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Abstract— Studding the movement of animals and 

their behavior become an important subject. Indeed, 

such study can generate useful information used next 

to assist the decision makers involved in different 

domains such as agriculture,  security, health care 

and business. We present in this work a trajectory 

model related to the displacement of the herd, which 

allows the generation of trajectory data that is going 

to be stored into trajectory data warehouse. The 

animals in the herd change continuously their 

location, so the collected information varies over the 

space and the time. To facilitate their study we present 

the herd by a point so we focus on the moving points. 

Such supposition facilitates the modeling of the 

trajectory.  

Keywords— Trajectory DataWarehouse (TrDW), 

modeling, herd, displacement, movement, animal, Star 

schema.      

1.  INTRODUCTION 

The information, related to the study of a 

moving object during its displacement, is 

almost of time very useful in various domains, 

we can mention as example the agriculture. 

We noticed that the world endure a strong 

exploitation of natural resources. In many 

countries, the situation related to the 

ecological system is characterized by a 

significant degradation which can reach, in 

certain case, an irreversible stage. By 

modeling the movement we can get more  

information about the animals’ behavior, we 

can also predict their future movement. By 

this way, we can intervene to protect the 

environment by, for example, changing the 

direction of the displacement.  Concerning the 

security, if we don’t take the necessary 

precautions, there is a risk to lose a big 

number of animals, because of the roads. In 

fact, a lot of animals are killed each year 

because of the vehicle’s speed.  So, by 

modeling the displacement we can intervene 

in real time to alert the shepherd or to take it 

into consideration before the construction of a 

road to put enough alerts for the drivers. As 

mobile objects, we have a herd of animals. It 

can be composed by domestic animals (sheep, 

goats, camels, lambs, etc.) that follow a 

shepherd. In this case, the different 

information is going to be sent through 

wireless technology such as GPS. It can be 

composed also by wild animals (hors, pigs, 

gazelles, birds, etc.). They move without a 

supervisor. In this case, sensors are attached to 

individual animals. The  signals are captured 

by satellites. In both case, we can get real-time 

information about each animal. The problem 

of the new technology is: it cannot give 

information that evaluates continuously, we 
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suppose then that the values of attributes are 

constant between two successive update. To 

store the different information, we used a Data 

Warehouse (DW). This choice is because of 

the expensive of the computation of the data 

bases rending online processing inapplicable. 

The traditional Data Warehouse (DW) and 

Spatial Data Warehouse (SDW) cannot deal 

with the spatiotemporal data this why we used 

a Trajectory Data Warehouse (TrDW) which 

takes into consideration the continuous 

evolution of the current position in function of 

the time. The data stored into TrDW allows 

anticipate the future movement of our herd by 

utilizing the linear interpolation. This last 

allows trace the trajectory. Despite, it is not 

quite the reality but it can serve as an 

approximation. The linear interpolation is very 

helpful, by starting from the present move; we 

study the animals’ behavior and we can then 

predict the future one.   In this paper, we focus 

on modeling the trajectory of the animals. It is 

a way to structure and organize the data to be 

understandable by the decision makers. In 

addition, it gives information about the 

trajectory as well as its components, so it 

serves to have ideas about the external factors 

that influence the path. We propose, then, on 

one hand, two ways to model the trajectory 

data, the first one is based on ER model and 

the second is based on Spaccapietra model. 

On the other hand, we propose TrDW model 

allowing the storage of the data into special 

DW. The purpose is facilitating the making 

decision in different domains. To achieve the 

goals fixed above, we propose to organize this 

paper as follow:   

In section two, we present the different works 

existing in the literature and giving 

information about the problem of grazing, the 

moving objects and the evolution of DW.  In 

section 3, we present the trajectory data which 

corresponds in our case to a spatio-temporal 

movement because we take into account the 

space XY and the time T. In section 4, we 

present two models allowing modeling the 

trajectory data. The first one is based on the 

Entity-Relation (ER) model and the second is 

based on the Spaccapietra model. In section 5, 

we present the TrDW as a way to store the 

collected Trajectory Data (TrD) and we 

propose the use of star schema.  

II. RELATED WORK 

The problem related to the degradation of 

vegetation becomes very important and 

crucial. Many works in the literature put the 

accent on this issue and as example [1] which 

addresses the problem of degradation in the 

steppes in Alger which causes the change of 

the ecosystem (from steppe to semi-desert). 
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This degradation is mainly due to the 

agricultural practices and livestock. Those 

latest are considered as the main responsible 

for the degradation of vegetation cover and 

accelerated erosion of soils that are noticed by 

agro-pastoralists. Among the proposed 

solutions, these practices have to be changed. 

Concerning [2], the authors addresse the case 

of pathways degradation in Tunisia and 

especially in El Hamma Gabes, while putting 

emphasis on the effect of overgrazing and 

purporting to be the principal causes of this 

phenomenon. Overgrazing is considered as the 

reduction of vegetation cover of perennial 

species and it results, according to [3], the loss 

of species which is the result of livestock and 

the initiation of erosion. This deterioration is 

exacerbated by the stocking density which is 

considered three times higher than the normal. 

The degradation and the overgrazing are 

increasing day by day especially in recent 

years which are characterized by their 

drought. And according to experts (ecologists 

and phyto-pastoralists) the problem of 

degradation and regression of rangelands is 

worsening (desertified areas would be 17% 

after 25 years and 49% in the case of 

intensification of current practices). According 

to [4], the authors present the problems 

encountered at the SIERRA MADRE 

OCCIDENTALE (northwestern Mexico). This 

area met strong exploitation of mountains 

which generated degradation by areal erosion 

and loss of pasture quality. A cause is the 

overgrazing, which has expanded at the 

expense of forests. In fact, in this area of 

livestock, breeding is regarded as the main 

activity and despite the declining population, 

the number of herds remains high which 

causes a worsening of the grazing pressure 

near the villages. In fact, to properly consider 

the condition of vegetation in a state, the 

authors in [5] require making several 

observations and obtaining data relating to 

crimes of overgrazing and according to 

studies, they concluded that overgrazing has 

an impact on vegetation either qualitative or 

quantitative scale. Indeed, qualitatively, good 

palatable species are eaten before they had 

time to train volunteer for future seasons and 

then they disappear completely, leaving room 

for non-palatable species such as Asphodelus 

microcarpus. To overcome the problem of the 

degradation of vegetation, it is important to 

study the animals’ behavior to have enough 

information to be able to intervene, and as 

example of such study we propos [6].The 

authors focused on domestic animals and they 

deeply studied the different forms took by the  

animals during their movement, their rest or 
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their grazing.  In the rest of this work, we will 

suppose that the animals move together (we 

do not care about those whose moves away 

from the herd). In this case, we consider them 

as points so their movement is studied as 

movement of points. About the speed and to 

facilitate the modeling thereafter, it 

corresponds to the speed of the animals of the 

front.  We move then, to present the studies 

focusing on the moving objects. The authors 

in [7] give a description of moving objects 

through an abstraction. In fact, we can use a 

point or even a region to model a moving 

object and each model has its characteristics, 

for example, for a moving point, it 

corresponds to the change of position of an 

entity and this variation is done in function of 

the time and presented in 3D space as a curve. 

Related to a moving region, it focuses on the 

change of the size of a region. And the result 

of the presentation of a moving point in 3D 

space is polyline and for a region is a 

polyhedral. In order to present the movement, 

the authors use linear functions which give 

approximately finite descriptions but such 

functions are not enough to represent moving 

real, so, as solution they propose the use of 

quadratic polynomials. Concerning the work 

[8], it is interested on the repetitive nature of 

some moving objects. Such nature is detected 

through the follow of the moving object and 

storing the collected information into 

databases. Concerning the temporal aspect, it 

is presented through an instant and duration. 

The instant corresponds to a timestamp, and in 

a data base, it has a discrete representation. 

Concerning the duration, it describes a 

directed distance between two instant values. 

For an interval, it is described by its two end 

points, and they use a relative time intervals.  

In this work, the movement is divided into 

sever small slices having temporal function. 

So to present the whole movement, we must 

order the disjoint slices in function of the time 

The algorithm, which is presented in this 

paper and corresponds to repetitive 

movements, is composed by three steps:   

- Creation of an array of integers from the flat 

representation of a moving object.  

- Detection of repetition within the array of 

integer. 

- Construction of a periodic moving object 

tree.    

The purpose of this work [9] is to describe and 

discuss an approach to modeling moving and 

evolving spatial objects based on the use of 

abstract data types. This abstraction is 

presented by point region and line. It contains 

also a description of spatiotemporal types and 

operations. And to explain the conceptions, 
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the authors give some queries to demonstrate 

that the data types existing in this work can be 

embedded into any DBMS and the operations 

can be used in queries. 

In [10], an algebra related to moving objects 

(moving points and moving regions) is 

proposed. This algebra is implemented into 

SECONDO which an extensible DBMS 

environment. 

The design could be implemented in a similar 

way in other object-relational or extensible 

systems. SECONDO is a DBMS prototyping 

environment particularly geared for extension 

by algebra modules for non-standard 

applications.  

The different information generated by the 

moving animals is going to be stored into 

TrDW which takes into consideration the 

continuous aspect of time and space. In fact 

traditional data warehouse and spatial data 

warehouse cannot deal with such information. 

In the following we introduce different works 

presenting the evolution of the data 

warehouse.    

Concerning the traditional data warehouse, it 

is defined in [11] as a “subject-oriented, 

integrated, time varying, nonvolatile 

collection of data that is used primarily in 

organizational decision making”. 

Many works focus on presenting the data 

warehouse. According to [12], DW is 

considered as a collection of decision support 

technologies playing crucial rules, facilitating, 

then, the task of decision making, especially 

for knowledge worker such as the executive 

the manager, and analyst. For the data, they 

are modeled by a multidimensional way to 

allow the complex analyses and visualization. 

A DW, according to [13], collects the 

information from operational data sources and 

puts them into one central repository. This 

work focuses on how drive the information 

from the sources. In fact, this is done through 

extracttransform-load (ETL) process which is 

a complex process because of the huge 

number of transformation. This work treats a 

particular topic that of lineage tracing which 

consists of loading the data trough a graph of 

general transformations.  [14] DW is dynamic 

entities that evolve over time. It is composed 

by set of materialized views defined over 

remote base relations to answer queries. This 

work exposes the problem of new queries 

which necessities the materialization of new 

views and this needs extra space and proposes 

as solution the re-implementation of the DW 

through the exploitation of new queries.  

With the appearance of spatial data, the 

traditional data warehouse are not suitable 
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with such information hence the appearance of 

spatial data warehouse.    

To deal with spatial data, the authors in [15] 

use SDW which is considered as the 

appropriate way. It is not easy the use of 

spatial Data warehouse because of the 

complexity of the relation which exists 

between spatial data also the complexity of 

analaysis and computation. This article 

presents a way to construct a SDW. Indeed, to 

deal with spatial data, they present three 

strategies: Data Center Strategy, Distributed 

Strategy, and Distributed Duplicate Data 

Strategy. Then to facilitate the access to SDW 

from different user, the authors propose the 

use of multi-level storage method of spatial 

information. This method is based on data 

marts, department SDW and global SDW.   

Because of the huge amount of data generated 

by the sensors existing around the earth, we 

need the use of SDW. The work as presented 

in [16] is based on GIF which shows its 

capacity to link information in a spatial 

context in order to draw the conclusion from 

the relationships existing between the different 

phenomena. The phenomena is divided into 

two types, we find then the discrete ones 

which are related to the spatial data, and 

continuous ones which refers to the 

continuous data in the time and space. In 

conventional multidimensional structures we 

use discrete data; the dimensions have discrete 

hierarchical levels. Concerning continuous 

data both time and space are treated other 

way. We use samples which are measured and 

stored because we cannot measure continuous 

phenomena. And concerning the cube there 

are two kinds. The first one is the discrete 

basic cube formed by a list of dimensions Db, 

a list of the lowest levels of each dimension 

Lb, and finally, a set of cells data Rd. And for 

the second type which is the continuous basic 

cube, it is derived from discrete basic cube 

through the interpolation functions.  In this 

work [17], the authors present the SDW which 

is the result of the combination of DW and 

SDBs to deal with huge amount of data 

including spatial location. They propose the 

use of Multi DimER to present the users’ 

requirements for SDW. In a MultiDimER, we 

have spatial levels. They are used to keep 

information about spatial characteristics and 

they are captured by its geometry. Concerning 

the spatial hierarchy, we use by default within 

topological relationship to indicate that the 

geometry of a child member is included in the 

geometry of a parent member. For fact 

relationships, they are considered spatial if 

there at least two leaf level which are spatial. 

A (spatial) fact relationship may include 
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thematic or spatial measures which are 

represented by geometry or calculated  

through spatial operators. The former are 

usually numeric values that allow performing 

quantitative analysis. The authors propose, in 

[18], extending the traditional set grouping 

hierarchy into multi-dimensional data space 

and to use spatial index tree as the hierarchy 

on spatial dimension. In fact, this helps to 

construct SDW and manipulate then the 

spatial data. This becomes more and more 

important nowadays with the spread of new 

technology allowing recording geo-spatial 

information and DW cannot deal with such 

kind of data, it uses text strings to describe 

location data which limited capacity in spatial 

analysis. Geocoding technique translates the 

location information such as street, address, 

etc., into two-dimensional point data.   

Concerning the moving objects which change 

always their location in function of time and 

space, the spatial data warehouse cannot be 

used, and as solution we present the trajectory 

data warehouse which deals with trajectory 

data.  

The work, in [19], introduces the notion of 

trajectory data (TrD) and proposes then the 

use of TrDW to storage such data that 

traditional DW cannot deal with. Indeed, 

TrDW serves to transform the trajectory raws, 

which are extracted through sensing and 

positioning technologies, into useful 

information. The authors propose an 

architecture which is composed by: trajectory 

reconstruction that allows transforming the 

sampled positions collected through GPSs into 

trajectory data, TrDW feeding which is done 

through the use of ETL process. It permits to 

get the identifiers as well as the portions of 

trajectories that satisfy the range constraints 

and the aggregation.The authors study through 

this work [20], the human movements’ 

behavior. Such study becomes easier thanks to 

the use of new technologies (mobile phones, 

GPSs, etc.) and through it, they present a 

definition of trajectory which is considered as 

the basic form of mobility data related to the 

moving object and which generates a 

sequence of timestamped location. 

This specific kind of movement data serves to 

construct TrDW which is defined as spatio-

temporal data cube. The representation of the 

movement is done through arcs which are 

lines or curves.  To exploit the data storage 

into TrDW, we use mining tasks such as 

trajectory mining, trajectory clustering and 

trajectory classification and location 

prediction. The trajectory pattern mining 

visualizes a set of trajectories having some 

property (visiting the same sequence of places 
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with similar travel times). Trajectory 

clustering focuses on a group of objects by 

exploring and analyzing the huge amount of 

data generated and finally trajectory 

classification and location prediction which 

allows predicting the next location of the 

moving object basing on its past trajectory. 

This work [21] introduces the cycle life of a 

TrDW which is composed by the following 

steps:  

- Trajectory reconstruction process: it 

generates trajectories from raw time-stamped 

location data. It takes  into consideration that 

raw points arrive in bulk sets so to add them to 

an existing trajectory or not. Trajectory 

reconstruction has parameters: Temporal gap 

between, trajectories which corresponds to the 

maximum allowed time interval between two 

consecutive time-stamped positions of the 

same trajectory for a single moving object, 

Spatial gap between trajectories which 

corresponds to the maximum allowed distance 

in 2D plane between two consecutive time-

stamped positions of the same trajectory. 

Maximum speed which corresponds to 

maximum allowed speed of the moving 

object. Maximum noise duration corresponds 

to the maximum duration of a noisy part of a 

trajectory. Tolerance distance which 

corresponds to the maximum distance between 

two consecutive time-stamped positions of the 

same object - ETL procedure: it constructs 

data cubes with aggregate information. It 

serves to feed TrDW from MOD. The 

problem at this level is not related to the 

loading of dimensions but it concerns fact 

table which necessities to fill in the measures 

with appropriate numeric values which are 

computed before in an exact way.   

- OLAP and DM.   

The work, in [22], focuses on modeling a 

trajectory that is able to storage aggregation 

about trajectories. It gives a definition of a 

Trajectory which is considered as a finite set 

of observations and each observation is 

defined by its identifier id has as location x, y 

at time t. The authors propose the use of linear 

local interpolation in order to reconstruct the 

trajectory from its sampling which supposes 

that the movement between two successive 

points is done with constant speed in a straight 

way. The authors present in [23] the notion of 

trajectory which is considered as a finite set of 

observations called sampling. The record of 

those points is based on the actual continuous 

trajectory. Related to TrDW, the fact presents 

the trajectory, the measures then correspond to 

the number of trajectories, their average, 

maximum/minimum speed, and the covered 

distance. Some of these measures must be 
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update ones there is new observations, other 

ones, require having all the observations 

before making the update. Concerning the 

dimensions, there is the spatial dimensions, 

temporal dimension and “presence” that 

returns the number of distinct trajectories. In 

[18], the authors propose the use of 

interpolation linear function to deal with 

continuous data warehouse. In fact, the data 

collected through the sensor is discrete, it is 

read at different points in time and at different 

intervals; so, to give the user the illusion that 

he is navigating continuously the authors 

apply spatial and temporal interpolation 

methods. Such method gives information 

about the continuous phenomenon at any time 

basing on the sample points which means that 

there is data values at every point in space and 

time.   Spatial talking, there are different ways 

to present a moving object. As it is mentioned 

in [24], it can be done as a point, a line or a 

region. In fact, it is an abstraction for 

modeling the structure of the geometric 

entities in space and their relation also.   

3. TRAJECTORY DATA 

In this section, we introduce the trajectory 

data. In fact, it is a spatiotemporal concept 

since it reflects the evolution of the position of 

an object traveling in space during a given 

time interval. It is defined in [25] as: “The 

user defined record of the evolution of the 

position (perceived as point) of an object that 

is moving in space during a given time 

interval in order to achieve a given goal”. 

This definition considers that the trajectory is 

related to the notion of an object presented by 

a point, ignoring the fact that the mobility can 

be done by a region such as the movement of 

clouds. In addition, according to this 

definition, a moving object must have a goal 

which is not always the case. Therefore, there 

are some movements such as the fire, the field 

of pollution, the land plates or dust, which 

doesn’t have an aim. Other objects can have 

more than one goal which changes during the 

movement. This definition is appropriate to 

our case. In fact, the herd is treated as a point 

that changes continuously its position in 

function of time to achieve a goal which is 

eating and drinking. Its dimensional space is 

composed, then, by two dimensions one 

presents the space (X-Y space) and one 

presents the time (T) which makes the 

trajectory a spatiotemporal trajectory (X-Y-T).  

This type of trajectory has two facets: 

geometric and semantic. Concerning the 

geometric facet, it is about the different 

positions of our herd during its displacement. 

They are recorded to keep information about 

the lifespan of the moving animals which 
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decomposed by many segments each one is 

delimited by two points the begin and the end. 

The different information collected at this 

level about each point is going to be 

interpreted in the semantic facet.     

4. MODELING HERD 

TRAJECTORY DATA 

In this section, we are going to introduce two 

different ways to model the trajectory of the 

herd. The goal is giving a clear representation 

of the trajectory of the herd as well as its 

components and the elements that are linked 

to facilitate the show of different relations 

existing which makes the schema of the 

trajectory more understandable and easier to 

change after.   

A.  Entity-Relation model 

As presented in [26], this model is considered 

as the most advantageous one. It reflects a 

natural view of the real worldwhich is 

modeled through entities and relationships. 

The entities present the trajectory and its 

components and the  relationships present the 

type of relations that can exist between the 

entities.  

5. DELING TrDW 

In this section, we present our TrDW model. 

Indeed, recording all the information creates 

the need to use powerful tools that transform 

the huge amount of data to useful knowledge. 

We use in this case the TrDW, because it is 

the only tool which can deal with trajectory 

data.     

Concerning the dimension tables, they present 

a set of attributes which are used to describe 

the information as well as to specify how the 

data existing in the fact table must be 

summarized in order to provide useful 

information; those attributes must be update as 

soon as a single observation arrives.  

The spatial and temporal aspects are taken into 

consideration thanks to the two dimensions 

begin and end. The first one has as attributes 

BX  and B which give information about the 

start location and BT which gives information 

of the start date. The second one has as 

attributes ETX and E which give information 

about the end location and ETY which gives 

information of the end date.     

6. CONCLUSION 

The overgrazing is considered as a menace, it 

is a threat to plant species, and it can cause in 

the most of time their loss. So we must take 

precautions and this is done through the study 

of the movement of animals. In our case, and 

to facilitate their study, we considered the 

animals as points, and we focused, then, on 

collecting information from those moving 

objects.   
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So to determine their behavior, we followed 

them during sever time and we record it in 

order to extract a suitable model allowing 

taking the best decisions. We proposed, then, 

two different models allowing the presentation 

of the trajectory data. The first one is based on 

ER model which helps to visualize the 

different entities corresponding to the 

trajectory and its different components as well 

as the relation that can exist between them. 

This model although it is clear, it neglect 

certain sides treated by the second model 

based on Spaccapietra et al. This model put 

into consideration the evolution in spatial and 

time. The different TrD are stored into TrDW, 

which is a special DW related to the moving 

object that evolutes in space and time and we 

used the star schema to model it.    
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