d i g i t a l cartography 
i s concerned with the computer science d e t a i l s - the 
data s t r u c t u r e , algorithms e t c . or the cart o g r a p h i c -
c a p a b i l i t i e s , achievements and uses of var i o u s systems. 
A considerable proportion of the l a t t e r category i s 
concerned with g e n e r a l i s a t i o n (Uitermark 1980) but i n 
almost a l l c a s e s , g e n e r a l i s a t i o n of map data i s f o r the 
s p e c i f i c purpose of emulating manual g e n e r a l i s i n g 
techniques, producing a graphic output on paper. D i g i t a l 
techniques are r a r e l y used to produce a g e n e r a l i s e d 
d i g i t a l map dataset other than p l o t t e r d r i v e tapes. 

G e n e r a l i s a t i o n by automated methods i s worthy 
of study f o r purposes other than that of producing 
maps. There i s evidence (Royal Society 1978) to 
suggest that geographical information systems w i l l be 
i n widespread use i n the near f u t u r e . These inform
a t i o n systems w i l l probably include data o v e r l a i d on 
'base map' data i n a manner analogous to transparent 
paper overlays on a topographic map. How these systems 
might work i s not considered here (see Rhind 1976) but 
t h i s d i s s e r t a t i o n i s concerned with the content of the 
'base map' and how i t i s derived. 

There i s a school of thought that a ' s c a l e f r e e ' 
topographic database (Royal S o c i e t y 1978) would provide 
any information that i s required by an a c c e s s i n g system, 
but t h i s assumes no f i n i t e r e s t r i c t i o n s on computer 
processing power, response time or storage c a p a c i t y . 
I n conventional maps 'sc a l e dependancy* r e s u l t s i n 
part from the p h y s i c a l and perceptual l i m i t a t i o n s of 
humans i n i n t e r p r e t i n g printed information on a map. 
In a computer system the c o n s t r a i n t s are not derived 
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so much from r e s o l u t i o n as from the l i m i t a t i o n s on 
f a c i l i t i e s a v a i l a b l e and the cost of using them. I n 
general these c o s t s are r e l a t e d to data volume (and 
storage medium) and processing complexity, so d i g i t a l 
r e p r e s e n t a t i o n of a map must therefore aim to minimise 
data quantity while r e t a i n i n g maximum information 
content. 

1.3 Outline of work. 

The work that t h i s d i s s e r t a t i o n d e s c r i b e s was 
broken down into three major p a r t s . The f i r s t was 
to use published sources and consider the processes 
involved i n g e n e r a l i s a t i o n of maps with regard to 
d i g i t a l processing. Secondly, Ordnance Survey manuals 
and d i s c u s s i o n with Ordnance Survey draughtsmen pro
vided information f o r an a n a l y s i s of the production 
of conventional 1:50,000 s c a l e topographic maps and 
the maps derived from them. L a s t , some p a r t i c u l a r 
aspects of g e n e r a l i s a t i o n were considered i n d e t a i l 
and experiments used to demonstrate the techniques , 
c o s t s and a s s o c i a t e d b e n e f i t s of undertaking the 
g e n e r a l i s a t i o n by automated, r a t h e r than manual 
methods. 

A number of assumptions were made. The type of 
maps considered was topographical of a s t y l e i n which 
l i n e s are used to represent the majority of f e a t u r e s . 
From t h i s premise, the l i k e l y means of d i g i t a l encoding 
was taken to be by vect o r s i n which each i n d i v i d u a l l i n e 
i s represented by co-ordinates along i t s length (or by 
some means of generating such c o - o r d i n a t e s ) . The 
a l t e r n a t i v e method of encoding maps, by a r a s t e r a r r a y 
i s more s u i t e d to c e r t a i n aspects of map data manipul
a t i o n (Peuquet 1979) but not with regard to many aspects 
of handling l i n e s . Furthermore, the data a v a i l a b l e f o r 
experimentation were r e p r e s e n t i n g only l i n e a r objects 
( a t 1:50,000 s c a l e ) . tfor these reasons the emphasis i s 
on the processing of vector encoded maps. 
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CHAPTER 2 

THE ELEMENTS OP GENERALISATION AND THE REQUIREMENTS OP 
AN AUTOMATED SYSTEM. 

2.1 D e f i n i t i o n s ; the d i f f e r e n c e i n concept between 
automated and conventional g e n e r a l i s a t i o n s . 

The processes involved i n g e n e r a l i s a t i o n of maps 
are complex and d e f i n i t i o n s d i f f i c u l t . Steward (1974) 

has tabulated the v a r i e t y of terms used and the v a r i e t y 
of meanings that can be applied to any one term and come 
to no u n i v e r s a l d e f i n i t i o n s . No agreement can be reached 
even on the d e s c r i p t i o n of map s c a l e s - a 'small' s c a l e 
i n one country (eg 1:50,000 i n the United Kingdom) may 
be the l a r g e s t n a t i o n a l s c a l e i n another. The 
d i f f i c u l t i e s i n producing o b j e c t i v e d e s c r i p t i o n s of 
g e n e r a l i s a t i o n processes has a l s o been discussed by 
Uitermark (1980) who has drawn on the works of Robinson 
and Sale (1969 and 1978) and Topfer (1974) to l i s t : 

s e l e c t i o n of map content ( ' s e l e k t i e van de kaartinhoud' ) 
s i m p l i f i c a t i o n of d e t a i l ('vereenvouding') 
featur e displacement ^ ' v e r p l a a t s i n g ' ) 
amalgamation ( ' k l a s s i f i k a t i e * ) 
symbolisation 
text p o s i t i o n i n g . 

L i c h t n e r (1979) c i t e s Hake (1975) and gives a more 
t e c h n i c a l d e s c r i p t i o n of seven 'elementary procedures' 
of two main types: 

i . pure geometric g e n e r a l i s a t i o n 
s i m p l i f i c a t i o n 
enlargement 
displacement 

i i . geometric/conceptual g e n e r a l i s a t i o n 
combination 
s e l e c t i o n / e l i m i n a t i o n 
c l a s s i f i c a t i o n / t y p i f i c a t i o n ( s y m b o l i s a t i o n ) 
v a l u a t i o n ^enhancement) 
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These procedures may a l s o be c l a s s i f i e d on the 
b a s i s of function into? 

those concerned with c o n t r o l l e d reduction 
of information ( s i m p l i f i c a t i o n , combination, 
symbolisation, s e l e c t i o n ) 

those concerned with cosmetic enhancement f o r 
d i r e c t viewing (enlargement, displacement) 

Moellering (1980) has discussed the d i f f e r e n c e s 
between ' v i r t u a l ' and ' r e a l * maps (Fig.2.1) and t h i s 
d i v i s i o n of g e n e r a l i s a t i o n procedures can be accommo
dated into Moellering's c l a s s i f i c a t i o n . The f i r s t 
f u n c t i o n a l c l a s s of procedures i s i n t e r n a l to a non-
viewable type of map - f o r example removal of minor 
names from a gazeteer or f i l t e r i n g of l i n e data are 
processes i n t e r n a l to a v i r t u a l map. The second 
c l a s s can be considered as a transformation between 
• v i r t u a l ' maps and a ' r e a l ' map or CRT d i s p l a y . 

D i r e c t l y viewable as a map image ? 

YES NO 

Permanent 
Tangible 
R e a l i t y ? 

Yes 

No 

Real map V i r t u a l Mac I I 

Map sheets (drawn) 
Machine Drawn maps 

Gazeteer 
Survey data 

V i r t u a l Map I V i r t u a l map I I I 
CRT d i s p l a y 
Cognitive map 

( i n two dimensions) 

Map data on 
magnetic media 
Cognitive map 

(multidimensional) 

Figure 2.1 C l a s s e s of 'maps* ( a f t e r 
Moellering 1980) 
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I n the f o l l o w i n g s e c t i o n s the d i f f e r e n c e s between 
r e a l and v i r t u a l mapping w i l l be d i s c u s s e d . The 
fundamental d i f f e r e n c e i s that the r e a l map i s 
dependant on the r e l a t i o n s h i p between the p h y s i c a l 
space a v a i l a b l e on the medium of representation,, 
whether i t be s c r e e n , paper or film,and the i n t e r 
p r e t a t i v e powers of the human user. V i r t u a l maps, 
on the other hand, have almost no l i m i t s i n s p a t i a l 
r e s o l u t i o n , and furthermore, are capable of allowing 
a much greater amount of q u a l i t a t i v e d e s c r i p t i o n 
than a r e a l map i n terms of the number of c l a s s i f i c a t i o n 
of map e n t i t i e s , and r e l a t i o n s h i p s between them. 

Terms that w i l l be used i n the f o l l o w i n g s e c t i o n s 
include ' f e a t u r e s ' and ' o b j e c t s ' that are represented. 
These are d i f f i c u l t , i f not impossible to d e f i n e , and 
are used f o r convenience. A map f e a t u r e i s taken as 
being an e n t i t y on a map that would be i n t e r p r e t e d 
by a general user. More r a t i o n a l a l t e r n a t i v e s w i l l 
be d i s c u s s e d . 

2.2 S e l e c t i o n of map content 

The s e l e c t i o n of map content has been considered 
as having two components (Rhind 1973) - between and 
w i t h i n f e a t u r e s . The l a t t e r i s f e a t u r e s i m p l i f i c a t i o n 
and w i l l be considered s e p a r a t e l y . 

S e l e c t i o n of map content includes two c l o s e l y 
r e l a t e d f a c t o r s , namely reduction of the number of 
f e a t u r e s by density and by type. The number of 
f e a t u r e s that can be depicted w i t h i n a given area 
of ground on a change of map s c a l e was considered 
by Topfer and P i l l e w i z e r (1966) who proposed 
• r a d i c a l laws of map g e n e r a l i s a t i o n ' . 



I n t h e i r simplest form these ares 

n_ = C .C,.n . \Jm m„ f e 1 a v a f 

where 
n^ i s the number of items to be depicted 

at derived s c a l e 
n i s the number of items at source a , s c a l e 
m i s the denominator of the represent-

a t i v e f r a c t i o n of the source 
m̂  i s the denominator of the repre s e n t 

a t i v e f r a c t i o n of the derived s c a l e 

C i s a constant r e l a t e d to exaggeration 
of symbols 

C. i s a constant r e l a t e d to emphasis of 
a r e a l or l i n e a r f e a t u r e s ('symbolic 
form') 

As Robinson and Sale (1969) point out, t h i s 'law' 
gives no i n d i c a t i o n of the changes i n c l a s s i f i c a t i o n or 
the s i m p l i f i c a t i o n of d e t a i l required to conform to i t . 
S i m i l a r l y the e f f e c t s of fe a t u r e importance and c l u s t e r 
ing are not considered. I t i s of l i m i t e d p r a c t i c a l use 
and may be more appropriate at s c a l e s s m a l l e r than 
1:50,000. Stenhouse (1979) has attempted to compare 
predicted numbers of towns depicted with the number of 
towns observed on a t l a s maps of the united Kingdom and 
found broad agreement on s c a l e s of 1:2,000,000 to 
1:20,000,000. 

Kadmon (1972) has attempted to use o b j e c t i v e a n a l y s i s 
to s e l e c t settlements f o r map de p i c t i o n u s i n g s i x t e e n 
ranked and weighted d e s c r i p t o r s i n c l u d i n g population, 
a d m i n i s t r a t i v e s t a t u s and a number of other s o c i o 
economic and communication v a r i a b l e s . These d e s c r i p t o r s 
were then used to produce settlement maps with v a r y i n g 
degrees of g e n e r a l i s a t i o n . One of the v a r i a b l e s used 
by Kadmon was a^remoteness'index which he weighted 
h e a v i l y i n order to ensure that sparse areas of map 
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contained some d e t a i l . T h i s perpetuates a convent
i o n a l map p r a c t i c e undertaken to maintain s t y l e s c a r t 
ographers have t r a d i t i o n a l l y resented blank spaces, 
sometimes f i l l i n g them with imaginative d e t a i l when they 
had no information, and minor d e t a i l when they had. 
An i s o t r o p i c s e l e c t i o n of f e a t u r e s i s complex to emulate 
i n automated cartography and i t i s questionable whether 
i t i s a v a l i d primary g e n e r a l i s a t i o n technique, or 
whether i t i s cosmetic and v a l i d only f o r graphic output, 
i f at a l l . 

Data s e l e c t i o n on the b a s i s of the a t t r i b u t e s of 
each f e a t u r e can only be undertaken i f the s t r u c t u r e 
of the data permits i t . Current p r a c t i c e s i n automated 
cartography u s i n g vector encoding normally allow f o r 
some degree of a t t r i b u t e coding to be attached to a 
f e a t u r e . This may range from the highly complex 
system employed by the United S t a t e s Geological Survey 
National Mapping S e r v i c e which allows f o r each feature 
to be coded with up to 24 codes from a maximum of 
9999999 (of which only about 1000 are used) through that 
used f o r the Ordnance Survey large s c a l e s mapping pro
gram (one code from about 110) to simple systems 
d i f f e r e n t i a t i n g only between l i n e veights or g r a p h i c a l 
a t t r i b u t e of the l i n e . 

A common p r a c t i c e i n conventional cartography i s 
to d i s t i n g u i s h only between major types of f e a t u r e s 
d i r e c t l y - by v a r y i n g l i n e width, s t y l e or colour, or 
by d i f f e r e n t symbols - and then to apply some s o r t of 
secondary i d e n t i f i c a t i o n - a name ( d e s c r i p t i v e or proper), 
or a modifier (such as the ' c o n i f e r 1 or •deciduous' 
symbol on the OS One Inch maps 'depiction of woodland'). 
T h i s system i s necessary to reduce the number of 
d i f f e r e n t types of l i n e on a map and r e f l e c t s the need 
to avoid v i s u a l over-complexity. An example might be 
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two 'public b u i l d i n g s ' , say, a h o s p i t a l and a town h a l l s 
many mapmakers ( i n c l u d i n g Ordnance Survey) enhance these, 
u s i n g a t h i c k e r l i n e or more prominent i n f i l l than f o r other 
b u i l d i n g s , but would d i f f e r e n t i a t e between them by means of a 
name or t e x t u a l d e s c r i p t i o n . I t appears that users have l i t t l e 
problem in d i f f e r e n t i a t i n g between them on the map, r e l a t i n g 
the text to the o u t l i n e , even i f these are separated with other 
data i n t e r v e n i n g . To a u t o m a t i c a l l y l i n k l i n e a r and t e x t u a l 
information by means of s p a t i a l searching i s complex and methods 
of coding have been devised which overcome t h i s problem. Such 
methods include the h i e r a r c h i c a l and r e l a t i o n a l systems which 
might encode the public b u i l d i n g examples as: 

BUILDING l i n e 
PUBLIC or enhanced 

municipal h o s p i t a l ..... codeword (name) 

In the f i r s t case, three code f i e l d s can be used to d i f f e r e n t i a t e 
between the o b j e c t s , but the name must be stored s e p a r a t e l y ( i f 
n e c e s s a r y ) , while i n the second the inherent r e l a t i o n s h i p between 
an object and i t s name i s r e t a i n e d . A combined system i n which 
the name i s held as a 'modifier' to the code of the object might 
be used, but the example above i l l u s t r a t e s the d i f f e r e n c e between 
coding f o r information purposes and that f o r cartographic purposes. 
The current Ordnance Survey large s c a l e d i g i t a l data contains codes 
with e i t h e r no information about the object type (e.g. Object 
shown by dot) or nothing about the cartographic s t y l e (e.g. Railway). 
In n e i t h e r case can text be r e l a t e d , so any g e n e r a l i s a t i o n 
i n v o l v i n g feature type s e l e c t i o n must be c a r r i e d out on a l l 
members of a feature type and i f only 'cartographic' coding i s 
used, f e a t u r e s of d i f f e r e n t types cannot be represented. 

Simple object coding may be enhanced by codes containing 
t o p o l o g i c a l information which present f u r t h e r problems i n 
g e n e r a l i s a t i o n i n that the topology must be maintained, or 
modified as necessary. For example, i n Figure 2.2, the l i n e 
BC might be coded sv> that the d i v i s i o n between lake and wood 
( c o n i f e r o u s ) i s maintained. I f g e n e r a l i s a t i o n takes place 
i n such a way that the wood polygon BCXY i s not to be shown then 
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coding of segment BC has to be changed. 

I . 
t 

... (On) 
111 

i, 
w 

4* 

r-
6 

Figure 2.2 F i c t i t i o u s example of a small s c a l e topographic 
map 

In order to reduce the complexity and e f f o r t involved 
i n data capture, the number of codes a v a i l a b l e i s normally 
f i n i t e and predefined, j u s t as the s p e c i f i c a t i o n f o r a survey 
l i m i t s the number of types of objects to be surveyed. The 
r e s u l t of t h i s must be some degree of c l a s s i f i c a t i o n which 
w i l l influence the p o s s i b l e ways in which r e c l a s s i f i c a t i o n 
or s e l e c t i o n w i l l take p l a c e , the concept of a ' c l a s s i f i c a t i o n 
f r e e ' database being as i m p r a c t i c a l for most cases as a 
s c a l e f r e e one. Rhind and Hudson have d i s c u s s e d t h i s with 
regard to land use mapping, g i v i n g examples of the problems 
of d e f i n i n g , capturing and processing c l a s s i f i e d data which 
are i d e n t i c a l to those of topographic data i n many r e s p e c t s . 
(Rhind and Hudson, 198l) 
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Amalgamation 

Feature amalgamation i s a semi-subjective part of the 
generalisation process i n that decisions have to be made which 
may not be consistent across a map. As an example, the woodland 
parcel NPQX in figure 2.2 might be considered too small to show 
as a separate parcel on a given reduction of scale (or information 
Conventional cartographic practices would probably r e s u l t i n i t 
either being ignored or amalgamated with an adjacent parcel such 
as XWZY, provided the c l a s s i f i c a t i o n i s appropriate - as i t i s 
i n t h i s case, both parcels being of woodland type. Parcel S 
i s i n a different situation, being detached and surrounded by 
a grassland parcel. Depending on the required emphasis of the 
map i t might either be ignored, amalgamated with the grassland 
parcel i n effe c t , or i f the purpose i f the map were to emphasise 
woodland, i t might be combined with the larger parcel of woodland 
to the southwest, re s u l t i n g i n great exaggeration of i t s size 
and considerable movement i n the apparent centroid. 

This example serves to demonstrate that there are three 
major controlling factors of area amalgamation in generalisation; 
the minimum depictable area, the maximum distance over which 
amalgamation can ta/.e place, and the c l a s s i f i c a t i o n . Of these, 
the minimum depictable area and c l a s s i f i c a t i o n are determined by 
the s p e c i f i c a t i o n of the map or dataset, but the definition of the 
distance between parcels i s less easy to define, as i t could be 
between centroids or between the closest points on the respective 
perimeters. These parameters can be applied i n computer processing 
of map data and Lichtner (1979) has demonstrated that buildings 
on an urban map can be amalgamated s u c c e s 3 f u l l y . 

The ODYSSEY system developed by the Laboratory for Computer 
Graphics at Harvard University i s also claimed to have the a b i l i t y 
to amalgamate area features using the idea of a 'tolerance band' 
around each candidate feature. .•/hen these oversized polygons 
in t e r s e c t , amalgamation takes place. (Chrisman, lecture at 
Ordnance Survey 1980-) 
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L i n e a r amalgamation presents s i m i l a r problems. 
As shown i n the example of segment BC of Fig.2 . 2 

r e c l a s s i f i c a t i o n may produce redundancy i n nodes 
and provided that the coding i s compatible, nodes 
B and C could be e l i m i n a t e d . A more complex 
problem i s posed by amalgamation of l i n e s such as 
those between D and K and J and H on F i g . 2.2 which 
might be required to be depicted by a s i n g l e l i n e . 
As f i g u r e 2.3 shows, l i n e s such as these r a r e l y have 
e i t h e r the same number of points or s i m i l a r spacing 
and so determination of a 'mean* p o s i t i o n i s non-
t r i v i a l . Shiryayev (1977) has given a way of d e a l 
ing with t h i s i n which each point on one side of the 
double feat u r e i s compared with those on the other. 
Methods i n which an i n t e r p o l a t e d value f o r an increment 
i n X or Y ( F i g 2.3) i s generated involve a considerable 
amount of computation and l o g i c a l d e x t e r i t y to be 
able to deal with highly sinuous f e a t u r e s . Raster 
encoding the f e a t u r e reduces t h i s problem but t h i s i n 
i t s e l f may cause problems i n a v a i l a b l e computer s t o r e . 
A l o c a l r a s t e r method i s used i n the L a s e r s c a n l i n e 
f o l l o w i n g device i n which software generates a 
centre l i n e from the detected p o s i t i o n of the l i n e ' s 
outside edges (OS unpublished paper). I n 
t h i s a scan i s made at r i g h t angles to the approximate 
alignment of a s u b - p a r a l l e l p a i r of f e a t u r e s and removes 
the need to swap between i n t e r p o l a t i o n along the axes 
of a u n i v e r s a l r a s t e r as shown i n f i g u r e 2.3 
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A-A' Centre l i n e derived from i n t e r p o l a t i o n i n Y 
B-B' Centre l i n e derived from i n t e r p o l a t i o n i n X 
A1 - B' could use e i t h e r i n t e r p o l a t i o n - or a l o c a l l y 

o r i e n t a t e d g r i d 

Figure 2„3 Creation of centre l i n e from two 
adjacent l i n e s by r a s t e r . 

2.4 Symbolisation 

While a l l maps involve the r e p r e s e n t a t i o n of 
' r e a l ' objects by a symbol, there i s a fundamental 
d i s t i n c t i o n between r e p r e s e n t a t i o n by a 'symbol* 
and a ' f a c t u a l * or r e a l i s t i c d e p i c t i o n . As map 
s c a l e s decrease, the p h y s i c a l space a v a i l a b l e f o r 
a r e a l object on a map sheet a l 3 0 decreases and the 
use of 'symbolic' r a t h e r than ' f a c t u a l * r e p r e s e n t 
a t i o n i n c r e a s e s . This process covers a number of 
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procedures undertaken d i r e c t l y as a conscious e f f o r t 
to reduce one, two or three dimensional o b j e c t s to 
a p r e - s p e c i f i e d d e p i c t i o n . The symbolisation may 
only take place i n one dimension of a two dimensional 
object - a road i s normally a tv;o dimensional f e a t u r e 
on a map at s c a l e s l a r g e r than I s 10,000 ( i n UK) but 
at s m a l l e r s c a l e s i s s c r i b e d with a standard width 
although the length may be only marginally s i m p l i f i e d . 
Symbolisation may be undertaken because at a p a r t i c 
u l a r s c a l e a f a c t u a l d e p i c t i o n i s not needed, or 
because the p h y s i c a l s i z e of the r e a l d e p i c t i o n would 
not be i n accord with the emphasis that the f e a t u r e 
i s adjudged to r e q u i r e . I n conventional cartography 
symbolisation i s almost always a s s o c i a t e d with ex
aggeration of s i z e - p a r t i c u l a r l y at small s c a l e s , 
but i n a vector encoded d i g i t a l r e p r e s e n t a t i o n of 
topographical information the symbol i t s e l f means 
nothing, and symbolisation i s a matter of r e p l a c i n g 
a high order of d i m e n s i onality with a lower one. I n 
a r a s t e r encoded dataset the symbols w i l l occupy space 
but pattern r e c o g n i t i o n techniques could be used to 
i n t e r p r e t tham and reduce them to a point or ' l i n e * 
as appropriate. 

The problems a s s o c i a t e d with symbolisation as 
a g e n e r a l i s a t i o n process r e l a t e to the p h y s i c a l s i z e 
of a symbol i n r e l a t i o n to the space a v a i l a b l e on the 
map. To overcome them cartographers r e s o r t to the 
cosmetic techniques of displacement, fragmentation 
and a n i s o t r o p i c s e l e c t i o n . 

Further aspects of symbolisation w i l l not be 
d i s c u s s e d - they w i l l be considered under other t o p i c s 

2.5 S i m p l i f i c a t i o n 

Map content i s f r e q u e n t l y predetermined by 
the purpose of the map, hence s i m p l i f i c a t i o n of the 
f e a t u r e s on a map can a f f e c t the o v e r a l l 'character' 
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of the map in a number of ways. 

F i r s t , s i m p l i f i c a t i o n i n e v i t a b l y a f f e c t s the 
cartometry - reducing the number of bends i n a l i n e , 
a l t e r s i t s length, or the s i z e of the contained a r e a s . 
Secondly, s i m p l i f i c a t i o n , i f c a r r i e d too f a r , becomes 
c a r i c a t u r e which may e v e n t u a l l y cause gross d i s t o r t i o n 
i n the o v e r a l l information content of the map, i n 
a d d i t i o n to d i s t o r t i o n of the s p a t i a l contents the 
c o r o l l a r y of t h i s i s that a good s i m p l i f i c a t i o n reduces 
the data without reducing the message that the data i s 
conveying. 

The e f f e c t of s i m p l i f i c a t i o n on cartometry has 
been considered by Kishimoto (1967) as reviewed by 
Maling (1968) who points out that l o g i c a l l y a co
e f f i c i e n t of g e n e r a l i s a t i o n could be determined by 
r e l a t i n g cartometry to s c a l e and e x t r a p o l a t i n g to a 
u n i t s c a l e and hence deduce ' a c t u a l ' d i s t a n c e s . As 
Mandelbrot (1967 a n < i 1975) has demonstrated, lengths 
can be considered to be indeterminate at a 1:1 s c a l e 
and a l l l i t t o r a l landmasses of i n f i n i t e fragmentation. 
Baugh (1975) and Baugh and Boreham (1976; had 
s u f f i c i e n t problem i n d e f i n i n g the best estimate of 
the length of the S c o t t i s h c o a s t l i n e without even 
i n v o l v i n g these concepts! Map users have to accept 
that maps can never f u l l y represent r e a l i t y so f a r as 
making measurements from them i s concerned. 

Mandelbrot's concepts of f r a c t i o n a l dimension
a l i t y can be used to define what i s happening when 
s i m p l i f i c a t i o n takes p l a c e . His measure i s one 
of the space f i l l i n g a b i l i t y of an o b j e c t , g i v i n g 
i t a d i m e n s i o n a l i t y somewhat gr e a t e r than the E u c l i d e a n 
- the c o a s t l i n e of an i s l a n d being of the order of 1.3. 
Line s i m p l i f i c a t i o n may be considered to be the 
p r e s e r v a t i o n of t h i s f r a c t a l quantity while reducing 
the amount of information. In an e a r l i e r paper, 
Pannekoek (I962) has s t r e s s e d the need to r e t a i n the 
c h a r a c t e r of a depicted area. His example of the 
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d e p i c t i o n of the Rhine d e l t a on various published maps 
demonstrates the d i f f e r e n c e s i n portrayed s i n u o s i t y , a 
rough measure of the space f i l l i n g a b i l i t y and hence 
the f r a c t a l value. 

Like Topfer's laws, Mandelbrot's ideas can give 
no clue as to how to approach an o b j e c t i v e system of 
s i m p l i f i c a t i o n . In d i s c u s s i o n with the draughtsmen 
who produce the OS 1:250,000 s c a l e map s e r i e s i t was 
found impossible to define r u l e s that were used -
every l i n e had to be considered 'on i t s own merit* and 
i n r e l a t i o n to the r e s t of the map. They s t r e s s e d 
the need to ensure that sinuous f e a t u r e s at 1:50,000 
s c a l e were sinuous at 1:250,000, again to r e t a i n the 
' c h a r a c t e r ' . 

Rhind (1973) has d i s c u s s e d the various methods 
of a u t o m a t i c a l l y reducing l i n e s i n u o s i t y , and con
cludes that ' i n most cases high frequency f i l t e r i n g 
of the s p e c t r a present appears to occur, modified by 
the r e t e n t i o n of accurate r e p r e s e n t a t i o n or d e l i b e r a t e 
c a r i c a t u r e s of s a l i e n t shapes'. He a l s o mentions 
that r e - c h a i n i n g (amalgamation) of l i n e s i s f r e q u e n t l y 
necessary and that the len^h of l i n e segments may 
i n f l u e n c e the g e n e r a l i s a t i o n process with c e r t a i n 
algorithms. Rhind considers s a l i e n t s as a separate 
problem suggesting that there are three l e v e l s of 
s i n u o s i t y reduction: 

the lowest l e v e l i s a c a r i c a t u r e i n which 
p o s i t i o n and ' s i n u o s i t y index' are not r e t a i n e d 

an intermediate l e v e l i n which p o s i t i o n or. 
s i n u o s i t y index are r e t a i n e d 

the highest l e v e l i n which p o s i t i o n and 
s i n u o s i t y are r e t a i n e d and other l i n e f e a t u r e s 
maintained i n t h e i r c o r r e c t r e l a t i v e p o s i t i o n s . 

The majority of work to date appears to have been 
d i r e c t e d towards the intermediate l e v e l of reduction. 
( K e i r 1976; Douglas and Peucker, 1975: Page 1978; 
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Baxter, 1977; OS 1979; Vanicek & Woolnough 1975J 
The reason f o r t h i s approach r a t h e r than the higher 
l e v e l one i s probably because of the computing compli
c a t i o n s involved i n ensuring that adjacent and contiguous 
f e a t u r e s are i n harmony. ( B r a s s e l 1977) 

Rhind (1973) l i s t s seven c l a s s i f i c a t i o n s of 
methods by which l i n e s may be s i m p l i f i e d , ranging 
from simple s e l e c t i o n to complex techniques i n v o l v i n g 
assessment of the importance of each point used to 
describe a l i n e . None of the methods described can 
be used to r e l a t e f e a t u r e s while s i m p l i f y i n g ; such 
an operation i s considered to be a post-processing 
operation, probably undertaken i n t e r a c t i v e l y . 

Methods i n v o l v i n g ' i n t e l l i g e n t ' data reduction 
tend to have concentrated on f i l t e r i n g e x i s t i n g data 
r a t h e r than r e p l a c i n g i t by parameters derived from 
frequency a n a l y s i s . Vanicek and Woolnough (1975) 
have described a method and the Mapping and Charting 
Establishment, Royal Engineers, have used parameter-
based data storage methods but found that e x t r a c t i o n 
of the data f o r f u r t h e r processing was cumbersome and 
slow. 

Douglas and Peucker (1973) described three methods 
based on d e v i a t i o n d i s t a n c e one of which has a l s o been 
described by Lang (1969). I n these methods the 
d e v i a t i o n of the o r i e n t a t i o n of a l i n e segment from 
the previous segment or segments i s t e s t e d a g a i n s t pre
s e t t o l e r a n c e s . Other w r i t e r s have used s i m i l a r 
ideas, Baxter (1977.) using area of three consecutive 
p o i n t s , followed by an angular d e v i a t i o n check ag a i n s t 
a t o l e r a n c e ; Page (1978) and Hunting Surveys ( K e i r 1976) 
u s i n g a ' s a g i t t a l ' d i s t ance method. Ordnance Survey 
(1979) have developed a method combining both o f f s e t 
d i s t ance and angular d e v i a t i o n approaches. 

Other proposals to a i d s i m p l i f i c a t i o n have included 
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the f l a g g i n g of important points at data capture stage 
(Koeman and van der Weiden, 1970) but t h i s could present 
considerable problems i n coding, e s p e c i a l l y when usin g 
automated or semi-automated capture methods. i n 
p r i n c i p l e , a l l p o s s i b l e stages of s i m p l i f i c a t i o n would 
have to be taken in t o account at that stage. I t i s 
c l e a r that s i m p l i f i c a t i o n of l i n e information cannot 
be expected to produce an i d e n t i c a l product to that 
undertaken by a draughtsman who w i l l tend to emphasise 
or suppress according to convention or i n t u i t i o n . For 
example, i f a w e l l known but r e l a t i v e l y i n s i g n i f i c a n t 
f e a t u r e i s to be shown on the map, i t i s l i k e l y that 
i t w i l l be s l i g h t l y emphasised to ensure that i t s 
p o s i t i o n and extent are unambiguous. To maintain 
s p a t i a l i n t e g r i t y , compensatory changes may have to 
be made i n other f e a t u r e s ; to undertake t h i s process 
a u t o m a t i c a l l y would be d i f f i c u l t . 

Feature displacement and fragmentation 

Rhind (.1973) has likened f e a t u r e displacement to 
avoid overlap as v a r i a b l e l o c a l mapping, and notes that 
p e r m i s s i b i l i t y of s h i f t i n g f e a t u r e s depends on the 
purpose of the map. Fragmentation i s a more extreme 
technique than s h i f t i n g , r e s u l t i n g where there i s no 
p h y s i c a l space on the map sheet to show a l l the f e a t u r e s 
that should be present. Examples of the gradation 
between displacement and fragmentation are manifold: 
the breaking of contours on steep slopes i s a good 
example, but l e s s detectable cases can be noted where 
any f e a t u r e i n t e r s e c t s with another, e s p e c i a l l y at 
acute angles. 

Like s i m p l i f i c a t i o n , displacement i s a s k i l l e d 
job undertaken by draughtsmen who are unable to describe 
how they do i t other than by g i v i n g a h i e r a r c h y of 
a r c h e t y p a l s i t u a t i o n s - a road, r a i l w a y and r i v e r i n 
a narrow v a l l e y being the usual example. I n almost 
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a l l cases on a topographic map, networks are enhanced 
at the expense of areas - a road at ls250,000 s c a l e 
being exaggerated some 10-20 times i n width. Other 
l i n e a r f e a t u r e s may be contracted, but areas on a 
small s c a l e p r i n t e d map w i l l i n e v i t a b l y be considerably 
l e s s than t h e i r true value. 

L i c h t n e r ^1979) has demonstrated that the d i s 
placement process can be undertaken r e l a t i v e l y e a s i l y 
by a computer - f o r a s i n g l e l i n e , and at f a i r l y large 
s c a l e s . Johannsen (1975) has described a quasi-
i n t e r a c t i v e method f o r small s c a l e s , without showing 
r e s u l t s . Both w r i t e r s emphasise that operator 
i n t e r v e n t i o n i s e s s e n t i a l , and give no comparative 
f i g u r e s f o r the amount of time and e f f o r t required 
to undertake a p a r t i c u l a r task compared with a s k i l l e d 
draughtsman working i n a conventional manner. 

Fragmentation of f e a t u r e s i s most common on 
conventional maps when another feature of higher p o s i t i o n 
i n a h i e r a r c h y must be shown. Normally t e x t i s given 
the highest p o s i t i o n and a l l f e a t u r e s are broken to 
show i t . On a conventional map t h i s i s r e l a t i v e l y 
easy - i f a text overlay i s made then photo-mechanical 
means, such as 'unsharp' masks can be used to blank 
out other d e t a i l . In an automated system 'box masking' 
of d e t a i l to allow text to be 'dropped i n ' i s p o s s i b l e 
and a v a i l a b l e i n many graphics packages, but at 
considerable cost i n processing. However, the mask
ing of d e t a i l on a conventional map i s not a box but 
a halo around each c h a r a c t e r . To reproduce t h i s 
technique automatically i s f e a s i b l e but would a l s o 
add considerably to the cost of processing. 

2.7 Text 

On any map t e x t u a l information occupies a 
s p e c i a l category of f e a t u r e . Like contours, text 
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does not a c t u a l l y e x i s t on the ground i n i t s own r i g h t ; 
yet u n l i k e contours i t has no f i x e d p l a n i r a e t r i c p o s i t i o n . 
I t i s r e l a t e d to f e a t u r e s on the gi-ound which may be 
of i l l - d e f i n e d extent, e.g. the Pennines . 

On a v i r t u a l map d e s c r i p t i v e t e x t , ( i . e . text 
other than proper names) might be replaced by a system 
of a t t r i b u t e coding which could then be used to produce 
d e s c r i p t i v e t e x t as required. Although t h i s has 
problems i n i n c r e a s i n g the complexity of data capture, 
i t i s a more f l e x i b l e approach as any r e a l map subsequently 
produced at a d i f f e r e n t s c a l e from the source w i l l r e q u i r e 
changes in text p o s i t i o n . 

Prom the point of view of map g e n e r a l i s a t i o n 
i n which a r e a l map i s to be produced, the e x p l i c i t 
l i n k i n g of f e a t u r e s to a s s o c i a t e d proper names i n some 
way has great advantages. I f any s e l e c t i o n or 
amalgamation of f e a t u r e s i s to take place , then the 
a s s o c i a t e d text must be s e l e c t e d or r e j e c t e d . 
P o s i t i o n a l movement may a l s o be required as a r e s u l t 
of t h i s , but then text must be considered as a 'super-
fea t u r e * i n i t s own r i g h t , subjected to s e l e c t i o n 
because of i t s requirement f o r space on a map. 
S i m p l i f i c a t i o n or an analogy may be undertaken -
examples being the r e j e c t i o n of s p e c i f i c names in 
favour of general and the use of abbreviated forms 
of t e x t . Displacement and fragmentation of the 
te x t information i t s e l f must a l s o be considered. 

2.8 Conclusion 

I n order to produce some c r i t e r i a upon which 
automation of map g e n e r a l i s a t i o n can be based, a 
scheme f o r g e n e r a l i s a t i o n must be proposed. Such 
a scheme i s shown i n general at Figure 2 . 4 t which 
emphasises the d i v i s i o n between the information 
reduction aspects and the cosmetic. 
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Figure 2 . 4 Schema f o r map g e n e r a l i s a t i o n 

From the d i s c u s s i o n of the i n d i v i d u a l aspects of 
g e n e r a l i s a t i o n i n t h i s chapter i t can be seen that there 
are few major t e c h n i c a l problems i n producing datasets 
and maps which could correspond c l o s e l y with those 
produced by manual methods. There i s a d i f f e r e n c e 
however, between the t e c h n i c a l f e a s i b i l i t y of map 
g e n e r a l i s a t i o n and the economic f e a s i b i l i t y . As 
Thompson (1978) has shown, the v i a b i l i t y of computer 
a s s i s t e d large s c a l e mapping r e s t s on the a b i l i t y to 
use the data produced f o r other purposes, i n c l u d i n g 
production of derived ( i . e . g e n e r a l i s e d ) maps. 
Uitermark (1980) has concluded that of the general-
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i s a t i o n processes discussed above, automated t e x t 
emplacement i s not l i k e l y to be economically v i a b l e , 
that s i m p l i f i c a t i o n and displacement/fragmentation 
are l i k e l y to be so only i n some circumstances and 
that symbolisation, q u a l i t a t i v e amalgamation and 
s e l e c t i o n are simple and l i k e l y to be undertaken. 
He a l s o makes reference to only two production 
systems f o r 1?25,000 s c a l e map production - at Ordnance 
Survey, and at I n s t i t u t f u r Angewandte Geod(isi€, 
West Germany. Neither of these systems i s using 
the more s o p h i s t i c a t e d techniques. 

There i s therefore scope f o r c o n s i d e r i n g 
g e n e r a l i s a t i o n with regard to production processes. 
This w i l l be done i n subsequent chapters. 



CHAPTER 5 

ORDNANCE SURVEY CONVENTIONAL SMALL SCALE MAP SERIES, 
THEIR SPECIFICATION AND THE METHODS USED IN THEIR 
DERIVATION. 

In t r o d u c t i o n 

The Ordnance Survey produces a v a r i e t y of maps 
ranging i s s c a l e from 1:1,250 to 1:1,125,000. Maps 
at s c a l e s down to 1:625»000 are arranged i n two 
f a m i l i e s : (OS 1980 d) 

- the B a s i c s c a l e s of 1:1,250, 1:2,500, 
and 1:10,000 which are the l a r g e s t s c a l e s 
at which the whole country i s mapped. 

the Small s c a l e s which c o n s t i t u t e the 
1:25,000, 1:50,000, 1:63,360, 1:250,000 
1:625,000 and 1:1,125,000 derived maps 
(plus some other s p e c i a l maps at i n t e r 
mediate scales). 

The d i v i s i o n of maps in t o f a m i l i e s used i n 
t h i s d i s s e r t a t i o n i s that commonly used i n t e r n a l l y 
w i t h i n Ordnance Survey and which r e l a t e s to the 
source of the information. However, as the 1:25,000 
s c a l e map s e r i e s are pr e s e n t l y derived by photo
mechanical reduction of 1:10,000 s c a l e maps, which 
i n turn are derived (when appropriate) from other 
b a s i c s c a l e maps, i t i s l o g i c a l to include the 
1:25,000 s e r i e s w i t h i n the Large Sc a l e s f a m i l y . The 
1:50,000 s c a l e draws r e l a t i v e l y l i t t l e information 
d i r e c t l y from the large s c a l e maps; r e v i s i o n , f o r 
example, i s c a r r i e d out by a team of surveyors working 
s o l e l y f o r t h i s map family. The reasons f o r t h i s 
dichotomy are mainly i n the number of large s c a l e 
plans that would have to be simultaneously r e v i s e d 
and subsequently referenced to produce one 40km 
square 1:50,000 s c a l e sheet; i n the case of a densely 
populated sheet covering an urban area mapped at 
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1:1,250 s c a l e t h i s could amount to n e a r l y 6,400 b a s i c 
s c a l e sheets. 

This f a c t o r , along with the need f o r r a p i d 
n a t i o n a l coverage and the requirement f o r f e a t u r e s 
to be included which are not shown on the large s c a l e 
maps led the S e r p e l l Committee to recommend a dual 
approach to producing n a t i o n a l topographic databases, 
one of which would be based on the l a r g e s c a l e map 
data and another, (probably i n t e r i m ) one that would 
be based on the 1:50,000 s c a l e maps. 

1:50«000 s e r i e s 

. 1 I n t r o d u c t i o n 

The 1:50,000 s c a l e maps (now designated the 
'Landranger' s e r i e s ) are the parent s e r i e s f o r a 
family of maps extending to 1:625,000 s c a l e . The 
information sources accessed i n producing the 204 
sheets i n the current s e r i e s are a l s o u t i l i z e d i n 
producing these d e r i v a t i v e s although the smaller 
s c a l e popular maps ( i . e . the 1:250,000 Routemaster 
s e r i e s and 1:625,000 Routeplanner map) contain some 
a d d i t i o n a l information and are produced on a more 
frequent r e v i s i o n c y c l e than the parent s e r i e s . 

The s p e c i f i c a t i o n s used w i t h i n OS are l a i d down 
i n d e t a i l e d documentation g i v i n g both a d e s c r i p t i o n 
of how a feature should be depicted and examples. 
This i s to maintain c o n t i n u i t y w i t h i n the map s e r i e s 
and to ensure that d i f f e r e n t sheets drawn at d i f f e r e n t 
times and by d i f f e r e n t s t a f f have the same appearance. 
The s p e c i f i c a t i o n depends i n part on what i s t e c h n i c 
a l l y and economically f e a s i b l e to produce and a l s o on: 

previous s p e c i f i c a t i o n s - i . e . t r a d i t i o n and 
what the usep expects 

map user conferences - i n which represent
a t i v e s of users give 
opinions on content 
and s t y l e . 

market survey (Drewitt 197 5) 

Ordnance Survey i n t e r n a l r e s e a r c h , d i r e c t i v e and 
opinion. 
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The present coverage of the United Kingdom at 
1:50,000 s c a l e i s on two s e r i e s , each of two e d i t i o n s ! 
the F i r s t and Second S e r i e s i n the Coloured and the 
Outline e d i t i o n s . The o u t l i n e e d i t i o n i s e s s e n t i a l l y 
the same as the coloured e d i t i o n , p r i n t e d i n monochrome 
without colour f i l l i n g s f o r roads, without contours or 
t o u r i s t information and with C i v i l P a r i s h boundaries 
added. 

The F i r s t S e r i e s maps are the r e s u l t of photomechanical 
enlargement and recompilation of the Seventh S e r i e s 
1 : 6 3 , 3 6 0 s c a l e maps and the s p e c i f i c a t i o n i s very 
s i m i l a r to that of the l a t t e r , a f t e r a l l o w i n g f o r 
the e f f e c t of enlargement (Harley 1 9 7 5 ) . The current 
catalogue (OS 198C ) l i s t s 73 Second S e r i e s and 131 

F i r s t S e r i e s sheets. Within the Second S e r i e s , a 
f u r t h e r d i v i s i o n i s made on the b a s i s of those with 
' r a t i o n a l ' ( i . e . 10 metre) contour i n t e r v a l . T h i s 
d i v i s i o n i s approximately equal (OS 1980b) and maps 
are c u r r e n t l y being converted from the ' I m p e r i a l ' to 
r a t i o n a l i s e d metric contours at a r a t e of about seven 
sheets a year. 

The Second S e r i e s s p e c i f i c a t i o n allows f o r a 
r e s c r i b e d v e r s i o n of the e x i s t i n g information held 
on e i t h e r the e x i s t i n g F i r s t S e r i e s sheets or, i n the 
case of some sheets in Scotland, London and North 
Wales, d i r e c t l y from enlarged 1 : 6 3 , 3 6 0 keys. Apart 
from r e v i s i o n information, major new information to 
be added to sheets includes the metric contours f o r 
the 1:10,000 s c a l e map s e r i e s . Since as many as 64 

sheets at 1:10,000 s c a l e cover one sheet at 1:50,000 
s c a l e the conversion process i s a slow one although 
metric contouring of 1:10 ,000 s c a l e maps i s scheduled 
to be completed by 1984. T o u r i s t information show
ing places of i n t e r e s t , information c e n t r e s , car 
parks and other items has a l s o been added to the 
s p e c i f i c a t i o n . 

A c e r t a i n amount of i n f o r m a t i o n p o r t r a y e d on the 



26. 

F i r s t S e r i e s was deleted from the Second S e r i e s 
s p e c i f i c a t i o n . Much of t h i s was considered by-
OS to be of l i t t l e importance, based on market 
re s e a r c h (Drewitt 1973 > HUSO 1 9 7 9 ) and was expen
s i v e or d i f f i c u l t to maintain. Such information 
included items such as woodland type (coniferous 
or deciduous), d i f f e r e n t i a t i o n of rough grazing 
land from improved land, bathymetric contours and 
c i v i l p a r i s h boundaries (on the coloured e d i t i o n J . 

The r e a c t i o n irom u s e r s has been mixed but 
(OS 1980bJ r e f e r s to a forthcoming experiment to 
r e i n s t a t e one of the contentious items, that of 
woodland type. I n the case of submarine inform
a t i o n the OS view was that the maps might be used 
as a s u b s t i t u t e fortpraper c h a r t s and thus be 
p o t e n t i a l l y dangerous. Other l o s s e s of information 
w i l l be dis c u s s e d below. 

The items to be depicted on the Second S e r i e s 
s p e c i f i c a t i o n are l i s t e d at Appendix A. 

' Point Features 

The point f e a t u r e s depicted on the maps are of 
two main v a r i e t i e s . A point feature may be the 
symbolic r e p r e s e n t a t i o n of an item of f i n i t e s i z e , 
p l o t t e d as such e i t h e r because the area covered by 
the f e a t u r e would be too small at the p u b l i c a t i o n 
s c a l e to be seen e a s i l y (.e.g. chimneys, milestones, 
telephone boxes) or to enhance and standardise the 
d e p i c t i o n of items that could be c o r r e c t l y shown i n 
o u t l i n e (e.g. churches, r a i l w a y s t a t i o n s ) I n some 
i n s t a n c e s , the choice between f a c t u a l and symbolic 
r e p r e s e n t a t i o n i s a r b i t r a r y and may e x h i b i t an 
i m p l i c i t h i e r a r c h i c a l s t r u c t u r e as i n the case of 
Qhurches and c a t h e d r a l s . Cathedrals are normally 
shown as a public b u i l d i n g ( i . e . ' f a c t u a l l y ' , ex
clu d i n g minor j u t s and r e c e s s e s , drawn i n a t h i c k e r 
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l i n e than 'normal' b u i l d i n g s ) and annotated. Small 
c a t h e d r a l s may be shown by the appropriate church 
symbols. The converse, with large churches being 
shown ' f a c t u a l l y ' i s not permitted i n the s p e c i f i 
c a t i o n . 

The second type of point f e a t u r e i s that where a 
symbol i s used to show a feature which i s not tangible 
on the ground. This category includes some a n t i q u i t i e s 
(.e.g. b a t t l e f i e l d s , s i t e of ....) and spot heights which 
may or may not coincide with the p o s i t i o n of a surveyed 
mark. 

The a c t u a l geographical p o s i t i o n of a point i s 
normally at e i t h e r the centre of the symbol (e.g. 
t r i a n g u l a t i o n p i l l a r , or church without s p i r e or 
tower +) or at the centre of the base of the symbol 
i f i t i s a p i c t o r i a l one (e.g. radio mast, c o a s t a l 
beacon ) . The true p o s i t i o n as depicted may not 
r e l a t e d i r e c t l y to the geographical p o s i t i o n since 
a point i s freq u e n t l y moved to accommodate general
i s a t i o n of other nearby f e a t u r e s . 

3 . 2 . 3 Line Features 

As Appendix A shows, l i n e f e a t u r e s comprise the 
majority of the items shown on the Landranger maps 
and of these over 50% of featur e types depicted are 
i n the communications groups, although contours 
account f o r the g r e a t e s t l i n e length (Howard 1 9 6 7 ) . 

Like point f e a t u r e s , they may be divided into the 
in t a n g i b l e and the symbolic r e p r e s e n t a t i o n s of areas 
of highly elongate shape. The f i r s t category 
includes two groups of major items on the maps, 
boundaries and contours. S p e c i a l cases which form 
a t r a n s i t i o n between the a b s t r a c t and the f i n i t e a l s o 
e x i s t . These include the l i n e s d e p i c t i n g f e a t u r e s 
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which may require s p e c i a l c o n d i t i o n s t o occur - high 
water mark, b a n k f u l l stream l i m i t s and some h i s t o r i c a l 
information (e.g. course of o l d r i v e r , road or r a i l w a y 
which may no longer be v i s i b l e ) . 

A d m i nistrative boundaries provide one example 
of a problem r e s u l t i n g from the adjustment of l i n e a r 
f e a t u r e s t o take account of the width of map symbols. 
On a l l large s c a l e plans, boundaries are shown as 
'mered' to an adjacent feat u r e such as a w a l l , fence 
stream or hedge, or as the centre l i n e of a wide 
f e a t u r e , or as 'undefined'. Yet many of the f e a t u r e s 
to which the boundary i s mered are not shown at 
1 :50,000 s c a l e , which r e s u l t s i n the haphazard appear
ance of many boundaries on the maps. A l t e r n a t i v e l y , 
when a boundary i s mered to the side of a feat u r e 
that i s to be depicted by a symbolic l i n e , the p o s i t i o n 
of the boundary l i n e w i l l be moved from i t s true 
geographic p o s i t i o n . Over l a r g e areas t h i s w i l l 
have l i t t l e e f f e c t but i n some small c i v i l p a r i s h e s 
i t w i l l cause systematic e r r o r s i n any measurements of 
area or perimeter d i s t a n c e from the map. The boundary 
i s , however, maintained i n i t s true topologic p o s i t i o n 
with respect to the mered featu r e - which i s probably 
more important i n most c a s e s . 

Like any other map s e r i e s that uses both contours 
and other annotations f o r surface r e p r e s e n t a t i o n , the 
1:50,000 s c a l e map contours are f r e q u e n t l y fragmented. 
This fragmentation i s considered e s s e n t i a l to maintain 
a cartographic s t y l e but forms i l l o g i c a l breaks i n the 
r e p r e s e n t a t i o n of a continuous s u r f a c e . D i s c o n t i n u i t i e s 
i n the contours occur: 

where contour values are i n s e r t e d 
at embankments, c u t t i n g s , q u a r r i e s and 
wide water f e a t u r e s . 
i n areas where adjacent contours would be 
c l o s e r than the s p e c i f i c a t i o n a l l o w s . 

The majority of symbols depicted on the Ordnance 
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Survey I s 5 0 , 0 0 0 maps are r e l a t i v e l y s t r a i g h t f o r w a r d 
and represent f e a t u r e s that cannot be adequately de
pi c t e d ' f a c t u a l l y ' at the s c a l e . However, a number 
of anomalies e x i s t i n the s p e c i f i c a t i o n p a r t i c u l a r l y 
with regard to communication-'and water f e a t u r e s . I n 
c e r t a i n areas of Scotland which have s i n g l e t r a c k roads 
as c l a s s i f i e d by the Department of Transport, the 
d i f f e r e n t i a t i o n between these and normal roads i s on 
the b a s i s of a pecked i n f i l l . Thus these roads 
cannot be d i f f e r e n t i a t e d on the Outline e d i t i o n s of 
the maps. This i s probably of l i t t l e s i g n i f i c a n c e . 
A more s e r i o u s l o g i c a l problem concerning roads r e 
l a t e s to minor roads where the surrounding area 
d i c t a t e s the symbolic r e p r e s e n t a t i o n . I n urban 
a r e a s , a l l minor ( i . e . u n c l a s s i f i e d ) roads are shown 
with a narrow gauge u n f i l l e d double l i n e . When the 
area surrounding the road i s not f i l l e d by the t i n t 
used to depict b u i l t - u p a r e a s , only roads which are 
untarred, d r i v e s and t r a c k s are shown by t h i s symbol 
and minor roads with t a r r e d s u r f a c e s have separate 
symbols r e l a t e d to road width. Thus road width 
cannot be i n f e r r e d from the maps i n b u i l t - u p areas 
and anomalies may occur i n s u c c e s s i v e e d i t i o n s of 
the maps when new b u i l d i n g i s shown and roads which 
may have been upgraded are i n f a c t shown by a narrower 
symbol. C r i t i c i s m of road d e p i c t i o n on o f f i c i a l 
maps of Great B r i t a i n has come from Morrison ( 1 9 7 1 ) 

who maintains that e x t r a information such as road 
condition or p o t e n t i a l speed might be shown. 

The width of the symbol used to depi c t streams 
depends not only on the width of the featur e but on 
the p o s i t i o n along the f e a t u r e ; an ' a t l a s ' s t y l e 
i s used to depict narrow streams i n which a l i n e 
c o n s t a n t l y tapers from the source of the stream to 
the mouth. In the Second S e r i e s s p e c i f i c a t i o n , 
the depicted width o^ a stream at the source i s 
always 0 . 1 5 m i l l i m e t r e s ( 7 - 5 metres at ground s c a l e ) 
and may be up to 0.6 m i l l i m e t r e s at the mouth (30 metres 
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However a l l s t r e a m s between 4 and 8 metres wide on 
the gound must be s c r i b e d w i t h l i n e s not l e s s t h a n 
0.5 m i l l i m e t r e s wide and s t r e a m s o v e r 8 m e t r e s a r e 
shown as double l i n e symbols w i t h a minimum i n t e r n a l 
w i d t h of 0.3 m i l l i m e t r e s . Thus a l i n e 0.5 m i l l i 
m e t r e s wide w h i c h a p p a r e n t l y r e p r e s e n t s a s t r e a m 
25 metres wide i n p r a c t i c e r e p r e s e n t s one between 
4 and 8 m e t r e s wide and a 10 metre wide s t r e a m i s 
r e p r e s e n t e d by a l i n e w i t h an i n t e r n a l w i d t h of 
0.3 m i l l i m e t r e s , g i v i n g an o v e r a l l w i d t h between 
the c e n t r e of the c a s i n g l i n e of 0.45 m i l l i m e t r e s . 
D e t a i l e d a n a l y s i s of s t r e a m f e a t u r e s i s f u r t h e r 
c o m p l i c a t e d by the a t l a s s t y l e of d e p i c t i o n because 
a s t r e a m u n d e r 8 metres wide w h i c h narrows cannot 
be shown as d o i n g s o . 

A f u r t h e r example of the * i n s e n s i t i v i t y • of 
some symbols i s the c a s e of r a i l w a y l i n e s i n w h ich 
i t i s no l o n g e r p o s s i b l e t o d i f f e r e n t i a t e between 
s i n g l e and m u l t i p l e t r a c k r o u t e s . let w i t h i n the 
a r e a s of s i d i n g s , c o n s i d e r a b l e d e t a i l may be shown 
( e . g . T e e s i d e s i d i n g s NZ 470 190). A l t h o u g h t h i s 
d e t a i l may be of l i t t l e c onsequence t o the a v e r a g e 
map u s e r , i t may r e n d e r the map u n s u i t a b l e f o r use 
as a base f o r a mop p r e p a r e d ( a t s m a l l e r s c a l e ) f o r 
s a y , a v i a t i o n p u r p o s e s . ( C u r r e n t c i v i l a v i a t i o n 
p i l o t a g e c h a r t s s t i l l d i s t i n g u i s h between s i n g l e 
and m u l t i p l e t r a c k r a i l w a y s ) . 

Thus i n the a n a l y s i s of l i n e a r f e a t u r e s on 
the 1J50,000 s c a l e , t h e r e a r e s e v e r a l a r e a s of 
a m b i g u i t y and u n c e r t a i n t y w h i c h might c a u s e an 
o v e r - a m b i t i o u s u s e r of the d a t a i n a form more 
e a s i l y m a n i p u l a t e d t h a n a map to make s p u r i o u s 
i n f e r e n c e s . i n a d d i t i o n t o t h e i n t e r p r e t a t i o n 
problems d i s c u s s e d above, t h e r e a r e the problems 
of g e o g r a p h i c a l d i s p l a c e m e n t of d a t a w h i c h have 
been d i s c u s s e d i n g r e a t e r d e t a i l i n an e a r l i e r 
c h a p t e r . 
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3.2.4» A r e a l f e a t u r e s 

K.eates (1912) c r i t i c i s i n g t he Ordnance S u r v e y 
One I n c h S e r i e s w r o t e s 

•only the e x c e p t i o n a l i s r e p r e s e n t e d so 
f a r as the l a n d s u r f a c e i s c o n c e r n e d . . . 
i f t h e r e i s no symbol the u s e r i s ex
p e c t e d t o r e a l i s e t h a t t h e r e i s some 
s o r t of c u l t i v a t e d or improved l a n d 
p r e s e n t ' . 

T h i s s t a t e m e n t s t i l l p e r t a i n s to the 1850,000 
s c a l e maps. I n d e e d what he terms the ' n e g a t i v e 
i n f o r m a t i o n approach* has gone f u r t h e r i n t h a t i t 
i s no l o n g e r p o s s i b l e t o d e t e r m i n e whether t h e l a n d 
i s improved or not s i n c e the symbol r e p r e s e n t i n g 
a r e a s of 'Bracken, Heath and Rough G r a s s l a n d ' has 
been d i s c o n t i n u e d . 

C u r r e n t l y , e x p l i c i t l y d e s c r i b e d a r e a f e a t u r e s 
a r e r e l a t i v e l y few i n number and a r e shown on the 
maps as a r e a s w i t h a s c r e e n e d i n f i l l ( e . g . woodland, 
o r c h a r d , l a r g e a r e a s of g l a s s h o u s e s , b o d i e s of w a t e r , 
b u i l t - u p a r e a s ) . I m p l i c i t r e p r e s e n t a t i o n of a r e a s 
i s more common and t h e u s u a l method i s by a bounding 
l i n e ( w h i c h may form p a r t of a n o t h e r f e a t u r e s u c h a s 
a r o a d c a s i n g ) , and a symbol or a d e s c r i p t i v e or 
p r o p e r name. I n some i n s t a n c e s , s u c h a s g o l f c o u r s e s 
and danger a r e a s , t h e r e i s not n e c e s s a r i l y any bound
i n g l i n e and the symbol i s ' p l a c e d c e n t r a l l y t o the 
a r e a * (Ordnance S u r v e y undated ) . Supplementary 
c o d i n g i s f r e q u e n t l y c a r r i e d out by names a l t h o u g h 
t h i s may be l i m i t e d to the p r o p e r name o r the most 
b a s i c d e s c r i p t i v e name ( f o r example h o s p i t a l s a r e 
not d e s c r i b e d a s m e n t a l , g e n e r a l e t c * , n e i t h e r a r e 
t h e y d i s t i n g u i s h e d a s b e i n g p r i v a t e or b e l o n g i n g 
to the N a t i o n a l H e a l t h S e r v i c e ) . I n s u c h c a s e s , 
o n l y the e x t e n t of b u i l d i n g i t s e l f i s u s u a l l y shown 
and the grounds - w h i c h may be s u b j e c t t o t h e same 
a u t h o r i t y and a c c e s s r e s t r i c t i o n s - a r e not d i s t i n g 
u i s h a b l e . 
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A r e a l f e a t u r e s may a l s o be s u b j e c t e d t o movement 
i f r e q u i r e d t o f i t i n w i t h a d j a c e n t f e a t u r e s . More 
u s u a l l y , t h e y form b u f f e r a r e a s between l i n k s of the 
roa d network and a r e thu s r e p r e s e n t e d s l i g h t l y s m a l l e r 
t h a n i s g e o m e t r i c a l l y c o r r e c t a s r o a d s a r e enhanced i n 
w i d t h f o r c l a r i t y , t o i n c r e a s e the u s e f u l n e s s of the 
map f o r ro a d u s e r s and the need t o p r e s e r v e a minimum 
w i d t h of c o l o u r l i n e f o r p r i n t i n g p u r p o s e s . 

5. Names 

The names on any t o p o g r a p h i c map not o n l y 
p r o v i d e the u s e r w i t h i n f o r m a t i o n on the name of 
a f e a t u r e but a l s o a l l o w a u s e r t o form some i d e a 
of t h e im p o r t a n c e of the i t e m t o whioh t h e y r e f e r . 
I n common w i t h most o t h e r map s e r i e s of t h i s s c a l e 
d e s c r i p t i v e names a r e u s e d e x t e n s i v e l y to d i s t i n g u i s h 
between f e a t u r e s of s l i g h t l y d i f f e r e n t type w h i c h 
a r e r e p r e s e n t e d by the same symbol and t h e r e f o r e 
form an e x t r e m e l y i m p o r t a n t component of t h e 
1:50,000 s c a l e maps. 

Draughtsmen a r e g i v e n v e r y p r e c i s e i n s t r u c t i o n s 
a s t o the f o u n t and s i z e of l e t t e r i n g t o be u s e d t o 
d e s c r i b e a p a r t i c u l a r f e a t u r e , but v e r y l i t t l e i n f o r 
m a t ion on p o s i t i o n . The b a s i c r u l e i s t h a t 'the 
map u s e r can e a s i l y i d e n t i f y t h e f e a t u r e , or e x t e n t 
of the f e a t u r e t h e y d e s c r i b e Names w i l l be 
p l a c e d so t h a t the minimum of d e t a i l i s br o k e n . 
Motorway d e t a i l w i l l not be b r o k e n 1 . Other r u l e s 
c o v e r the use of c o n j e c t i o n s , C e l t i c v e r s i o n s of 
A n g l i c i s e d names and s p e l l i n g . 

Thus t h e names t o be s e e n on a c o n v e n t i o n a l 
Is50,000 s c a l e map a r e p o s i t i o n e d not by any 
c o n s i s t a n t r u l e , but a c c o r d i n g t o the way the 
draughtsman c o n s i d e r s t h a t the u s e r would be a b l e 
t o make unambiguous d e c i s i o n s a s t o r e f e r e n c e . 
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3.3 Is250.OOP S c a l e maps 

3.5*1 I n t r o d u c t i o n 

The Is250,000 s c a l e maps produced by the Ordnance 
S u r v e y a r e c u r r e n t l y the s i x t h s e r i e s of s u c h maps 
( i n c l u d i n g the ' Q u a r t e r I n c h 1 maps a t the c l o s e l y r e l a t e d 
s c a l e of ls255»440), hut a r e now d e s i g n a t e d the 
'Routemaster S e r i e s ' . T h i s name a c c u r a t e l y d e s c r i b e s 
the emphasis of the maps w h i c h i s on roa d s and i t e m s 
of use to t h e c r o s s - c o u n t r y m o t o r i s t . Appendix A 
l i s t s t h e f e a t u r e s d e p i c t e d on t h e maps and d e m o n s t r a t e s 
how a v e r y l a r g e amount of f e a t u r e s e l e c t i o n has t a k e n 
p l a c e from the 1:50,000 s o u r c e maps. Some e x t r a 
f e a t u r e s a r e added, such a s h i l l s h a d i n g , l a y e r t i n t 
i n g and road d i s t a n c e s . A c o n s i d e r a b l e amount of 
i n f o r m a t i o n i s added i n the form of m a r g i n a l or i n s e t 
boxes - but t h i s i s o u t s i d e the scope of t h i s d i s s e r t 
a t i o n . 

The R o u t e m a s t e r maps a r e produced by a s m a l l 
team of v e r y e x p e r i e n c e d draughtsmen and i s unique 
w i t h i n the Ordnance S u r v e y i n b e i n g the o n l y map 
s e r i e s t o be s t i l l drawn w i t h pen and i n k r a t h e r than 
s c r i b e d . Names and symbols a r e p r o v i d e d from 
s t a n d a r d p h o t o t y p e s e t t e r or symbol s h e e t s , but a l l 
l i n e i n f o r m a t i o n i s hand drawn. I t i s a l s o the 
l a r g e s t s c a l e Ordnance S u r v e y map t o be i n d i r e c t 
c o m p e t i t i o n w i t h c o m m e r c i a l l y produced maps of t h e 
same s c a l e over the whole c o u n t r y , many of w h i c h use 
the Ordnance S u r v e y map a s a b a s e , and i t g e n e r a t e s 
more revenue from c o p y r i g h t i n t h i s r o l e than i n the 
s a l e of paper maps. (OS Annual R e p o r t s 1975-1980). 

A number of o t h e r p r o d u c t s a r e made a t t h i s 
s c a l e , i n c l u d i n g repayment t a s k s c o n t r a c t e d t o OS by 
the C i v i l A v i a t i o n A u t h o r i t y (CAA) and an o u t l i n e 
e d i t i o n f o r a d m i n i s t r a t i o n and p l a n n i n g . The CAA 
s h e e t s a r e based on the -J- i n c h s p e c i f i c a t i o n and 
d i f f e r i n a number of ways from the Routemaster -
r a i l w a y s a r e d i s t i n g u i s h e d by number of t r a c k s f o r 
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example and i n f o r m a t i o n p e r t i n e n t t o a e r i a l 
n a v i g a t i o n i s enhanced. 

Many of the t e c h n i q u e s used to d e p i c t i n f o r m 
a t i o n on the 1:250,000 s c a l e maps a r e i d e n t i c a l t o 
th o s e on the 1:50,000 a f t e r a l l o w i n g f o r the d i f f e r 
ence i n drawing t e c h n i q u e and the r e d u c t i o n i n 
number of f e a t u r e s shown. 

3.3«2. Content 

Because i t i s p r i m a r i l y d e s i g n e d t o be a road 
map, g r e a t emphasis i s made on r o a d d e p i c t i o n , a l l 
r o a d s b e i n g e x a g g e r a t e d more t h a n any o t h e r f e a t u r e 
t y p e . T h i s has c r e a t e d problems i n c o n g e s t i o n of 
d e t a i l e s p e c i a l l y i n urban a r e a s and so s e l e c t i o n of 
t h r o u g h r o u t e s o n l y i s made. T h i s c o n t r a s t s w i t h t h e 
s i t u a t i o n i n r u r a l a r e a s where v e r y minor r o a d s 
( i n c l u d i n g some p r i v a t e o n e s ) a r e shown t o d e p i c t 
a c c e s s t o major named b u i l d i n g s and s m a l l h a m l e t s . 

A r a p i d e x p e r i m e n t t o demonstrate a n i s o t r o p i c 
names d i s t r i b u t i o n i s d e m o n s t r a t e d i n f i g u r e 3.1 wh i c h 
shows a h i s t o g r a m of the number of names i n 53 10 k i l o 
metre g r i d s q u a r e s i n E n g l a n d and Wales. These were 
chosen a t random from a r e a s i n E n g l a n d and Wales s e l e c t e d 
f o r being Urban ( u ) a g r i c u l t u r a l {%.) and mountain (M) 
i n t h e p r o p o r t i o n of 13:20:20:, u s i n g p o p u l a t i o n d a t a 
as the b a s i s of s e l e c t i o n 

Names/ 
10 km. 

1 - 3 U 
M - 'urban' g r i d 

'mountain' -
4 - 6 U M R R - ' r u r a l ' 
7 - 9 U U M M M R 

10 - 12 U D U M M M M R R R R R R R 

13 - 15 U U U U M M M M M R R R R R R 
16 - 18 u D M M M M R 

19 - 21 M M M R R R 
22 - 24 U R 

25 - 27 

F i g u r e 3-1 H i s t o g r a m showing f r e q u e n c y of names i n 10km 
g r i d s q u a r e s f o r u r b a n , r u r a l and mountain a r e a s . 
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T h i s v a r i a t i o n i n names a p p r o x i m a t e s t o a normal 
d i s t r i b u t i o n , but t h e s t r a t i f i c a t i o n of t h e sample 
shows no p r e f e r e n c e . A s m a l l sample s u c h a s t h i s 
( a p p r o x i m a t e l y 0.05%) of the a r e a of B r i t a i n w i t h 
c o a r s e s t r a t i f i c a t i o n c an do l i t t l e more t h a n 
s u g g e s t t h a t t h e r e i s a t e n d e n c y t o name more minor 
f e a t u r e s i n r u r a l a r e a s . An a n a l y s i s of name t y p e s 
c o n f i r m s t h i s ( F i g u r e 3-2) 

U r b a n ( % ) R u r a l { % ) M o u n t a i n ( % ) 

Spot h e i g h t - 20(7) 43(16) 

A r c h a e o l o g y - 28(10) 31(12) 

V i l l a g e ( S u b u r b s ) 94(57) 130(48) 55(21) 

Towns 40(24) 30(11) 2( 1) 

Water f e a t u r e s 12( 7) 27(10) 83(31) 

Major a r e a s 2( 1) 3( 1) 3( 1) 

O t h e r s 18(11) 34(13) 52(20) 

166 272 266 

Mean 12.8 13.6 13-3 

F i g u r e 3.2. A n a l y s i s of 
Ro u t e m a s t e r 

sample of 
maps 

names on 

Such an a n a l y s i s , a l t h o u g h a g a i n based on the 
s m a l l sample c o n f i r m s the s u b j e c t i v e n a t u r e of 
g e n e r a l i s a t i o n , a t l e a s t i n names. 

To q u a n t i f y f e a t u r e d i s p l a c e m e n t i s more complex. 
An a n a l y s i s of one s h e e t of t h e 1:50,000 Second S e r i e s 
( n o . 93> T e e s i d e and D a r l i n g t o n ) w i t h the e q u i v a l e n t 
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Is250,000 (No. 5 N o r t h e r n E n g l a n d ) was u n d e r t a k e n f o r 
a number of f e a t u r e s . Over the whole 1:50,000 s c a l e 
map s h e e t the d i s t r i b u t i o n of v e c t o r d i f f e r e n c e s 
d e m o n s t r a t e s v e r y l i t t l e d i f f e r e n c e between the two, 
a l l o w i n g f o r t h e p r e c i s i o n of measurement ( a good 
q u a l i t y s c a l e was u s e d and a l l o w a n c e made f o r t h e 
d i f f e r e n c e s i n map s t r e t c h by m e a s u r i n g from g r i d 
l i n e s ) . On a r o a d map, r a i l w a y s might be e x p e c t e d 
t o be d i s p l a c e d more t h a n r o a d f e a t u r e s , but t h i s 
i s a p p a r e n t l y not so i n t h i s c a s e . 

I n o r d e r t o t e s t the e f f e c t of d i f f e r e n t i a l 
movement on f e a t u r e s , twenty w e l l - d e f i n e d road i n t e r 
s e c t i o n s around D a r l i n g t o n were measured ( T a b l e 3*2), 
and t h e d i s p l a c e m e n t s n o t e d . I t c a n be s e e n t h a t 
t h e r e i s a c o n s t a n t s h i f t between the two maps i n 
e a s t i n g s of about 120 m e t r e s , and i n n o r t h i n g s of 
about 70 m e t r e s , ( F i g . 3 - 3 ) . Removing t h e s e s h i f t s , 
the r e s i d u a l v e c t o r d i f f e r e n c e would be e x p e c t e d 
t o be the r e s u l t of random e r r o r s , w h i c h i s more 
or l e s s what o c c u r s ( F i g . 3 . 4 ) , when c o n s i d e r e d 
o v e r a l l . The s m a l l c i r c l e s on F i g . 3«4 show the 
r e l a t i v e e n l a r g e m e n t of roundabouts a t 1j2^0,000 
s c a l e , and when c o n s i d e r i n g t h e o v e r l a p of t h e s e 
i n t h e c e n t r a l c l u s t e r of p o i n t s ( t h e D a r l i n g t o n 
i n n e r r i n g r o a d ) i t i s p o s s i b l e t o s e e how the 
draughtsman has s h i f t e d t h e p o i n t s t o p r e v e n t o v e r 
l a p p i n g r o u n d a b o u t s . 

I t must be e m p h a s i s e d t h a t t h i s e x p e r i m e n t i s 
t o demonstrate what happens i n one p a r t i c u l a r c a s e ; 
i t i s not meant t o be an a n a l y s i s of the g e n e r a l 
i s a t i o n . To do t h i s , v e r y many o t h e r c a s e s would 
have t o be examined, u s i n g h i g h p r e c i s i o n m e a s u r i n g 
d e v i c e s and s t a b l e m a t e r i a l s . F u r t h e r m o r e th e 
main purpose of maps such a s the R outemaster s e r i e s 
i s n o t the o v e r a l l s p a t i a l a c c u r a c y , but the a c c u r a c y 
of t h e r e l a t i v e i n f o r m a t i o n . N o n e t h e l e s s t h i s 
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example s e r v e s t o show the problems t h a t might a r i s e 
i n t r y i n g to d e s c r i b e o b j e c t i v e l y a f a i r l y s t r a i g h t 
f o r w a r d t e 0 1 1 1 1 ! ^ 6 • I t i s not a complex c a s e , but 
on B r i t i s h maps i t i s a common one - t h e E a s t M i d l a n d s 
and Y o r k s h i r e s h e e t (No, 6 ) has a t l e a s t f o r t y s i m i l a r 
s i t u a t i o n s of c l o s e l y spaced roundabouts a t w h i c h 
s i m i l a r d e c i s i o n s have t o be made about d i s p l a c e m e n t . 
Many of t h e s e a r e much more complex t h a n t h e example 
g i v e n - t h o s e i n M a n c h e s t e r , Birmingham and Leeds a r e 
p r o b a b l y the most complex, and w h i l e a draughtsman 
has t o e x p e r i m e n t , s h u f f l i n g roundabouts by r e p e n n i n g 
and e r a s i n g , the g r e a t e s t p o s s i b l e advantage of an 
automated system i s not t o be a b l e to u n d e r t a k e i t 
w h o l l y a u t o m a t i c a l l y , but t o be a b l e t o remove the 
need f o r a p h y s i c a l w o r k i n g d r a w i n g a t any s c a l e 
c o n v e n i e n t to a draughtsman. T h i s then i s the 
pr e m i s e on w h i c h t h e n e x t c h a p t e r w i l l be w r i t t e n , 
t h a t an i n t e r a c t i v e s y s t e m i s e s s e n t i a l f o r the 
a u t o m a t i o n of the g e n e r a l i s a t i o n of the 1:50,000 
s c a l e maps. 

T a b l e 3.2 A n a l y s i s of v a r i a t i o n i n p i a n i m e t r i c p o s i t i o n 
between 1:50,000 and 1:250,000 s c a l e maps. 

J u n c t i o n 13 14 13 16 17 13 
Mean 36 68 81 99 75 13 

64 I n t e r - j u n c t i o n 48 51 32 14 
68 46 24 38 77 D i s t a n c e 16 56 19 92 30 43 

65 60 531 metres 32 38 81 
76 76 78 18 

1:50,000 is^50,000 o c a i e 
Mean i n t e r ^ j u n c t i o n d i s t a n c e 614 met r e s 

Notes The above t a b l e i s an e x t r a c t from a c o m p a r i s o n of 
i n t i T j u n c t i o n d i s t a n c e s d e r i v e d from 1:50,000 and 1:250,000 
s c a l e maps of D a r l i n g t o n . The r e l a t i v e d i s p l a c e m e n t s of a l l 
20 j u n c t i o n s i n the sample a r e shown i n F i g u r e s 3-3 and 5.4 
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F i g u r e 3*3 G r o s s v e c t o r d i f f e r e n c e s between the r e p r e s e n t a t i o n 
of road j u n c t i o n s around D a r l i n g t o n 

S c a l e of p l a n p o s i t i o n - 1:50,000 
S c a l e of v e c t o r s - 1:10,000 

R e p r e s e n t a t i o n of roundabout symbol a t 
1:250,000 s c a l e e n l a r g e d t o 1:50,000 s c a l e . 
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F i g u r e 3-4 Nor m a l i s e d v e c t o r d i f f e r e n c e s between the 
r e p r e s e n t a t i o n of road j u n c t i o n around D a r l i n g t o n 

a t 1 J 50,000 and ls250,000 s c a l e s 

S c a l e of p l a n p o s i t i o n - ls50,000 
S c a l e of v e c t o r s - I s 10,000 



40. 

CHAPTER A 

AUTOMATED GENERALISATION OF THE I s 50.000 SCALE MAPS 

4»1 I n t r o d u c t i o n 

I t has been shown i n p r e v i o u s c h a p t e r s t h a t i n any 
au t o m a t i o n of g e n e r a l i s a t i o n t o produce ' r e a l * maps 
t h e r e i s bound t o be a compromise between the p u r e l y 
g e o m e t r i c r o u t i n e s , c a r r i e d out by a computer i n 
'background' modes, and the ' g e o m e t r i c - c o n c e p t u a l ' 
r o u t i n e s c a r r i e d out i n t e r a c t i v e l y , y e t i n c o n s i d e r i n g 
the p r a c t i c a l a p p l i c a t i o n of t h i s the q u e s t i o n of c o s t 
a r i s e s . To c a r r y out a l l t h e t a s k s of a manual 
g e n e r a l i s i n g s y stem, the i n f o r m a t i o n t o be b u i l t i n t o 
the s o u r c e d a t a would have t o be e x t r e m e l y d e t a i l e d , 
and t h e s i t u a t i o n would a r i s e where i t i s t o t a l l y 
uneconomic t o g a t h e r d a t a i n the form r e q u i r e d and 
i t i s c h e a p e r t o r e d i g i t i s e a t s m a l l e r s c a l e s , r a t h e r 
t h a n a u t o m a t i c a l l y g e n e r a l i s e from l a r g e r s c a l e un-
cf^ded Tnatpri.*1!.! 

W ith t h i s i n mind, i t i s t h e r e f o r e e s s e n t i a l t o 
b a l a n c e t h e r e q u i r e m e n t s f o r any d i g i t a l map d a t a . 
The s u p p l y i n g agency (OS) must c o n s i d e r t h e c o s t s and 
p r a c t i c a l i t i e s of i n p u t , i t s own i n t e r n a l u se ( s u c h a s 
g e n e r a l i s a t i o n ) and a l s o t h e u s e r s r e q u i r e m e n t s , w h i c h 
w i l l v a r y from s i m p l e g r a p h i c p r o d u c t i o n t o i n t e r f a c i n g 
w i t h d a t a base management s y s t e m s . 

On t h e d a t a c a p t u r e a s p e c t , c o s t and time a r e 
of t h e e s s e n c e . The more complex t h e d a t a s e t , the 
more d i f f i c u l t i t i s t o c a p t u r e , encode, v a l i d a t e , 
e d i t and s t o r e . T here i s a minimum t h r e s h o l d of 
t i m i n g and c o s t , t h a t of c a p t u r i n g a b a s i c d a t a s e t 
w i t h o u t a t t r i b u t e s (known a s ' s p a g h e t t i ' , a term 
o r i g i n a t i n g p o s s i b l y i n t h e L a b o r a t o r y f o r Computer 
G r a p h i c s i n H a r v a r d ) . S i m p l e a t t r i b u t e c o d i n g c an 
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add c o n s i d e r a b l y t o the t h r e s h o l d c o s t ; complex 
i n f o r m a t i o n g a t h e r i n g c o u l d make the c o s t r i s e 
e x p l o s i v e l y . 

T h i s c h a p t e r c o n s i d e r s f i r s t a s p e c t s of an 
i d e a l d a t a s e t and sy s t e m , and s e c o n d l y , what might 
be f e a s i b l e . 

4 .2 I n f o r m a t i o n on a map 

The Is50,000 s e r i e s was d e s c r i b e d i n the p r e v i o u s 
c h a p t e r t o be a h y b r i d p r o d u c t much of w h i c h i s b l a n k 
space o v e r l a i d by a network of l i n e s r e p r e s e n t i n g 
r o a d s , r a i l w a y s e t c . A l l of t h e s e i n t e r a c t and u s i n g 
the 'phenomenon-based ap p r o a c h ' (Mark 1979)> a model 
can be b u i l t up of t h e s e i n t e r a c t i o n s on a l o g i c a l 
b a s i s . I t i s known t h a t r i v e r s and r o a d s c r o s s o n l y 
a t f o r d s , b r i d g e s , t u n n e l s or f e r r i e s , so a r e l a t i o n 
s h i p i s e s t a b l i s h e d between r o a d s , r i v e r s and tfte 
c r o s s i n g f e a t u r e s . That b u i l t - u p l a n d i s m u t u a l l y 
e x c l u s i v e t o w a t e r o r f o r e s t , r a i l w a y s t a t i o n e x i s t 
o n l y on r a i l w a y s i n u s e , ( t h e y r e v e r t t o b e i n g ' b u i l d 
i n g s ' upon c l o s u r e ) , power l i n e s may c r o s s any o t h e r 
f e a t u r e , a r e a l l examples of e a s i l y formed e x p l i c i t 
r e l a t i o n s h i p s . O t h e r s may be more s u b t l e and 
p r o b a b i l i s t i c , s u c h as t h a t c o i i f e r o u s f o r e s t s a r e 
u n l i k e l y to be c o n t a i n e d w i t h i n u r b a n a r e a s ; d e c i d u o u s 
woodland i s more l i k e l y i n s u c h a r e a s , but n e i t h e r i s 
p a r t i c u l a r l y common compared w i t h 'ornamental l a n d 1 . 
Other s u b t l e examples i n c l u d e the f a c t t h a t human" 
h a b i t a t i o n r a r e l y o c c u r s above 700 m e t r e s ( i n B r i t a i n ) , 
t h a t motorways and r a i l w a y s have g e n t l e g r a d i e n t s 
compared w i t h , s a y , minor r o a d s , a i r and s e a p o r t s must 
have l a n d a c c e s s . A l l t h e s e a r e t r i v i a l and obvious 
to a s k i l l e d human map i n t e r p r e t e r , but a t p r e s e n t a 
machine has t o be e x p l i c i t l y i n f o r m e d of t h e e x i s t -
ance of any r e l a t i o n s h i p s i f i t i s t o c o n s i d e r them 
d u r i n g d a t a p r o c e s s i n g . 

I n o r d e r t o r e p r e s e n t t h e s e r e l a t i o n s h i p s 
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c o n c e p t u a l l y , t e c h n i q u e s i n t r o d u c e d i n d a t a a n a l y s i s 
( i n t h e sytems u s e a g e r a t h e r t h a n the s t a t i s t i c a l ) can 
be u s e d . One s u c h t e c h n i q u e i s e n t i t y m o d e l l i n g , an 
example of which i s shown a t F i g u r e 4°1° T h i s ex
ample i s of a g e n e r a l over view of some of the major 
r e l a t i o n s h i p s between major f e a t u r e t y p e s ; f o r more 
d e t a i l e d p l a n n i n g of d a t a s t r u c t u r e s a f i n e r r e s o l u t i o n 
of f e a t u r e t y p e s i s r e q u i r e d . 

Such a diagram as F i g u r e 4-1 can be u s e d w i t h i n 
g e n e r a l i s a t i o n to a s s e s s some of the a f f e c t s of 
u n d e r t a k i n g a p a r t i c u l a r p r o c e d u r e . As an example, 
i n t h e s i t u a t i o n where a road c r o s s e s a r i v e r a t a 
b r i d g e , removing the r i v e r would l e a v e an i l l o g i c a l 
b r i d g e ( o v e r n o t h i n g ) so i t too s h o u l d be removed. 
S i m i l a r l y , d i s p l a c i n g or smoothing th e c o u r s e of the 
s t r e a m may i n v o l v e moving the p o s i t i o n of the b r i d g e . 

God 
F o r J 

a 

\ r*\provt<J 

CoA&VUwg. 

/fl»ek«.©lo^'iUj\ 

F i g u r e 4.1 S i m p l i f i e d r e l a t i o n a l model 
of 1 % 50,000 s c a l e map d a t a . T h i c k 
n e s s of l i n e i n d i c a t e s i m p o r t a n c e of 
r e l a t i o n s h i p . 
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T h i s m o d e l l i n g approach does n o t , however, 
d e s c r i b e a l l the c o n d i t i o n s of f e a t u r e i n t e r a c t i o n . 
I n most c a s e s , a r o a d may c r o s s many r i v e r s and a 
r i v e r be c r o s s e d by many r o a d s , but a b r i d g e o n l y 
c a r r i e s one r o a d a c r o s s one r i v e r (Figure4«2) 
T h i s i s an example of 'many t o one' i n t e r a c t i o n s -

K I V e f t 

N 

B «<OCr£ 

F i g u r e 4«2 I n t e r a c t i o n s between f e a t u r e s -
example of 'many t o one' 

r i v e r s a r e c r o s s e d by many b r i d g e s but e a c h b r i d g e 
c r o s s e s only one r i v e r , and the number of s u c h i n t e r 
a c t i o n s can be q u a n t i f i e d e i t h e r i n t u i t i v e l y or 
e m p i r i c a l l y - T h i s i s r e l a t i v e l y s t r a i g h t f o r w a r d 
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t o i n c l u d e i n t h e d e s i g n of a data s t r u c t u r e t o 
r e p r e s e n t the i n f o r m a t i o n . More d i f f i c u l t y i s 
e x p e r i e n c e d when the 'neighbourhood' has t o be 
c o n s i d e r e d . F o r example, the i n t e r a c t i o n s be
tween c o n t o u r l i n e s and s t r e a m s a r e on a 'many t o 
many* b a s i s , but a s t r e a m cannot c r o s s t h e same 
c o n t o u r l i n e more th a n once - i t must p r o g r e s s 
i v e l y c r o s s l i n e s of d e c r e a s i n g v a l u e ( o r i n c r e a s i n g 
depending on the d i r e c t i o n of c o n s i d e r a t i o n ) and, 
most complex, the shape of the c o n t o u r l i n e where 
i t c r o s s e s the s t r e a m may be of i m p o r t a n c e . To 
i n c o r p o r a t e t h i s i n t o d a t a i s no doubt p o s s i b l e , 
but whether i t i s f e a s i b l e on a p r o d u c t i o n b a s i s 
i s q u e s t i o n a b l e . 

4.3 The form of t h e d a t a f o r g e n e r a l i s a t i o n of the 

1 150.000 s c a l e maps 

Th e r e i s a f a i r l y w e l l - d e f i n e d t r i c h o t o m y 
of e x i s t i n g and c o n c e p t u a l c a r t o g r a p h i c d a t a ! 

u n s t r u c t u r e d ' s p a g h e t t i ' 
t o p o l o g i c a l 
polygon 

To some e x t e n t t h i s c a n be a p p l i e d both t o 
r a s t e r and v e c t o r encoded d a t a , but i s more c l e a r l y 
d e f i n e d i n the l a t t e r . 

C h risman ( p e r s o n a l c o mmunication) has o u t l i n e d 
the r e l a t i v e a d v a n t a g e s and d i s a d v a n t a g e s of e a c h 
type i n a number of r e s p e c t s when encoded a s 
v e c t o r s a s i n t a b l e 4«1. 
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Requirement ' S p a g h e t t i * T o p o l o g i c a l Polygon 

r e t r i e v e l i n e e a s y 
r e t r i e v e polygon X 
c o n t i g u i t y v e r i f i c a t i o n X 
polygon o v e r l a y X 

e a s y 
s i m p l e 
e a s y 
p r a c t i c a l 

e a s y 
messy 
h a r d 

F o r r a s t e r e n c o d i n g the p o s i t i o n i s d i f f e r e n t ; 
polygon m a n i p u l a t i o n becomes e a s i e r ( f o r example polygon 
o v e r l a y becomes s i m p l e ) and l i n e h a n d l i n g more complex. 
(Peuq/uet 1979). 

Polygon e n c o d i n g of d a t a was d e v e l o p e d a s a 
r e s u l t of t h e need t o d i s p l a y t h e m a t i c c a r t o g r a p h i c 
images based on p o l y g o n s , the b a s i c c o n c e p t b e i n g t h a t 
e a c h polygon i s s e l f - c o n t a i n e d and r e p r e s e n t e d a s one 
u n i t . Hence a l l l i n e s e x c e p t t h o s e on the o u t e r h u l l 
a r e r e p r e s e n t e d a t l e a s t t w i c e ( d e p e n d i n g on polygon 
n e s t i n g ) and problems a r e f r e q u e n t l y e x p e r i e n c e d i n 
u n i n t e n d e d ' %\>sf^r^ of o v e r l a p or v o i d s . As the 
Ordnance S u r v e y map d a t a i s not p o l y g o n - b a s e d . but 
l i n e - b a s e d , t h i s method of e n c o d i n g cannot be c o n s i d e r e d 
p r a c t i c a l . 

U n s t r u c t u r e d d a t a i s e s s e n t i a l l y f o r g r a p h i c 
p u r p o s e s and w i l l not be c o n s i d e r e d f u r t h e r , o t h e r 
t h a n t o mention t h a t i t i s t h e b a s i c l e v e l of d a t a 
i n many sy s t e m s - USGS DLG -1 d a t a , OS databank, 
ODYSSEY i n p u t e t c . 

T o p o l o g i c a l l y d e s c r i b e d d a t a a r e p r o b a b l y the 
major a r e a of r e s e a r c h i n c o m p u t e r - a s s i s t e d c a r t o 
graphy a t p r e s e n t ( D u t t o n ed., 1977, Cox and Rhind 
1978). The r e a s o n f o r t h i s i n t e r e s t i s t h a t s u c h 
d a t a combine the r e l a t i v e s i m p l i c i t y of u n s t r u c t u r e d 
d a t a w i t h t h e complete d e s c r i p t i o n of t h e map s u r f a c e 
i n t h e polyg o n s y s t e m s w i t h o u t problems of double 
r e p r e s e n t a t i o n of b o u n d a r i e s . Fundamental t o p o l o g i c a l 
s y s t e m s s u c h a s DIME (Cox and R h i n d 1978) a r e based 
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on graph theory with a s s o c i a t e d a l g e b r a i c operators. 

The fundamental t o p o l o g i c a l systems use d e s c r i p t o r 
on the edges to describe the regions l y i n g on e i t h e r 
s i d e , and i n DIME only the nodes possess geometric 
information, i . e . a l l edges are s t r a i g h t l i n e s . This 
i s unacceptable f o r many cartographic purposes and 
DIME v a r i a n t s , such as POLYVRT, have allowed f o r edges 
to possess s i n u o s i t y . 

The b a s i c t o p o l o g i c a l d e s c r i p t i o n i s a,b;c,d, 
(Figure 4 « 3 ) of from , to ; l e f t , r i g h t . 
T h i s allows f o r complete d e s c r i p t i o n of c o n n e c t i v i t y 
and adjacency i n a map but, as has been outlined i n 
Chapter 2 , maintaining t h i s d e s c r i p t i o n when general
i s i n g can be complex. A conceptually higher l e v e l 
of t o p o l o g i c a l d e s c r i p t i o n , based on the c o n n e c t i v i t y 
of adjacent two dimensional objects can a l s o be 
considered (Figure 4*4) which could provide an 
a b i l i t y to undertake rapid s p a t i a l s e a r c h i n g f o r 
such purposes as f i n d i n g p o t e n t i a l neighbours f o r 
amalgamation. 

I 

Figure 4*5 Topological d e s c r i p t i o n of edge * 
i s a,b;c,d ( a f t e r Cox and Rhind 1978) 

Some methods of coding might use an implied 
m u l t i - l e v e l system of adjacency coding attached to 
the edges. For example a l i n e coded as high water 
mark which a c t u a l l y forms a land/foreshore boundary 
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might be a land/sea boundary i f the foreshore i s deleted 
during generalisation. This relationship could be i m p l i c i t -
a l l land/foreshore boundaries could be considered as land/sea 
at a particular l e v e l of generalisation or e x p l i c i t , which would 
allow anomalies such as offshore t i d a l islands to be taken into 
account (Fig. 4«4) 

Complex coding of boundary l i n e s to represent areas has been 
used i n a number of topographical datasets (Cox and fihind 1978) but 
in most cases at one l e v e l only. Using a concept such as an 'area 
node' which c a r r i e s pointers to both current and potential neighbour 
polygons could, i t i s believed, be of use in the generalisation 
of vector encoded maps. 

/ 
< 

0 
R 

Neighbours Area 
ot e n t i a l Actual 

S QF LR 
L RQF SIR 1 

F •' RLQIR1 

R LF R' 
R' F IR 
I F LS 
Q SFL 

Figure 4-4 Example of actual and potential neighbouring polygons 
and of the use of 'area nodes' to indicate these 
relationships. 

In conclusion, i t i s considered that a data set created from 
source maps such as the Ordnance Survey 1:50,000 scale s e r i e s 
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information encoded with a view to g e n e r a l i s a t i o n 
should includes 

l i n e a r and point f e a t u r e s encoded i n 
a r a t i o n a l form, usi n g m u l t i p l e h i e r 
a r c h i c a l q u a l i t a t i v e d e s c r i p t i o n s of 
the f e a t u r e . T h i s f u l f i l s the graphic 
and 'topographic' requirement. 

t o p o l o g i c a l r e p r e s e n t a t i o n of the net
work c o n s t i t u t i n g the map so that a l l 
e x p l i c i t l y described areas are d i r e c t 
l y represented. 

information concerning l o g i c a l 
connection (or separation) between 
i n d i v i d u a l parts of f e a t u r e s and 
other f e a t u r e s . T h i s information 
i s a s p a t i a l and may be conceived as 
f e a t u r e s being a t t r i b u t e s of other 
f e a t u r e s . 

text used as a modifier to an 
a t t r i b u t e of a f e a t u r e and a l s o as 
a f e a t u r e i n i t s own r i g h t ( i n the 
case of indeterminate f e a t u r e s ) . 

4 . 4 Would i t work, and i s i t r e a l l y necessary? 

The arguments above are made with only general 
reference to the maps themselves. To demonstrate 
the requirement f o r the complex contents of a data 
s e t , consider Figure 4«5» an e x t r a c t from the 
Ordnance Burvy if'irst S e r i e s sheet 179 l a F i r s t S e r i e s 
sheet was chosen because i t contains more information 
than the Second S e r i e s ) . 

To demonstrate the requirement f o r 'multiple, 
h i e r a r c h i c a l , q u a l i t a t i v e d e s c r i p t o r s consider the 
roads ABC and ABD - 'normal' minor roads. 
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At A, the road running south from the A28 i s a 
normal u n c l a s s i f i e d road more than 4 metres wide -
thus i t has a simple d e s c r i p t i v e a t t r i b u t e with a 
width modifier which could be applied to the centre 
l i n e . A f t e r 400 metres i t becomes the p a r i s h 
boundary - the secondary a t t r i b u t e . 100 metres 
f u r t h e r on the road enters a c u t t i n g - another 
modifier ( t o the road modifier as f a r as the boundary 
part i s concerned, a c u t t i n g i s i n s i g n i f i c a n t ) and the 
road i s a l s o a footpath (the t h i r d main a t t r i b u t e ) . 
At B i t f o r k s , leaves the c u t t i n g and so goes on with 
a v a r i e t y of changing circumstances (unfenced on one 
s i d e , narrows, p a r i s h boundary, footpath e t c . , ) u n t i l 
C and D. Thus on t h i s short road s e c t i o n there are 
14 changes i n the d e s c r i p t i o n of the roads alone. 

Had the p a r i s h boundary been a county boundary, 
then d i s t r i c t s and parishes bounded would a l s o have 
been implied, demonstrating the d i r e c t h i e r a r c h i c a l 
nature of i n c l u s i v e f e a t u r e s . Roads, on the other 
hand, are mutually e x c l u s i v e of space unless elevated, 
( f o r t h i s e x c e p t ional case a modifier to the normal 
case would be r e q u i r e d ) . Within the road network, 
these two minor roads have another 15 nodal points 
at which another road or t r a c k j o i n s , and two more 
occur where a power l i n e c r o s s e s . 

Hence to describe t h i s seven kilometre length 
of road a maximum of three main a t t r i b u t e s and s i x 
modifiers are required and the c o n n e c t i v i t y has to be 
described by some 20 nodes where e i t h e r a road j o i n s 
or the q u a l i t a t i v e d e s c r i p t i o n changes. Furthermore, 
to describe the areas on e i t h e r s i d e of the roads 
there are some 30 changes of 'vegetation'. 

T h i s e x e r c i s e demonstrates the complexity of 
information that the map contains - A to B i s 1.5 km 
out of hundreds of thousands of kilometres 
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of s i m i l a r roads i n the country. 

i'or an example of the advantages of l o g i c a l 
connections between f e a t u r e s , the r i v e r Great Stour 
i s c l o s e to the threshold below which ( i n Ordnance 
Survey terms) i t would be represented by a s i n g l e 
l i n e . Generation of t h i s l i n e involves the 
•averaging' of the two outer casings and on the 
e x t r a c t shown the only connection i s at the edge 
of the sheet. To allow the averaging to take p l a c e , 
the two banks need to be i d e n t i f i e d and so a s p a t i a l 
search could be made or one bank braced to the edge 
of the 'sheet', along the edge of the sheet and so 
to the other bank. However, i t i s simpler i n theory 
to simply code one as ' l e f t bank' with a pointer to 
the appropriate r i g h t bank. At r i v e r j u n c t i o n s the 
pointers would a l t e r - but the coding would not. 

Jf'inally, the l i n k i n g t e x t to other f e a t u r e s 
must be considered. On the Canterbury e x t r a c t , text 
i s used to d i f f e r e n t i a t e between the c a t h e d r a l , p r i s o n 
and c o l l e g e , and there i s some ambiguity. Text l i n k 
ing i n the d i g i t a l map data would prevent t h i s and 
would have the added advantage of reducing the number 
of c l a s s i f i c a t i o n types r e q u i r e d . 

4 . 5 Conclusions. 

The d i s c u s s i o n of the information content of 
a 1 :50 ,000 s c a l e map, together with a n a l y s i s of an 
example demonstrates the importance of r e l a t i o n s h i p s 
i n any complex i n t e r p r e t a t i o n of maps, i n c l u d i n g 
those f o r g e n e r a l i s a t i o n . 

S i m i l a r problems have been i d e n t i f i e d i n 
topographic data s e t s elsewhere, and two main 
s t r a t e g i e s have been adopted i n the United States of 
America where the United Skates Geological Survey 
D i g i t a l Line Graph System uses a very complex system 



5 1 . 

of softwar*generated pointers to i n d i c a t e r e l a t i o n s h i p s 
between f e a t u r e s (USGS 1980 Smith pers. comm.) This 
r e q u i r e s manual e d i t i n g to be c a r r i e d out at a lower 
l e v e l because of the complexity of handling these 
r e l a t i o n s h i p s between f e a t u r e s . Hence the system i s 
r e l a t i v e l y i n f l e x i b l e , but users do not re q u i r e 
p a r t i c u l a r l y complex software to e x t r a c t information. 

The a l t e r n a t i v e approach, used by the Laboratory 
f o r Computer Graphics at Harvard i n the ODYSSEY system 
i s to use a r e l a t i v e l y simple s p a t i a l l y sorted f i l e 
s t r u c t u r e , and r e l y on complex processing. Dutton 
(1977) has described how t h i s system i s 'navigated' 
us i n g a s e r i e s of program modules to convert data 
from an unstructured to s t r u c t u r e d form, using i n t e r 
mediate f i l e s which may be of use i n t h e i r own r i g h t . 
Hence data handling and e d i t i n g i s r e l a t i v e l y s t r a i g h t 
forward, but to undertake simple t a s k s such as p l o t t i n g 
or more complex ones such as the c r e a t i o n of polygons, 
a considerable amount of processing i s required. How
ever as Dutton ( 1977) points out, the data storage 
requirements have been minimised at the expense of 
complex programs. 

Both these systems have procedures f o r general
i s a t i o n , i n c l u d i n g feature s e l e c t i o n and l i n e smoothing. 
I t i s d i f f i c u l t to judge how c o s t - e f f e c t i v e they are 
i n use, but the ODYSSEY system has been recommended as 
a u n i f i e d approach f o r mapping f o r the US Army (Sharpley, 
L i e s e r s o n , Schmidt, 1 9 7 8 ) . Whether such a large system 
could be used e f f e c t i v e l y i n an environment where s i n g l e 
u ser maps i s required i s , however, open to question. 
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CHAPTER 5 

Experiments i n g e n e r a l i s i n g I t 50.000 s c a l e d i g i t a l map data. 

INTRODUCTION 

The previous chapters have described t h e o r e t i c a l 
aspects of g e n e r a l i s a t i o n , t h i s chapter d e s c r i b e s a s e r i e s 
of experiments made on data derived from Is5 0,000 s c a l e 
Ordnance Survey maps. 

The experiments involved the fo l l o w i n g stages: 

1 . Obtaining and reading s u i t a b l e data. 
2 . Performing an i n i t i a l exploratory a n a l y s i s 
3- D e f i n i t i o n of p o s s i b l e g e n e r a l i s a t i o n processes 
4 . S e t t i n g up and c a r r y i n g out experiments 
5- Forming conclusions from the above stages and 

deciding upon s u i t a b l e processes f o r gen e r a l 
i s a t i o n of data of t h i s type. 

The f a c i l i t i e s a v a i l a b l e f o r computer experimentation 
u s i n g map data w i t h i n the Department of Geography a t the 
U n i v e r s i t y of Durham included a PDP-ll / 3 4 mini-computer 
(192 k byte memory, f l o a t i n g point processor running under 
the RT -11 operating system v/ith 16 k BASIC+ and assembler 
languages), and access to the NUMAC (Northumberland 
U n i v e r s i t i e s Multi-Access Computing) System IBM 370/168 
computer. Terminals were a v a i l a b l e f o r online access 
to both these machines and included a Tektronix 4014 storage 
tube g r a p h i c a l d i s p l a y u n i t . A CIL drum p l o t t e r could be 
used f o r producing p l o t s of graphics data f i l e s . The 
NUMAC system supports most high l e v e l languages and has 
extensive packages of programs f o r a number of a p p l i c a t i o n s , 
i n c l u d i n g the d i s p l a y of graphics. 

As a pr e l i m i n a r y to the study a number of programs 
were w r i t t e n i n conjunction with T.A. Adams to allow data 
to be t r a n s f e r r e d from the NUMAC system to the Department 
of Geography mini-computer. Programs were a l s o w r i t t e n 
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to allow the PDP-11 to drive the Tektronix terminal i n 
graphics mode and to e d i t data and program f i l e s . The 
PDP-11 was used f o r program development and algorithm 
t e s t i n g but the NUMAC system was used where large amounts 
of p r o c e s s i n g were re q u i r e d . 

Obtaining and reading data 

I t was decided that there was i n s u f f i c i e n t time 
to develop a system to d i g i t i s e maps and i n any case 
d i g i t i s i n g f a c i l i t i e s were only a v a i l a b l e i n Newcastle. 
Experimentation was l i m i t e d to data a v a i l a b l e from other 
sources. 

Two s e t s of data d i g i t i s e d from 1 :50 ,000 s c a l e maps 
were a v a i l a b l e . The f i r s t included h y d r o l o g i c a l and 
some c u l t u r a l data f o r an area of South Devon (l: 5 0 , 0 0 0 

s c a l e map sheet number 202) which had been d i g i t i s e d ex
perimentally by Ordnance Survey i n 1976/7 f o r e v a l u a t i o n 
by the Water Data Unit. These data are incomplete i n 
some r e s p e c t s and the h y d r o l o g i c a l information and 
c u l t u r a l information were d i g i t i s e d using s l i g h t l y 
d i f f e r e n t techniques. 

The second s e t of data was created f o r the 
S c o t t i s h Development Department's experimental Rural 
Land Use Information System (RLUIS). These data were 
d i g i t i s e d by Ordnance Survey to a high l e v e l of geometric 
accuracy and cons i s t e n c y of coding. I t was therefore 
decided to use them f o r the experiments and a copy was 
obtained from the Program L i b r a r y Unit, U n i v e r s i t y of 
Edinburgh. 

The RLUIS data set represents c o a s t l i n e s , r i v e r s , 
roads, r a i l w a y s , powerlines and a d m i n i s t r a t i v e boundaries 
f o r an area of F i f e . I t i s coded i n the Ordnance 
Survey customer format, DMC, and a simple conversion 
system was w r i t t e n to allow e f f i c i e n t use of the 
NUMAC system f i l e s t o r e . The system i s ou t l i n e d i n Figure 
5 . 1 . The data were organised i n s p a t i a l u n i t s of 
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of 10 x 10 kilometre grid squares and i t was decided to retain 
this organisation and concentrate upon one or two of these units 
for experimentation. 

The i n i t i a l processintjof the data for each grid square 
resulted i n : 

- a f i l e containing the co-ordinates of each point 
r e l a t i v e to the south west corner of the 10km 
square in which i t l i e s , to a resolution of 1 metre. 

- an index f i l e to the above for each feature, giving 
the feature code and s t a r t and end co-ordinates. 

DMC 

DMCCONV INDEXER 

unf l l t e r e d 
data 

c FILTER 

plot f i l t e r e d 

ommon 
format) 

data 

FIPLOT 

plot 

DMCCONV - converted the DMC format data to a f i l e s t o r e f i l e 
i n the required format. 

IHDEXER - created an index to the converted data 
FILTER - f i l t e r e d data using i n t e r a c t i v e l y input parameters 

and produced optional plot (at source s c a l e ) . 
FIPLOT - used both unfiltered and f i l t e r e d data to produce 

plots at source scale and 1 :250 ,000 scale. 

Figure 5 . 1 Outline of processing system for 1 :50 ,000 scale map data 
in DMC format 
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5.3 I n i t i a l analysis of the RLUIS data. 

As the data produced for the topographic information i n 
the RLUIS dataset were i n the same format as the map data 
derived from Ordnance Survey large scale maps, an analysis could 
be performed on them using programs written by Adams for his study 
of the l i k e l y c h a r a c t e r i s t i c s of the national topographic databank 
(Adams 1979» Adams and Rhind 1981). The object of analysis was ta 
derive s t a t i s t i c s about the source data by s p a t i a l unit and feature 
type. The f u l l r e s u l t s of t h i s are given for each of the s p a t i a l 
divisions of the data at Appendix B; a summary of the s t a t i s t i c s 
for the whole dataset and selected feature types i s presented i n 
table 5'1« 

The data are sorted into twelve contiguous s p a t i a l units of 
which seven include some area of sea and a l l contain only data 
pertinent to the RLUIS investigations. The t o t a l land area for 
which there i s representation i s approximately 500 square k i l o 
metres. The content of the data i n qualitative terms was dictated 
by the requirements of the RLUIS study and by the cost of data 
capture; the data represents coastlines, administrative boundaries, 
communications and water features, together with some minor c u l t u r a l 
features. For a topographical dataset the major ommissions were 
contours and habitation data, which were excluded on the grounds 
of cost or because they were to be supplied by one of the agencies 
participating i n the RLUIS project. (Ordnance Survey unpublished 
paper, 1980) 

The r e s u l t s of the preliminary analysis were used to indicate ways 
i n which experimentation could proceed, and also provided an 
indication of the c h a r a c t e r i s t i c s of the l i n e data that can be used 
to represent a 1:50,000 scale map. However the r e s u l t s of t h i s 
analysis have to be considered with regard to the primary use of 
the data and the methods by which i t was captured and processed, 
together with the o r i g i n a l purpose of Adams' investigations, which 
included estimates of lin e length and data quantity. Mo attempt to 
predict these quantities on a national scale has been rn;..de i n the 
current work,* the sample of the data cannot be considered represen -
t a t i v e . 
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The methods of capture of data have a f f e c t e d the 
s t a t i s t i c s i n a number of ways. The minimum segment length 
f o r example,in the case of co-ordinates captured by d i g i t i s i n g 
i n a continuous stream, may be a functionof the r a t e of 
sampling of the d i g i t i s i n g t a b l e t , and the speed of move
ment of the cursor, the r e s o l u t i o n of the t a b l e t and the 
s c a l e of the source document. The length of a l i n e a r 
f e a t u r e may be r e s t r i c t e d e i t h e r by a convention (for example, 
to break l i n e a r f e a t u r e s at p a r t i c u l a r points such as i n t e r 
s e c t i o n s ) or by the concentration and p h y s i c a l a b i l i t y of 
the draughtsman. The conclusions to be drawn from these 
s t a t i s t i c s can only be general; i t would be erroneous to 
conclude, f o r example, that motorway i n t e r s e c t i o n s occur 
every 500 metres. The convention used required the 
draughtsman to d i g i t i s e motorways so that a l l cartographic 
i n t e r s e c t i o n s were shown by terminating a feature r a t h e r 
than the r e a l s i t u a t i o n . The minimum segment length i s 
a f u n c t i o n of the d i g i t i s i n g t a b l e t r e s o l u t i o n ( i n t h i s 
case 0.001 inches or 1.2 metres on the ground) and the post
processing s p l i n e routine that generates points along 
curves according to the algorithm designed by McConologue 
( l 9 7 l ) as implemented by the Ordnance Survey. 

The s t a t i s t i c s can, however, be used to confirm 
hypotheses about the data. From Table 5.1 a jbroad 
c l a s s i f i c a t i o n of f e a t u r e types can be made on the b a s i s 
of segment lengths i n t o : 

1. highly engineered f e a t u r e s - e l e c t r i c i t y t r a n s 
mission l i n e s 

2. engineered f e a t u r e s - dual carriageways, r a i l 
ways, major and secondary roads 

3 . non-engineered f e a t u r e s - minor roads, hydro
graphy boundaries. 

This c l a s s i f i c a t i o n has important i m p l i c a t i o n s i n 
cartographic g e n e r a l i s a t i o n because i t represents l i n e s 
of d i f f e r e n t ' character', and, as was s t r e s s e d i n an 
e a r l i e r chapter, p r e s e r v a t i o n of l i n e 'character' i n 
g e n e r a l i s a t i o n i s important f o r an acceptable cartographic 
r e s u l t . 
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The value f o r some of these s t a t i s t i c s i s a f u n c t i o n 
of the geographical c h a r a c t e r of the area i t s e l f . For 
example, the maximum segment length of a s i n g l e stream i s 
almost c e r t a i n l y the r e s u l t of d i v e r s i o n e i t h e r f o r 
a g r i c u l t u r a l purposes or because of mining subsidence. 

The a n a l y s i s using Adams' program was therefore of 
i n t e r e s t i n exploration of the data s e t . However i t r e l i e s 
wholly on the d i s t a n c e between points and gives only an 
overview of the problems l i k e l y to be experienced i n 
g e n e r a l i s a t i o n . 

D e r i v a t i o n of a l i n e s i m p l i f i c a t i o n method 

Having c a r r i e d out the exploratory a n a l y s i s of the 
data, the p o s s i b l e methods f o r g e n e r a l i s a t i o n of the l i n e 
data were considered. Because of the quantity of data 
involved, the primary c o n s i d e r a t i o n was to reduce the 
number of co-ordinates that had to be processed. A 
reduction by f e a t u r e type v/as t r i v i a l provided the coding 
method used during d i g i t i s i n g was accepted, and subsets 
of the data on t h i s b a s i s could be e a s i i y created. 

Reduction of the number of co-ordinated points 
i n each subset was more complicated. Each of the 
techniques proposed by Rhind (1973) was considered. 
These included: 

simple s e l e c t i o n of points 
complex s e l e c t i o n of points 
averaging 
arc s u b s t i t u t i o n 
t o l e r a n c i n g 
frequency component f i l t e r i n g 

The a r b i t r a r y s e l e c t i o n of points e i t h e r by the 
s e l e c t i o n (or removal) of every nth point i s a technique 
that i s designed f o r gross reduction of data volume. I t 
i s conceivable that t h i s would be of use i n the case of 
data i n which there were a low standard d e v i a t i o n and low 
mean value f o r the segment length. Such data might be 
the r e s u l t of stream d i g i t i s i n g on a short time or d i s t a n c e 
sampling b a s i s . T h i s technique, together with the more 
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complex v e r s i o n proposed by Boyle (1970) were therefore 
r e j e c t e d i n t h i s case. 

The averaging techniques, such as those proposed by 
Koeman and van der Weiden (1972) or Gottschalke (1973) are 
a l s o designed e i t h e r f o r very large data s e t s or i n cases 
where r e t e n t i o n of geometric accuracy i s not important, 
because, l i k e a r b i t r a r y s e l e c t i o n , there i s no consider
a t i o n of s i g n i f i c a n t p o i n t s . 

S u b s t i t u t i o n of arc or polynomial segments f o r curves 
i s an a t t r a c t i v e concept, and can adieve great reduction 
i n the number of points stored, but i t i s e s s e n t i a l l y a 
method s u i t a b l e f o r a r c h i v a l purposes because f o r some 
data manipulations and almost a l l p l o t t i n g the co-ordinates 
have to be regenerated, which may be a considerable over
head on processing. Breward (1972) estimated that storage 
requirements f o r data r e p r e s e n t i n g contour l i n e s could be 
reduced by 80$. The s u b s t i t u t i o n of mathematical f u n c t i o n s 
f o r r e c t i l i n e a r f e a t u r e s i s i m p r a c t i c a l and whereas contour 
l i n e s are u s u a l l y smooth curves, the RLUIS data represents 
a combination of smoothly curved and r e c t i l i n e a r f e a t u r e s 
i n almost a l l f e a t u r e types. 

To t e s t the p o s s i b i l i t y of mathematical r e p r e s e n t a t i o n , 
the program given i n Baxter (1976) was adapted to accept 
data of the RLUIS area, but the t e s t f e a t u r e s were not 
s u c c e s s f u l l y r e c r e a t e d . 

Frequency component f i l t e r i n g was considered f o r 
g e n e r a l i s i n g the semi-engineered and non-engineered curves. 
Rhind (1973) says that there are a t t r a c t i o n s i n 'rigourously 
reducing the amplitude and s i n u o s i t i e s i n r e l a t i o n to the 
s c a l e at which they are to be produced'. For the data 
a v a i l a b l e thae were a number of d i f f i c u l t i e s i n t h i s 
approach. The f i r s t problem comes i n d e f i n i n g the 
fr e q u e n c i e s , the second i n d e f i n i n g the extent of the l i n e s 
to be processed. F u r t h e r conceptual problems occur i n 
applying frequency a n a l y s i s to the complex multivalued 
curves that c o n s t i t u t e cartographic l i n e s . 
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For some types of f e a t u r e , w i t h i n the dataset 
there are not enough l i n e segments a v a i l a b l e w i t h i n the 
average f e a t u r e to allow any frequency a n a l y s i s to take 
place without chaining consecutive f e a t u r e s together. 
These include roads wnich are r e l a t i v e l y easy to enchain, 
but the e f f e c t on the p o s i t i o n of j u n c t i o n s must be 
considered. 

The parameters of the frequencies involved, i . e . the 
'amplitude' and'wave length' are l e s s easy to determine, 
simply because of the i r r e g u l a r i t i e s of the curves and the 
length of each that can be considered. 

The a n a l y s i s of frequencies was therefore c a r r i e d over 
i n t o t o l e r a n c i n g . In order to f i l t e r data r e p r e s e n t i n g 
l i n e s by tolerance methods a number of parameters may be 
used, but they can be broken down i n t o components of the 
angle subtended at a point by consecutive l i n e segments 
meeting there and the distance between adjacent p o i n t s . 

The algorithm used for i n v e s t i g a t i n g l i n e general
i s a t i o n by t o l e r a n c i n g was based upon a review c a r r i e d out 
by Ordnance Survey i n 1979 (Ordnance Survey unpublished 
paper 1979) i n which i t was decided that the most e f f e c t i v e 
algorithm f o r large s c a l e map data should use the d e v i a t i o n 
angle and the d i s t a n c e from a b a s e l i n e between f i x e d p o i n t s . 
The advantage of t h i s approach i s that points greater than 
a c e r t a i n d i s t ance from a based l i n e (or trend l i n e ) between 
f i x e d points are r e t a i n e d , but i n a d d i t i o n , points which 
have a d e v i a t i o n angle of greater than t o l e r a n c e are a l s o 
r e t a i n e d . By a d j u s t i n g these two c r i t e r i a , i t was hoped 
to f u l f i l Rhind's requirement to s e l e c t by 'frequency'. 

5« 5 Implementation and experiments with a l i n e f i l t e r i n g algorithm 

The algorithm i n i t i a l l y implemented was very s i m i l a r 
to that described i n the OS paper. I t works on the b a s i s 
of 'anchor p o i n t s ' which are f i x e d and output and ' f l o a t e r ' 
points which w i l l be f i x e d i n due course. A l l other 
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p o i n t s are t e s t e d e i t h e r u n t i l t h e y are f o u n d t o exceed 
e i t h e r of the p r e s e t t o l e r a n c e s , i n which case they become 
f l o a t e r s or t h e y are r e j e c t e d . As b o t h ends of a f e a t u r e 
must be f i x e d b e f o r e f i l t e r i n g s t a r t s ( t o g i v e the i n i t i a l 
'anchor' and ' f l o a t e r ' ) , the f i l t e r has t o be c a r r i e d out 
a f t e r d i g i t i s i n g i s completed,. 

The i n p u t t o the a l g o r i t h m i s a v e c t o r c o n t a i n i n g a 
known number of c o - o r d i n a t e p a i r s , and t o l e r a n c e s f o r the 
minimum o f f s e t d i s t a n c e and d e v i a t i o n angle f o r r e t e n t i o n 
of a p o i n t . The meaning of these terms i s i l l u s t r a t e d i n 
F i g u r e 5.2 

1* 

F i g . 5-2 I l l u s t r a t i o n of o f f s e t d i s t a n c e (q.), 
d e v i a t i o n angle ( d ) and ' f l o a t e r ' and 
'anchor* p o i n t s . 

The method of f i l t e r i n g d a t a by t h i s a l g o r i t h m i s 
d e s c r i b e d below. A s t a c k i s r e q u i r e d t o h o l d the index t o 
p o i n t s t o be r e t a i n e d ( b u t n o t y e t o u t p u t ) , and r e g i s t e r s 
f o r the maximum o f f s e t v a l u e and p o s i t i o n of the p o i n t a t 
which t h i s o c c u r s . The f e a t u r e has n c o - o r d i n a t e p a i r s . 

1. A s s i g n ' f i r s t ' p o i n t as anchor, n t h as ' f l o a t e r * . 
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2 . a. Clear maximum v a l u e of o f f s e t d i s t a n c e ^ 
push ' f l o a t e r onto s t a c k . 
I f 'anchor' and ' f l o a t e r ' are a d j a c e n t 
t h e n go on t o 2c otherwides 

b. Prom ( ' f l o a t e r ' - l ) t o ('anchor' + l ) : 
t e s t each p o i n t f o r the o f f s e t d i s t a n c e 
f r o m the c u r r e n t b a s e l i n e ( i . e . 'anchor* 
t o ' f l o a t e r ' ) . While no p o i n t exceeds 
the t o l e r a n c e , t e s t the d e v i a t i o n angle 
at every p o i n t . I f t h i s exceeds the 
t o l e r a n c e , t h e n a s s i g n the c u r r e n t p o i n t 
as ' f l o a t e r ' and proceed f r o m 2a . 

I f t h e o f f s e t d i s t a n c e i s g r e a t e r t h a n 
t o l e r a n c e , and of the c u r r e n t maximum 
o f f s e t , r e c o r d t o i s v a l u e and the number 
of t h e c u r r e n t p o i n t . 

c. i f t h e maximum o f f s e t i s n o t zero proceed 
f r o m 2d. Otherwise: 
o u t p u t c u r r e n t 'anchor 1 p o i n t 
pop s t a c k i n t o anchor 
i f the s t a c k i s empty t h e n o u t p u t t h e 
anchor and e x i t 
Otherwise % 
pop s t a c k i n t o ' f l o a t e r * and proceed f r o m 2a 

d. a s s i g n the ' f u r t h e s t o u t ' p o i n t as f l o a t e r 
and proceed f r o m 2a 

The use of t h i s a l g o r i t h m poses two problems: 
1. the d e f i n i t i o n of the v e c t o r t o be a known 

number o f c o - o r d i n a t e s 
2 . the d e r i v a t i o n of t h e t o l e r a n c e s t o be used 

The f i r s t problem i s d a t a and machine-dependant. I n 
the machines used, a v a i l a b l e memory was such t h a t a r r a y s 
c o u l d be dimensioned l a r g e enough t o accommodate any l i k e l y 
f e a t u r e . The f e a t u r e s themselves were chained where 
a p p r o p r i a t e - i . e . where two, and o n l y two, f e a t u r e s of 
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the same type j o i n e d . The converse, of b r e a k i n g f e a t u r e s 
t o f i l t e r , t h e n r e c o m b i n i n g and subsequently r e f i l t e r i n g 
was c o n s i d e r e d but not r e q u i r e d . The program w r i t t e n 
c o u l d a l s o d e a l w i t h c l o s e d f e a t u r e s . 

The second problem i s more complex and was approached 
i n two ways. I n the f i r s t , an a n a l y s i s of the r e q u i r e m e n t s 
of the data f o r the s p e c i f i c t a s k o f g e n e r a t i n g d a t a f o r 
1:250,000 s c a l e mapping was c o n s i d e r e d . I n the second, an 
e m p i r i c a l s t u d y of the r e s u l t s of u s i n g the f i l t e r was under
tak e n t o determine how t h i s compared w i t h the a n a l y t i c a l s t u d y . 

The a n a l y s i s t o o k as a premise the ( s i m p l i f i e d ) Ordnance 
Survey s t a n d a r d r e q u i r e m e n t f o r the accuracy of a t r a c e d l i n e , 
or one s c r i b e d f r o m a key t o l i e such t h a t the c e n t r e o f t h e 
new l i n e i s never more t h a n one h a l f of the w i d t h of the l i n e 
f r o m the c e n t r e of the key. Thus a 0.2mm l i n e s h o u l d never 
d e v i a t e by more th a n 0.1mm f r o m the p o s i t i o n of the o r i g i n a l . 
T h i s r e q u i r e m e n t can be d i r e c t l y compared w i t h the o f f s e t 
t o l e r a n c e of the f i l t e r a l g o r i t h m by a p p l y i n g the l i n e w i d t h 
f o r a p a r t i c u l a r f e a t u r e type and the s c a l e f a c t o r . For 
example, a 0.5nim wide l i n e ( e . g . a minor road on the 
1:250,000 s c a l e Ordnance Survey map) the o f f s e t t o l e r a n c e 
c o u l d be s e t a t 0.0005 x 250,000 = 62 . 5 metres. 

T h i s c a l c u l a t i o n i s t r i v i a l and was e a s i l y implemented. 
An a p p r o p r i a t e v a l u e f o r the d e v i a t i o n angle t o l e r a n c e was 
more d i f f i c u l t t o deduce. 

F i g u r e 5*3 i l l u s t r a t e s t h e problem. A B C are f i x e d p o i n t s 
I i s any p o i n t under c o n s i d e r a t i o n . The d e v i a t i o n angle 
i s the angle between t h e e x t e n s i o n o f AB and B I . The 
maximum o f f s e t , q , i s a l s o shown. From t a b l e 5-1 i t can 
be seen t h a t t h e mean segment l e n g t h f o r a l l l i n e s was 28 metre 
and the d e t a i l e d a n a l y s i s a t Appendix B shows t h a t the seg
ment l e n g t h s were p o s i t i v e l y skewed, i n d i c a t i n g t h a t the m a j o r i 
of l i n e s are f a r s h o r t e r t h a n an a p p r o p r i a t e o f f s e t d i s t a n c e 
t o l e r a n c e . T h i s means t h a t i n most cases the d e v i a t i o n angle 
w i l l be expected t o c o n t r o l the p o i n t s r e t a i n e d and 
p o i n t s such as I and J i n f i g u r e 5»3 w i l l be r e t a i n e d because 
th e y have l a r g e d e v i a t i o n angles w h i l e p o i n t s such as K and L 
w i l l n o t . 
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V 

F i g u r e 5-3 

The problem posed by p o i n t s such as J i s r e l a t i v e l y -
common i n d a t a d e r i v e d f r o m stream d i g i t i s i n g or f r o m some 
r a s t e r t o v e c t o r c o n v e r s i o n a l g o r i t h m s where the d i s t a n c e s 
between p o i n t s are of the o r d e r o f t h e r e s o l u t i o n e i t h e r 
of the t a b l e t , o r the r e s u l t i n g t r a n s f o r m e d c o - o r d i n a t e s . 

I n F i g u r e 5 -4 , the l i n e AB i s r e p r e s e n t e d by p o i n t s 
P j . . . P j + n and i t i s apparent t h a t v e r y few of these 
a c t u a l l y l i e on t h e r e q u i r e d l i n e AB, and the r e s u l t i n g 
drawn l i n e i s i r r e g u l a r . When § i s of the ord e r of 
0.0005 inches and more (o.lmm approx) t h e e f f e c t can 
be v e r y n o t i c e a b l e , even on modest p l o t t e r s . 
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6 

F i g u r e 5.4 Example of the e f f e c t of c o - o r d i n a t e r e s o l u t i o n 
on a n o n - a x i a l 9 t r e a m d i g i t i s e d l i n e where $ 
i s the increment of r e s o l u t i o n . 

More i m p o r t a n t f o r the p r e s e n t d i s c u s s i o n , however, 
i s the e f f e c t on the f i l t e r r o u t i n e i n which the angles 
subtended a t stream d i g i t i s e d p o i n t s may be c o n s i s t e n t l y 
of the o r d e r of 9 0 ° . This may be a c o n s t r a i n t on the use 
of a f i l t e r based on angle t o l e r a n c e , u n l e s s 'Overcome by 
means which i n c l u d e the f o l l o w i n g : 

1. by a c c e p t i n g the s i t u a t i o n and e i t h e r a v e r a g i n g 
over the whole l e n g t h of a l i n e , or smoothing 
p r i o r t o f i l t e r i n g . 

2. by removing p o i n t s which subtend angles of 9 0 ° 
and t r e a t i n g them as a s p e c i a l case, u s i n g an 
average v a l u e where the i n t e r p o i n t d i s t a n c e s 
are e q u a l and s m a l l i n t e g e r m u l t i p l e s o f 
Cases where the i n t e r p o i n t d i s t a n c e s are not 
equal but are s m a l l i n t e g e r m u l t i p l e s of 
might a l s o be t r e a t e d i n t h i s way. 

3. by p a s s i n g the data t h r o u g h a t o l e r a n c e f i l t e r 
as d e s c r i b e d , u s i n g a h i g h angle t o l e r a n c e ( 90 ) 
and a low o f f s e t t o l e r a n c e d i s t a n c e ( o f the o r d e r 
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2 £). This w i l l e l i m i n a t e a l l p o i n t s i n 
the s i t u a t i o n shown, but a t the r i s k of s t r a i g h t 
e n i n g s l i g h t l y curved l i n e s . 

By a d o p t i n g course I , problems c o u l d occur i n a 
s i t u a t i o n where a s t r a i g h t s t r e t c h j o i n s a c u r v e , the 
a v e r a g i n g perhaps d i s p l a c i n g the l i n e c o n s i d e r a b l y , as 
shown i n F i g . 5«5 

F i g u r e 5*5 Example of curve d i s t o r t i o n caused by 
u s i n g a r u n n i n g mean of t h r e e p o i n t s 

Courses ( 2 ) and (3 ) are r e l a t e d t o the s p e c i f i c problem, 
and e i t h e r c o u l d be used p r i o r t o f i l t e r i n g , b u t -there i s a 
p e n a l t y i n p r o c e s s i n g time and a r i s k o f l o s i n g a c c e p t a b l e 
d a t a . 

I n t e s t i n g , the d a t a used was found t o be f r e e of t h i s 
problem because i t was generated by t h e McConalogue s p l i n e , 
and such t e c h n i q u e s were not r e q u i r e d . 

The a n a l y t i c a l s o l u t i o n t o determine the va l u e f o r the 
t o l e r a n c e angle was t h e r e f o r e i n c o n c l u s i v e i n the case of 
these e x p e r i m e n t a l d a t a , because t h e mean segment l e n g t h 
i s l e s s t h a n the r e q u i r e d o f f s e t d i s t a n c e , thus suggesting t h a t 
d i s t a n c e f i l t e r , o f the type proposed by Douglas and Peucker 
( l 9 7 5 ) might be a l l t h a t i s r e q u i r e d . 
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I n p a r a l l e l w i t h t h i s a n a l y s i s a se r i e s of e m p i r i c a l t e s t s 
were undertaken using a subset of the data f o r one g r i d square, 
repr e s e n t i n g the 7515 co-ordinate p a i r s f o r 468 f e a t u r e s . These 
data were f i l t e r e d f o r 56 d i f f e r e n t combinations of tolerance. The 
r e s u l t s f o r these t r i a l s are ta b u l a t e d i n t a b l e 5 » 2 , the percentage 
of r e t a i n e d p o i n t s are displayed i n f i g u r e 5-6. I n t a b l e 5»2 the 
parameter M i s the r a t i o between the number of r e t a i n e d p o i n t s and 
the minimum possible number of r e t a i n e d p o i n t s = i . e 0 twice the 
number of f e a t u r e s . This index i s a rough measure of s i n u o i s i t y , 
but of l i m i t e d value because i t i s dependent on the d i g i t i s i n g 
method, the draughtsman's technique and the s p l i n e r o u t i n e as w e l l 
as the s i n u o s i t y . 

The graphs i n f i g u r e 5°6 demonstrate the a c t i o n of the f i l t e r 
r o u t i n e . Taking i n t o account the geometric progression (approximate) 
of the o f f s e t distances, the curves are asymptotic f o r aach value 
of the d e v i a t i o n angle. Those f o r the angles of 45° and 90° are 
approaching the minimum possible percentage (12%) t h a t could be 
r e t a i n e d . 

Two f u r t h e r p o i n t s should be considered i n connection w i t h 
these curves: the r e a l i s t i c p r e c i s i o n of the source data and of the 
' i n t e l l i g e n c e ' of the processing, i . e . the e f f i c i e n c y of the 
f i l t e r i n g i n r e t a i n i n g s i g n i f i c a n t p o i n t s . The r e s o l u t i o n of the 
souce data can be taken as t h a t of the d i g i t i s i n g t a b l e t - 0.001 i n c h , 
or 1.27 metres at 1:50,000 scale (assuming t h a t the source was not 
enlarged). The r e a l i s t i c p r e c i s i o n of the data i s l i k e l y to be 
of the order of the minimum l i n e w i d t h of the source, i . e . 5 metres. 
This e f f e c t i v e l y means t h a t o f f s e t distances of less than 5 metres 
are f i l t e r s of noise r a t h e r than . useable i n f o r m a t i o n . 

The s i g n i f i c a n c e of p o i n t s t o be r e t a i n e d i s less easy t o 
determine, but as the p o i n t s outside the noise l e v e l must be 
assumed t o be s i g n i f i c a n t f o r some purpose, the minimum d e v i a t i o n 
angle should be used t o r e t a i n s u b tle changes i n d i r e c t i o n t h a t 
form many curves. 

For r e d u c t i o n i n scale the noise l e v e l w i l l be higher. To 
c a l c u l a t e the appropriate f i l t e r parameters, the p r e c i s i o n can be 
c a l c u l a t e d , or be preset according t o the requirement f o r the data. 
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Table 5.-2 - Example of the e f f e c t of v a r i o u s 
c ombinations of d e v i a t i o n angle and o f f s e t d i s t a n c e 
t o l e r a n c e upon a d a t a set c o n s i s t i n g of 7315 p o i n t s 
i n 493 f e a t u r e s of d i f f e r e n t t y p e s . 

o f f s e t 
d i s t a n c e 2 5 10 20 40 ' .80 160 320 

0 ° 7-1 7.1 7.1 7.1 7.1 7.1 7.1 7.1 
96$ 96$ 96$ 96$ 96$ 96$ 96$ 96% 

5° 5.1 4-8 4.7 4-7 4-7 4 .7 4-7 4.7 
65$ 64$ 64$ 64$ 64$ 64$ 64$ 

1 0 ° 4.2 3-6 3-3 3.1 3.0 3.0 3.0 3-0 
57$ 49$ 45$ 42$ 41$ 41$ 41$ 41$ 

1 5 ° 4.0 3-1 2.7 2.4 2.3 2.2 2.1 2.1 1 5 ° 
54$ 42$ 36$ 32$ 31$ 30$ 28$ 28$ 

2 2 ° 3-9 3-0 2.4 2.1 1.9 1.7 1.7 1.6 
53$ 41$ 32$ 28% 26$ 23$ 23$ 22$ 

45 3-8 2.9 2.3 1.9 1.6 1.4 1.3 1.2 45 
51$ 39$ 31$ 26$ 22$ 19$ 18$ 16$ 

9 0 ° 3.8 2.9 2.3 1.9 1.5 1.3 1.2 1.1 9 0 ° 
51$ 59$ 31$ 26$ 20$ 18$ 16$ 15$ 

Top v a l u e - N i n d e x , where N i s the r a t i o between the 
p o i n t s r e t a i n e d and t h e minimum p o s s i b l e 
number of p o i n t s r e t a i n e d . I n t h i s case: 

7.4 > N > 1.0 

The minimum possible number of po i n t s 
r e t a i n e d i s twice the number of features = 
i n t h i s example, 986 

Lower valuy - percentage of p o i n t s r e t a i n e d . 
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Figure 5.6 Graphs of percentage of p o i n t s r e t a i n e d f o r given 
d e v i a t i o n angles f o r a s e r i e s of o f f s t distances. 

N.b. The h o r i z n t a l scale i s n o n - l i n e a r ; the o f f s e t 
distances form a near geometric progression. 
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and the appropriate value f o r the d e v i a t i o n angle can be estimated 
from the curve which i s asymptotic from t h a t p o i n t . Thus f o r a 
r e q u i r e d maximum o f f s e t of 25 metres the most e f f i c i e n t d e v i a t i o n 
angle would be 1 0 ° . 

I n p r a c t i c e , e m p i r i c a l d e r i v a t i o n of the parameters could not 
be e f f i c i e n t because of the processing i n v o l v e d t o produce the 
curves, and analysis of the data, or a; sample of i t , i s more l i k e l y 
to be used. Although f o r many cartographic processes the d e v i a t i o n 
angle i s important i n determining the appearance of the f i n a l map, 
f o r non-cartographic purposes the known maximum p o s i t i o n a l u n c e r t a i n t y 
of the o f f s e t distance w i l l be of use. The a b i l i t y t o f i l t e r data 
and know t h a t the r e s u l t i s not going t o cause gross geometric d i s 
t o r t i o n i s v i t a l f o r a l l forms of automated cartometry. However, 
the a l g o r i t h m used i n t h i s experiment was biased towards the 
cartographic f i l t e r , because of the way i n which the d e v i a t i o n angle 
t r i p p e d the r e c u r s i o n , and other f i l t e r s w i l l have to be devised f o r 
other purposes. 

5.6 Extensions and m o d i f i c a t i o n s t o the l i n e f i l t e r a l g o r i t h m 

The Ordnance Survey/Rand f i l t e r a l g o r i t h m as implemented 
has a number of weaknesses. I t does not consider the sign of 
the d e v i a t i o n angle and hence cannot detect i n f l e x i o n s which 
may be h i g h l y s i g n i f i c a n t . Some noise cannot be d i s t i n g u i s h e d 
from v a l i d data except, perhaps, by undertaking m u l t i p l e passes. 
The tolerances are s t a t i c - they are f i x e d a t the beginning of 
the run i n the c u r r e n t program f o r a l l f e a t u r e s , but could be 
set d i f f e r e n t l y f o r separate types of f e a t u r e s or an i t e r a t i v e 
method could be used. 

A number of m o d i f i c a t i o n s and extensions t c the basic 
a l g o r i t h m were considered. To i n v e s t i g a t e the d e t e c t i o n of i n f l e x i o n s 
and noise, a few small l i n e a r f eatures were broken down i n t o a 
'traverse array' i n which the co-ordinate p a i r s were replaced by 
the d e v i a t i o n angle and i n t e r p o i n t d i stance. An example of such 
an array i s shown a t t a b l e 5 « 3 , together w i t h comments about the 
f u n c t i o n of each p o i n t . Using t h i s t a b l e and a large scale p l o t 
(Figure 5'7 a) an attempt was made t o analyse the geometry of 
each f e a t u r e and from t h i s determine how g e n e r a l i s a t i o n might 
be approached. 
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Table 5. 3 - t r a v e r s e a r r a y f o r s t a t i s t i c a l f i l t e r 

P o i n t B e a r i n g D e v i a t i o n I n t e r p o i n t Remarks 
number angle d i s t a n c e 

1 - s t a r t p o i n t 
142 31 

2 +56 t u r n 
198 183 

3 0 redundant 
198 3 

4 -7 noise? 
191 5 

5 0 redundant 
191 5 

6 0 redundant 
191 5 

7 +7 noise? 
198 3 

8 -18 noise? 
180 2 

9 +18 noise? 
198 6 

10 -47 t u r n 
161 6 

11 -43 
124 11 

12 -29 
95 12 

13 -5 
90 2 

14 +11 noise? t u r n ' 
101 5 

15 -16 t u r n ? 
85 12 

16 -40 t u r n ? noise' 
45 1 

17 -18 noise? 
27 2 

18 -7 
34 4 

19 0 redundant 
54 4-

20 +3 noise? 
37 5 

21 0 redundant? 
37 5 

22 -18 
19 147 

23 +60 t u r n 
79 121 

24 - end p o i n t 
The above example i s of a f e a t u r e r e p r e s e n t i n g aMdock r a i l w a y i . e . 
f a i r l y s imple r e c t i l i n e a r o b j e c t . The l o n g p a r a l l e l s i d e s are be 
p o i n t s 2 - 1 0 and ?18- 25 . One end i s open 
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E x a m p l e f e a t u r e f o r t r a v e r s e a r r a y 

6 

22 
10 

0 
8 50 m e t r e s 2 134 15 

Figure 5.f (ta) 



Example f e a t u r e a f t e r f i l t e r i n g 
w i t h tolerances o f : 

d e v i a t i o n angle 30° 
o f f s e t distance 60 metres 

Figure 5.7 (b) 
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The f i r s t evidence of the example d e r i v e d f r o m the 
f e a t u r e code, i s t h a t i t i s a r a i l w a y - s u g g e s t i n g t h a t 
curves should be smooth, w i t h d e v i a t i o n angles g e n e r a l l y 
l e s s than 9 0 ° , a f a c t c o n f i r m e d by the t a b l e . I f the 
f e a t u r e has been d i g i t i s e d u s i n g a Mconologue s p l i n e , t h e n 
a s e r i e s of near equal i n t e r p o i n t d i s t a n c e s i s t o be expected, 
t y p i c a l l y i n a group v / i t h low v a r i a n c e f o r each arc of the 
generated c u r v e . T h i s i s e v i d e n t between p o i n t s 4» 9 and 

11 and i n c o n c l u s i v e l y so between p o i n t s 17 and 22 . 

I f a f i l t e r r o u t i n e of the type implemented i s a p p l i e d 
t o t h i s f e a t u r e , t h e r e s u l t s are as seen i n F i g u r e 5-7 > 

w i t h t o l e r a n c e s of 60 metres and 5 0 ° - C l e a r l y the shape 
i s p r e s e r v e d , but the f i l t e r has r e t a i n e d p o i n t s t h a t may 
w e l l be no i s e - i n p r e f e r e n c e t o p o i n t s t h a t have more c l a i m 
t o be t u r n i n g p o i n t s . 

The f i r s t stage of these e x t e n s i o n s t o the f i l t e r 
was t o add a c o n d i t i o n t o the t e s t f o r d e v i a t i o n angle t o 
the e f f e c t t h a t t h e d i s t a n c e t o the n e x t p o i n t s h o u l d be 
g r e a t e r t h a n a p r e s e t t o l e r a n c e . The v a l u e of t h i s 
t o l e r a n c e i s , however, e x t r e m e l y c r i t i c a l . I n the case 
of t h e f e a t u r e d e s c r i b e d above, a t o l e r a n c e of g r e a t e r t h a n 
12 metres r e s u l t s i n a t±iangle, but one o f two metres 
r e s u l t s i n the removal of o n l y one e x t r a p o i n t . 

For the case of g e n e r a l i s a t i o n f r o m 1:50,000 t o 
1:2 5,000 these arguments are p r o b a b l y unneccessary f o r 
t h i s p a r t i c u l a r f e a t u r e because a s a t i s f a c t o r y r e s u l t 
would be o b t a i n e d by d e t e r m i n i n g the c o - o r d i n a t e s of the 
i n t e r c e p t betv/een a l l l i n e s g r e a t e r than 10 metres, which 
c o u l d be used as a means of r e d u c i n g t h e e f f e c t o f 'n o i s e ' . 

T h i s e x a m i n a t i o n of f e a t u r e s opens up a v e r y wide 
range of p o s s i b i l i t i e s f o r g e n e r a l i s a t i o n and f i l t e r i n g , 
but each f e a t u r e e x h i b i t s i t s own problems. The most 
i m p o r t a n t c o n c l u s i o n i s thai;, b e f o r e a n a l y s i n g d a t a f o r 
g e n e r a l i s a t i o n purposes,,it i s e s s e n t i a l t o know the 
h i s t o r y of the d a t a - the p r e c i s i o n , methods and p r o 
c e s s i n g used i n i t s c a p t u r e . The a n a l y s i s of d a t a f o r 
the example f e a t u r e might have been t o t a l l y d i f f e r e n t had 
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the f a c t s n ot been known t h a t a McConalogue s p l i n e been 
a v a i l a b l e , and t h a t the a l t e r n a t i v e was ' p o i n t made' d i g i t i s i n g . 

The a t t e m p t t o d e t e c t i n f l e x i o n s was based on the s i g n 
of the d e v i a t i o n angle a f t e r f i l t e r i n g of the i n s i g n i f i c a n t 
s h o r t e r segments. Having d e t e c t e d an i n f l e x i o n the q u e s t i o n 
remains as t o what t o do about i t . A simple example i s a 
phase of a s i n u s o i d a l c u r v e , as i n f i g u r e 5»9 

F i g u r e 5»8 

Using a c l o c k w i s e p o s i t i v e c o n v e n t i o n f o r d e v i a t i o n 
a n g l e s , the f e a t u r e can be l o g i c a l l y r e p r e s e n t e d as + + - -
( w o r k i n g f r o m e i t h e r e n d ) , and an i n f l e x i o n must e x i s t . One 
of the p o i n t s , or a new, generated p o i n t generated between 
the p o i n t s a t the change of s i g n can be d e s i g n a t e d a ' f l o a t e r ' 
and the f i l t e r r u n from t h e r e . However, i n the s i t u a t i o n 
i l l u s t r a t e d , the curves would n o t be r e p r e s e n t e d i f t h e 
o f f s e t d i s t a n c e s and d e v i a t i o n angles are l e s s than t o l e r a n c e . 
The answer would appear t o be t o r e t a i n , r e g a r d l e s s of 
t o l e r a n c a ^ t h e p o i n t w i t h maximum o f f s e t on e i t h e r s i d e of an 
i n f l e x i o n , t o g e t h e r w i t h a p o i n t r e p r e s e n t i n g the i n f l e x i o n . 
The j u s t i f i c a t i o n f o r t h i s l i e s i n t h a t the s l i g h t curve 
produced w i l l s a t i s f y the req u i r e m e n t f o r m a i n t a i n i n g the 
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c h a r a c t e r of a l i n e , and a l l o w the l i n e t o be d i s t i n g u i s h e d 
f r o m a s t r a i g h t one. 

The d e t e c t i o n of unwanted or moved l i n e i n t e r s e c t i o n s 
i s o u t s i d e the scope of the a l g o r i t h m under c o n s i d e r a t i o n 
and has been di s c u s s e d i n an e a r l i e r c h a p t e r . The 
importance of t h i s was, however, seen i n a number of cases 
where gross geometric d i s t o r t i o n o c c u r r e d . Examples can 
be seen on the p l o t s i n Appendix C. 

5.7 Conclusions 

The r e s u l t s of the experiments c a r r i e d o u t , and the 
e x t e n s i o n s proposed are i n c o n f i r m a t i o n t h a t a r e l a t i v e l y 
s i m p le a l g o r i t h m u s i n g b a s i c p r o p e r t i e s of the geometry of 
l i n e s can be used t o s i m p l i f y t h e geometry of those l i n e s 
i n such a way t h a t the q u a n t i t y of d a t a i s reduced and the 
m a j o r i t y of ' s i g n i f i c a n t ' p o i n t s are r e t a i n e d . How many 
s i g n i f i c a n t p o i n t s were l o s t i s d i f f i c u l t t o e s t i m a t e , as 
t h e d e f i n i t i o n of a p o i n t ' s s i g n i f i c a n c e i s obscure, 
dependant upon the f e a t u r e t y p e , i t s method o f d i g i t i s i n g , 
the number of p o i n t s , f e a t u r e c h a i n i n g and so on, so no 
' e f f i c i e n c y ' i n d e x f o r t h i s p a r t i c u l a r a l g o r i t h m can be 
d e t e r m i n e d . The experiment's major use was i n the h a n d l i n g 
of s p a t i a l d a t a and the i n s e m i n a t i o n of ideas as t o p o s s i b l e 
s t r u c t u r e s and c o n t e n t of d a t a s e t s designed f o r map 
g e n e r a l i s a t i o n . 

The d a t a used p a r t i a l l y s a t i s f i e d the r e q u i r e m e n t s 
f o r d a t a i d e n t i f i e d i n c h a p t e r 4« There was p a r t i a l 
r a t i o n a l Coding of the d a t a , but o n l y a simple 
a t t r i b u t e c o d i n g system; i n d i r e c t r e p r e s e n t a t i o n of 
a d m i n i s t r a t i v e areas only and no i n f o r m a t i o n about l o g i c a l 
c o n n e c t i o n or s e p a r a t i o n of f e a t u r e s . The o n l y t e x t was 
r e l a t e d t o a d m i n i s t r a t i v e areas and i t d i d a c t as a 
m o d i f i e r t o the boundary t o which i t r e f e r r e d . 
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CHAPTER 6 

Conclusions 

The s t u d y f o r t h i s d i s s e r t a t i o n was d i v i d e d between 
the t h e o r e t i c a l c o n s i d e r a t i o n s d e s c r i b e d i n Chapters 2 and 
4 and the assessment of p r o d u c t i o n procedures i n Chapter 3 
which were undertaken c o n c u r r e n t l y w i t h t h e e x p e r i m e n t a l 
work d e s c r i b e d i n Chapter 5. A l l t h r e e main t a s k s were 
c l o s e l y i n t e r w o v e n , the p r a c t i c a l work o u t l i n i n g i n a d e q u a c i e s 
of t h e pr e s e n t methods o f d a t a p r e s e n t a t i o n , the t h e o r e t i c a l 
work and e x a m i n a t i o n of c u r r e n t maps and procedures p r o v i d i n g 
the ' i d e a l ' s o l u t i o n i n c a r t o g r a p h i c terms. 

I t i s b e l i e v e d t h a t automated c a r t o g r a p h i c g e n e r a l i s a t i o n 
and g e n e r a l i s a t i o n f o r i n f o r m a t i o n systems use are r e l a t e d , 
but t h a t the form e r r e q u i r e s c o n s i d e r a b l y more p r o c e s s i n g 
e f f o r t and many of the processes are o u t s i d e the c a p a b i l i t y 
of c u r r e n t d a t a p r o c e s s i n g systems. M a n u f a c t u r e r s of 
c a r t o g r a p h i c d a t a p r o c e s s i n g systems u s i n g v e c t o r methods 
( f o r example C o m p u t e r v i s i o n , Kongsberg, F e r r a n t i , W i l d , 
among o t h e r s ) c l a i m t o a i d g e n e r a l i s a t i o n but the emphasis 
i s on a i d i n g i n t e r a c t i v e g e n e r a l i s a t i o n , t r a n s f e r r i n g the 
need t o draw on paper or p l a s t i c t o 'drawing' on a cathode 
r a y t u b e . Even these systems, however are designed t o 
d e a l w i t h r e l a t i v e l y s m a l l q u a n t i t i e s of d a t a a t one t i m e . 
None of the systems are y e t capable of h a n d l i n g the 
q u a n t i t i e s of d a t a t h a t are envisaged i n a d a t a s et d e r i v e d 
f r o m 1:50,000 s c a l e maps i n a time frame t h a t would a l l o w 
r a p i d automated c o m p i l a t i o n of maps c o v e r i n g t h e whole o f 
the U n i t e d Kingdom a t one t i m e . The d a t a q u a n t i t i e s are 
not e x c e s s i v e by c u r r e n t standards a t 800 m i l l i o n bytes 
(Haywood, f o r t h c o m i n g ) b ut s e q u e n t i a l p r o c e s s i n g i s a 
h i g h l y i n e f f i c i e n t method of t r e a t i n g some aspects of two 
d i m e n s i o n a l d a t a (Adams, f o r t h c o m i n g ) and 'two d i m e n s i o n a l ' 
computing of t h e type used i n a r r a y p r o c e s s o r s may a l l o w 
new t e c h n i q u e s of g e n e r a l i s a t i o n t o be d e v i s e d t o a l l o w 
genuine automated c o m p i l a t i o n . 
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For s m a l l d a t a - s e t s , s e q u e n t i a l p r o c e s s i n g i s v i a b l e 
and the experiments c a r r i e d out i n t h i s s t udy c o n f i r m e d 
t h a t a l i n e f i l t e r i n g a l g o r i t h m can be used on network 
d a t a , but w i t h g r e a t e r i n f o r m a t i o n encoded i n t o the 
source d a t a , more ' i n t e l l i g e n t ' d a t a r e d u c t i o n c o u l d have 
been u n d e r t a k e n . A g a i n s t t h i s , the e x t r a i n f o r m a t i o n 
would add c o n s i d e r a b l y t o the d a t a set s i z e which might 
i n t u r n , slow down p r o c e s s i n g . 

For the f u t u r e , the w i d e l y p r e d i c t e d f a l l i n r e l a t i v e 
c o s t s of s t o r a g e and p r o c e s s i n g of d i g i t a l d a t a w i l l undoubt
e d l y b r i n g c l o s e r t h e p o s s i b i l i t y of complete a u t o m a t i o n 
of s p a t i a l g e n e r a l i s a t i o n , b u t i t i s t h o u g h t t h a t f o r many 
years t o come the r e a l map, as d i s p l a y e d on paper or tube 
w i l l r e t a i n a t l e a s t some human i n p u t . 

The work f o r t h i s d i s s e r t a t i o n proved t o be v e r y u s e f u l 
t o t h e a u t h o r i n g i v i n g the o p p o r t u n i t y t o t h i n k about map 
g e n e r a l i s a t i o n b o t h i n c o n c e p t u a l and p r a c t i c a l terms, 
r a n g i n g f r o m the t h e o r e t i c a l aspects of the v a r i o u s processes 
and how t h e y might be implemented t o t h e e f f e c t s of t h e 
method of d a t a c a p t u r e upon one aspect of l i n e g e n e r a l i s a t i o n . 
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APPENDIX A. Occurrence of Features shown on 1:50,000 and 1:250,000 
s c a l e Ordnance Survey maps by type 

P = P o i n t 
L = Line 
A = Area 
N = Named 

FEATURE 1:50,000 1:250,000 
P L A N P L A N 

Roman J J J J J J 

Non-Roman J J J J 

Other J J / J 

B a t t l e f i e l d J J J J 

M i l e c a s t l e : T u r r e t J 

C a i r n J J 

Boundaries 
Nat i o n a l 

J. • 
County 
D i s t r i c t J 

P a r i s h J O u t l i n e o n l y 
LB J 

F o r e s t Park j 

N a t i o n a l Park j 

NT (always open) j 
NT (o p e n i n g r e - j 

s t r i c t e d ) 
New F o r e s t j 

Country Park y 

Communications A i r 
A i r p o r t , Aerodrome j sj sj \/ 

H e l i p o r t y J J 

Landing S t r i p j j 
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FEATURE ls50,000 1:250,000 
P L A N P L A N 

Communications ( c o n t d ) 
Railways 

Standard Gauge 
m u l t i p l e ) 
s i n g l e ) 

Narrow gauge 
F r e i g h t / s i d i n g s / 

tramway 
P r i v a t e 
P r i n c i p a l S t a t i o n 

o t h e r 
c l o s e d 

Tunnel 
V i a d u c t 
L e v e l c r o s s i n g j 

Railway B r i d g e j 

J 

y 

y 
y y 
y 
y 

y 
y 

4 

y 

y 

y 
y 

y 

y 

y 

Roads 

Bus S t a t i o n 
Danger Areas 
Ford 
G r a d i e n t I s 5 

do. I i 7 
Road numbers 
R i g h t s of way 

B r i d l e w a y 
F o o t p a t h 
Road 

Road b r i d g e 
Tunnel 

F o o t b r i d g e 
Subway 
T o l l 

y 

y 
y 

y 

y 
y 
y 
y 
y 
y 
y 
y 

y y 
y 

y 

y 

y 
y 

y 

y 
y 

y 
y 

y 

No bounding l i n e s 

y 

y 



04. 

FEATURE 15 50,000 
P L A N 

1:250,000 
P L A N 

Communications ( c o n t d ) 

Roads 
Motorway d u a l CW V 

j u n c t i o n >/ 
s i n g l e CW \J 

E l e v a t e d roads v 7 

Trunk/main roads 
d u a l CW J 

s i n g l e CW J 

narrow J 

Unfenced roads J 

Secondary roads 
d u a l CW J 

s i n g l e CW J 

narrow J 

Minor roads t a r r e d J 

d u a l CW J 

narrow J 

u n t a r r e d e t c J 

Paths (non ROW) J 

S i n g l e CW^ga^s u n c * e r J 

Dual CW do. 
Motorways do. 

j 
Motorway S e r v i c e 

Areas J 

Road v i a d u c t -J 

Roundabouts J 

do. ( l a r g e ) J 

J 

J 

J 

J 

J 

J 

J 

c o l o u r e d o n l y 

c o l o u r e d o n l y 

c o l o u r e d o n l y 

J 

Water 
Beacon 
Canal 

c o a s t a l 
f u l l 
d r y 
s h i p 

j 

Docks 
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FEATURE I i 5 0 , 0 0 0 ls250,000 
P L A N P L A N 

Communications con t d 
Water 

F e r r y v e h i c l e y y 
passenger y y 
c o n t i n e n t a l y y 

L i g h t h o u s e used v/ 

d i s u s e d y 
Locks y 
R i v e r s > 8m wide y 

8m wide y 
Weir y 

C u l t u r e 
Abbey y y 
Aquaduct y 
A r t i l l e r y range y 
Barracks/camp y 
A e r i a l ropeway y y 
Beerhouse/public y y y 

house y y y 
H o t e l y y 
M o t e l y y 
I n n y y 
Breakwater y 
B u i l d i n g groups 

v / 
B u i l d i n g s i s o l a t e d 

j 
p u b l i c y y 

Cable way y 
Cairns y y 
C a t t l e g r i d y y 
Cemetaries/ c r e m a t o r i a y 
Churches s p i r e d y 

y 

towered y 
no s p i r e / y tower y 
r u i n e d y y 

y 
y 
y 

y 

y 

y 

y 

y 
y 
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FEATURE I s 50,000 I s 250,000 
P L A N P L A N 

C u l t u r e c o n t d . 
Chimney / J 

CGCr s t a t i o n // / 
Clay p i t / 
College / 
Conduit / 

do. open «/ 
C r i c k e t ground 4 

Cutting/embankment / 
Dam i / J 

Deer Park / 
Dump 
El e c . Gen S t a t . / 

" sub s t a t . 
ELT / 
F i e l d s t u d y c e n t r e J 

Factory/works J 

Fences / around woods e t c 
F i r e b r e a k s / 
F i r e tower J 

F o o t b a l l ground J 

F o r e s t Park 
Garage </ 
Gasworks */ 
Gate y 

Glasshouses «/ 
Gravel p i t s J 

G o l f c o u r s e / l i n k s J 

Govt, o f f i c e J 

Groynes J 

H i l l f i g u r e s J J 

H o s p i t a l J 

H o s t e l J 

Law Court J 

O b e l i s k J J 
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FEATURE I s 50,000 1:2 50,000 
P L A N P L A N 

C u l t u r e c o n t d . 
Tower J y 
L i f e b o a t S t a t i o n J y 
I n s h o r e Rescue boat J y 
Lodge y 
M i l e p o s t J y 
M i l l y 
Mine y 
M i n e s h a f t J y 
Moat y y 
Monument • y 
Mountain Rescuepost y 
M u n i c i p a l O f f i c e y y 
Museum y y 
Nature Reserves y 
Nuclear power S t a t i o n 
O b servatory y y 
O i l R e f i n e r y y y y 
Open p i t y 
Parks & ornamental y grounds Minimum 8 h a t 

1:50,000 
P i e r J 
P i p e l i n e (ab ove ground) J 

Post O f f i c e J 

P r i s o n , B o r s t a l J J 

P u b l i c convenience / 
P u b l i c House J 

Pumping S t a t i o n 
Quarry J 

" d i s u s e d J 

Quay / 
Race course J J 

R e c r e a t i o n ground J 

H e fuse, s p o i l , dump y 

R i f l e range y J 



FEATURE 1:50,000 
P L A N 

1:250,000 
P L A N 

C u l t u r e c o n t d . 
Royal Palace J 

Ruin J 

School J J 

Sewage works J 

S h i e l i n g s J J 

S h o o t i n g r i d e as paths 
Sports ground ^ 
S k i / c h a i r / l i f t / t o w J J J 

S l u i c e J J 

Tanks J 

Telephone C a l l Box J J AA&RAC blue 
GP0 Bla c k a t T e l e v i s i o n mast J J 

Town H a l l J / 

Tunne1 J J 

U n i v e r s i t y J J 

Water works J 

W i n d m i l l - w i t h s a i l s / J 

" l e s s " y 

Wind pump J 

Works J 

Z o o l o g i c a l garden J 

1:50,000 

H o r i z o n t a l C o n t r o l 

G r a t i c u l e i n t e r s e c t i o n s 

G r i d 

T r i a n g u l a t i o n 
p i l l a r 

1:50,000 
5 ' i n t e r v a l s a t 

30' " 1:250,000 
lkm a t 1:50,000 

10 km a t 1:250,000 
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FEATURE 1:50,000 1:250,000 
P L A N P L A N 

Hydrography 

Drains 
Dykes 
High Water mark 
Lakes, ponds 

r e s e r v o i r s 
covered do. 
Low Water mark 
Ri v e r s / s t r e a m s 
S a l t i n g s marshes 
W a t e r f a l l 
Wells & s p r i n g s 
water areas 

y 

y 
y 
y 
y y y 
y y y 

y 
y 
y 

y 

y 

y 

y 
y 

y 
y y y 
y y y 

y 
y 

y 

y 

y 

;dge o f f o r e s h o r e 

Topography 

Beacons 
Caves 
C l i f f s 
C o a s t l i n e 
Dunes 
F l a t rock 
Pot holes 
Sand, mud, s h i n g l e 
Slopes 
Rock o u t c r o p s 

y 
y 

y 

y 
y 

y 

y 
y 
y 

y 

V e g e t a t i o n 

Orchard 
Woods & f o r e s t s 
F i r e b r e a k s 
0s i e r s 

y 

y 
y 

y 
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FEATURE Is 50,000 Is250,000 
P L A N P L A N 

V e r t i c a l c o n t r o l 

B a t h y m e t r i c c o n t o u r s / V I 50m 
Contours J V I 10m/200feet 
H i l l shading / 
V e r t i c a l l a y e r s 
Spot h e i g h t s y y y y 

T o u r i s t I n f o r m a t i o n 

Beauty spot 
Place of h i s t o r i c 

i n t e r e s t 
H i s t o r i c House 
An c i e n t Monument 
Camp s i t e / 
Caravan s i t e / 
I n f o r m a t i o n c e n t r e \l 

P i c n i c s i t e / 
P a r k i n g area J 

V i e w p o i n t / 

y 

y 

y 
y 

i n r u r a l areas o n l y 

Source: Ordnance Survey Draughtsman's Manuals 



Appendix B DETAILED STATISTICAL ANALYSIS OF SOURCE DATA 

The analyses whose r e s u l t s are g.iven i n Appendix B were undertaken 
using a program w r i t t e n by T.A.Adams. Each t a b l e represents 
the r e s u l t s f o r one data set which includes major road, r a i l w a y 
and water i n f o r m a t i o n f o r a 10 ki l o m e t r e square i n F i f e . The 
r e s u l t s f o r dataset number 5 have not been included; there were 
only 6 co-ordinate p a i r s i n t h i s data s e t . 
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Appendix C Example p l o t s made u s i n g f i l t e r e d data 

The p l o t s i n t n i s appendix were made u s i n g the U n i v e r s i t y of 
Durham C I L incremental p l o t t e r . While the q u a l i t y of t h i s 
p l o t t e r i s i n s u f f i c i e n t to meet the requirements of a commercial 
or government mapping agency, i t i s r e p r e s e n t a t i v e of a number 
of p l o t t e r s t h a t are l i k e l y to be owned by u s e r s of topogr a p h i c a l 
data i n d i g i t a l form. 



Appendix D Source code l i s t i n g of F o r t r a n Program to f i l t e r 
v e c t o r encoded map data. 



* 
* 
•K 

* * * 

* 

* 

* 

* 

* * * 

* 

* * * 
* 

O 
Z 

<_> 
0£ 
3 
O 
CO 

UJ 
X 

co 

CO 
U J 

x 
o 

•«. 
or 
e> 
o 
or 
C L 

CD 
Z 

«3 
X 

PS 
or 

x 
CO 

* 
* 
* 

* 

* 
* 

* 

* 

* 
* 

* 
* 
* + 
* 
* 
* * 
* 

* * 

CO 
u. 
u_ 
c 

o 
u 

>-
ro a: R

P 

< t— 3 
t— «. 
<t o 
D H o >- CO 

<t u_ O >-t - X 
<rt— 

z X 
< 
rr 

X (_> o r r 
rr z u. < 
o o 

>- >-
Ct z or 

Ukit co — * «t 
x to 1—1 X cc 
o « * co o 

r r o z »— £L 
>• o o z X 
U J O z '—* *—< UJ 
> o UJ *—s o *~ 
OCX *—\ ""5 cL 
3 < - <s UJ * 

cL 
o 

COUJ co _jf •— 
X i n + < z 

Ui IS z 1—1 

(_>UJ X <s CO U J •K <—i «>r> 
Z _ f t - K> t— *r U J tXi 
<CCS Or CM it: >—. ; r r 
z z O w t— C L H- UJ = 3 
D < Q Z > - CO >- *t o t— 
CC z • J — i X ^3 »—1 «t ••-+ 
o z <: #—N * t— _ l UJ ro *-M-i 

O C T O UJ Ui U- ^^^^ 
_ 1 tj— > c » - x 

u j t - r i n s u. <t »— l—t u . t— cot— /—\ 
•— t—«t —'CM _ i or t— ••tar O 
_ l t>—• C? I—w X 3 a O U J C 
*—1 t - 4 > - Z c o x o CO o CO O i - tZ >—i>—l z 
u. U. U-Xt <•-• 1 I I UJ rv i t «-"— >—' 

UJ * to or C\iC\J r-^t-zz *— 
U J o to H Z O • Z i—>«-HtO»- cc 

t - O O \ D to 1 o I iot— « ^ w < r r < 
z rvli-> * o —CDO U J ^ —-*— X U i O UiU! 

t— ui<r>- •vto <y C— t_) T J • < _ ) 3 1 IlcOt—»-)Z 3*—* 
3 Z CD Z Z UJ U J « r j z Z Z D M < f £ l l H Z I I 
O •-IUJ O U J CD z gp CJ • O H Ct •-<(_) U I C 3 ~ - ^ 
or t - U D X X Ui o •< n z o D t - z s«-iz—>-> 

UJ X « - t •— *—* » z Ui I I Z I I — I ' - ' " - ' " — " — — " 
3 O «JCO O o z »- X »—« or H l i - l L U J O Z I I O l L U . X > I I O X 
CO C C t — M 

Z>«-«UJ 
t o e cx 

CJ 
z 
3 
U-

X 
+-( 
_ l 
U J A

N
D 

C L H Z D r U O Q M H H H 

UOOUUUUOOOUUUUUUUUOUUU UUJUO <_> (_>o\->t_)(_) IpUUUUUU 

(\! TTvD OC CNfTT Oct) CAmvOOC CM ^T<O0C rV^r 
S "SS; S «CM CVCNICVCVTOfO POrorO'^'T? ^ UD » < \ l l O ^ - " " W l l 

^ - » ^ < » - » ^ - I . ' < ^ H ^ . - » ^ - I ^^<vcucvc\ icvcvcvtvf\tc\)C\iC\i cvtvm 



C 
X 

U J 
3t 

U J 
CO 

U J 
DC 
X ) 
(— 
•>< 
U J 

U J 
z 

u J 
X 

1—1 i— 
U J _ l 
u o 
z o z 
< t— o 
a: _ l « 
U J t r <— 
_ i U J •— 
c _ I z z to 
»— co XJ. U J 

i— u X > _ £ 
U J JZ I—t l - U l 
Q 1—« o co z 
t—• o z z « t o 
co Q. U l t—ICC 

U J •— — 
z x> cr cr 1— <t 
- * c U J U J Z U J t—t 
f— w i — CL M X > 
X ! CO •< <s D i  U J 
C O U J o U J l l . cn a 
cr c c c c o _ 1 rr co s: i n 

u . t—1 x o cr 
U J Z H »<r o t r O C T o 
> Z C 3 Z O l - o t— u <ru_ m <i U -
H - I O CJCO -* co Ui «. * ^ COt-H—o »-« <t o U J U J U J 

o o i n x < r o t—>/—> 

D < U oJ cr > - z /-^ u> * z ( r-
D o ^ - v ^ * - . iC Z CM C O 

u J O _ » v » - t u J X V— Q l - t—t—z m < < : »— 
£ t _ l (_><tCO (_> UJCO CO U.U. z 

1—<t*—U- z UJ co 1 !• 1 — i — i ^ in o > - w •—I 
O t - Z H U J U . < I —J » u-U-co Q »— >-t<r Q X > - k 

c » - z « - « o c c : o • z t o c 1— 4- * i I I i U J 
«_} t— <—' U J » - Q - U J X > — « I O H _J I I D 

o c e o a . u _ x z H Z • « x •—»i—i O Z CD U J < « t <r 
(_> 0 0 - u_ox> U J u !_>»-. 1— t r i e s o a * »-< • '1 

X Z <~t a : o x i - (_) z l - O »— 1 1 o 
a i c t u j a: >-i U J c s < I . <£ UJUi I X U J s U J s z x s r • — I a. 

cr » D . C I - Z U X _ l • •-J 1 u. x z u u o * a » o u 3 z >~ 
X « £ O C t X o U . K '_ N >— ujcr 2 7 ^ U J U J s * z i n »—t - I . J X 

t—<i (i 1 3 U U O H X X (_> t— I I I I o 1 U i X <r<rco z t o s o z V D S K I I U - U - It 
it z t o z _ » - x > «**z —* X ! u. _ t O K LUCT U J — 

> < \ ) » - X>- i I I I I I I o c o — o £T U . <_>•« cr U J x > - <r « z o - < 3 * u o — « x o t— x > - c o 
-3 I I —HO>—K- _ i to cr w o •n— i ii u-i —«o SM— 11— —«o S*— l » - » Z < I > tl 11—t 
wCD <£CTZ <t 1 I O 111. ^ C O < I u . > U J _ 1 U J t l l | w | | < - ' l l I I 11 — 11 I I I I U J _f I I I I c 
>- u o u o o —<• a . o n z _ t u _ t— h- I I X u . *— u . U J O U J Z U _ «-^»- CM O C V O CVIU. - < 5 —<n o X ) U J Z u . 

t - xt— o x co<tu_z cr c o c o < t— 1—( CO O Q M < M < D < 0 < M < C 5 « 
H U O 1 1_)<I <i CO U J C U i - _ J 
Z Z _ J U - X *— U J cr z x o 
M < U . C O Z < CO »— (_>•< t—t— 

(SCSI <S S CO 
u u u u u u u u u u U C J O C V i r ^ u u u v u u u u u o o o i n i n in m « o u o u 

^<\j r*5''Tin ior^. - H < v > T r i n 
* « • • • * • . • » • « • « 

^ jNjro-^rin o r x c o c o c o coco cococo o - ' s> —*c\jr*>T m i o f v c o o " ! s>—*c\i;om » o r x r v N . r N . f ^ ^ c B — * c v r o ̂ r m O f ^ c o o s ^ f v t n m o v o r ^ c o o i s —< 
f ^ r r > f O r o r o r o r o r o r > r > r o r i r i r o f O f O ' > c - ' V ' , c - ^ r ' ^ - ^ ^ T r ^ ^ i n i n i n i n i n i n i n i n u ^ i n i n i n c > « o v o o s D O > o » o ^ » r v f x r v r v r ^ i v r v r > - r v K c c oc 



LU 
o 
or 

CO 

o 

co 

3 

c t— 3 
LU Z Z 

(— (_> z O 
L U Z O CJ 
co<r Q. to 

< Ci 
U-LU f— z 
3 _ l X »— < I 

o LU z 
a r t - Z 1-4 •XL 
o 0 O 
a _ z O a . <t 

< l Z 1— 
i r r « t < ? CO 
O t - _ t 
X " 3 «. c 
o c t XT»- co 0 
Z L U 
•<»— 

aico co Q. 

u 1 CC 
O L U 0 
t - c c LU » U J X 

ta Z K t_> CJ 
t— i - f Z CC z z 
< L COLU <t 

O C T O cc 
_» u a 
U.LU 3 _ l 

z 0 0 0 ^ 0 a 
2 cs r> 1— 

C I — •—iLu 2: r> 
e r r ; c o i CC z 

X z>»- O LU < I 
a: O •» >-i t— T" z 

to LU 2 CD su>- cc x x i s LU 
o * - <_> us _xtc 2 2 Cvl w cv X 
c r c r 2* O O 0 » m u r r x * cr 

< I \ S H — 2 D 1— O r\-r a: " CO 
t— y*v CO «-> a> W W I U U J K . LL. f -

^ C O co ro O x Z ^ » -Kt—•—0»— G> <r 
CJLU 1—t ZCC 0 z « - > • — C 0 1 O V . + — Ltl I I 
«tcr 1 >- . -s O O ». O*— ^CO> »' '-O «-t » . CC 
CD - * r > CM » - ( U . U J at/} *3 M O O » - * X E 15 »— 

• t— 1 ^ <c c o •— • •• 1 0 « o c o i i _ f i ; c r ts CM LU 
w w i iJ •4.LJ I t Q C C - K > — 4̂ . C O Z CC 
_ i _ J Z _ J CO t—f—»— 1— M L CM *•—»—*»— LU<-> s- «• 1 11 1 CL. Lt_ 
Li. u . »-+w u_ z i i ( - a _ a . > - > o COtVCk O i ^ ( - + Lu»—COCOLD'-' C ( T LkJ S X < ct Lt_ 
* w D2 u - IU2 M C C X a . i > c a c i — r>co»-»>-»«-«co e 1 r^rr—« 7TUS ^ 
X > - Cl_ <l 1 _ J 3 3 « - " — > » «C! O ti Q D 3 —>—1 > - X >- Q. tO " M C Q c c O i - l > *—' c <r OCT 
»-+ 1—1 t— LL-(_H_>«rC!LULU I I *— t—I L L L ) U X > I M M V M »— o c a t i . » — <_>-«»-<£aju t—1 It (\) X 
l i ( I I Z LU O S i l l « - " - ' * v-'—X—lU-O. LUCE I I W W 1 1 I I 1 1 I C H N < l i M It I I CC X > - Tt O »-•-< t—»- l - C 
i x: u o _1E>- X *C0 • «OCf l—t— t—X>-tMc\»—CVcMIICtJO-OOX I I Cvl tO< I I I I > w Z X «f 2 : 01- X 
X CC ii_ •-«>-> x e o o e x ^ •< i » H M x > ( c x > c j v i i c i ( r r r x z i i ^ ^ u i i j . 0 0 a •-4 
x >- L U I - _J _JLU 1-11111 11 m - t 1111 > - » _ o - t — a z c r cr :cr>-X)cco>- i OC5C iL . t r X 
1—1 •-! 

t—t-i 
C O > 

3 
<_> 

M O D ^ ^ I I l i U-ti_X li —1 -r- ' 

_ I 

0 c \ t c \ i L a z o , u J Z a u . L a o u - u J U i U A U L U X > -
c c x > o a u . o o - M o o o » 1 0>-»>-< 

u. LUCO 
O 

O 

<t 
X 

LULU < < z u . z !S 
O l_X3 CD (-»•< 

0 0 

u u u u u u u u u u u u c o 
0\ 
CD CO « H U U U U 

CD c o c o c o c o c o c o c c > i D c o < o c y > o > o > t > o > C T i C 7 > c 7 i c ? . o v s s i s c s s s a s s i s i s s i s s s " - •• i - • •• «• ^. i . i ^ e v p i r o t v c v t v c v r o c v r m n r ' . 

http://iL.tr


t~ 
U J 
ac 

o 
z 
<t 

co 
>~ 
<t 
cc 
cr 
-< 

s 
s 
tn 

• 0 0 + ~ c v i to s 
u . (_>oo st: * w * 
O i C U. L u O » — 5 £ C I S . 
x E Z Z H eo_i »- 11 *? 
<n w w v z 11 • co —lu . 
T X I I »-iTCO--<ll + 0 0 
•< I — CHOI— O I LJ*^ I t - K X V -
^ D l - < 0 : o t f 3 7 I I COO I I < I 
b I C U U O U . I I « S » - H I _ J ( / 3 Z O 

U U 

3 
c 

55 

i n 

t o » -

L U O 

o 

H O 
z co 

o c o 
«_>ui 

2 
U-«-« 
o _ i 
Q. 

a 

UJUJ 
( _ > • -

L ) O U 

* * * 

* * 
* * * * * 
* * * 
* 

•K 
« 
* 

* « 
* * 
* 
* * 

* 

+ 

* 
* C 
* >-• 
* w 
* X 
* CD 
* I — 
* o 
* _ I 
* a . 
* 
* UJ 
* 2 
* • - ( 

* »-
• 2 * 3 
a: * o 
3 * a : 
i — c * CD 
U J 2 * 3 
a r u j * co * * 

* 

Q M 
O I L 
a : 

»— 
Q 

« Z 
U J - C 
2 
»-*tO 
»—UJ 
3 2 
O H 
C C _ * 

• - a 

COUJ 

X (_> 

I Q Z 
LOi—> 
co 
3 « 

»— 
U J < 
2:0 

3 « 
o z 
cr — 
c o o 

coo: 
o 

CO 
1-H1J 
X X 

o 
o 

Q 

2 
CO 

o 
t_> 

in 

cr o 
o o 
x m 

cs 

» - c s 
c o m 
<: w 
U J 
M X 
\ 2 

2 CO 
C D 2 
2 : U J 
X X 
O «-t 
0 0 

c 

U J 
X 

oc 
o 

Q 
U J 

0 0 
2 UJ 
M l 
CO 
3 » 
< 2 
u o 

x < 
CJ>CO 

X 
or 
uJ 

o 
1— 

UJ 

o 
cr 
CE 
D C 
tn-x 

U i 
ujor 
x o 
I—CJ 
COUJ 
U i Z 

_ J < t 

0 2 
tr«-» 
1— 
2 1 -
0 0 
I_>_J 

O 
»—cc 

U J 
X X 
l_>t-

>-«o 

CO CD 

t—CO 
2 
O X 

UJ I 
_ J 
CD.O 

in 

to 

o 
e 

c_> 

ort— 
<tUJ 
> t o 

•-tUJ 
3: 
COUJ 

u 

o 
t o o 
•<tt 

a 
0 
UJO 
COt— 
3 

UJ 
C 0 2 
• t i 1 

t - c o 
C J 3 U J 
H C Z 

U J C C . J 
_ I 3 
CD t O O 
•< l - l 
M U J _ I 
< I O 

-CO 

0 0 ts, 

i o n s 

•Ct U O t S U J 

SSitl.CLaQ.CC 
- * « c o c o < r » — 
* - O - 0 . ( _ > X t J 
o 

' - ' - i , .1 I — I I 
U . < < . < <l-«I 
H U U U U C J 

- c v n T i n i o c\p&- C M ^ wc\ir>^-ir>to c v i r j r r tn 

http://SSitl.CLaQ.CC


* 
* 
•IC 

* 
* * 
•K y—V 
•K CM 

* * •- t 
* * 
« UJ 
* _ 1 
* «t 
* u . (_> 

o CO 

* * t— 
* •< 
•IC 2 1 < 
* cc > ^ 
« o CC CAJ 

z *• U- U J ^ * 

* »—r> 
_ J * 

' * 
U J • 
I Q 

Z w 
»-i 

o _ J * l - U J 
* cc G E O 

_» UJ 
o ce to * H - O cecc*-* 
CO >- UJ 

z * 
c 

COUJ 
t s o c o 

• i-« 
<I ce 

<l 
*-* 
- J * 

UJCC 
»— 

«->Ot\ ' 
ceo—-

X cc * <IU- UJ 
o * z»-« zu . 

t a . *—f •—» 
_ I * C O o z 

UJ o * c t z 
CO t o O H Z I 

* UJ *—V * t c o 2 t— 
»— o 1—* O *—V * O C O CO «cc 
< I I — r— U J * O U J UJO 
z z a : * !_> u _ o z 
»-< < »—* * I - C o o 
d i w r i f ; > - w z I M C > - * ZJCt 
ct >- *• ' ^ « «-* »—1 S * ' to * * O Q . » UJ 

* o •< » - X IT) > - » - X > - * UJ c o u i u j 
IS * ct tot— «. «. CO cov- —• » * •— U.ITT cacc x 

^» s , o cc <:cc tn w UJ 0-<CC « ^ 3 * - N * f - t H-UJ z — t o 
c_> < O U J O k -^o>—i z O U J O «-H_>,—' * CC • - • X t-*t-

0 > - l Z ID X C J ^ 1—1 I L H Z X U->—' * o cct— x<r « 
*—• o ce Z w ^-•Zw-* _ i * 3. CtL t—ujee 

UJ UJ •J—t— z z z « - x z z o < ~> CO e c u ^ o 
t-iuJUJCO cc C3 < -a u j u J t — — » - ' — K i - Q UJ » — C Q * U J o u . o z 
I O O C L I — UJ U J ii o o Jco-»-«nz UJ n o o • » » - « I I Z _ j T" * z Z 
tr t— l - « _ t _ i U J O 5C CO UJ ct "-«_S_iUJO_»CO >-B-tUJ Q. UJ cc »— 
t — a _ j c r _ l z u _ u _ r > c c _ j o o ; UJ U _ U V D U J D > O O D CC « I — UJO -< < D C O 

1—1 s I I n zodcoa O H I I ZXX L L Q - K l Z Z i l i CDZ * zu. 2 : ( O Z -c 
C£U_ «-»*-»»-»«-« —4 t—ICC _ J i >—»cet— cc * c 1—1 cc LD U J 

. a l» D—_J_t 6 —•_*»— D C V - i i - i i - _1 _ I _ J C V _ » t - 3 •« _ 1 3 * cc t—- o Z _ J 
_ J _ l _ f _ J p cc ^ ^ Z — l _ J « J _ J Z # — u . WW ^ 1 L 1 _i"ZV— Z * CD D O ;i 
•< -C • « •<£ U J UJ O—•—'0<J < < 0 < O k t » - i < t U J Z * ; c c c t-tUJ. 
O O C J C J C C I — > O X V U U U U OCJOCC »— ox>>(juuoouua:2 t - j c e u j * co c e o co CO Ct UJ 

o z o cc * e x *—( < : U J X . 
o _1 UJ * D O x u j c o c o 

a. 
El S> l̂ v 

0. t— 

K' —' —' 
o * C O  »—. 

U O O O O - < —• —' (_}<_)(_> CM CM CM u u u o u u u o o o u u u u u u u u u u u u 

—«c\i ro^r i rKi>fv e o c t i K i - ^ V F O v i r ^ c i r v c o c T i s —•r\rrru>o rvcDOS>^<\in ^ n t n i n i n v o t v c o c o c o c o e o c o e o c o w c h c 7 > o ^ c v f 0 ^ i r > v o ^ c c > 

«C\JCV)t\lCMCMC\(CMCVtCN»C\)CvJ CMCM CM CM CM (M CMCvCVCMt\ltMCMC\lC\IC«(NiCUCMtV 



O z * 
r ce

 
H

I * 
* 

CO CO 2 »— * 
UJ >- in cr * 2 cr o 
< t—t UJ z « 
X o — _ i * 
f - t CL ¥- o — 

CO o 3 •— * X >— cr t— CL 65 
o o X 2 U J * 

i CL _ l * X o t— C3 * 
a o X 1 2 — 

cr o <c * 
»— CO CO 

t— '. — »— X * 
a_ _ J 2 c co * 

o 1— a. 1-4 • — I CJ> * 
3 i—t O 1— 2 * 

¥— 
UJ 

U-
X 

CL n 
t—1 

>-« 
»— 

L J o ». > co * 
X X a 1 UJ <t * co u . < X in o U J * 

< J • CO *—* — * (_> f— * 
o X 3 r> 1— 2 * 

CO a_ UJ i—• * * 
a 1—1 z _ t o i * 
z «. U J •-4 U J co CL u_ cr * U J O _ 1 X _» UJ UJ * 

(_) < I 2 <r O o 2 * 
i X U J (_> CO •«t »— O X o DC * 

v_t CO UJ X o _ l CL CJ t O * 
^ <f >—1 CE u *—\ •— I - I 2 *- * 

CM <3(_> «. O U . i-» u . UJ * 
••—» K>CO O »— o l_> w t— 1—« o 1— + 
t—f <r 1— U. X o — 2T CO * 
f , U J X » - o 3 C 2 « . < I UJ * 
\—* x o o 

1—I •—t 
u . co 

cr 
o * cr 
C J O c Ui 

c o x tn 
2 0 

t o 
>—< 

cr 
UJ 

* 
* 

t r e e «• u~ UJ U - O X t— <-»{_J «. _ i X 
co O O 3C o >— z z «. *—' • i L 2 - — o I — * 

' *v X CO Ui 3 H CO t— 3 * 
X ^ X ct X 3 CO « 2 1 % O * 
»—i 0 « - i UJ <t U_U- — U i 2 -t UJ co * 
X s c o s » tc or l I I i t— o 1— • — 1 3 «. CO _ J t_] * 
1— X •c «. >. co o o u i O K CT 3T UJ •< 2 »— * 
a ;r>»-* «*o X CL X X C J U . U J 2 CJCV i - i t o cr »—1 <t UJ •K 

t o t o us »«zz X cou_in « u j 3 cr 1— UJ * 
X U i *-<*-> 1-4 + + + CO » I I I F *—*—t »— UJ to X * 

t oco a: c r r - ^ - C ' X X O x->J—». i r w w ^ <C co co * 
< i u j a ! f s o X s< s. x o «_> <? E CS^3 S O S UJ o — 

co u . — 
* n •-f " V O C S E I T X — u u " u . — «> « c s v 
~Z- \ — . CO u i r o *-§••-* ^ - i U - C L U . X —^--<ncr Him I I »i—i v . — i \ 
1—. rviMt— - c t E S S U. k.—i %UJ» »> it—i \ H 
1— v . s z n UJ I I I I 11 _ i r o o i i f i x I I I I i i 1 0 0 S X i O v O i O ^ > - « ^ ' 1 
t o X z t— X X o x t—UJ < Z Z C 2 2 w w ( P H w w ^ ^ 1 1 H •—— >— -C» 1 2 
<r 3 0 L H J X x x o c r X X UJUJG UJ»-«X X O C T U J UJ UJ H i l _ UJ UJUJ-d ^ •<••<" r - v < l * <r • < r * c r : 
L U X X ' > X O O J 3 o x i - i - m i - i - c o j D * - * - + M i - i - H r i i n c i 3 ( X <z 1 X * 3 

x r o L I U M I - <r H W r t H Z U U I - l l - U J t -H- ic r i i i - i t - i i - i c r c r c r c r i - c r C L C E - cr cr * i — d 
• o o u x r l_> U_ C L L L U J U i X c r c r o a : O U - C L u_ U J X ceor MCccrQc c r o o o o (—\ O C O O * U J 2 

U U K I t—ii ii toe 1— u 1— Z 3 : C t H j 2 2 u . u . i i . l i . - U - 3 U . 1 U. CDU. * 3CUJ 
c < ^-t « ^ 

• 1 cr t r o 1— 
e U J CS CS E ' S s> o K 

I N I o s Ch O t f i K S S t o 
C3 E in C O in 

C J U O O — « _ ) ( _ ) O U U D O O U H — I 00!_>(_X_JC7i H — i w —. l_> <_>(_) 



* * 
•fc * 
* * * * * * * ¥ 
¥ * t— 
¥ ¥ UJ 

* ¥ ZL 

* ¥ 
¥ ¥ — 

¥ to 
¥ if} 

¥ — ¥ i-\ i—l 
* ¥ — to 
¥ cc »— ¥ t— 1— — 

* (_> z ¥ z < 
¥ o ¥ O T -

* o CJ ¥ i_> ce t— t 

* — •—4 ¥ •-» o •< 
UJ to ¥ «. U . X 

¥ > - z cr ¥ cc ce 

* C E O to ¥ to o — 

* t— ¥- / — . I — t-» 

* f— to ¥ * to 
* DCO o ¥ U J O Z T -

* CLt-H CJ ¥ O (_) »-< l - K O 

* »- u . ¥ CC U _ Ui 

* o t o z ¥ O Z ^ » Z U J 
o » - t ¥ ZD co >-<ce 

¥ X l_J ¥ CO CJ U J CJ> 

* t—(— U . ¥ * U _ U J <-^jJ 

* *—i ¥ w . I - I CC C O O 
to ¥ to O U J 

* CC » z ¥ if> z U J or -

* o x t o ¥ CO O t— to 

* u _ » - t—1 * _ i •—i w u j r r 
cc to ¥ U J to U J I H z o o UJ ¥ Z O (_) «-< to 

* » z (_> _ l ¥ Z (_> Z U J — 

* Z U J ¥ •« z -« u 

* COO • to_l <_! ¥ X cc z 
U J Z CM <~~< co ¥ (_> ^ U J < I 1 

<. s u t—« / - \ ¥ t— O _ I t -
<t _ i <S;CO to %—t ¥ X -«r CS O co 

¥ Z t - UJ ITW-t CO o »-> ¥ o r m t— 
¥ I - . C O Z •w » ce •-" X ¥ cccr ^ - o -
¥ o < z X O UJ ce » - ¥ L l _ 0 X UJ \ 
¥ t—1-4 •— cr cc ¥ U - > - _ i >- V 
¥ 0 < - t Z CCCC U J —« o o ¥ CO CC CJ> U J » 
* 1 CJ O O X » u z ¥ U-'—lO Z CO-

* o c o Z M <t 2 Z «• ¥ U < Z < U. 
¥ l _ » - 2 C ». » ce CO to ^ ¥ Z U J - U.CO 

* < D Z <_> < i [ r z O U J 
* z c e c r fscocu a . •—< U _ w ce cs ( s o *- o O —tceu- • S Z C M to »—!—-»*— * cr U J O cs CO •-< M l Z 

1 •< Ct>-» X » CM CO * <t _«•— i n — i t— toO<i 
U J O U J ^ toJSUJ co z ». <t * c o \ < c e x c c 

* ce <c cc 1—3 -<*JLI U J co s UJ ¥ _ J K 2 K •—i I U J 

* m t - 3 toco < r •—i •—« O t—• ¥ »—* UJCO ^.ce CM > <-c<_- r 

•* <_> cezt— • t t u j o c o *••»«—< —* *—O*' •—* ¥ LL. c c x «s cs>»-«iri UJ—«-t c\i<:o 

* >—»•<: UJl—<0. S I M O C M O S '-v ¥ UJ+— U J S »-»CTi C 3 < - " ^ 5 r t -
U- C UJ • - ' • v 0>U. G —' CP — S CJ "S CC ¥ UJ »— •—i!S E —<»-. C S » — Ci 

* i - r I L \ * O *—* Z CM • ¥ ^ * _JtO —« ^ TT — I 3—4—1 
t—' U J rsifv!»— — — « f 5 C T to— uj<\d •— ¥ »—t —4*— t*s' to- N • lt t~ to—*W to— — 

* •— N V Z » - to*—/ toO W | ¥ t— U_CC >v IT) » «wwu~> ;C i - " - ' 
•K Z>—CD Z Z O t t C M * - z t M t - z r t c v z •—z i r z ¥ o U J Z >- ' (OrO'—t—^vcx: > -

* o »—« o o u < »^«t ce w<s to>-t»-^t-i<r cr >—ce ¥ o Z > O U k - ' * < I < t U J v - < Q l i ) « —> 

* Ct •—»—UJ x sn-it— c i 3 Q i H i n c > > - r " Z D O . ¥ cc •"-"Z i t - o c r r z t - c _#— 3TX -

* X x o c r X X ^CO -< tcc>—<ce>- 'cv<z cc>—ot— o c ¥ ;n o r •—><•—ice cc > — K U . i—(ccccco 
o o u . U J O U J U J O U - O U J O O U J C J U J * — z ¥ c o o o c e u j i i o o c e u j I I C C O O U J 

* co ce »— O U M O ceu.cc c c u - i - i o c c u u . c c - * ~ c o u j ¥ CO o i_>3ceccu-U-3:ce '—3TU_u.cc 

* t r o « r <t ¥ < D — 

* - Z U J U J ¥ U J Z 

* CO -<tU- Cc C - S CS: CS ¥ ce •« cs —"CM 

* •-• O "E ^ E O 
s E—< m c v c> cr. 

¥ 
¥ 

o o o r ? 
s c e ? o 

l_)C_>C_>t_)t_>LJO (_><_> <_><_> ~ * C M - - CM CM—• O- O !_><_> 1_>1_>CJ —*—. —»w 

r> n n r o T r ^ r ^ m v o r v . c o o e * — < M T O T ^ - O K K C " ED—ICNTO-T I D "o rvcoov E - S S S S S O S —1-<—»—•cMrrr t n i D i v c o o > o — ^ r t r > o 
vo vc VOVT-VOVD I D I C i D i c v c «3vC"fvrvrv r s ^ r v r v r x t ^ i v c c c c c f c c D t c o o c c > c D © © 
fMCMCMCMCVcMCMcMCMCMCv^cMCMCMCVCMCVCMC^ {MtMcMCMCM'O r W r O I O P O I ' ) 

http://ceu.cc
http://3TU_u.cc


* 
* 
* 
« 

cr 

U J Z 
cr U J 

* t— 
* z 
* o 
* l_> UJCO CO 
* — 1—< U J 
* o X _ J Z 
* cr cr L L J J C W 

* u j o o r t — 
X f— a z t - D 

* a c < z c 
* - _ j —\ u j e r o e r 
* t_> c r u j u 

>- u_ 3 _ l t -
CD O z H - C <IUJ 

* «tt— UJ 
* f— u j c o x 
* X> O Q u . U-UJt-iCO 
* Q- U J _ 1 1—1 «_> 

* i— _ n . < t Z » - U -
« X> _ I z 
* O «tUJ CO u_>—a 
* - u z 
* 1—<• o • I I >Z 
* UJ o COO UJ 
* X - J C D Z c_> UJ * 
* a: »-» o z i—UJtOO 
•K O U . O < r z 2 
* U _ — CO <t r—- Z K < < 
* •—1 t—4 

U J U > < T < J O CM— 
* x z c in a: —xcr 
•* *—* o c o c r <r 
* »—<o X IO •— 

Z X ) X U J »— O C T EC CO 
* H T cr cr (_><: 

* o r - U J o 3 C U J U J 
z o c c u r 

»-X)CS_J u w z > 
* <ttO»— *-4 /—\ Z K < 
* O ti.t u-or cs 
* C 5 0 . <s C W U J Z 

c o z - t r in 
* t—n Z *—' o o o « -
•¥ D C O u . ' < >— I L V 3 

D - X Z CO U_ O 
Z M C < x z u j c r 
I—II—t— UJ UJ •— _ J 

t—» cr o c j j c r 
x O U J \ 
• r coc r M Z - « t - « U . 

* t r ee _ J 
O u J X ' t - Z o o o r 

o z z co U J 
* c r _ i z X « - i i j i -

CL •-»•—X X arcr iu 
U . O c 1—UJf-X 

* CO _ f X u COt— UJ<t 

* <-OCLi— •<s_(xcr 
* X Z O u > - » •< 
* i—•«•< x l-tU_>-CL 

UJ 
X 

_i 
a 

t— 

1— o X 
o t—1 cr 
_ J co U J 
CL cr 

UJ 
1— 

CJ > 2 c 
CO <T o UJ 
cr UJ t s 
LJ t o CO cr o 
t— Of UJ UJ <I 
UJ UJ (— • i— _ l 

CO X t— •c _ j u . 
cr <• UJ z x- •- >—i 
UJ cr X • — I • u . t o 
t— <r -a o • 1—' 
U J a cr cr UJ 

'—V X •< o X X 1— '—V 
o <t U J CL g UJ *— UJ c? 
•—* cr >— o S i-i T" #-f UJ 1—1 

1—>-> •c •< t— i_> K —• 1— tr w X w 
o x a cr -7 C 1 L J U J O — X X U J CO 
_J lT <r i—i <f UJ*- CJ> CD -< •—J CJ>I- cs 

cr CL o UJX»-i z UJl— I — 1— 1—l-l U. I — 
o UJ i cr r r cocr i—< c r z c i—I _ J CCr c o 

3 UJ_J i— i—t o o O O _1 cr 1—1 _ioio 
I I COO. _j U. i CJH— (_) I I <t (_>(_) a UJ U- _i a u c a 

I — H-« »-1 c X »— UJ »—«« (— CL z 
Z !S_J_J LL _ l l_> _ J O _ I Z cr _ r _ J -~ t u— UJ i 
O I I < £ _ ! _t _ J O —1 If t *—• _ 1 I I UJ _ J _ I —i 
<_>C3»-K: V— < 1- < u ; < u •«tU-G •< U- cr « o z « i 
t- t>-l»—o X u X (_»— (_>>-! (_>l—II—ICJ (_>l— o U O C J <l u 

a CL 1-4 •< o u . 
z z cr t— z UJ U-
I—( 9—1 1—! CO < cc 1—t 

t_>LJt_)OCJ<_J(_)l_>0(_>t_>U u u u u u u u (_) u u u u o o c_> u u u m —< u u u u u o u 
cs 

U U O - i 

— . n a r o r r i n v D N . t v CMTJ^O 
• • • « « « • • 

co COCOQO» oocococTiX 1 • ^ c v r O T r i n ' O r ^ t / C ? ! O ' - ' r u r T T m'X>rs.occ>i r s > ^ r v i r ^ o ^ s n x » i s . a ? c ? i s < - ^ c \ ) r O T j ' x > v o r v 1 c o o > 5 S - ^ C M T O T T ^ T T - J a> 
K t s cs,G;cs cs • <oKVfvo . 'CVOjOjrvcvrv i r : r o r o r ^ i f r i r o r ^ m r o p o ^ T r • w ^ ' ^ r - C T j ^ j r j T j m m m m i n in m m m 



' " V 3 0 N 3 I O S 

L U 

o 

L U S L U 

L U « * 

C3 

LU 

cv LL. 
e 



N _ r 

I 

Ll_ _ J 

\ 

u \ y \ 
r i 

A-

I A \ 

6 \ 

\ 

1 

i n n4-R \ 

\ \ v --• 

\ \ y i 

/ / I T a \ 

V X 
V 

/ 
/ /' 
/ / i \ 

i 
f— 

t 
\ 

r 

r 
N 

^ f 

/ 4 
\ 

s 



N D LTl 

I V - CM 

! 

CD LU CO LL en a i_L_i LU 
I — 

cr: l_Lj 
-< o o 

DC o o uL ZD LL 

r— CD a to CO 
CU U 3 CD 
Ds CD ZZ. 

DZ 
zc. 

CO OD a: CD n en LU ZZ. 

o 
r r 

7 

• 

s 

i \ 

\ 

\ 
/ 

r 7 
V 

5 
/ v 

C 3 \ t 3 \ 

a 
! 

\ rf j— 
V 

7 
i 

\ 1 / 

/ 
\ 

! 



NO t \ j 

I V CO CO V 3 

VJ 
CO Q_ or a i_U L U 

-< f— or: 
— _ 1 LU 

LL -< — o o LTl • 
o o L-L L i  ed O 

CO 
r r NO -O 

t o CO 
CO CD 

3 : CD Z 
v-

L L en o n co L L 

f1 

or. 

\ ~7 

CT \ 
\ 

• 

X s 
V 

o 
a 

4̂  LO 

1 

r r 
1 

o \ i 

v 



CO 
U_J 

rv. CM \ 
i 

o 
CO o 

\ CO 
o uU If] 

n 
LJ^ L U L U 

I — Ct: 
L U 

LU 
o o U_ _ J 

CJ o o Z J L L L U 

h— LXJ 
co co L-U CO <LD 

CD Z 
h -
a i— CO CK 
Q _ CO LU ZZL LU 

— 

\ 

LP 

V 

i A J X 4 / 

1 
1 



\ \ r 

( -J 

LU 

• 

< C . CD 

\ \ / 

v \ 
r - r 

v . n 
1 P 

T V 

s - T 
\ It 

\ 
(A / ; 1> 

r 

I ! X 

\ 

i 

1 
I 

t 
\ 

/ r \ \ 

I s 1\ 
n 

) 
\ S I 

j 

J 
r— . 1 

/ 

I \ 

V 

f \ 

" A 

V N 

I 


