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SIMPLIFICATION OF THE CONTOURS OF HOUSES

NGO QUOC TAO, PHAM VIET BINH

Abstract. This work is to formally capture the task of map generalisation: how to modify the contents of
a map for its changing scale, importance or purpose, while at the same time preserving its geometric and
descriptive properties. We use instances of REALM-based spatial data types (formally defined in a companion
report [6]) to represent objects on a map and provide several low level operators for the map generalisation:
simplification, smoothing, classification, displacement and collapse. We later focus on the simplification of
the contour of a house.

Tém tit. Cong trinh nay mé td mot s8 khia canh cia téng quat hod ban dé bao gom: céch bién d6i noi
dung ctia ban d6 nhu thé nao khi thay déi ti 1, tAm quan trong va muc dich cia ban d6, déng thei bdo
toan cdc tinh chdt hinh hoc va mé t4 ban d6. Ching téi st dung cdc thanh phén co bén cia kigu dit liéu
khéng gian REALM (duoc dinh nghia hinh thitc trong bdo cdo [6]) d€ biéu dién cdc ddi tuwong trén ban doé
va cung cAp mot s8 toan tir mite thap cho téng quét hod bdn dé nhw: don gidn hod, lam trom, phan loai,
dich chuyén va cit dén, sau d6 ching t6i tap trung vao viéc don gidn hod chu tuyén cta ngéi nha.

1. INTRODUCTION

Map generalisation consists of statistical generalisation and cartographic generalisation. Statis-
tical generalisation is a filtering process whose aim is spatial modelling of attributive information
attached to locations. Objective constraints, which are imposed during the process of statistical gen-
eralisation, are the preservation of spatial mean, variant and form of the distribution. Cartographic
generalisation, the aim of which is visualisation, can affect location accuracy to a great extent.

Map generalisation is a difficult task and depending on the scale, importance and the purpose
of the map, requires skilled cartographers working for long periods of time; very few algorithms exist
to automate this process. By this paper we want to justify that realm-based structures are useful for
developing automatic or semi-automatic software to implement some cartographic operations for map
generalisation. And since the problem is hard to solve in the general setting, we gradually restrict
out attention to specific simplification of the contour of a house.

We first provide the formal model of a map (Section 2) where each object is an instance of one of
REALM-based spatial data-types in [8]: a block, a face or a point. The objects are given attributes
relating to what they represent, for instance ‘house’, ‘park’, ‘street’ etc. We next formalise the
process of map generalisation (Section 3) . An even larger specialisation is to consider the problem of
simplifying the contour of a house (Section 4). The final Section 5 contains conclusions and comments
on the directions for future work.

2. MODELLING OF MAPS

A map is a medium of communication that uses labelled graphics to convey spatial relationships
among points, lines and areas featured to its viewer [4]. There are many kind of maps depending on
their purpose and users, like the maps representing topographical features, hydrography, settlements
and roads. On the low level, however, all can be represented as a set of points, lines and areas that
are defined by both their location in space (with reference to a system of coordinates and non-spatial
attributes ([2]).

In order to formally capture the location part of a map we shall use our earlier work on spatial
data types [8] built using the concept and structure of a REALM [5]. The types represent points,
lines and regions. All types are closed under the union, intersection and difference and are used as



SIMPLIFICATION OF THE CONTOURS OF HOUSES 263

the basic building blocks for representing objects on the map.

A realm R is a set of points and non-intersecting line segments over a finite grid. Given R, point
values can be represented as points in R, line values as blocks and region values as sets of edge-disjoint
faces in R, each of which may have holes. These are part of the scheme SDT below. Additionally, SDT
define auxiliary functions, like ltnes_segs which returns the set of N_segments of an face, is_regions
expressing the property that a set of faces is a regions, is_lines for checking whether a set of blocks is
a line. We also have functions extracting a realm from given points, lines and regions (points_realm,
lines_realm and regions_realm) and functions performing the operations of union, intersection and
difference between two type values. The scheme SDT can be written as below.

[ sDbT—————— */
scheme SDT — extend BLOCK with RUNIT with
class type

lines = {|(bls, R): Block-set X Realm e is_lines(bls, R)|},

regions = {|(fs, R): Face-setxRealm e is_regions(fs, R)|},

points = {|(P, R):Grid.N_point-set xRealm e P C rpoint(R)|}
value is_lines : Block-set x Realm—Bool,

is_regions : Face-set XxRealm—Bool,

lines_segs : lines—Grid.N_segment-set,

points_realm : points—Realm,

lines_realm : lines—Realm,

regions_realm : regions—Realm,

p-union, p_intersection, p_difference : pointsXpoints —~>> points,

r_union, r_intersection, r_difference : regionsXregions —~>> regions,

l_union, lintersection, |_difference : linesxlines —~> lines
end

In order to model a map, all these data-types will be put together. Additionally we need to
represent these entities which importance, not size would merit their appearance on the map like for
example a hospital. These are usually represented using specialised symbols and will be values of the
type Symbolize, including a realm, grid, scale and symbol itself. But spatial data-types are able to
capture only one aspect of information included in a map. Another aspect is statistical information
which with each spatial object would associate an attribute, relating to what an object represents,
for instance a ‘house’, ‘park’, ‘street’... The list, part of the type Atirib is open-ended. Then finally
an object is a pair of a spatial value and an attribute and a map is a set of objects, all part of the

scheme MAP below.

[ MAP—— */
scheme MAP — extend SDT with
class

type Scale = {|(x, y) : NatxNat e x < y |}, Symbol,
Symbolize :: realm : Realm p : Grid.N_point sc : Scale ss : Symbol,
Attrib == house | park | street | garden | hospital | _,
Geo == mk_points(points) | mk_lines(lines) | mk_regions(regions) | mk_Symbolize(Symbolize),
Object = Geox Attrib-set,
Map = {|M : Object-set e is_map(M)|}
value mk_points : points—points, mk_lines : lines—lines,
mk_regions : regions—regions, mk_symbolize : Symbolize—Symbolize
is_map : Object-set—Bool, realm : Object—Realm,
realm : Map—Realm
axiom Ysm : Symbolize e p(sm) € realm(sm),
¥YM : Object-set o
is_ map(M) = (Yobj, obj1 : Object ® obj € M A objl € M = realm(obj) = realm(obj1)),
Y(geo, att) : Object o
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realm(geo, att) =
case geo of
mk_points(geo) — points_realm(mk_points(geo)),
mk _lines(geo) —lines_realm(mk lines(geo)),
mk _regions(geo) — regions_realm(mk_regions(geo))
end,
YM : Map e realm(M) = let obj : Object ® obj € M in realm(obj) end
end

3. GENERALISATION OF MAPS

Map generalisation can be considered a process that transforms a map M1 to a map M2. As
suggested by Beard (1991) [1], there are four types of constraints for this transformation, these are
graphic, structural, application and procedural constraints. Graphic constraints are the limitations
of technical equipments and the bounds of human visual ability. Structural constraints are spatial
and attribute relations among the objects; they are divided between geometrical, topological and
statistical constraints. Application constraints are conditions specific to the purpose of a map.

The constraints are included in the scheme GENERALISATION and represented as the predi-
cates app(M1,M2) for application, gr(M1,M2) for graphical and str(M1,M2) for structural constraints
between two maps M1 and M2, the latter being a conjuncts of topological (topo(M1,M2)), geometrical
(geoconstraint{M1,M2)) and statistical (sts(M1,M2)) constraints; we shall not introduce procedural
constraint. We moreover use r{eq,M1,M2) to represent limitations of the technical equipment eq (eq
is a value of the abstract type EQ) and a real function ¥ to “measure” the quality of a map (we shall
not define this function explicitly).The function max returns the maximum of a set of real numbers.

Then given a map M1 and given technical equipment eg, the problem of map generalisation is to
find a map M such that r(eq,M1,M) and the loss of quality does not exceed the value of #. Thus M is a
‘good enough’ approximation of the map M1. These all is part of the scheme GENERALISATION.
scheme GENERALISATION =
class
type EQ
value 6. Real, max : Real-set — Real,

/* graphic constraint®/ gr : EQ x Map x Map — Bool,

/* relationship between two maps and technical equipments */

r: EQ x Map X Map — Bool,

/*topological constraint®/ topo : Map X Map — Bool,

/* structural constraint®/ str : Map x Map — Bool,

/* application constraint®*/ app : Map x Map —~> Bool,

/* geometrical constraint®/ geo : Map x Map —~> Bool,

/* stastistical constraint*/ sts : Map X Map —~> Bool,

/*the objective function*/ ¥: Map — Real,

generalisation : EQ X Map —~> Map,
axiom

/* Structural constraint */

YVeq: EQ, M, M1, M2 : Map e r(eq, M1, M2) = gr(eq, M1, M2) A str(M1, M2) A app(M1, M2),

Y M1, M2 : Map e str(M1, M2) = geo(M1, M2) A topo(M1, M2) A sts(M1, M2),

/* The map generalized from the map M1 depending on the capacity of equipment eq */

Veq: EQ, M1 : Map e generalisation(eq, M1) as M

post abs (¥(M) - max({¥(M2) | M2 : Map e r(eq, M1, M2)})) < 6
end
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The scheme OPERATOR provides the abstract definition of the problem only. The solution

will typically involve performing a number of low-level operations like classification, simplification,
displacement, elimination, selection and they are described below.

+

+

+ 4+

Classification is a process of grouping objects sharing similar attributes into a new category and
perhaps representing them as a new symbol.

Simplification is used to reduce the numbers of points representing contours (like for instance of
a house).

Displacement is an operation that given two objects closer than the value of tolerance.
Reduction is a process of removing some objects from the map which scale is reduced.

Feature selection is a process of deciding which classes of information, and perhaps which objects
within a class, are needed for the purpose of a map [2].

Collapse is a process that transforms regions or lines into ‘simpler’ objects, like lines and points
respectively.

Typical and Refinement is a process that eliminate objects within a set of similar object while
their scatter geometry.

————— OPERATORS——F——*/

scheme OPERATORS =
class

type classification_result == important |[normal| not_important,

Rule = Object x Scale x Attrib x Real x Real — Bool

value 0_reduction, 0 _disl, 0_dis2 : Real, scale : Scale, Userl_Rules, User2_Rules : Rule-set,

end

classification : Object — classification_result,
simplification : feature, exaggeration : Object — Object,
Collapse, Reduction : Object — ~> Object-set,
displacement : Object X Object — Object x Object,
selection, elimination : Object — Bool,

area, ratio : Object — Real,

In order to define the operation of simplification we introduce the local function G2P returning

all vertices of an element of type Object. Simplification is used to reduce the numbers of points
representing objects in a map:

G2P : Geo — Grid.N_point-set,
simplification : Object — Object
simplification(geo, att) as (geo’, att) = G2P(geo) DO G2P(geo’)
In the scheme OPERATORS functions width, height and area return the width, the height and

the area of an object respectively. Moreover ratio expresses the ratio between the area of an object
and the rectangle embracing this object:

ratio : Object — Real
ratio(obj) = area(obj)/(width(obj) * height(obj))
Reduction is a process of removing some objects from the map which scale is reduced.
reduction : Object-set — Object-set,
reduction(objs) as objls post card (objs) > card(objls)
Exaggeration is a process of enlarging objects.
exaggeration : Object — Object
exaggeration(obj) as objl post area(obj) < area(obj1)
Given a number of these basic operations, the process of map generalisation will usually invoke

them in sequence. It is then important to decide on the kind and the order of invocations.
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4. SIMPLIFICATION OF HOUSE CONTOURS

Let us now instantiate the city map to consider the problem of simplifying the contour of a house. In
general the contour will be represented by a cycle and we concentrate on four features existing and
complicating such contours: short segments, sharp (plain) angles, small areas.

The value cos of the angle between two meeting N_segments.
cos: Grid.N_segment x Grid.N_segment — Real
The angle between two N_segments is called ‘sharp’ if its cos is less than given tolerance SHARP_

ANGLE_TOL_VAL.

plainangle : Grid.N_segment x Grid.N_segment —Bool,

plainangle(s, s’) = cos(s, s') >= PLAIN_ANGLE_TOL_VAL,

Let h_area(s,s’) represent the area of the polygon with segments s and s’ as two opposite

edges.

area : Grid.N_segment X Grid.N_segment —Real
A triangle forming from two meeting N_segments is called a ‘small area’ if the area is less than the
value of AREA_TOL_VAL.

small_area : Grid.N_segment X Grid.N_segment — Bool

small area(s, s’) = Grid.ss_meet(s, s’) A area(s, s’) < AREA_TOL_VAL,
The simplification should yield the result which ‘approximates’ the original. Therefore we shall
introduce the maximal allowed difference AREA_SUM_TOL_VAL between the number of grid points
inside of the original and the transformed contours. Let us first this difference:

diff : House X House — Real
diff(h, h’) = let(geo, att) = (geo, att), House ® h’ = (geo’, att’), (fs, R) = geo, (fs’, R’) = geo’
in let P_fs ={p|p: Grid.N_point ® 3 f: F.Face o f € fs A pf_areainside(p, 1)},
P_fs’ = { p|p : Grid.N_point ¢ 3{: F.Face o f € fs A pf.areainside(p, )},
in card (P_fs \ P_fs’ U P_fs’ \ P_fs) end
end,
The operation of simplification can now be defined as below.
simplification : House — House
simplification(h) as h’
post let (geo, att) = h, (fs, R) = geo, (geo’, att’) = h’, (fs’, R’) = geo’)
in ~ (3 (f0, FO) : F.Face o (f0, F0) € fs’ A
(3c: C.Cycle,i: Nat e ¢ € {f0}U FO A ( short_segment(c(i)) V
(sharpangle(c(i), c(i+1)) V plainangle (c(i), c(i+1)) V small area(c(i), c(i+1)))))) A
card (fs") <= card (fs) A
diff(h, h’) < AREA_TOL_VAL
end

?" 13— LONG_TOL_VAL
AREA_TOL_VAL
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Figure 1. The small formes and the tolerance values
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The specification of simplification operation is used to verify some simplification algorithm of
contour of house. Figure 1 shows that the algorithm of Damour [3] for simplifying the contours of
house increases the numbers of the house.

5. CONCLUSION

The paper provides the formal representation of the map generalisation problem and provides the
REALM-based model for maps and abstract definitions for the basic operations on maps. Particular
attention is directed towards the problem of simplifying the contour of house.

In future we plan to give some more concrete formal descriptions of some map generalisation
operators: classification, simplification/smoothing, selection/elimination and collapse, all considered
for the class of city maps and its typical objects like streets, parks, gardens and hospitals. We
moreover want to study the automated generalisation of lines, applying this to simplify streets.
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