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ABSTRACT

Since 1997, the production, import and sale of asbestos! have been
banned in France. However, there are still millions of tons scattered
in factories, buildings, schools and hospitals. In this paper we pro-
pose a method for predicting the presence of asbestos products in
buildings based on temporal data that describes the probability of
the presence of asbestos in marketed products. Our approach was
tested on real data based on the 704 asbestos products described in
external resources.
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1 INTRODUCTION

For its fireproof qualities, from the pre-war to its ban, France has
extensively used asbestos, especially from 1950 till 1970. The harm-
fulness of asbestos has been known for a long time, but its danger
has been identified since the beginning of the 204" century. In 1997,
the INSERM (a French public research organization dedicated to
health) has recalled the different effects of asbestos exposure on
health. Since January 1997, the production, import and sale of as-
bestos have been banned in France. However, there are still millions
of tons scattered in factories, buildings, schools and hospitals.

1Group of naturally occurring mineral fibres which were used extensively due to their
versatility, strength, fire resistance and insulating properties.
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As part of the PRDA?, the CSTB? has been asked to develop an
online tool providing assistance in the identification of asbestos-
containing materials in buildings which aims to guide the tracking
operator in the preparation of his tracking program (ORIGAMI
Project). This tool will not replace in any case the identification of
materials and products containing asbestos made by professionals
on samples collected during an inspection of the building, in accor-
dance with the French NF X 46-020 standard. The problem is that
the available building descriptions only contain the classes of used
products without giving their references or any other information
about them (i.e. valued properties, providers, ...). So, we cannot
apply prediction approaches that can learn to classify data based
on their RDF description [3, 4].

In this paper, we propose an ontology-based approach that es-
timates the probability of the existence of asbestos products in a
building. This hybrid approach combines statistical and rule-based
methods to generate this probability. It relies on the construction
year of the building, on reliable but incomplete external resources
describing the product references that were in use at this period,
and on a set of diagnoses. In section 2, we present the prediction
problem and the resources available within CSTB. In section 3, we
describe the proposed Asbestos Ontology. Then, in section 4, we
present our predictive approach. Finally, section 5 presents the
results obtained on a real data set.

2 OBJECTIVE

The main objective of the ORIGAMI project is to help the expert
predicting the presence of asbestos in products, locations or struc-
tures in a given building using the CSTB documentary resources
covering the period from 1946 to 1997. The CSTB owns a set of
documents describing the buildings built in France, including the
following types of documents:

e Approved type project: documents containing a set of infor-
mation describing a building (name, address, type, year of con-
struction, region), and the list of its structures (outside opening,
balcony, etc.). For each structure, the document describes all of
its locations (door, window, etc.) as well as the product classes
used for each location (plaster, glue, etc.).

2 Asbestos Research and Development Plan
3Scientific and Technical Center for Building. http://www.cstb.fr/en/
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e Asbestos diagnosis: documents describing the results of sam-
ples taken on a building to detect the presence of asbestos in
elements constituting parts of buildings (product types and build-
ing elements where the samples have been collected).

In this research project, the challenges are to (1) model an on-
tology that can describe the buildings and all the knowledge that
is required for the asbestos prediction (2) predict the presence of
asbestos based on this ontology and on the classes of the used prod-
ucts (e.g. glue) and not on its precise reference (i.e. the name of the
glue that has been used).

3 ASBESTOS ONTOLOGY

We manually constructed the upper part of the Asbestos Ontology
(see Figure 1) based on the CSTB documentation resources, the
needs in terms of prediction and by interacting with domain experts.
The main concepts of this ontology are:

Asbestos

Building code diagnostic Type || Region || Address | Registration number | number Owner's name ‘ Year
. 3 3 v \—.7 ’ o . .
by, Peg A R g & & ;
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-
Diagnostic

has_Provider

- b .
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Figure 1: Main Concepts of the Asbestos Ontology

o Building: a construction characterized by a code (CSTB internal
code that corresponds to a given type of building: school, housing,
etc.), a type, the construction year, an address, and its geographic
area.

e Structure: subspace of the building (e.g. balcony, staircase, roof,
floor-ground, etc.).

e Location: indicates a basic element that belongs to a building
structure (e.g. door, window, wall, etc.).

e Product: describes a product that can be used in the composition
of locations (e.g. glue, coating, etc.). A product is described by
name, provider name and asbestos type.

e Source Document: A source document is characterized by its
type (approved standard project or asbestos diagnoses) and its
reference within the CSTB.

e Diagnostic Characteristic: contains the results of the existence
of asbestos test.

4 PREDICTIVE APPROACH

In this section, we present the predictive approach of asbestos based
on our Asbestos Ontology. In CSTB documents, we only know the
product class used for a location but the reference of the used
product is not given. For example, we know that the used product is
a Coatin but we do not know which coating (i.e. marketed products)

Thamer, et al.

is exactly used. In what follows, we propose to use a method based
on the presence of asbestos in the marketed products to predict
the probability of asbestos existence for the products of a building
constructed on a given date, then more generally for its locations,
its structures, and the building itself.

4.1 Ontology enrichment and population with
marketed products

In a first step, we use two external resources provided by ANDEVA*
and INRS® to enrich and populate the Asbestos Ontology with
marketed products. ANDEVA publishes on its website® a list of
650 products containing asbestos. This list contains the product
name and the year from which it is no longer containing asbestos.
INRS also publishes a list” of 300 products that describes for a set
of product names, the time intervals when these products have
contained asbestos with a degree of uncertainty.

We enriched the Asbestos Ontology with the ANDEVA and INRS
product classes that become sub-classes of the Product class. To
represent the asbestos characteristics of a product as it is described
in each source, as well as the characteristics resulting from the
fusion of this information, we added a new concept Extracted
characteristic that allows us to represent the time interval, the
asbestos probability, and the resource of this characteristic (INRS,
ANDEVA or their merge) (see Figure 2). We indicated a probability
of 1 for products which contain asbestos over the period, 0.5 when
asbestos is unknown and 0 otherwise. Since both external resources
are equally reliable, we applied a pessimistic approach that consid-
ers for each time interval the highest probability of asbestos in the
merging process.

T has_Extracted_Characteristic
‘ Extracted characteristic +

has_Start_Datg et has_.jourcé
.--"has_End_Date .
| Start date H End date H Source ‘ | Extracted probability |

has_Extracted_Probability

Figure 2: Extracted asbestos features representation

Let’s take the example of the Armazol. The provenance of the
first characteristic of Armazol is the INRS source that says that
the product contains asbestos (extracted probability pex;=1) from
1946 to 1982, then that it potentially contains asbestos until 1997
(pex+=0.5). The source ANDEVA says that it contains asbestos from
1946 to 1990 (pexr=1), and that there is no asbestos (pex;=0) since
1990. The provenance of the third characteristic is the result of the
merge of these two characteristics: the product contains asbestos
(Pexr=1) from 1946 to 1990, then it potentially contains asbestos
until 1997 (pex:=0.5).

4.2 Calculation of the asbestos probability for
products

Since the documents do not mention the actually used products dur-

ing the construction of a building, we assume that we can calculate

4National Association for the Defense of Asbestos Victims

SNational Institute of Research and Security

®http://andeva.free.fr/expositions/gt_expos_produits.htm
Thttp://www.inrs.fr/media html?refINRS=ED%201475
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the probability of asbestos existence in an unknown used product
from the list of marketed products of the same class that exist at
the time of this building construction, considering that they are
equiprobable. Thus, for each product x; belonging to the product
class C(xy ) that is used in a building constructed on a date d, we
calculate a probability of asbestos presence p,(xg,d) by summing
the merged extracted probabilities pex; of the marketed products
xj belonging to the same class of xj and containing asbestos at
the same date d. This sum is then divided by the total number of
products of C(xy) class that were in use at the same date:

ij eC(xk)pf.’xt(xj’ d)
[ xj |

However, one of the difficulties is that INRS and ANDEVA focus
only on products that had asbestos for at least one period. Since
we do not have the actual number of the marketed products in
a given period of time, we suppose that the total number of the
marketed products is largely underestimated and this number may
vary depending on the year. We propose to readjust it based on all
available sampling diagnoses. Thus, for a given year d, we compare
the proportion of products containing asbestos in the resources
regardless of the class product (i.e. C(x) = Product), with the pro-
portion of products containing asbestos in the diagnostics made for
the same year. This allows us to determine what is the & proportion
of the missing asbestos-free marketed products.

pa(xp,d) = 1

Yix;eC(xy) Pext (xj, d) o
“= 1+w

pa(x, d) X (1 + 0) = @)

[ xj | +(ax | x;j 1)

In the equation 2, w represents the difference between the calcu-
lated probability and the real probability. It results from the compar-
ison of the ratio of products containing asbestos in diagnoses with
the ratio of those in the external resources (INRS and ANDEVA) in
the same year. It is calculated as follows:

_ |Pdiag,a | ZxkeProductpa(xk’d)
|pdiag | | x|

where | pgiag,q | is the number of products containing asbestos
in diagnostics, and | pgiag | is the total number of products in
diagnostics.

To model the calculated asbestos probabilities of the unknown
product that was used in a building in the Ontology, the concept
Calculated characteristic has been added (Figure 3). An instance of
this concept is described by the calculated probability, the calcula-
tion year that corresponds to the year of the building, and the class
of the probability. Only two probability classes have been defined
: high, and low (coded by 1 and 0 respectively). In fact, given the
incompleteness of the data, a probability of 1 or 0 doesn’t allow us
to predict with certainty that the building contains asbestos or not.

. has_Calculated_Characteristic
‘ Calculated characteristic +

has_Calculation_Year .
; ! T has_Probability
has_Classification "~

‘ Calculation year ‘ ‘Classificatian‘ ‘ Probability ‘

Figure 3: Calculated asbestos features representation
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To determine that a product has a high probability to contain
asbestos or not, we compare the calculated probability of asbestos
presence in this product with a given threshold s. We use a set
of asbestos diagnostics to determine the best threshold, i.e. the
threshold that maximizes the accuracy.

4.3 Reasoning rules

We have defined SWRL rules that can be exploited by ontology
reasoners (1) to propagate high asbestos probabilities that have
been associated to unknown class products for a given year to the
building elements they belong to (locations, structures, buildings),
and (2) to generate missing asbestos probabilities from probabilities
that are described for a given year.
To generate the asbestos probability class in a location, a structure
or a building, we follow a pessimistic strategy. A rule expresses that
a building element is associated to a high probability when at least
one of its components has a high probability to contain asbestos.
To generate missing asbestos probabilities for products, we define
in the rule pattern R1 (rule pattern defined for each class C) that
if a product contains asbestos for a given year Y7, then it contains
asbestos in all previous years Ys < Y.
Rule pattern R1: C(?PR1), C(?PR2), hasCalculatedCharacteris-
tic(?PR1, ?C1), hasCalculatedCharacteristic(?PR2, ?C2), hasCalcu-
lationYear(?C1, ?Y1), hasCalculationYear(?C2, ?Y2), hasProbabil-
ity(?C1,1), lessThanOrEqual(?Y2, ?Y1) -> hasProbability(?C2,1)
Similarly, if a product does not contain asbestos on a date Y7,
then an instantiated rule pattern allows to infer that it does not
contain asbestos for all later years Y, > Y.

5 EXPERIMENTS

The objective of these experiments is to observe how the calcu-
lated probability evolves over time and to evaluate our prediction
approach on a sample of building descriptions and associated diag-
noses.

5.1 Evolution of the asbestos probabilities

The aim of this first part of the experiments is to see how the
calculated probability of an unknown product evolves depending
on its class and on the construction year of the building. To do so,
we have first used the diagnoses of 40 products to calculate o value
(a = 1.0076) which allows us to readjust the number of marketed
products. Then, from the merged probability of asbestos existence
that has been stored for each marketed product, we have calculated
the asbestos probability of an undetermined product for each class
and for each year (from 1946 to 1997). The results show that for
all classes the calculated asbestos probability remains stable until
1972, then it decreases and reaches 0 in 1997, when asbestos use
becomes forbidden. However, the asbestos probability differs from
one product class to another. For example, adhesives have lost their
asbestos, or have not been marketed, sooner and faster than the
other three product classes (see Figure 4).

5.2 Evaluation of the predictions on real data

We have evaluated our approach on the available sample of real
asbestos diagnoses that describe the tests made on 50 products that
belongs to 31 locations, 27 structures and 16 buildings for which
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Asbestos presence probability evolution by product class
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Figure 4: Asbestos probability evolution by product class

Table 1: Confusion matrix for products, locations, struc-
tures and buildings

Products Locations Structures Buildings
TP=34 [ FP=9 |[ TP=19 [ FP=6 || TP=17 | FP=6 || TP=15 | FP=0
FN=0 [ TN=7 |[ FN=0 | TN=6 || FN=0 [ TN=4 || FN=0 [ TN=1

Table 2: Recall, Precision, F-measure and Accuracy for all
types of building component (s=0.25)

Recall | Precision | F-measure | Accuracy
Products 1 0.79 0.88 0.82
Locations 1 0.76 0.86 0.81
Structures 1 0.77 0.87 0.78
Buildings 1 1 1 1

the construction year varies from 1949 to 1996. Asbestos has been
detected by track-operators in 34 products while 16 of them are
asbestos-free, in 19 locations while 12 do not have asbestos, in 17
structures while 10 are asbestos-free, and in 15 buildings among 16.

We first generated the calculated asbestos probability for the
products. Then, we applied a leave-one-out method on this set of
products to learn the threshold that maximizes the accuracy. We
found that the best threshold is the same for all possible subsets of
49 products (s = 0.25). Finally, we inferred the products, locations,
structures and buildings that have a high probability to contain
asbestos. Table 1 represents the obtained confusion matrix for the
products, their locations, their structures and the buildings. Table 2
shows that we can correctly classify more than 80% of the products
using the chosen threshold (accuracy of 0.82). Furthermore, our
pessimistic approach allows us to obtain an accuracy of 0.81 (resp
0.78) for the locations (resp. the structures) and an accuracy of
1 for the buildings. It means that all the buildings that have a
high asbestos probability have at least a component that contains
asbestos while all the buildings with a low probability are asbestos-
free.

6 RELATED WORK

Recent methods of supervised learning attempt to establish predic-
tions using graph data (see [4] for a survey). The difficulties are
to know how to represent the structure of the graph, or statistical
elements of this structure (e.g. degrees, clustering coefficients) in
order to make it exploitable by learning methods[4]. Inductive logic
programming and rule discovery approaches [1, 3, 6, 7] can detect
rules such as “If a person was born in a country, they probably speak
the language of that country". These rules can then be used to predict
new information. In this work, we cannot apply such approaches
since the RDF description of the product is not available. So, we
aim to predict the presence of asbestos in an unknown product
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thanks to the properties of all the marketed products belonging to
the same class that were in use when the building has been con-
structed. The rules that allow to propagate the high probabilities to
building elements are declared and follow a pessimistic approach
which reproduces the reasoning of a building expert in this risk
analysis. The available diagnoses are uniquely exploited to learn
the threshold used in the classification process of the unknown
product and to readjust the number of asbestos-free products that is
underestimated due to the incompleteness of the external resources.

The notion of completeness of a knowledge graph does not al-
ways make sense according to the properties and classes that one
considers, and without a reference graph to compare with [8]. To
learn in such a context, some complementary hypotheses have been
introduced [2, 3], such as the partial completeness of the proper-
ties. Other approaches aim to measure the incompleteness of the
data, based on an ideal computed schema [5, 10] or an ideal dis-
tribution [9]. In our approach, we evaluate the number of missing
asbestos-free marketed products, and therefore the number of spe-
cific missing class instances, using the small number of available
diagnostics.

7 CONCLUSION

This paper presented an approach that combines statistical and rule-
based methods to predict the presence of asbestos in a building. We
first defined an ontology that models building characteristics and
diagnostics. This ontology is enriched by probabilistic temporal
data which describes the presence of asbestos in marketed products.
We then proposed a pessimistic method to calculate asbestos proba-
bilities based on these uncertain and incomplete data. Experiments
performed on real datasets show that our approach achieves good
results. They also show that asbestos probabilities changes accord-
ing to the products classes and the construction year of the building.
In future work, we plan to use the calculated probability for the
products, the building description, and a larger set of diagnoses to
discover the characteristics of buildings, structures, and locations
that can also affect the presence of asbestos.
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