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In the domain of radiation protection it is not always possible to perform an additional
examination such as scanners or Magnetic Resonance Imaging (MRI) for a patient who
has been accidentally radiated. However a medical diagnostic must be made as soon as
possible to calculate the dosimetric balance. Currently this incidental calculation is based
on the available voxelised phantoms which are 3D numerical reconstructions of the
human body with the internal organs. The Case-Based Reasoning (CBR) is seen on the
one hand like a problem solving method and on the other hand like a technology for the
conception of intelligent systems. The ReEPh project (Research of Equivalent Phantom)
strikes a new path in the field of problem solving methods in the radiation protection and
uses the approach of the CBR to retrieve the set of the phantoms the most adapted to the
irradiated victim. For this first version of ReEPh, the retrieval phase uses a Knn
Algorithm (K nearest neighbours). We propose a measure of similarity and a confidence
index to take into account the uncertainty implied by the possible missing characteristics
of the victim. We have developed a graphic interface to view the cases retrieval, and to
visually illustrate the combination of measures of similarity and confidence index.

1. Introduction

In the domain of radiation protection it is not always possible to perform an
additional examination such as scanners or Magnetic Resonance Imaging (MRI)
for a patient who has been accidentally radiated. The required technology may
not be directly available or it would be advisable to avoid a radiation
overexposure for a complementary examination in the case of a radiation
accident. However a medical diagnostic must be made as soon as possible to
calculate the dosimetric balance. Currently this incidental calculation is based on
the available voxelised phantoms which may be far from the biometrical data of
the victim. A voxelised phantom is a 3D numerical reconstruction of the human
bodies with the internal organs. If it was possible to determine the phantom
which resembles the most to the biometrical data of the victim and to adapt it to
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the victim characteristics, it would be much easier to calculate the precise
dosimetric balance.

The Case-Based Reasoning (CBR) is seen on the one hand like a problem
solving method and on the other hand like a technology for the conception of
intelligent systems. There are several approaches for the development of
intelligent systems and they have all the same intention: to analyze, understand
or reconstruct the intelligence of the human brain. But the main ambition is not
only the reconstruction of the human thinking; it is first and foremost the
opening of new possibilities of problem solving methods. That is the reason why
several disciplines like the Artificial Neural Network (ANN) or the CBR
received a substantial boost in recent years. Nowadays we live in a time where it
is more and more important to find quickly the required information in an
enormous amount of knowledge. This is one of the main intentions of the CBR
besides the intelligent further development of knowledge that already exists.

The ReEPh project (Research of Equivalent Phantom) strikes a new path in
the field of problem solving methods in the radiation protection and uses the
approach of the CBR to realise the aspects mentioned above. The idea is now to
use the CBR-approach to create an application which permits to find the most
similar phantom in a case-base and with the help of different rules to adapt this
phantom to the characteristics of the irradiated victim.

The second part of this paper is a survey of the voxelised phantoms. After
having described the principles of CBR in the third part, this paper presents the
application we have implemented called ReEPh.

2. A survey of voxelised phantoms

A lot of work has been done around phantom design. 1. Clairand [1]
distinguishes mathematical phantoms from voxelised ones.

Mathematical phantoms use simple geometric figures to describe the
organs. Used figures are spheres, cones or ellipses. In this category, most of
nowadays mathematical phantoms are based on the W. S. Snyder’s phantom [2].
The Oak Ridge National Laboratory (ORNL) Phantoms are evolutions of the K.
F. Eckermann’s one [3]. Male and female adult phantoms (Adam and Eva) of
the GSF (Forschunszentrum fur Umwelt und Gesundheit) have been elaborated
from MIRD [4]. I. Clairand also defined three male and three female phantoms
with different dimensions. Whereas all these phantom models are Caucasian
human being, G. I. Tanaka et al. elaborated an Asian one for Hiroshima
survivors [5].

Due to the advances in computer technology, it is now possible to create
more complex figures representing realistic 3D organs: voxelised phantoms.
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Most of them are elaborated using Magnetic Resonance Images and
tomodensimetric data. The GSF digitized one man and one woman with medium
build [6] and two children: an eight weeks old one called BABY, and a seven
years old one called CHILD [7]. Nowadays, the most famous phantoms are
NORMAN (for NORmal MAN) of the National Radiological Protection Board
[8], and I. G. Zubal et al’s phantom [9]. ADELAIDE [10] and GOLEM [11],
elaborated by M. Zanki and A. Wittmann are also voxelised phantoms.

The purpose of many projects is to create anthromorphic phantoms as
realistic as possible regarding one person in particular. G. Lorin de la
Grandmaison et al. studied the organ weights of 684 Caucasian adults [12]. They
have taken into account the patient’s age, gender, weight, limb dimensions and
body mass index. The objective of “the visible man” project is to create a 3D
voxelised phantom using one’s scanner [13]. Data are turned into voxels before
the dosimetric computations [14]. A similar project called “the virtual man™ has
been performed by the ORNL [15].

In most of the case, well-known phantoms are stretched by some computer
to correspond to one patient in particular. Software like MABDOSE and
MIRDOSE which allow performing dosimetric reports are based on
mathematical models [1]. Nevertheless, medical diagnoses require precision and
speediness. We assume precision may be increased with phantoms which
correspond to the victim. For all these reasons, we explored the possibility to use
a tool of the Artificial Intelligence: the Case-Based Reasoning which principles
are presented in the next part of this paper.

3. CBR application for the radiation protection

The intention of this preliminary work is the creation of fundament for the future
work. Our main objective is to create an application for the radiation protection.
To help clarifying this work in the first instance only the phantom of the thorax
has been taken into account from the remaining phantom. We have chosen the
case based reasoning to develop this application.

3.1. The principles of the CBR

Case Based Reasoning (CBR) is an approach to problem solving and learning,
by reusing the solutions to similar problems stored as cases in a case base CBR.
A case is an experience and an explanation during the episode of problem
decision. Representation of cases is very diverse according to the nature of the
task: diagnosis, planning, decision-making help, conception and so on [16].
However, case is composed of a description of the “problem” and a solution to
solve it [17].
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A case is placed in a Case Base and is called source case with which one
will find out how to solve a new case. This new case is called "target case". A
Case Base is a collection of decision-making cases. A new problem is solved by
first, developing a target case who consists in characterizing the target case, by
possibly supplementing the description of the new problem, then by retrieving
one or more cases from the case base, reusing the case and revising the solution
if need be, and retaining the new experience by adding it in the case base.

In our radiation protection application, each case is characterized by a
thorax phantom and its descriptors. This application is able to memorise a case
as a solved case in the case base, to create a new case, to extract information
from a DICOM-File (Digital Imaging Communication in Medicine) which is the
international standard format for medical image storage and exchange, and to
compare two cases graphically.

In this preliminary study, we did not study the adaptation phase. This part
requires further research work about the deformation rules to extrapolate a
phantom from another. For example, how to turn a phantom into another one
with the same characteristics but ten years older?

3.2. The representation phase

Each case is characterized by a thorax phantom and its descriptors. In this work
we replace “target case” by “victim case” and “source case” by “model case” so
that the terms are clear for the experts of radiation protection. In a model case
the solution is the reference to the 3D phantom.

Each case is denoted by the pair (D, So/(D)). D represents the problem part
descriptors. It‘s a set of n descriptors. (d 1' s e d,‘, ) of the model case and Sol(D)
is the solution of the problem: the reference to the 3D phantom of the thorax.

The victim case must be solved by the reasoning stage of CBR and is
represented by the problem (d1, ..., d,).

The list of required descriptors to characterize and establish the solution
(the reference to the phantom of the thorax as mentioned above) follows the
AFNOR clothing norm which has just been updated. The practice will also help
us to study the pertinence of each descriptor.

In this list, we have identified some general characteristics, like the age,
size, weight, gender and ethnical origin of the person. Other ones are very
specific to the thorax organs (cardiac, lung and thorax volumes, thorax
perimeter, and smoker/non smoker) and to the thickness of the tissues and the
bones (proportion grease-muscle, wrist diameter, thickness of the rip bones, and
acromiothoracic size) (cf. tablel).
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‘De‘scn:p(or .-\ge'Si:e .\i:éight m&noker | Thorax Lungs Acromiothor Grease-  Thickn Wrist  Thorax  Cardiac Ethnical
designation volume volume acic size muscle essof diameter perimeter volume origin
proportion the rib
case 1 34 180 80.5 Male No 772 40.1 833 65 56 71 89 67 Caucasian
Table 1. The problem part descriptors of model case
Another point is that most of these values can be extracted by ReEPh
directly from a DICOM-file which is the international standard format used to
store and exchange medical images. The descriptors can take numerical, boolean

or qualitative values.

3.3. The elaboration of a case

At this time, the elaboration phase consists in asking all known values of the
descriptors as a questionnaire in a form. Some descriptors (like the thickness of
the rip bones, the acromiothoracic size, the proportion grease-muscle and the
volumes of the lungs, the thorax and the heart) may require further examination
like scanning the victim, which often implies another radiation exposure. Even if
this exposure radiation intensity may be insignificant regarding the accident
irradiation intensity, it is better to avoid it if possible. In a future work, we will
explore the possibility to extrapolate those values using only some of the other
values. Most of those values appear in the standard medical image files DICOM.
A ReEPh module can load such files and extract some of the metadata.

3.4. The retrieval phase

In this part, we present the way the similarity between two cases and the
confidence index are calculated by ReEPh. The main purpose of ReEPh is to
retrieve the most similar phantom(s) of one victim whatever the number of
known descriptors is. As a matter of fact, sometimes, it may be impossible to
measure some volumes or to give the real value of many descriptors, but even in
that case, the system has the obligation to render a solution..

To take into account the incompleteness, we propose a confidence index
value depending on the missing values, and a similarity measure depending on
the non-missing values. This similarity is calculated by 'k nearest neighbours’
algorithm to retrieval similar cases.

We also introduced a parameter &.which indicates either the descriptor k
value for the victim case is missing or not.
ey {0 if the descriptor value is missing

” 1 if the descriptor value exists

On the one hand, we know some descriptors are much more important than

others. Consequently, each descriptor k has a weight 4;.
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The local similarity is first calculated for each numerical descriptor
according the formula (/) and converted in values between 0 and 1.

Ak —|d}—di,|

o == (1)

For the qualitative or boolean descriptors like respectively ethnical origin
or smoker/non smoker the value of formula (/) becomes

r T 5 1
(103“ =1 & a!‘: Q.".\
;=0 & df # df

Consequently, we obtained the formula (2) for the measurement of the
similarity between the cases i and ;.

n I 4 k

S' L Zkziak.l‘sk.(pi'j )
Lj 2. si
] 2221 /‘Lk-&k—

The similarity value is always between 0 and 1. The more the cases i (the
victim case) and j (the model case) are similar according the known values, the
more this value is close to 1.

Then, in each case we associate a confidence index decreasing with the
number of unknown descriptors. So the confidence index takes into account the
number of known values according the formula (3).

T i,
I- : ‘L‘Hzlak'/“nli
I n o
Ek:lﬁk
Thus, the more values we know, the higher the confidence index is.

(3)

The next two examples illustrate the way ReEPh is working. A 28 years old
man is the victim of an accidental radiation. Some parameters are missing in the
second example whereas all the values are captured in the first example.

Descriptor  Age Size Weight Gender Smoker Thorax Lungs Acromiot Grease-  Thickness of Wrist Thorax Cardiac Ethnical

designation volume volume horacic muscle the 1ib bones diameter penimeter volume origin
size proportion
34| 180 80.5 Male No 772 40.1 835 65 56 7 89 67 Caucasian
casel | 28, 177 75 Male No 70 36.4 752 59.7 45 75 824 64 Caucasian
victim case 2 28 177 75| Male No 75 824 Caucasian

Table2. The first and second victim cases and the model case 1

The Table 2 shows the descriptor values of the victim case and the ones of
the model case 1 with which it is compared. In that example, all the descriptor
values have been captured by the user. In those examples, the similarity
calculated for the victim case 1 is equal to 0.9585 and the confidence index 1 for
the victim case 1 and is equal to 0.9756 whereas the confidence index is 0,5714
for the victim case 2 according to the formulas (2) and (3).
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3.5. The visualization of the retrieved cases

One problem that has been solved was the appropriateness of the representation
and the way to graphically present and compare the possible solutions. The
ReEPh GUI (Graphical User's Interface) allows users to compare all the mode!
cases to the victim case graphically.

The Figure 2 shows the graphical representation of the victim case (the
grey area) and the model case (the white area). Each axis represents one
descriptor of the case. On each axis, the value of the victim case descriptor and
the value of the same descriptor of the most similar model case are reported.

With this GUI, it is very easy to see how the cases are similar. It is also
very simple to find out what the critic characteristics and differences are and to
have an idea of the distance between two cases. As mentioned above, ReEPh
retrieves a set of model cases.

|

Figure 2. ReEPh graphical comparison of the victim case (1&2) with the model case 1.

The Figure 2 is the GUI drawn by ReEPh obtained with the first and second
victim case compared each other with the model case. As a matter of fact, the
ReEPh GUI clearly shows that the cases are very similar if only the known
values are taken into account, but it has to be put into perspective: the
confidence index is average.

4. Conclusion and prospects

The development of a CBR-System presents a real challenge because it is a
complex method that faces different sections. ReEPh proves it is possible to use
the CBR principles for the field of the radiation protection. The first version of
ReEPh has been implemented using basic algorithms, but taking into account all
the constraints of this domain. Indeed, ReEPh allows the experts of radiation
protection to find out the known phantom the most similar to one accidently
irradiate victim considering the implanted descriptors. One case is characterized



114

by a set of descriptors. Even if many of them are missing, ReEPh retrieves a set
of phantoms.

Nevertheless, it is important to define wisely the descriptors and to choose
the correct weights for the data treatment. The experts of radiation protection
have to define more precisely the descriptors and their importance in order to
improve the retrieval phase. The constraints of the domain have already been
taken into account and integrated in this first version of ReEPh. There are three
main tasks that should be treated in the future: the full extraction of all
descriptors from a DICOM-file, an overwork of the approach that determines the
most similar model case, maybe using ANN, and the adaptation of the proposed
solution.

One of the main ideas about this adaptation algorithm is the fact that the
most similar phantom may not always be the easiest to adapt. Consequently, in
the future, we may not deal with the similarity, but with the adaptation easiness.
This new aspect requires introducing more information of the domain: a real
ontology of the phantoms used by experts of radiation protection will be
necessary.
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