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Supervised feature evaluation by consistency analysis: application to measure
sets used to characterise geographic objects

Patrick Taillandier'”
'IRD, UMI UMMISCO 209
Bondy, France
patrick.taillandier@gmail.com

Abstract—Nowadays, supervised learning is commonly used
in many domains. Indeed, many works propose to learn new
knowledge from examples that translate the expected
behaviour of the considered system. A key issue of
supervised learning concerns the description language used
to represent the examples. In this paper, we propose a
method to evaluate the feature set used to describe them.
Our method is based on the computation of the consistency
of the example base. We carried out a case study in the
domain of geomatic in order to evaluate the sets of measures
used to characterise geographic objects. The case study
shows that our method allows to give relevant evaluations of
measure sets.

Supervised feature evaluation; consistency computation;
geomatic

L. INTRODUCTION (HEADING 1)

Supervised learning is more and more used in
numerous domains. Most of these works use an “attribute-
value” formalism to represent examples. Thus, examples
are represented by a set of feature values. The choice of
this feature set is a key issue in supervised learning.
Indeed, if the notion that we search to learn is not
“contained” in the feature set, it will be not possible to
learn it. For example, if we search to learn the concept of
“square object” but if the feature set used to describe the
objects contains no information about the shape of the
objects, but only information concerning their colour, it is
then not possible to learn this concept. Higher the number
of features, more the learning is complex, and more
examples are needed to learn. Thus, it is important to have
enough feature to well represent the examples, but at the
same time, to limit the number of features to ease the
learning. In this context, be able to evaluate feature sets is
particularly interesting. In this paper, we propose a
supervised method to evaluate a feature set. Our method is
based on the computation of the example base consistency.

In Section II, we describe the context of this work.
Section Il is dedicated to the presentation of our feature
set evaluation method. Section IV presents a case-study
carried out in the domain of geomatic. At last, Section V
concludes and gives perspectives.

II. CONTEXT

A.  Formalisation of the problem

We are interested in the evaluation of a feature set
considering a given task. Indeed, a feature set can be
relevant for a given task, but not at all for another one.

In this work, we assume that an example base
describing the expected behaviour of the considered
system is defined. Examples are described by a vector of
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feature values and by a label. The vector of feature values
describes the example characteristics, and the label, the
concept that we search to learn. In this work, we assume
that the set of possible labels is finite. Figure 1 gives an
example of an example base that concerns the learning of
procedural knowledge for a geomatic process: the goal is
to learn knowledge relative to the choice of the best
operation to apply on building groups according to their
geometric characteristics to produce a 50k map. The goal
of the supervised feature set evaluation is then to compute,
from the example base, a quality value for the feature set.

Feature set:
= Nb: Number of buildings
= NbBig Number of big buildings
= MeanSize Mean Building size
= MedianSize Median Building size
» MinSize: Min Building size: MinSize
= MeanProx. Mean Building Proximity
= MedianProx: Median Building Proximity
= MinProx. Min Building Proximity
= NbOverlap Number of building averiapping
= Area Area
* Density. Density

D 1 D 2

]
N

Example base:
MNb: 8, NbBig: 0, MeanSize: 393 m? MedianSize: 430 mZ MinSize: 216 m2,

1D 1| MeanProx: 25.1 m, MedianProx 23.5 m, MinProx- 0 m, NbOverap: 3,
Area 17121 m?, Density: 0.17, operation to apply: building removing

Nb: 2, NbBig: 0. MeanSize: 430 m2, Medi - 420 m?, MinSize: 420 m?,
1D 2| MeanProx: 22.5 m. MedianProx- 22.5 m, MinProx- 22.5 m, NbOverap: 0
Area- 4340 mZ, Density- 0.08. operation to apply: building generalisation

Nb: 9, NbBig 1. MeanSize: 365 m? MedianSize: 295 m?, MinSize: 240 m?,
/0. 3| MeanProx: 125 m. MedianProx: 10.T m, MinProx: 0 m, NbOverfap: 7,
Area. 30253 m? Density 0.078 operation to apply: building displacement

Figure |. Example of an example base for building group

B.  Evaluation of feature sets

In the literature, many methods were proposed to
evaluate a set of features from an example base. These
methods can be divided in two major groups: the ones that
work on individual features, and the ones that take into
account all the features at the same time. Concerning the
first groups of methods, many of them are based on
classic measures such as the chi-squared statistic or the
entropy gain. Other methods such as [1] propose to
analysis the linked between the variations of a feature
value and the label associated. For the second group of
method, a classic strategy consists in evaluating the
predictive model built from the example base (often by
cross-validation [2]). Other methods imply to compute the
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Thus, the inconsistency rate is equals to (1 —
1/card(L)), which means that the example base is totally
inconsistent.

Higher the inconsistency rate of an example base, more
this one suffers from a description noise, and thus, more it
is important to add new relevant features to characterise

the examples.

M, M; My M, M3 A

= 1= 300] | == 10] Jesuccess s |]= 9] 1000, 1500] | J17.5, 19] |« success »
= J1000, 1500 | ]17.5, 19] [= success »| | |= 2] | 11000. 1500] | J17.3, 19] |« success »
-, |1000. 1500) | J==. 10] = success »| | 1= 2] | [1000. 1500] | 1173 1%] | « failure »
=, 2] | 15000, = | 110.15] || «fafiures | []= 2] | 15000. = | 110.13] | «failures
12.4] | 13500, 2000 | 139, =[ | wfailures || 1-= 2] [ 15000. <] 110, 15] |w success »

14951 | 15000, =[ | |- 10] Jesvecesss||I2. 15]] 15000 «[ | e 10[ e success s
14, 75] | ]4000. 5000] | ]15. 16.9] ||« success s | 14. 15] | [4000. 5000] | J15 165] |« success »
115, =[ | ]300, 1000] []165 175] || « failure » | | 115, ={| ]300 1000] | [165, 17.5] } « failure »

Saser = {S:=(Mral=, 2] » Mas]==, 300] ~ Mes]= 10])
S1=(My=]x, 2] » My=[1000, 1500] » Me=]17 5. 19y [
Sy=(Myz]=. 2] » Mye]1000, 1300] » Mez]==, 10)

Se=(Myz]=, 2] » My<]5000, [ ~ Mye 0, 13]);

Ss=(Ma=|2, 4] » My=[1500, 4000] ~ My=]18, =)

Se=(Ms2}4, 15] » Mz2]5000. [ » Mae]=, 10));

Sy=(My=}4, 15] A M32]4000, 5000] ~ Ms=]15, 16.5]).

Sa=(My2]15, =[ » M3<]300, 1000] ~ Mi=]18.5, 17.3)))

max[wh_examplesy(S,, success);nb _examples($,. failure)] +
card(B_.,)

max(10)+ max(L:0) = max(L.0) - max(0:1) = max{0:1) - max({L:0) - max(L0) - max( %)

8

| lconsistenci(B,) =1-

Incomstitzicy(3,,) =1

| e o i ) 0 S O
8

Seaz = (S22 (Ms e, 2] AMa2]1000, 1500] 4 Ma2]17 3. 19])
Sy=(My=]=, 2] » My=]5000, =[ ~ Me=]10, 15]):

Sg=(M; =}, 15] » Ma=]5000. <[ » My=}= 10])

Sr=(Ms =] 13] » My=}4000. 5000] ~ My=]15, 165])
Sg=(My=]15, x[ » Ma=]300. 1000] » Me=)16 5. 17 3]}

Inconsistancy (8, ;) =1~ 0

man[nb_examples (S, success),nb_exampleg (8. falurg] +
card(B .}
max(Z1)+max(l;l) - max(l;0) - max{Ll) - max(1)
8
0.23

Inconsistaicy(B,.,) =1-

I 3(B.:)=1

2el-1=1=1
8

(B, ) =1~

Figure 4. Example of inconsistency computation

[V. 4.CASESTUDY

A.  General case-study context

1) Supervised learning in geomatic

The introduction of Artificial Intelligence techniques in
cartography has allowed to automate many processes. In
particular, Artificial Intelligence has brought new
techniques to acquire knowledge from examples.
Supervised learning techniques are now widely used in
Geomatics: for acquisition of procedural knowledge (e.g.
[7] or [8]), for data enrichment (e.g. [9] or [10]), system
calibration (e.g. [11]), etc. Most of these works use an
“attribute-value” formalism to represent examples. Thus,
examples are represented by a set of measures
characterising the geographic object states.

2)  Auwtomated cartographic generalisation

In order to evaluate our method, we present a case
study we carried out in the domain of cartographic
generalisation. Cartographic generalisation is the process
that aims at simplifying geographic data to suit the scale
and purpose of a map. Its automation is a complex
problem. One approach to solve it consists in using a local,
step-by-step and knowledge-based method ([7] and [12]).
A classic generalisation model based on such approach is
the AGENT model ([13] and [14]). It proposes to model
geographic objects (or groups of geographic objects) by
agents, i.e. autonomous entities that manage their own
generalisation. In order to generalise itself, the geographic
agent chooses actions (i.e. generalisation operations) to

apply according to procedural knowledge and to its state.
The agent states are characterised by a set of measures that
depends of the nature of the considered knowledge. The
agents can also evaluate their satisfaction, which
characterises the respect of cartographic constraints (map
specifications) by its state. For example, a cartographic
constraint can be for a building agent to be big enough to
be readable. Each constraint has a satisfaction level that is
ranged between 1 and 10 (10 means that the constraint is
perfectly satisfied). The agent satisfaction consists in a
linear combination of its constraint satisfaction weighted
by their importance.

3) Procedural knowledge revision

In [15], we proposed an approach to revise the
procedural knowledge of systems based on the AGENT
model. This approach allows to build example bases (one
per element of knowledge) from experience. These
example bases are then used to search the knowledge that
maximises the performance of the generalisation system.

Three types of knowledge are concerned by the
knowledge revision:

e Knowledge relative to action application: for each
action, a set of rules (that depends of a set of
measures), defines if the action has to be applied or
not, and with which priority.

Stopping criterion: a set of rules defines, according to
a given state and to the initial state, if the agent has to
try to apply more actions or not. If no specific
stopping criterion is defined, the generalisation
process ends when all actions have been tested for all
states or when a perfect state (i.e. satisfaction = 10)
has been found.

Optimality criterion: a set of rules defines, according
to a given state, if this state can be improved or not,
i.e. if the application of other actions can allow to
obtain a better state or not. This criterion is different to
the stopping criterion because it allows to backtrack to
previous states and to test other actions. This criterion
marks a local optimal while the stopping criterion
marks a global optimal.

B.  Revision of knowledge used by building group agent

1) Building group generalisation

The case study we propose focuses on the
generalisation of building groups: a building group is a
space composed of a set of “close” buildings belonging to
the same building block (space surrounded by a minimum
cycle of roads). The initial data are stemming from
BD TOPO®, the 1m resolution database of the French
NMA (reference scale approximately 1:15 000). The target
scale is 1:50 000.

We defined six constraints for the building group:

o Proximity constraint. states that the buildings should
be neither too close to each other, nor too close to the
roads.

e Building satisfaction constraint. states
buildings composing the building group
individually satisfy their internal constraints.

e Density constraint: states that the building density is
not too high in comparison to the initial building
density.

that the
should
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3)  Results
Table III presents the results of the irrelevant measure

sets, Table 1V of the basic measure seis and Table V of the
complete measure sets. For each group of measure sets, we
present for each element of knowledge:

» Measures; The measures used by the rules obtained

after revision,

® Performance; The performance of the generalisation
system while using the revised knowledge. This score
was computed in a different area than the one used to
revise the knowledge ({and to compute the
incongistency rate of the measure sets), The test area is
composed of 200 building groups and the revision was
carried out from the generalisation of 50 building
groups. The function uses to compuie the system
performance favours the effectiveness of the system
(the cartographic quality of the results) over its
efficiency (speed to carry out the generalisation
process). Concerning the action application knowledge,
only one score is presented for all actions because we
revised all these elements of knowledge at the same
time.
Minority: The proportion of examples belonging to the
minority label. Concerning the elements of knowledge
relative to action application, two labels are defined:
“apply this action™ and “do not apply this action™. For
the stopping criterions, the two labels are: “stop the
generalisation  process” and  “continue  the
generalisation process”. At last, for the optimality
criterion, the two labels are: “optimal state” and “non-
optimal state”. The interest of this minority label
proportion value comes from the fact that it gives an
indication for the maximum value of the inconsistency
rate. Indeed, in the case where no measure is relevant,
no measure is kept aflier the measure selection step.
Thus, card(Sg)=1, and as only two different labels are
defined for our elements of knowledge, the
incongistency rate is then bounded by:

Inconsistency(B) < 1 max[nb _examples, (s, label, ), nb _examples (s, label, )]

nb _examples , (s, label )+ nb _examples ; (s label,)

minlnh_examples, (s fabel ) nb _examplesy(s,label;)]
nb_examples,(s,label Y+ nb _excunples, (s, label;)

 Inconsistency: The inconsistency rate computed by our
method

For the irrelevant measure sets (Table III), the
inconsistency rate is always equal to the proportion of the
minority label, which shows that the measures bring no
information about the knowledge. This statement is totally

& Meonsisiency(BY <

consistent with the definition of these measure sets. We
can note as well that no measure is used by the revised
rules. At last, we can note that the performance after
revision of the knowledge relative to the action application
has been improved while no measure was used. In fact, the
rule “always apply the building removal/displacement
action” was replaced by the rule “never apply the building
removal/displacemeni action”, and the rule “always apply
the global building removal action” was replaced by the
rule “never apply the global building removal action”. The
replacement of these rules allowed to improve the
efficiency of the system and thus its performance.

TABLE Ili, RESULTS FOR THE IRRELEVANT MEASURK SETS

Bui.ld-ing

displacement 041

removal/displace
ment action
Global building
removal action

0.3

TABLE IV. RESULTS FOR THE HASIC MEASURE SETS

Inconsist
ency

7

"‘ l; S
chiférion
Optimality

criterion

0.14

Building
displacement

" B
action

o
.Bulldmg
removal/displa 0.04
cement action
Global
building 0.3

removal action 5

For the basic measure seis (Table IV), the
inconsistency rates are still very close fo the proportion of
the minority label. The constraint satisfaction brings little
information about the knowledge. The only elements of
knowledge for which the inconsistency rate has
significantly decreased are the stopping and the optimality
criteria. It is for the optimality criterion that this rate has
the most decreased and it is the only element of knowledge
that uses measures and for which the performance has
improved in comparison to the previous measure sefs,
Thus, we can state a correlation between the decrease of
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