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ABSTRACT
The geographical information sources, resulting from a collection of different imperfect
observations, often contain data redundancy. In this case we need to reduce the redundancy
to obtain a non-redundant source before using it. Moreover, a geographical information
source may contain data quality information, what means that the data source associates to
any piece of information (geographically referenced), a value in the domain of one or
several quality components. Geographical information pieces can sometimes overlap hence
there is an issue on how to characterize the quality of the information within the
intersection.
In this paper we consider the case, frequent with geographical information, where the
semantic information domain is structured in a lattice, which is a particular case of
hierarchy. Therefore, spatial overlapping can lead to redundancy or to conflicts. We
present a formal background to reduce the redundancy and to answer questions about the
assessment of quality when concurrent spatial information is combined within a common
lattice structure. An algorithm to detect and reduce the redundancy, and to compute the
resulting quality, is shown with an application example.
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1.

Introduction

Geographical information can be defined as information about features and phenomena
located on or near the terrestrial surface [6, 16]. Moreover, geographical data are created by
abstracting phenomena existing in the real world. Hence, geographical information can be
decomposed into primitive elements that take the form of (X, I) where: X refers to a general
definition of a location of an object, and I stands for a list of properties or attributes of the
phenomena observed at that location. I is also called semantic or descriptive information
[16]. This ‘relational’ definition is more general than a ‘functional’ definition such as I =
f(X), and is more appropriate for representing uncertain information.
When we observe a phenomenon, the result is restricted often on a set of (X, I), called
an information source (data collection, database, knowledge base, etc.). An information
source is defined as an identifiable collection of relative information. An information
source can contain data quality information, if some, or all of the possible subsets of
information, can be compared with respect to one or several quality elements (e.g.: from
ISO19113). There are often many sources representing the same phenomena [7, 8].
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The geographical information has the peculiar property to be referenced on a unique
geographical space. Each reference is a two dimensional spatial extent (in our purpose). In
general, different references may overlap: how to determine the information for the
intersection?, and its quality? Moreover, a source can have different equivalent
representations: how to evaluate the quality of information of these equivalent sources?
We start with the definition and formalization of a ‘geospatial source’ in the context
where it exists some partially ordered structure in the I domain. We show that redundancy
may exist, and we exhibit an algorithm for reducing it. Then we propose a representation
for the data quality information, which behaves consistently between reduced and nonreduced versions of equivalent sources. The last section illustrates our approach on a ‘landcover’ example: from the initial dataset, we compute a reduced equivalent version, and its
quality.

2.

Geospatial source

For manipulating and retrieving data, it is necessary to ‘name’ the information, to
describe its ‘meaning’, and possibly to assess it for some particular purpose. These
‘meanings’ are represented often as a hierarchy [15] of categories grouped into classes,
enabling the phenomena to be referred to at different levels of abstraction. This provides an
essential means of distinguishing between information. Some data producers devise their
own classification system for the phenomena of their own interest. For example the landcover classification scheme from the CORINE project, presents an emphasis on natural and
semi-natural vegetation [8].
The term ‘hierarchy’ is often used indiscriminately for any partial ordering [12, 14]. A
lattice is a well suited structure for representing geographical information hierarchies, for
classification, composition, aggregation, generalization, and abstraction [11]. A lattice can
be modelled as a partially ordered set (I, ≤) with two operators meet and join [3]. Here, we
recall the notation of lattice, and we introduce the notation of ‘geospatial source’ as a set of
couples (X, I), a relationship between the object set and the elements of an information
lattice [9, 10].
2.1 Preliminaries: lattice and information lattice
An ordered set is a pair (I, ≤), where I is a set, and ≤ is a partial order on I:
∀a, b, c ∈I, a ≤ a (reflexive), a ≤ b and b ≤ a → a = b (anti-symmetric), a ≤ b and b ≤ c
→ a ≤ c (transitive).
Let A ⊆ I, A ≠ ∅. An element a∈A is called a minimal (resp. maximal}) of A, if there
exists no x ∈ A such that x ≤ a (resp. a ≤ x). The set of all minimal (resp. maximal)
elements of A is noted min(A) (resp. max(A)). If a is the unique minimal (resp. maximal)
element of A, then a is called the least (resp. greatest) element of A. An element u∈I is an
upper bound of A if for all x ∈ A, x ≤ u. An element l∈I is an lower bound of A if for all x ∈
A, l ≤ x. Let u(A) denote the set of all upper bounds of A, and l(A) denote the set of all
lower bounds of A. The least upper bound of A, if exists, is denoted by ∨A, and called the
join of A. The greatest lower bound of A, if exists, is denoted by ∧A, and called the meet of
A. In particular, if A = {a, b} then ∨X is denoted by a∨b, and ∧A is denoted by a∧b. We
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have the equivalence: a ≤ b iff a = a∧b iff b = a∨b. The least upper bound and the greatest
lower bound of S, if exist, are denoted by T and ⊥, respectively.
An ordered set (I, ≤) is a ∨-semi (resp. ∧-semi) lattice if ∀a,b ∈I, a∨b (resp. a∧b)
always exists. (S, ≤) is a lattice if it is a ∨-semi lattice and a ∧-semi lattice. It is a complete
lattice if ∀A⊆I, ∨A and ∧A always exist.
Definition 1 (Information lattice) An information lattice is a lattice which contains ⊥,
which represents the inconsistency, and T, which represents the most general information.
Let a, b ∈ I, if a≤b, then b is ‘more general’ than a (a is more specific). If a∧b ≠ ⊥,
then a and b are ‘complementary’. If a∧b = ⊥, then a and b are ‘in conflict’. The conflict is
total if a∨b = T, as a and b do not share any common information. Otherwise, the conflict is
partial, and a∨b is called the agreement of a and b.
In what follows, we consider an information lattice (I, ≤), and A, B being subsets of I.
Definition 2 (Information containment) B is information contained in A, denoted by A ∠
B, if for each b ∈ B there exists a ∈ A such that a ≤ b.
Intuitively, A ∠ B, means B contains as much information as A. The relation ∠ is
reflexive and transitive, but not anti-symmetric.
Definition 3 (Information equivalence) A is information equivalent to B, denoted by A≈B,
if A ∠ B and B ∠ A.
Clearly, the relation ≈ is reflexive, symmetric, and transitive. We have some remarks:
For any A ⊆ I, we have: A ≈ min(A). For any A, B ⊆ I, A ≈ B if and only if min(A) ≈
min(B).
Example 1:

Figure 1: a part of information lattice of land cover classes
The graph in Figure 1 represents a hierarchy of land cover classes.
An arrow from a class a to a class b means that: a ≤ b or class a is less general (more
specific) than class b, and there is no class c such that: a ≤ b ≤ c. On this information lattice,
‘conifer’ is more specific than ‘forest’, and we have min{‘conifer’, ‘forest’} = {‘conifer’}.
{‘orchard’,‘forest’} is equivalent to {‘orchard’,‘agriculture’}. Consider now the sets of

Paper presented at the 9th AGILE Conference on Geographic Information Science, Visegrád, Hungary, 2006

231
information {‘natural grass’} and {‘herbaceous’, ‘heath/grass’}, we have {‘herbaceous’,
‘heath/grass’} ∠ {‘orchard’}.
2.2 Sources and source mapping
To represent an observation, we need an object set S (the ‘space’). The observations
can be incomplete, imprecise or ambiguous. Hence, it is not always appropriate to represent
an observation directly by a function from S into I. Rather, we adopt a relational
representation: an observation is a finite list of (X, I), where X ⊆ S and I ⊆ I. Indeed, in the
registration process, the objects of S are given first, and the observations are picked in the
power set of I: ℘(I), to build a set of (X, I).
Let’s give first some definitions: a collection of S is a set X1, X2,..., Xk such that Xi ⊆ S,
1 ≤ i ≤ k. A covering of X is a collection of S such that S = ∪i=1,k Xi. A partition of S is a
covering of S such that i≠j → Xi ∩ Xj = ∅.
Definition 4 (geospatial source) Let (I, ≤) be an information lattice, and S be a non-empty
space. An information source is a triple D = (P(S), C(I), R), where P(S) is a covering of S,
C(I) is a collection of I, and R is a binary relation between P(S) and C(I), such that for
each X∈P(S) there exists I∈C(I), such that (X, I)∈R.
The relation R is a set of pairs (Xi, Ii), where Xi∈P(S) there exists Ii∈C(I). By
extension, we consider R represents D. Moreover, for each x∈Xi, we consider x has all
information in Ii.
Definition 4 (source mapping) The source mapping of a geospatial source D = (P(S),
C(I), R) is a function f from S into ℘(I) such that, for each x∈S, f(x) = {info∈I ⎜∃ (X, I)
∈ R, x ∈ X, info ∈ I }.
On S we define the relation ∼ as follows: for any x, y∈S, x ∼ y if and only if f(x) ≈ f(y).
Clearly, ∼ is an equivalent relation. Let X1, X2,..., Xk be the partition of S by the equivalent
relation ∼. Thereby, the information source D can be restructured into the set of pairs (Xi,
Ii), where 1 ≤ i ≤ k, and Ii = f(x), for every x∈Xi.
2.3

Equivalence of geospatial sources

With a relational representation as above, it is not immediate to distinguish between
equivalent sources.
Definition 5 (Source equivalence) Let D1 and D2 be two geospatial sources on a same
space S and a same information lattice (I, ≤). Let f1 and f2 be the respective source
mappings. D1 is called ≈-equivalent to D2, denoted by D1 ≅ D2, if for each x∈S, f1(x) ≈ f2(x).
Geospatial sources can be redundant in sense of ≈-equivalence. Consider a pair (X, I) in
R, if min(I) is strictly included in I, then the pair (X, I) has information redundancy, since
min(I) ≈ I. Consider now (X1, I1) and (X2, I2) in R, if I2 ∠ I1 and X1 ∩ X2 ≠ ∅, then pair (X2,
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I2) contains object redundancy, as the information associated with X1 ∩ X2 by (X2, I2) can
be deduced from (X1, I1), in sense of information containment.
A geospatial source D is said reduced if it has neither information redundancy, nor
object redundancy. A reduced geospatial source D’ is ≅-equivalent to D. The Algorithm
Reduce computes the reduction of D.
Algorithm Reduce
Input: an information source D = (P(S), C(I), R)
Output: D’ = (P’(S), C’(I), R’) reduced and equivalent to D.
Procedure:
1. (Mapping) Computing the source mapping f of D and result in Rf.
2. (Redundancy reduction)
For each pair (xi, Ii)∈R, where xi is an element of S and Ii = f(xi)
Replace (xi, Ii) by (xi, min(Ii)).
3. Return the result of step 2.
Example 2: we have different observations on a space S, which is partitioned in 4 blocs p1,
p2, p3, p4, and we use the elements of the information lattice (I, ≤) as in Figure 1 (see
Example 1) to describe the result of observation.

Figure 2: example of space partition and land cover classes
Suppose that in some sources, some blocs (e.g: p1, p2) are not independently observed,
as in the Table 1: p2 is associated twice to ‘forest’, hence the source is object-redundant.
The source mapping f of D is in Table 2.
Table 1: Information source D
Objects
p1, p3
p2, p4
p3
p1, p2
p2

Information
agriculture
forest
arable land
forest
conifer

Table 2: Source mapping
Objects
p1
p2
p3
p4

Information
forest, agriculture
conifer, forest
arable land, agriculture
forest

In source mapping, p2 is associated to {‘conifer’, ‘forest’}. There exists an information
redundancy because ‘conifer’ is a specific of ‘forest’. The result of step 2 is in Table 3.

Paper presented at the 9th AGILE Conference on Geographic Information Science, Visegrád, Hungary, 2006

233
Table 3: Reduction of information source D
Objects
p1
p2
p3
p4

Information
forest, agriculture
conifer
arable land
forest

1

2

3

4

Reduction of D
These sources are equivalent, but the last table is a compact representation which not
contains the object redundancy and the information redundancy.

3.

Evaluation basis of the equivalent source

3.1 Data quality and notion of quality domain
Geographical information is related to a universe (real world). The universe is always
represented according to a modelling of the information which corresponds to the needs of
the data producer, with the knowledge that he has of this universe and with the sources of
existing information. This modelling determines the specification of the geographical
database. The specification of data defines a particular view of the real world. To be able
for defining the parameters of data quality, it is necessary to model in a precise way the
physical universe to lead to the dataset. The universe filtered by the specification is called
the nominal terrain, which is the virtual image of the universe at a given date. The nominal
terrain finds all its interest when one treats the internal quality which can be reformulated
like the adequacy between the nominal terrain and the really produced dataset [5].
The external quality is relative to the needs of users. It presents the fitness of a dataset
for a potential application. There are different standards of data quality as SDTS, ICA,
CEN/TC287, ISO/TC211. The principal aspects of data quality are lineage, accuracy
(spatial accuracy, thematic accuracy, and temporal accuracy), precision, consistency,
completeness, timeliness [2, 7, 13]. In this part, we discuss on the aspects of data quality, in
the context of geographical information [1, 7].
Here, we consider quality aspects that can be modelled by total ordered sets as lineage,
accuracy, and completeness. For dataset acquired from aerial photography, date of
photography, coordinate system and map projection are used as the information of lineage.
The user must be able to assess the dataset from the point of his particular application. The
user can refer the source most recent or the source close to the point of his application. For
the accuracy aspect, positional accuracy expresses the degree of discrepancy between the
encoded location and the location defined in the specification. For lines and areas the
situation is more complex. Positional accuracy for lines and areas are measured by the
positional accuracy of points that define those lines. In general each quality aspect may
have one or more “metrics” which is quantitative statement of the quality aspect. Metrics
may be statistical (expressed in real numbers, with or without units) or binary and in some
instances may be descriptions. For the completeness, errors of omission, errors of
commission and thematic accuracy can be expressed by percentages or probabilities.
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We call a quality domain associated with an information source D a total ordered set of
values that defines a quality attribute of information in D. A quality domain can be a set of
numeric values (e.g, percentages, real numbers, binary numbers, etc.) or symbolic values
(e.g., slow, medium, fast; bad, medium, good, etc.) which estimate a quality aspect of
information. In general an information source can be associated with one or many quality
domains as lineage, geometric accuracy, thematic accuracy, errors of commission, errors of
omission, or up-to-date, or a composition of the quality components, etc. In what follows,
the order of a quality domain is denoted by ≤.
We consider an information piece (X, I) such as a dataset and its quality is estimated in
data collection. Thus, a source containing quality information on a quality component Q is
defined as a collection of information pieces (X, I) such that each information piece is
associated to a value of Q. In other words, a source containing quality information is a set
of triple (X, I, qoXI) where qoXI is quality information on a given quality domain. In the
next, qoXI is denoted by q(X, I).
3.2 Data quality formalism
An information source can have different, but equivalent representations. We suppose
that a quality information is attributed to the original source. How can we attribute quality
to the source obtained by the reduction of the original source? In what follows, we provide
a formal basis to answer this question.
Definition 7 (Q-quality) Let D = (P(S), C(I), R) be an information source. Let Q be a
quality domain associated with D. A function q from R into Q, is called Q-quality (quality
on domain Q of each information piece) of source D, such that for any (X1, I1), (X2, I2) ∈ R,
the following conditions are satisfied:
a) Let X1 ⊆ X2 and I2 ∠ I1, then q(X1, I1) ≥ q(X2, I2).
b) If I1 = { T }, then q(X1, I1) = max(Q).
This condition specifies that a quality function is anti-monotonic with respect to object
set and information set. We remind that after Definition 4, the notion of source mapping
implies that for each pair (X, I) ∈ R, for each x ∈ X, the source D associates x with all
information elements in I. As a consequence, if (X2, I2) is in R, and for any X1 ⊆ X2 and for
any I2 ∠ I1, the pair (X1, I1) is deduced from (X2, I2). Therefore, if (X2, I2) is viewed with
quality q(X2, I2), then (X1, I1) is viewed with at least the quality q(X1, I1).
Moreover, with respect to geographic information, we remark that Definition 7 is
scale-independent (not concerned with resolution). In fact, both X1 and X2 are contained in
S, which is obtained with a fixed spatial resolution. Hence, the condition X1 ⊆ X2 does not
mean X1 corresponds to a finer resolution than X2. A direct consequence of Definition 5 is:
if X1 = X2 and I1 ≈ I2 then q(X1, I1) = q(X2, I2). Further, if D1 and D2 are equivalent sources,
with respective source mapping f1 and f2, then for any x ∈S, q({x}, f1(x) ) = q({x}, f2(x) ).
3.3 Evaluation of the quality of equivalent sources
Let D = (P(S), C(I), R) be an information source, and q a Q-quality for D. Let D’ = (P’(S),
C’(I), R’), be an equivalent reduced source of D. How can we attribute quality for D’ ? To
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answer this question, we propose a formalism to evaluate approximately the quality of the
equivalent sources.
Definition 8 (extension of Q-quality) Let q be a Q-quality of D = (P(S), C(I), R). A Qquality extension of q is a Q-quality of source D’ = (P’(S), C’(I), R’) which is equivalent to
D, denoted by q’ such that for any (Xk, Ik) ∈ R’ and (Xk, Ik) ∈ R, q’(Xk, Ik) = q(Xk, Ik).
Definition 8 requires that q’ must be a correct extension of q. In what follows, we show
the existence of an extension of a Q-quality. We build a function q’(X, I), an extension of q.
Consider a pair (X, I) ∈ R’. Since P(S) is a covering of S, and X ⊆ S there exists Xi ∈ P(S)
such that X ∩ Xi ≠ ∅ and the union of all such X ∩ Xi is equal to X. Let q’ be the function
defined as follows:
Case 1: If I = { T }, then define q'(X, I) = max(Q).
Case 2: Else, if there exists (Xi, Ii) ∈ R such that X ⊆ Xi and Ii ∠ I, then define
q'(X, I) = max{ q(Xi, Ii) ⎪ (Xi, Ii) ∈ R, X ⊆ Xi and Ii ∠ I }
Case 3: Else, let K = ∧{Ii ⎪ (Xi, Ii) ∈ R, X ∩ Xi ≠ ∅ }.
Case 3.1: If K ∠ I, then define q'(X, I) = min{ m(Xi, Ii) ⎪ (Xi, Ii) ∈ R, X ∩ Xi ≠ ∅ },
where m(Xi, Ii) = max {q(Xj, Ij) ⎪ (Xj, Ij) ∈ R, Xi ∩ X ⊆ Xj ∩ X }.
Case 3.2: Else, define q'(X, I) = min(Q).
We can show from the definition, that q’ is a well-defined function, and for any case if
X1 ⊆ X2 and I2 ∠ I1, then q’(X1, I1) ≥ q’(X2, I2). Hence, q’ is a correct Q-quality extension of
q.
Using this extension, we can define the Q-quality for any equivalent representation of

D, in particular, the reduction of D.

Example 3: Let D = (P(S), C(I), R) the information source of Table 1 of Example 2.
Consider the ‘semantic accuracy’ as a quality taking values in the domain: {h-high, mmedium, l-low, p-poor} such as h > m > l > p. The semantic accuracy values, for the source
D, are provided by Table 4. This semantic accuracy satisfies the conditions of Q-quality in
the Definition 7.
Consider the information pieces, that we may also name ‘formal concepts’ of the lattice: ({
p3},{‘arable land’}) and ({ p1, p3},{‘agriculture’}), we see that: { p3} ⊆ { p1, p3} with
{‘agriculture’} ∠ {‘arable land’}, so this satisfies the conditions of Q-quality.
The reduction of D = (P(S), C(I), R) is D’ = (P’(S), C’(I), R’), given in Table 3. For q’
column in Table 5, the semantic accuracy values for the concepts ({ p2},{‘conifer}) and ({
p3}, {‘arable land}) are given directly from Table 4 by Definition 8, but for ({
p1},{‘forest’,‘agriculture’}) and ({ p4},{‘forest’}) we need to give a value consistent with
the general Q-quality Definition 7.
- For ({ p1},{‘forest’,‘agriculture’}), the Case 3.1 applies:
{(Xi, Ii) ∈ R, X ∩ Xi ≠ ∅ } = {({ p1, p3},{‘agriculture’}), ({p1, p2}, {‘forest’})}.
K=
∧{‘agriculture’,‘forest’}=
{‘agriculture’}∧{‘forest’}=
{‘orchard’}∠{‘forest’,‘agriculture’}.

{‘orchard’},

and
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q'(X, I) = min{ q(Xi, Ii) ⎪ (Xi, Ii) ∈ R, X ∩ Xi ≠ ∅ } = min{q({ p1, p3},{‘agriculture’}),
q’({p1, p2},{‘forest’})} = l. It means that it is the confusion between ‘agriculture’ and
‘forest’ in the parcel p1.
- For ({ p4},{‘forest’}), the Case 2 applies, because there exist unique (Xi, Ii) = ({ p2,
p4},{‘forest’}) such that X ⊆ Xi and Ii ∠ I. Therefore q’({ p4},{‘forest’}) = q({ p2,
p4},{‘forest’}) = m.
Table 4: Information source D
Objects
p1, p3
p2, p4
p3
p1, p2
p2

4.

Information
agriculture
forest
arable land
forest
conifer

Semantic
accuracy
(q)
l
m
p
m
h

Table 5: Reduced source
Objects

Information

p1
p2
p3
p4

forest, agriculture
conifer
arable land
forest

Semantic
accuracy
(q’)
l
h
p
m

Application example

We provide an example to illustrate our approach, using two observations of a region
(North Carolina example) with hypothetical data quality (not provided on the web server).
The information lattice of the land cover classes in the Figure 1, is used to observe the
region, and two observations, and their quality, are in the Figure 3 and 4. The domain of
semantic accuracy is {h, m, l, p} with h > m > l > p as above.
The information source is the collection of two observations with the object set as the
result of the complete spatial intersection. It is impossible visualize this original source in a
cartographic form, because it contains the redundancies. So we apply our approach to
reduce this source and evaluate the quality of the result. Finally, the figure 5 shows the
result.

5.

Conclusion

We have proposed an approach to perform the reduction of a geographical information
source to a non-redundant equivalent source, in the case where the semantic information
has a lattice structure. When the source results from imperfect observations (e.g.: a space
coverage which is not a partition, an imperfect survey), and if some information about the
quality of the different information pieces is available, we need to estimate the quality for
the equivalent reduced source. Our approach has been experimented on some sample landcover data, and we can conclude that they behave correctly, meaning that the resulting
quality is consistent with the original data.
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Figure 3: first observation and quality

Figure 4: second observation and quality

Figure 5: Result of spatial information reduction and its quality
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