Modeling Moving Regions: Colorectal
Cancer Case Study
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Abstract Objects in space have to be represented in order to be stored and analyzed.
The three basic abstractions of spatial moving objects are moving point, line or
region. The first two abstractions are highly handled. However, moving regions have
always been a challenge due to their unstable shape and movement. Researchers are
not giving enough attention for managing and querying this particular type of spatial
data in order to solve real world problems. Motivated by this fact, we present in this
paper an overview on moving regions. We survey region’s modeling aspects. Then,
we support our research by studying a biomedical case to highlight the importance of
using moving regions. The case study illustrates the conceptual aspect of the move-
ment of the colorectal cancer. We also use fuzzy logic thanks for its simplicity and
its easy understanding. The combination offers an easier understanding for decision
makers.
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1 Introduction

A region is an object whose extent is changing over time (for example, air pol-
luted zones, shrinking balloon, volcanic lava eruption, forests, lakes). This object
has to meet certain criteria: it must have a changing extent (grow/shrink) and loca-
tion (move continuously) over time. There are two types of moving regions: a simple
region and a complex one (having holes inside). The difficulty in this case is when
supporting and dealing with this particular type of moving objects. In other words, it
is hard to capture every single movement state in every time unit and between them.
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Some of this region data can be imprecise or incomplete due to an inconstant sam-
pling rate for example (every few seconds or every few days), or erroneous points (a
point in the ocean). The uncertainty and the imprecision can also be caused by bad
reception condition of GPS receivers. Despite the progress in this research area, the
present works still require further improvements in order to make modeling moving
regions an easier and more effective task. Therefore, in our work, we chose to use
Fuzzy Logic to overcome this imperfection. In fact, Fuzzy Logic was introduced by
Lotfi Zadeh in 1965 [18]. Fuzzy logic is an extension of the Boolean logic. It is a
mathematical model distinguished by its ability to represent and process uncertain
and imprecise information. In this paper, we survey the existing methods for model-
ing moving regions. Then, we take colorectal cancer as an example and we propose
a conceptual model that represents its movement. This paper is organized as fol-
lows: Sect. 2 surveys and classifies moving regions modeling techniques. Section 3
presents a detailed case study. Finally, Sect. 4 concludes and proposes research direc-
tions.

2 Related Works

Several researchers took interest in modeling moving regions. Therefore, in this
section, we recall the elaborated works in this field in order to overview its evolution
over the last years. Hence, we classified the surveyed works into three categories:
Crisp, Fuzzy and Conceptual modeling.

2.1 Crisp Modeling

In [16], the authors used the polygon representation to model every object mov-
ing both discretely and continuously. These objects are characterized by a dynamic
shape and extent (i.e. region). They took special interest in the continuously moving
regions having their data stored in a discrete way. Therefore, their work aims to esti-
mate the in-between state of the object to restore its continuous feature. In [10], the
authors presented their big data based system “Storm DB” used to answer rain fall
amount queries in the continental United States. The moving regions in their case
are the rain clouds. Storm DB is composed of five steps: They started by extracting
the regions from radar images provided by the US national weather service. Then,
they classified the regions according to their belonging to an existing storm or a
new one. The next step is to calculate the duration of a point in a region in order
to obtain the rainfall amount list. The fourth step aims to accelerate the algorithm
used in the previous one. They concluded by the Big Data architecture. It consists of
a map/reduce algorithm that supports parallelism and processes a massive amount
of data. Their approach, indeed deals with moving regions. However, the modeling
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aspect was not their strength point since they considered regions as simple points.
In [17], the authors presented a data model for route planning in the case of forest
fire. They developed an application that suggests safe circuitous routes to avoid the
moving flames. To do so, they used a fire simulation model. This model takes into
consideration the wind properties since it influences the fire state and direction. It
also simulates and gives information about the fire. This model is taken from [9].
It consists of a real time algorithm that simulates and predicts forest fire spread-
ing. Some authors preferred well-known techniques, whether some other authors
chose algebra for managing moving regions. The following works [1-3, 7] treated
the same issue from almost the same point of view. Well, in [1], the authors presented
their approach for modeling moving objects and discussed some issues. Among the
issues, they discussed the level of abstraction suited for an algebra. For instance, a
region could be represented as a polyhedral shape in the space or as a continuous
function. As they consider moving objects as geometries changing over time, they
defined corresponding algebraic operations. In order to specify the algebraic oper-
ations, they began by proposing an abstract algebraic data model, i.e., a model that
describes data in a simple and sometimes unrealistic way. The abstract model was
followed by the according discrete one. The same data structures and algorithms
have already been used for spatial databases in the Rose algebra [4, 5]. In [3], the
authors proposed a data model for moving objects in the two-dimensional space.
They presented their system design and presented its associated operations. They
specified the types’ semantics and operations in the abstract model. While in [2],
the authors completed the previous work [3] by presenting the discrete model. They
transformed the abstract model into a discrete one for which they provided data struc-
tures and illustrating algorithms. The work elaborated in [7] combines between the
three previously cited works [1-3] and enriches them. In fact, the authors developed
powerful algorithms able to deal with a large set of operations and created a basis
for the development of a reliable DBMS extension package for moving objects.

2.2 Fuzzy Modeling

The previously presented methods used crisp methods to deal with crisp spatial
objects. However, some authors preferred to use the Fuzzy Set theory for a better rep-
resentation of fuzzy spatial objects. In fact, this theory offers several properties and
operations that correspond to some real life objects specificities (i.e. spatial objects
with vague and imprecisely determined boundaries or interiors). In [6], the authors
proposed an approach that models regions and their trajectories, and predicts their
future movements as well. In this work, regions are delimited by a rectangle, also
named enclosing box, to which was assigned a center point. The trajectory, in this
case, is the link between the center points. After modeling regions, the authors pre-
dicted its future positions using the linear regression and the recursive motion func-
tion. They tested their application using two datasets concerning fires and storms. In
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his works, [11-14], Markus Schneider was interested in fuzzy spatial databases and
fuzzy moving objects. We begin with [11], the researcher offered a fuzzy spatial data
type for fuzzy points, fuzzy lines and fuzzy regions. He also proposed novel fuzzy
spatial operations. In [12], he continued his work by proposing metric operations on
fuzzy spatial objects. Then, in [13] he defined a conceptual model of fuzzy spatial
objects with its implementation. The particularity of this work is the use of the dis-
crete geometric domain (grid partition) instead of the Euclidean space. In [14], the
author began by presenting a detailed overview on spatial data types and a survey
concerning spatial fuzziness. Then, he proposed a fuzzy algebra to represent fuzzy
data types. He focused on treating spatial vagueness.

2.3 Conceptual Modeling

Conceptual modeling is important. It offers a clearer vision and understanding of
the treated issues. The conceptual diagrams and data models indeed depict and
describe complex objects and their relations. In [8], the authors proposed a UML
data model that combines fuzzy sets and possibility theory to overcome data fuzzi-
ness and manage complex objects. They presented their contributions at various lev-
els: fuzzy class, fuzzy generalization, fuzzy aggregation, fuzzy association and fuzzy
dependency. Then, they presented the corresponding fuzzy relational schema with
the transformation steps. Another work, [15], in which the authors presented a con-
ceptual model for fuzzy object-oriented databases using UML. Their model targets
imprecise data, which they called fuzzy data. In fact, they defined fuzzy objects,
classes and the relations between them, together with the corresponding notations.

2.4 Recapitulation

To recapitulate, we present the following table (Table 1).

Table 1 classifies and resumes the previously cited methods for modeling moving
regions. The works are cited in the table in the chronological order.

According to the presented state of the art, several techniques were used to model
moving regions. Among the years, researchers took advantage of fuzzy set theory,
algebra, big data, etc. Each and every one of these works has its advantages and draw-
backs. Therefore, in this paper, we introduce a UML conceptual model to represent
the movement of cancer cells. In fact, constructing an accurate corresponding model
allows capturing the basic concepts and relations between them. Building the model
is in other way describing the problem in order to understand and solve it.
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Table 1 Classification of the presented methods

Cited works | Crisp modeling Algebraic Fuzzy modeling | Conceptual
modeling modeling

[1] Algebra
[11] Fuzzy Sets
[3] Algebra
[12] Fuzzy Sets
[16] Polygon representation
[7] Algebra
[13] Fuzzy sets

[14] Fuzzy sets

[6] Enclosing box technique
(8] UML
[10] Big data approach
[15] Fuzzy UML
[17] Simulation algorithm

3 Case Study

Analyzing moving objects trajectories is a very interesting and general field. One
of its major advantages is that it can be applied in several domains. In this case,
we are interested in the medical field: observing illnesses, examining their behavior
from a patient to another, and why not, predicting their effects on different patients
too. Well, diseases move in regions, like fires, they neither have an exact shape nor
follow a definite path. For this reason, we chose one specific disease (cancer). In
fact, there are several types of cancers, but we specifically chose colorectal cancer.
It starts in the colon then travels to the whole body in evolving speed. It moves in
a group of countless microscopic cells characterized by irregular shape, size and
borders. In order to clarify the fuzzy aspect in the transformation phase, we propose
a conceptual model that describes the moving cancer cells. The proposed conceptual
model is characterized by the fuzzy class. A fuzzy class is a class that describes the
fuzzy object with at least one fuzzy attribute. A fuzzy attribute has linguistic values
instead of numerical ones. The moving object is represented by a fuzzy class named
‘Cancer’ (Fig. 1).

It is defined by the following attributes: Speed, Size and Age. ‘Speed’ describes
the tumor’s propagation speed. The tumor propagation speed is very slow in the first
fifteen or twenty years which, unfortunately, makes the early detection very difficult.
In the following ten years the speed increases and becomes noticeable. In the final
stage, i.e., the last two years, the tumor spreads widely in a high speed. ‘Size’ pro-
vides the cancer cells size which tells about the gravity of the situation. And ‘Age’
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Cancer
%Cancer_id
¢Speed
¢Size
¢Age

Fig.1 The class ‘Cancer’

represents the diagnosed age of the illness. Among these attributes, only two are rep-
resented fuzzily: ‘Speed’ and ‘Size’ are better identified using linguistic values. The
set of linguistic values defining the attribute ‘Speed’ is {low, medium, high}. The
set of linguistic values defining the attribute ‘Size’ is {tiny, small, big}. At this level,
the membership function should be calculated for each linguistic value.

The membership function describing the fuzzy attribute ‘Speed’ is given below:

1 if Speed < 20
Hiow(Speed) = 10 if Speed > 25
25—Speed .
e if 20 < Speed < 25
0 if Speed < 20
0 if Speed > 40
Himedium(Speed) =41 if 35 < Speed < 25
Speed 20 if 20 < Speed < 25
40—Speed .
035 if 40 < Speed < 35
0 if Speed < 35
Hnign(Speed) = 1 if Speed > 40
Speed 33 if 35 < Speed < 40

The membership function of the fuzzy attribute ‘Speed’ is graphically represented
by Fig. 2. The curve defines to each point a membership value between 0 and 1.
The membership function describing the fuzzy attribute ‘Size’ is given:

1 if Size £ 0.5
Hiny(Size) = 10 if Size> 1
’ 1-Size

=SB i 0.5 < Size < 1
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Fig. 2 The membership function of the attribute ‘Speed’
Membership degree
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Fig.3 The membership function of the attribute ‘Size’

0 if Size < 0.5
0 if Size > 3
Homan(Size) =41 if 1 < Size <2
B3 0.5 < Size < 1
Sz if4 < Size < 3
[ 43
0 if Size < 2
Hpig(Size) = 1 if Size > 3
22 < Size <3

The membership function of the fuzzy attribute ‘Size’ is graphically represented
by Fig. 3. The curve defines to each point a membership value between 0 and 1.
After defining the attributes and their membership functions, we created the fuzzy

general conceptual model of the cancer’s movement using a Unified Modeling Lan-
guage diagram (Fig. 4).
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FuzzySize
%FuzzySize_id
¢Tiny
¢Small
@Big +1
\w
FuzzySpeed \”1\ Cancer Cel
%oFuzzySpeed_id eCancer_id : -
olow has ¢Speed +1 +1..% | %Cell_id 3
¢Medium ¢Size : dor ¢Space_position
oHigh +1 +1 oAge is composed oi &Time_position
+1 \t‘i
suffers from oves
- : ) +0.*
%: a.t|enl 3 Trajectory
¢BeginTime
e ¢EndTime
¢BirthDate

Fig. 4 The fuzzy conceptual model

The model describes the interaction between the tumor itself and the surrounding
objects that could affect it. The class ‘Cancer’ is related to three classes: ‘Patient’
which describes the patient having the tumor, ‘Trajectory’ which describes the tra-
jectory of the tumor in the human body, and more importantly ‘Cell’. Actually, the
‘Cell’ class is the one that identifies the cancer as a region. It is in this case repre-
sented by a set of points not one single point. This representation reflects in a more
accurate way the nature of this moving object. In addition to the diagram classes,
we added two fuzzy classes: ‘FuzzySize’ and ‘FuzzySpeed’. In fact, every linguis-
tic attribute of the class ‘Cancer’ is represented in the conceptual model by a fuzzy
class. Each fuzzy class is characterized by its primary key and its linguistic values
as attributes.

Once the conceptual model is done, we moved to next one. The logical model
of the cancer’s movement using the snowflake schema is presented by Fig.5. It
describes the relations between the tables and it is inspired by the conceptual model.
Both model were elaborated by Rational Rose which is a software published by the
company Rational, and acquired by IBM, to create and edit UML diagrams.
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Fig. 5 The fuzzy logical model

4 Conclusions and Future Works

In the recent years, researchers around the world are more and more interested in
studying moving object data (points, lines and regions). Moving regions, in partic-
ular, are characterized by their continuously changing shape and path together with
some possible holes inside sometimes. The regions’ specifications inspired us to use
fuzzy logic to have a better representation, storage and analysis. In this paper, we
surveyed the issue of modeling moving regions. We also reviewed limitations of the
current systems. Unfortunately, the current generation of moving regions modeling
systems still requires further improvements to obtain better results. Hence, we began
by presenting a moving cancer conceptual model. This model is a first step to a com-
plete model that deals with moving regions. We presented the integration of fuzzy
logic into the regions’ modeling using fuzzy membership functions, also, by provid-
ing both conceptual and logical fuzzy models. The next step will be to enrich our
model by a complete framework dealing with moving regions’ data. The framework
will be able to analyze and predict the behavior of this particular kind of data in order
to support the decision making process.
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