Deriving and using an Dbject Based Model of a mapped area from a
Feature Coded Representation.

Issue 2.5 dated 3@th April 1986

! Dr JMP Guirn, ICL Flagship Project, West Gorton, Manchester

Summary

This paper describes the technigues developed in  deriving a
spatial model of a mapped area derived from a feature coded
digital map of that area. It describes how the model is  used

in comjunction with a database applicaticon (PLANES) which allows
users, such as Fublic Utilities and Local Authorities, to set up
and interrogate large quantities of praperty related

information,

Introdaction

The work detailed 1n this paper forms part of a general
investigation into the technigques of handling spatial data. A
major  impetus for  this work came from the realization that a
large amount of information is held in Ordnancg Survey digital
maps. The mwaps are oftern only used for simple drafting or
providing  a back drop for the production of drawings of service
distribution rnetworks. While these are sernsible uses for the maps
there is potential for much more and this paper describes the
start of an exploration of such possibilities.

First, ore must draw a distincticn between a picture, or image
of space, and the classification of space as a set of objects. A
map is a familiar example of the former, whereas a Street
directory or gacetteer is an example of the latter. A fundamental
prablem of spatial systems is  that of linking these twao
representations to each other.

Are image is rormally represented by a rectarngular grid of samples
of a measwred quantity, such as intensity, over an area. It can
be converted into & line drawing by manual digitization or
mechanised line trackers. This process introduces a  varying
degree of simplification in the image, depernding on the type of
image. The Ordnance Survey data is of this nature, and includes
manually encoded  information as to the meaning of a  particular
line (feature type) as well as textual data such as road and
house names and house rumbers.

The term object is used here to describe an entity that holds
logical, textual and spatial information relevant to a specific
item, such as a rocad or property.

The relationship between the set of spatial abjects and its image
is depicted in Fig.1. In this an object is shown to be composed
of bath logical and spatial information. The lagical information
relates an aobject to other objects while the spatial information
defines the shape and position of the aobject in terms of
primitive comporents. These are points, lines and areas. Any
human readable information (text) alsc needs to be included. The
components may also be defirned in terms of sets of simpler
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compornents, e.g. an area in terms of its boundary lines, and this

produces advantanes in  terms of consistency of detail, and
reduced volume of data. In the final screen image everything is
reduced to points of

various colours. The

Extermal Relations | Object Joins act of drawing the map
" moves down  feom  the

Relations|— Dwns obiects through their

Spatial Ouned by spatial compaornents.

Fyoan there each
| \\;\\\\\\\\ element is reduced to

a set of points in the

Place text Line Area diraplayed image. The
Point act af recognition

Draw Recognise implies moving the
. ) . other way. First
Hierarchic —. Geometric arouping  points  into

Coding Coding features thern features

\ ints objects. With 0S
maps one is able to
m start the recognition

process at the feature
level, thus enabling
. a cancentration on the

process of object identification and handling.

Iv

this experiment I explored the methods of \transfovming the

feature coded imange intm an object based view. The techniques
investigated are based on using the visual clues that enable a
huran to make sense of the patterns of coded lines that form  the

map.

Ry employivg these technigunes 1t should therefore be

possible ¢t nse the maps 1vn a far wider arena than at present.

The main features aof the Ordnance Survey data investigated are

A.
b.
c.

d.

These

The wvolume of data 1s large.

the data is often geometrically imprecise.

the spatial algmrithms needed to extract meaning out of the
data are hinhly dependent or the nature of the data.

the data appears to be coded in different styles with
varyinng degrees of precisior. In scme cases the data has
sections missinn and is inconsistent with itself.

the cartographic data is provided in Naticnal Grid
Coardinates i.e. two six digit numbers to ‘be manipulated.

considerations lead to an initial design philosphy for the

system such that

i.

ii.

iii.

the most useful key to larpe scale urban data is the road
arnd street network, both logically and geographically. This
later pravided a convenient link into the PLANES system.

all algorithms should allow a degree of tolerance to
inaccuracy.

while investigating an area the ocbjects set up should be
temporary, created as reeded during a given session. Once
the analysis appears complete it should be possible to save
the objects in a data base from which they can be quickly
restored when required. They can be modified when held in
that database but the main aim is to improve the object
extraction alporithms so that the amount of editing is
minimal.
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ive major discontinuwities in source data will be corrected by
visual interpretation and manual intervention. The system
should attempt to identify such situations and allow
carrection. Minor inaccuracies, such as lines that dont
Jjoin  exactly, can safely be interpreted and if appropriate
corrected.

V. the means of interacting with the system should be simple,
easy to use and externsible.

This apprcach places requirements on the supporting system such

a. the system should provide a large store to accommodate the
large data set

b. fast floating point manipulaticon because the data size is
large and many gecmetrical calculations are involved.

c. Powerful multiprocess arnd multiuwser facilities are also
rieeded to facilitate irndependent and cocperative operation.

d. The saoftware should be implemented in a high level language
that provides flexible cbject handling, access to the system
facilities and mixed language capabilities.

The Spatial Model

The spatial model is based on the road network of the area. It
consists of sets of objects of various types. The objects are
represented by data structures that include their logical,
textual and spatial attributes. The main object types involved
are defivied for the Roads, Road Junctions and Properties.

The original data on which the model is based is proyided by an
Ordrnance Survey digital map of Coventry at scales of 1:1250 and
1:280@ and accurate to 2.5 metres. The map covers an area of 72
square Kilometres in 119 map sheets. Metropolitan areas account
for B84 500 square metres map sheets and country areas for 26
1 square Kilometre map sheets.

The data is held on a map sheet basis and consists of sets of
cover 3@ feature types which can be livnes (represented as lists
of coordinates), text or point coordinates. These features are
spatially vet logically asscciated and each feature type is
accompanied by gqualifying information. In the case of lines and
points the featwre code and lirne style for drafting is  included.
For  text the loccatiaon and crientation is provided together with
the text string itself.

The algorithms developed for extracting the cobjects from the
feature coded map data can be viewed as a set of empirical rules
which are specific to this style of feature coding. If the base
representation is changed then the rules must be charnged also. Rt
the present time we have chosen to group the cbjects within map
sheets, in the same way as the original feature ccded data
although this is not a fundamental obstacle.

Roads as Objects

The feature codes used for the road objects are those for the
centre lines of the various catagories of rcad. The base data is
thus the sets of centre line coordinates and associated
categories together with the set of text strings that wmay include
the name of a particular road. For each road a containing box is
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identified. The corners of the box are the minimum and maximum
northings and eastings of the road coordinates. The boxes are
used as a quick check for the proximity of objects.

A road is identified as a set of centre line vectors, of a
specific road centre line featuwre code with a sirngle associated
name. There are 1@ different feature codes asscciated with road

centre lires.
The strategy for the alloccation of riames to roads is

a road is a set of vectors with a single rame within & meters
of the line of vecturs and an orientation parallel to
those vectors

or
a road is the set of centre livie vectors has no name
and is either continuous with a named road whose name it
can take
or Joins  or is joived by a named road whose name it can
take
or

a road ise the set of centre line vectors road with multiple
names associated with it along its length
and can split up the original road at
either jurnctions with other roads»
or bends sco that each sectionyof the original
road has a unique name.

* In the case where there are several juncticons between two names
then one is chaoseri by leowwking at house rnumbers and chacosing the
Jjuriction rnearest the smallest riumber. This technique relies on
the Ordnarce Survey apparent convention of orientating house
numbers with respect to the road in which they are located.

If rnone of these is possible thenm the fact is reported for manual
interventiaon.

If was found that there were no roads in this area which  had
overlapping names but irn that case two coincident vroads would be
defined.

After the first pass about 62% of the roads have been named
uniquely. The final success rate is 0%

Road Junctions as Objects

Part of the road naming algorithm  above requires the road
Junctions to be determined. This is achieved by first checking
whether two roads can intersect by using their conmtaining box. If
their boxes overlap then a geometrical algorithm is used to
determine the actual point of intersection [Ref 13J. The juncticon
cbject includes the road identifier, the intersecting road
identifier the point of intersection, the type of jurction and
the number of intersections that share the same junction together
with their identifiers.
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Properties as Objects

There are several feature codes that relate to praperty outlines.
At this scale (1:125Q) the shape of a building is indicated and
irn the case of terrace housing it can be very. complicated. The
data may be found in several sections rnat rnecessarily
contiguously placed in the map datafile.

The strategy for didentifyirg properties is based on the
definition of a praperty as a closed polygon bourded by lines of
one of the 0S5 building feature codes (1..6). The area defined by
the polygon will usually include either a number or a name text
string. ' Tt will alss has an associated road within 32 metres in a
direction indicated by the crierntation of the text.

The rext two figures
are direct screen
dumps.

Fing 2 shows the
property  polygons in
red including the
rmmbers. The dividing
walls are shown in
blue. The road edge
is shown as a chained
lire in red and the
qreen lines show
ather boundaries.,
The cursor is placed
aver  the house of
interest and the
corresponding address
is displayed as 17,
Dysart Close.

The geometry involved

in attaching the
properties to the
roads is shown in Fig
3. The containing
boxes for the
properties are shown
irn black. Alsc shown
are the rcad centre
lines and the
construction lines
draopped onto the
rearest roads * as
perpendiculars from
the centre of the
containing rectangle.
If that is not
possible then the

nearest point on the

road is  taken. The
road chosen is then
the closest ore in the direction of the rnumbers.
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In properties, such as terraced housing, which include multiple
numbers within the encleosing polygon the boundary/fence feature
codes are used to split up the property polygon into house
polygons each with its own associated number or name. Flats are
ideritified conventionally by a name and the range of flat numbers
given by a text string of the form A to B.

In many cases it is necessary to interpolate between the 08 house
number data in order to allocate missing numbers to the houses.
However, the vagaries of the system of assigning numbers to
properties precludes this in every case and the information must

provided manually.

If any property crosses a map sheet boundary then the polygon is
currently closed along the boundary.

The success rate of the above algorithm varies widely depending
how well the text direction convention is adhered to and how
consistent the digitiser was in keeping to closed polygons as
outlines. In some areas the success rate is 80% in others it is

closer to S50%.
DataBase structures

There are three main databases involved: the map database and the
object database are used to hald the spatial data and the Planes
database which holds other textual attribute data.

The spatial databases are based on block structured files.
Position in the file is given by a File Address: the block number
and offset in block at which the item starts.

BRoth the map and the cbject database are organised on a map sheet
basis. They have an asscciated index file that gives the northing
and easting coordinates for each map sheet as well as the map
width in meters together with the file address of the start of
its data. This allcws the display of any part of the mapped area
by selecting the map sheets which fall within the area of
interest and then clippirng the map sheet's data to the screen.

The data for each map sheet is prefaced by a feature index that
indicates which codes are included and the file address at which
they start. The 1lirne data itself is held as a sequence of
coordinate pairs, relative to the map sheet base, with a count of
the riumber of points at the start of each sequence.

The map database allows records which span over more than one

data blocck, the object database does not. This is because the
map data is not intended for modification locally but by wupdates
from the Ordnarnce Survey. The Object data is intended to be

modified by impraving the cbject extraction algorithm when a
weakness in its operation is detected and then overwriting the

old data.

Experimental Spatial System

The main parts of the experimental system are shown in Figure ?.
It consists of three main subsystems that can be run

independently to provide a subset of the total facilities, or
together so that they can cooperate to provide the total set.
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The subsystems are @
MapGin which handles
all the Cartographic
data, PLANES which
handles the main
property attributes
and MapService which
intercepts messages
from either PLANES or

bleste 10Ms |

Planes

MapGin and routes

them to the TDPQZ
appropriate recipient

dependent an the

context. i

The lines show the mmm
interconnections and %ﬁ%ﬁ
routes used. Each of Jo— SO

the subsystems has BIT PAD  SUNNERA m m
its own terminal for

trace information and R
MapGin also has a graphics ternminal, labelled Topaz with its own

alphanumeric terminal and bitpad for cursor control.

There can be more than cne MapBGin subsystem conrnected. Each can
either interact separately with PLANES or act as a slave to
another MapBGin sub system. Both PLANES and MapGin can operate
independently and rieed only be connected through MapService when
either wants data from the other.

The system described runs on an ICL mainframe which supports the
operating system VME, (Virtual Machire Environment) capable of
supporting multiple users. A scoftware environment has been
develaped to provide all the rnecessary graphical and
communications facilities required. The basic graphical
facilities are device independernt and can be mapped on to various
graphical devices in order to display and interact with the maps.
Such devices are currently cormected asynchroncusly.

The set of devices that are supported are the Tektonix colour
terminals 4501, 4721 and 4635 (printer), the Topaz greyscale
graphics terminal, ICL 46226 terminal, - It is simple to add
further device drives.

MapGin

The user is able to interact with MapGin through a simple command
language. Any positicnal  information required is  provided by
using a cursor. The type of interacti¢n is controlled by MapGin.

The user can select an area of interest ard may move
interactively about the mapped area, charnging the scale as
desired. It is alsc possible to move using the text feature
included in the map data as a gazetteer. All pasitional
information is held and presented in National Grid Coordinates.

In a givern mapsheet the rocads and junction objects can be
determired by using the command WALK ard the property objects by
the use of the command PROPERTY. Ornce these have been used the
cobjects can be saved using the SAVE OBJECTS command or
interrogated using the STREET command for the roads or the
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ADDRESS command for the properties. In the latter command the
graphics cursor is used to point to the road or  property of
interest.

A typical sequerce of commands with explanation in €} would be as
folloaws

map 39 { display map 39, a S@0@m sq map at coérdinates
434500, 2793500 3

walk { identifies roads and junctions }
praperty { identifies all the properties and allocate
to voads )
save 39 { writes objects to a database }
mz { zooms 1nta a particular area indicated using
the cursor ¥
address { point to & building and display its address »
street { point to a street to determire its name )
P { continue with the interactior %}
PLANES
PLANES is ar ICL application currently in use with a number of
customers. It is an IDMS based Trarnsaction Processing (TP)
Service which praovides access for a number of different
applicatiocns grouped rourd an address directory handler.
The directory handler maps an address to a  structured key
that can be used to retrieve the corresponding data from

the supporting service. The directory handler also determines the
hierachical structure of the data.

In this experiment a district of Coventry is split up into roads
and the roads into properties and sub-properties. There is no
concept of the rnext road in the data, there is, however, the
concept of next house in a road, on the basis of its number in
the road. Froperties can be alsa be grouped together into sets on
the basis of commorn items of data, irrespective of their actual
address. Such sets are given a specific code for access called an
entry paint.

The application uwsed in this experiment was the PLANES System
Interface Mavager PRISM. This allows the user to set up and
interrogate data, keyed on address, under three headings:
Plarming, Commercial and BGereral Enquiries. Once the heading is
chosern it remains in force until specifically changed.

The usual way in which the user interracts with PLANES is by a

set of formatted screens. The user inputs his enquiry by just
campleting the appropriate fields on the screen and PLANES
replies in a like manner, ane screenful at a time, A user thus

can move through a particular set of data by inmputting a walk to
next item commard.

Each screen of information has its own identifier. When MapGin
supplies the input data instead of a user the screen code must
be sent with the message to mimic the action of the TP terminal.
For  example to initiate ar enquiry on an address such as i,
DYSART CLOSE the message would be sent as

PIOR+1+ +DYSART CLOSE +

where + represents the field separation character. On receipt

66



of this address PLANES will retrieve the data and display it on a
new TP screen appropriate to the erquiry.

MapService

This is a special purpase program that uses VME communications
facilities to cormect the variocus components of the system
tcogether. It intercepts all the messages between PLANES and its
TP terminal and can reroute all or a specific set of messages to
MapGin. It can support the broadcast of messages to all  the
MapGin processes corrmected or handle them individually.

Using the Spatial Mcdel

The interacticon between PLANES ard MapGin can be initiated from
either end. Examples of such interactions are as follows..

MapGin can be used to display the area of interest and orce
the analysis has beer carried out road names and property
addresses retrieved by just pointing at the displayed image

a.

aof the road or property. When carmected to PLANES the
address gernerated can be used to extract and display any
asscciated attribute data. Far example property

descriptions, acwrers names and cccupations.

b. The PLANES user may browse through a set of properties one
by ore and for any orne can input the command VIEW. This
command is intercepted by MapService and routed to MapBGin so
that the property can be displayed on the screen. In order
ta do that MapGin causes the PLANES screen to be redisplayed
and a copy sent to MapGin. From this the position of the
property can be determined and it is displayed at a scale
that shows an area of 102 meters square centred on the

property.
c. The PLANES user can select a property in a road and then
WALK from one property set to another. At any stage he can

request a walk to the next rocad, left, right or straight on.
This command is routed to MapGin in order to determine the
current road and property. The next rcad is selected on the
basis of the nrearest jurction and thern the first house
chosen that satisfies the direction (left, right or straight
orn). This address is then passed to PLANES so that the
enquiry can continue from the new property.

d. It is possible to use MapGin to determine arnd display the
distribution of attribute data stored by PLANES within a
given area. It is first necessary to select the shape of
the area to be examined. This may be a circle, a rectargle
or & irregular poalygon. Commands are then sent by MapBGin
to PLANES that cause it to walk through the set of
properties with that attribute data and route the resultant
PLANES data to MapBGin. MapBGin then checks whether the
property is within the area. If it is the property is
highlighted otherwise it is discarded.
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Conclusions

The MapGin experimental system has demonstrated that it is
possible to construct an cbject based model of a feature coded
area with an acceptable degree of success. It is then possible
to use that model to provide a graphical front end to an existing
cbject based ernquiry system such as PLANES based solely on the
message passing emplcoyed, to communicate with the user, such that
the two parts of the system complement each other and the whole
is greater than the sum of the parts.
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