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Abstract

The real-world process of generating a large spatio-temporal data set performs
a very challenging problem. From the one hand it is a very expensive process, re-
quiring sometimes state of the art software tools and very complicated hardware
(sensors, servers, GPS infrastructure etc.);while from the other hand the recorded
trajectories sometimes cannot represent any special traffic or movement patterns
since they refer to specific vehicles or people that cannot be easily integrated to
groups. thus there seems to be a serious need for large amounts,of-real life mobili-
ty data To achieve this, a big number of moving object generators have been de-
veloped, in order to help even people that are not familiarized with the virtual cre-
ation of such objects, to evaluate their performance, in general, through their
mobility patterns.

This thesis tries to compare the previous work on data generators, analyze them
and propose a modern data generator that among its other common features can
generate "enriched" (semantic) trajectories which are derived from a given gen-
eral semantic scenario and follow real life mobility patterns.
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Hepiinyn

H dvvatdtta Tov Tparypotikod KOGLOL Vo Topayetl LEYAAN GUVOLD X®PO (PO-
VIKOV dedopévav anotedel Eva ToAD dvokolo (RTnua.Amd T pio mAevpd givon
pio ToAY damavnpn Sladikacio , amoTOVTOG EVIOTE AOYIGHIKA VIEPCVYYPOVOL KO
o0 Tepimhloko VAo ( awcOntipeg , servers , GPS, vmodopéc kdm.)? , Eved and
™V GAAN TAELPAE, Ol TPOYLES TTOL KOTOYPAPOVTOL LEPIKEG OPES OEV. Umopel va. a-
VIITPOo®TEVOLV €01KE PoTifa Kukhopopiag 1 Kivnong , ded0UEVOD OTL OvaPEPO-
VIOl G€ GUYKEKPYEVO OYNUATA 1] GATOLE TOL dEV UTOPOHV EVKOAN VO EVOMULOTM-
Boov oe opddeg . 'Etor @aiverar va vmdpyet po coPfapn avaykn yio PEYAAES
TOGOTNTEG TOV TPAYLOTIKOV SESOUEVOV TNG TPAYLATIKNG Kivnong. o va emttev-
x0el avto , €vag peydrog aplBUoS YEVVITPLOV KIVOOUEV®Y OVTIKELEV®V EYOVV -
vantoyBet , mpokeévon va fondcovy akopn Kot ATopa Tov dgv eivat eE0IKEI®-
HEVOL LLE TNV EKOVIKT dNUIOLPYIC TETOLOV OVTIKEWEVAOV , [LE GKOTO VO KOTOPEPOLV
a&10A0y00V TIG EMOOCELG TOVG , OE YEVIKEG YPOLUES , LEC® TMOV TPOTOTMV KIVITL-
KOTNTOS TOVC.

H epyaoia avt) mpootadei vo cuyKpiveEL TNV TPONYOOLEVT EPYOCIO OTIG YEVVI-
TPLEG TV OTHLOCIOAOYIKAOV SEGOUEVAV , VO TIG OVOADGEL KOl VO TPOTEIVEL L0 GVY-
POV YEVWITPLO OEGOUEVAOV TTOV OVAUEGO OTA GAAN KOWVE YOPOKTNPLOTIKG TNG
UTopEL Vo SNUIOVPYNOEL «ePTAOLTICUEVES ( Semantic ) Tpoytég ot omoieg TPoEp-
xovtal amd £va YEVIKO GNUAGIOAOYIKO GEVAPLO KOl Ol OTTOiES akoAoVOOHV TporypLo-
TIKA TPOTLTLOL KIVNTIKOTNTOG.
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1 Introduction

The real-world process of generating a large spatiotemporal data set performs a
very challenging problem. From the one hand it is a very expensive process, re-
quiring sometimes state of the art software tools and very complicated hardware
(sensors, servers, GPS infrastructure etc.);while from the other hand the recorded
trajectories sometimes cannot represent any special traffic or movement patterns
since they refer to specific vehicles or people that cannot be easily integrated to
groups. it is undisputed that the pros deriving from the GPS equipped mobile de-
vices technology, such as smart phones, GPS navigation devices, tablets etc. along
with the vast spread of those devices and the development of the appropriate tech-
niques for storing, processing, querying, and mining such data, has led to the gen-
eration of monstrous amounts of GPS-like data. Nevertheless, converting this kind
of data into a meaningful form in terms of mobility is not an easy task. During this
procedure a lot of spatiotemporal algorithms and data structures are used. To
achieve this, simple and comprehensible methods of performance evaluation,
must be used . Thus huge amounts of real life mobility data are necessary but un-
fortunately they cannot be easily obtained. The use of these techniques is wide-
spread, since they accommodate the study of the movement of objects in the space
over time. Therefore, the evaluation of spatiotemporal algorithms is required be-
cause through them one can understand,.and hence resolve problems created by
the movement of objects such as traffic problems, transportation of groups of en-
dangered animals etc. As a result, a big number of moving object generators have
been developed, in order to help even people that are not familiarized with the vir-
tual creation of such objects, to evaluate their performance, in general, through
their mobility patterns.

The generators proposed so far in the literature are divided in two categories:
microscopic and macroscopic. Microscopic generators deal with single vehicles.
The models produced by the microscopic generators are mostly used to evaluate
traffic efficiency regarding speed and travel time. They basically focus on simulat-
ing traffic signal regulation, route control and traffic condition estimation. Each of
these generators uses its own control strategies and algorithms. On the other hand,
macroscopic generators deal with the traffic flow (and not with single vehicles) at
a higher abstraction level than the microscopic generators . They are employed to
evaluate traffic flow as a whole without consideration of the characteristics and
features of.individual vehicles in the traffic. The proposed data generator, even
though it holds a lot of the characteristics that the microscopic generators hold, it
is considered to be a macroscopic generator.

An interesting category of algorithms and techniques performed on mobility
data aims at the behavioral analysis of people moving in an urban environment
and performing their daily activities. The outcome of such an analysis could assist
in “smart” and efficient city planning and thus having a great impact in the im-
provement of the everyday life of people living in an urban environment. Unfortu-
nately, real raw mobility data lack essential behavioral info. Moreover, real mobil-
ity data that incorporate behavioral information are hard to acquire. In most cases,
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such datasets are small in size and cannot be considered as “big”. Taking into ac-
count all of the above, it can be inferred that the evaluation of the algorithms and
techniques mentioned above is not a straightforward task. Furthermore, the same
applies for the evaluation of the efficiency and scalability of a data management
infrastructure, designed for this kind of data.
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2 Related Work

One of the first moving object generators is GSTDJ[1] (Theodoridis et al.
1999),which creates moving points and moving rectangles in one area without
network constraints.

Figure 1. Movement using GSTD

During the time the objects generated can change positions and size.

A newer version of this generator [2] (Pfoser and Theodoridis 2003), gives the us-
er more features, allowing greater agility.
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Figure 2. Movement using extended GSTD

An improvement of this generator is that the parallelogram generated acts as an
obstacle for other objects, so the mavement is not completely independent.

The purpose of another generator was to evaluate the algorithm presented in
(Pelekis et al. 2009). This generator, which is based in GSTD presented above,
sets a number of points and. generates moving objects that during their trajectory
must pass through those points (a kind of stop). During their motion, the objects
are divided into groups, since all objects must necessarily pass through the points
that have been set, so it can then evaluate the clustering algorithm is the purpose
of this work. These features help to partially display real situations - routes. Given
that, in the real world there are objects moving on predefined tracks (cars on
roads, trains on tracks, etc.), the objects created by the generator shall be unsuita-
ble for measuring performance of algorithms on moving objects over a network.

Another embodiment of the GSTD generator is CENTRE (Cellular Network Tra-

jectories'Reconstruction Environment) [3] (Giannotti et al. 2005), which examines
movements of objects in mobile networks, using data from cell phone providers
and simulating larger numbers of objects. It uses some characteristics of GSTD,
but the main difference is that groups can be defined according to their special
characteristics (e.g. direction, speed, agility and obstacles). For example, cars can
be obstructed by rectangular obstacles (buildings) while people not. So people
have arbitrary motion in space, but with less speed.

Hermoupolis : A Trajectory Generator for Simulating
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Figure 3. Movement usmg c4acC generator

The G-TERD (Tzouramanis et al. 2006) [4] is a generator that produces large sets
of objects that constantly move and change sizes in two-dimensional regions. The-
se items are not merely points but define areas:which have shape, size and color
for the display of the different properties that are between them. The user has the
ability to modify some of their parameters, such as maximum speed, angle of
movement, interaction with other objects, the initial position of the object, etc.
This generator could easily be used to monitor objects. But even here the move-
ment is unrestricted, so it doesn’t serve for observing objects moving over a net-
work.

R

£

Figure 4. Movement using G-TERD

Oporto (Saglio and Moreira 2001)[5] is another data generator which simulates
the scenario with fishing boat. Like previous generators, Oporto offers many fea-
turesto the user. Nevertheless, the motion of object sis arbitrary in two-
dimensional space, which does not allow us to study the motion of objects over a
network.
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An early attempt to create a network -constraint data generator was made by
Dr. Thomas Brinkhoff (Brinkhoff et al. 2002)[6]. He created an open-source
generator, with graphical interface for objects moving over a network. During the
simulation, new objects are created in random locations on the grid and disappear
when (and if) they reach their destination. These objects are separated at their cre-
ation in groups (can be displayed in different colors) to highlight different proper-
ties may have. The speed and the path followed by each object depend on the
group to which it'belongs, but also from the point located at all times. This is be-
cause each edge of the network has a maximum capacity, which if exceeded, af-
fects the speed of moving objects in it. The basic functions, such as the number of
moving objects or timing simulation of the generator can be regulated by a limited
set of parameters that are easily changed, not necessarily from experienced users.
But to make some other major changes, such as the speed of the objects or the ini-
tial and final position, the user will need to be more specific, since you will need
to refer to the code. The original generator intends to represent specific objects
and paths not monitor specific objects for some time, which does not allow proper
measurement network performance.
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Figure 6. Brinkhoff generator

Another example of moving object simulator over a network is SUMO (Simu-
lation of Urban Mobility) (Krajzewicz et al. 2002)[7], an open source generator
that simulates the movements of private and public transport. In the simulations,
vehicle movements are represented in a network that does not allow conflicts; the
streets are two-way, etc., thus completing the picture of a real network. An addi-
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tional feature of the generator SUMO is that the behavior of moving objects gen-
erated is based on the proper interaction between them. So the movement of each
object that is created depends on the motion of other objects in the network de-
sign. This, however, limits quite the scholar, since if it wanted to simulate some
extreme movements in the network will be quite difficult, since the movements of
other objects on the network will adjust on it. This feature makes the network not
function as a real network.

Figure 7. Conversion of simple, plain network data into a complete de-
scription (SUMO generator)

The most recent study is (Duntgen et al. 2008)[10], which simulates move-
ments of objects over the network of the city of Berlin for a given period of time
and capture their positions. Instead of implementing a standalone dedicated gen-
erator software, the infrastructure of Secondo MOD [11] is utilized. The traffic in
this generator, is long term, i.e. simulates movements of objects for long periods,
for'example a day or more, in contrast to the other generators which have shorter
time strokes.
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b) Region Based {WorkNodes) c) Region Based (HomeNodes)

Figure 8. Node Selection Strategies using BERLIN- MOD

Besides generators studying the natural movement of objects on maps, which
are the majority, there is a different generator that is studying social and geo-
demographic data. The ST-ACTS (Gidofalvi and Pedersen 2006)[12] considers
how objects move through space because they have to perform a particular activi-
ty, which can only be performed at a particular point, both in space and in time.
Through the experiments made with this generator we study the distribution of ac-
tivities in space that can help develop appropriate spatiotemporal data manage-
ment systems and data mining techniques.
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Figure 9. validity of STFACTS in terms of TACs

Another data generator, which attempts to combine the generation of moving
objects traveling through different environments and with multiple transportation
modes, is MWGen (Xu and Giting, 2012) [13]. This generator basically tries to
generate moving objects in different environments where the precise location in
each environment and transportation modes are managed.
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Figure 10. MWGen - Experimental results

The GAMMA framework (Hu and Lee, 2005) [14] represents moving object
behavior as trajectories in the spatiotemporal. The generation process is consid-
ered as an optimization problem and is solved by the utilization of a genetic algo-
rithm. In fact this framework is a generator “by example”, which means that it re-
ceives as input a set. of trajectories and tries to generate similar “activity”
trajectories that enclose real-life activity patterns. The generated trajectories will
be similar to the input trajectories. So in order for the generator to simulate spatio-
temporal activities of an entire population, a representative sample is needed.

MATSIim is a micro simulator that provides a framework for fast, dynamic,
large-scale agent-based transport simulations, such as demand-modeling, agent-
based mobility-simulation (traffic flow simulation), re-planning, a controller to it-
eratively run simulations as well as methods to analyze the output generated. It
supports large scenarios with several millions agents or network with hundreds of
thousands of streets. Throughout the simulation, it gathers numerous key values
from the simulation and outputs them in order to provide the user with a quick
overview of the status of the simulation.

An entirely different approach is the MinnesotaTraffic Generator which is not
actually a data generator but it’s a web application that acts as an interface layer
on top of the Brinkhoff or BerlinMOD generators. The main contribution of this
tool is that the end user avoids the installation and complicated configuration steps
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necessary to get either Thomas-Brinkhoff or BerlinMod both up and running, and
+\he is able to work on a user specified region.
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Figure 11. Minnesota data generator
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3 Requirement gathering and analysis

3.1 Development Process model

There are many software development methods that are employed during de-
velopment process of software, these approaches are also referred as “Software
Development Process Models” (e.g. Waterfall model, incremental model, V-
model, iterative model, etc.). Each model follows its own life cycle in order to en-
sure success. For the proposed data generator we partially followed the Waterfall
model. This model is a popular version of the systems development life cycle
model for software engineering. Often considered the first approach to the systems
development life cycle, the waterfall model describes a linear and sequential de-
velopment method. Development in a Waterfall model basis has separate tasks for
each phase of development like a waterfall on a.mountain. Once the water has
flowed over the edge of the crag and has begun'its journey down, it cannot turn
back. It looks like waterfall development. Once a part of development process is
completed, the development proceeds to thenext part and there is no return.

General Overview of "'Waterfall Model"

Eequirement gathening
and analvsis

o

System Design

‘ Implementation

Testing

Deployment of System ’7

S

‘ IMamtenance

Figure 12. Waterfall model
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3.2 Problem Formulation

Generally, moving object data generators can be categorized with respect to the
characteristics they hold. These characteristics are:

User Defined Input. The generator takes as input movement fea-
tures, such as speed, agility, direction etc.

Obstacle Areas. Another important™feature that some generators
hold is whether they can represent obstacles which have to be
avoided by the moving objects.

Crossing Points. Many generators generate moving objects which,
during their trajectory, must pass through some predetermined
points (Crossing Points).

Civil Environment Simulation. How realistic can a generator simu-
late civil environment conditions. This can be done by its ability to
handle such data (Land use, Points of Interest etc).

Network-Based: Movement. Generated moving objects can either
move freely in the space or move according to a network. Moreover,
several generators not only create objects that their movement is
constrained to a subjacent network but also take into account sup-
plementary attributes of the network, such as the capacity, the max-
imum_speed etc. There are also data generators that obligate the
generated moving objects to move accordingly to additional net-
work constraints such as maximum speed ,max network capacity
etc.

Moving Objects Interaction. The case in which each generated mov-
ing object interacts with others resulting in its movement parameters
alternation.

Moving Objects Categorization. Another data generator feature is
their ability to categorize generated moving objects in groups that
are characterized by dissimilar mobility characteristics and as a re-
sult conform to different standards.

Semantics Info. Rarely, data generators have the ability to handle
with information about the general activity of the generated moving
object. Thus, they can support multilevel analysis of their behavior.
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Generation-by-example. Another not so common feature of recent
data generators is their capability of taking as input sets of real life
trajectories and generating objects that follow the mobility patterns
that are given as input.

Long Term Generation. An extra feature that certain generators own
is the constant generation of moving object during long time peri-
ods. It can be lead to reliable conclusions if the simulation refers to
behavior analysis of big datasets lasting long time periods.
Synchronized Output .Given a set of semantic patterns as input
some generators are able of producing logs, after. completing the
generation, that visualize not only the semantic trajectories but also
the raw trajectories.
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The goal of building a moving object generator that complies with previous
stated algorithms could be achieved if it could incorporate as much as possible of
the above characteristics. To the best of our knowledge, such a generator has not
been proposed in the literature. Such a synthesizer could be produced by combin-
ing @ moving object data generator and an activity generator, which will produce
the synchronized output (both network constrained trajectories and “semantically”
enriched trajectories).
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4 System Design

Informally, the proposed data generator will receive as input a set of maobility
behavior “profiles”, formally defined in section, a database table containing
points of interest (POIls), and the underlying road network (N). Our approach uti-
lizes the Brinkhoff generator and makes it capable of generating moving objects
which during their trajectory (trip) have to pass through some points of interest
(areas, buildings etc).These predefined points are given by the set of mobility pro-
files. By adding this functionality, the conception of generating .objects enriched
with activity information is being embedded in the generator. As a result of that,
both the raw network constrained trajectories and the “semantically” enriched tra-
jectories generated, are synchronized. Furthermore, we tried to insert the temporal
element into the generator, since the given mobility profiles contain such info, by
extending it in order to ensure that each moving object will stop to predetermined
point for the current period of time.

In order to become clear what our proposed generator should do we must give
additional definitions which further analyzing and explaining the input infor-
mation.

More particularly,

4.1 Raw trajectory t

A raw trajectory of a moving object is a triple where

is the unique identifier of the. moving object, is the unique identifier of the

trajectory and  is a sequence of spatiotemporal points with
. At this point, it has to be clarified that between consecutive points
and is assumed.

4.2 Raw sub-trajectory 1'

A raw sub-trajectory is a portion of a raw trajectory and it is defined by the
tuple where : and are the
unique identifiers of the moving object, trajectory and sub-trajectory
ly. isthe part of the trajectory  between two timestamps and  with
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4.3 Semantic Trajectory Tsem

Having defined a raw trajectory and a raw sub-trajectory  we can
proceed to the definition of the semantic trajectory. Informally, a semantic
trajectory can be defined as a sequence of successive STOP and MOVE epi-
sodes.Formally, a STOP or MOVE corresponds to a sub-trajectory. A sub-
trajectory is considered as a STOP if and only if its spatial (temporal) pro-
jection obeys a predefined spatial (temporal, resp.) constraint Csace (Ctime
resp.). In any other case is considered a MOVE. An episode also corre-
sponds to a sub-trajectory  and is defined as a tuple (

), where defines whether. the eplsode is a
STOP/MOVE MBB corresponds to  and is a tuple ( , )
where holds the spatial properties and is the bounding rectangle of
and [ , ] holds the temporal properties and is the temporal period in
which  exists. Furthermore, is a ... which incorporate the semantic in-

formation. For example, for STOPs it could be the POI and the corresponding

activity that the object had there, whilexfor MOVEs could be the road type

and the mean of transportation used to traverse the specific road. Finally,

ly, isa link to

Consequently, a semantic trajectory. of a moving object is defined as a

triple where , is the unique
identifier of the moving object and.the unique identifier of the semantic trajec-
tory of the moving object, respectively, and is a sequence of consecutive
(w.r.t time) episodes belonging to the same trajectory .

4.4 Network

Also another very important element, that data generator takes as input, is the
underlying road network and its characteristics. So The road network is actually

a graph composed of a set of vertices , a set of
connecting those vertices. Each edge of the road

network is described by a number of attributes like , the max-
imum capacity of each edge with . Additionally,
there exists a function which restricts the maximum
speed of by a further limit, if during a time interval the edge usage
) is greater than the maximum capacity of . An

additional important element of the generator is the set of points of interest of
the area that we would like to simulate.

Hermoupolis : A Trajectory Generator for Simulating
Generalized Mobility Patterns



Christos Ntrigkogias MSc Thesis

4.5 POls Db table

The last element that our proposed data generator takes as input is the set of

POIsEach point of interest is a tuple that consists of

where is the unique identifier of each : is a spatial
point denoting its location and is a set of tags stating its underly-
ing utility.

4.6 Moving Objects
How is moving objects being modeled?

Each one belongs to an object class objClass(obj) and for each object class a max-
imum speed objClassMaxSpeed(objClass) is‘defined. Furthermore the speed of an
object on an edge objSpeed(obj,edge,time)dis restricted by the maximum speed of
its object class and the maximum speed on the edge.

objSpeed(obj,edge,time) < objClassMaxSpeed(objClass(obyj))

objSpeed(obj,edge,time) < edgeMaxSpeed(edge,time)

4.7 External Impacts (External Objects)

In real life every-movement is influenced by external events (weather con-
ditions etc) .In order to simulate those events we are trying to introduce the
external objects which have grouped by similar characteristics. So they are

grouped by:

» lifetime We can produce external objects active from the beginning to
the end others that are created at timestampl and deleted at

timestamp?2 (timestampl< t timestamp?2).
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*  Mobility. We have static and moving external objects.

» Shape. External objects having a static shape and others that

change their spatial extension over the time.
The basic properties of such external objects are:

* The position and extension of the object area(extObj,time). The at-
tribute area is time dependable.

» The affiliation to an object class objClass(extObj), which describes

basic properties like the speed and the lifetime of an external object.

*  The speed reduction in the area of an external object is determined

by the attribute decreasingFactor of the corresponding object class.
Now, a further limit to the maximum speed on an edge can be defined:
edgeMaxSpeed(time,edge) < edgeClassMaxSpeed(edgeClass(edge)) m

minimum ({decreasingFactor(objClass(extObj)) with loc(edge) IT ar-
ea(extObj,time) © 0})

Hermoupolis : A Trajectory Generator for Simulating
Generalized Mobility Patterns



Christos Ntrigkogias MSc Thesis

5 Implementation

5.1 Brinkhoff generator analysis

Brinkhoff generator in its initial state is described below.
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Figure 13. BRINKHOFF generator in action

o E e el
- ot
& el o

4 - 20000 Time: 0 i obj./begin (M-100 E-10): |5 0
: : Delete Obj.

e obj.time (M:-40/E:-3): 5 0

‘ Zoom In ‘ ‘ | Time +

maximum time (5-400): classes (M:1-20/E:1-10):

report probability (0-1000): [1900  max speed div. (10=fast 50=middle 250=slow). [50

4[] b

The moving object generator provided by Thomas Brinkhoff is based on
the observation that objects movement follows network pattern (vehicles,
people moving in a city even aircrafts flight obeys to network rules although
invisible). So, almost no objects can be moved outside of the network. The
generator's time model is as follows: We assume that the whole movement
period is divided by a number (m) of time stamps. At each time stamp, new
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moving objects are generated and previous objects are moved or are deleted
(if they reach their destination).There are many classes to which moving ob-
jects belong and they specify the behavior of each moving object (e.g. max
speed).Also each edge contains a number of edges and specifies some of their
characteristics (speed limit, capacity). In case the number of objects moving
on an edge exceeds its maximum capacity, edge's speed limit will be de-
creased.

In addition, extra features (external objects) are implemented in order to
influence movement (weather conditions etc).Some of them, exist over the to-
tal period when others are generated in a time stamp and deleted later. During
their influence on a moving object they change its speed according to their
class’s speed limit.

How many new objects are generated per time stamp or which is the start
position or the destination position depends on time. Although a moving ob-
ject’s route is computed once at the beginning during its creation, it will
change in the next time stamps if an external object or other moving objects
influence it.

As stated in section [3.2] Brinkhoff data generator implements a number
of characteristics that make a moving object data generator more efficient.

(i), (ii). Allows user to define movement features such as maximum
speed, agility, direction and influence the moving object's movement. So this
data generator can not only,create objects that their movement is constrained
to a subjacent network but also takes into account many other attributes of
the network, such as the capacity, the maximum speed etc, that influence cre-
ated moving object's movement.

(iii). Furthermore this generator create moving objects that can fully in-
teract and affect or not other object’s movement.

(iv). A final characteristic that this generator adopts is that its generated
objects are divided into groups (classes) with different features and mobility
patterns.

5.2 0ur Proposed Algorithm

As already stated above, the input of the semantic “aware” generator is a Semantic
Mobility Database , the number of objects per “profile” to be generated, a road
network , a spatial database containing points of interest , the desired sam-
pling rate of the output during STOP episodes, the max-
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imum simulation time and the maximum speed per profile per epi-
sode and. The latter two parameters are either given as input
by the user or can be derived from the “profiles” that are given as input. The out-
put of the generator is semantic trajectories and the corresponding raw

network constrained trajectories.

Briefly, the methodology is as follows. Initially, the generator loads the road
network  (line 1). Then, for every object it calculates its respective STOP
nodes with respect to the STOP episodes of the input, (line 3-7). The
Brinkhoff generator for every object computes a position , by using a two-
dimensional distribution function, assuming a uniform distribution, or a network
distribution function, and then determines the nearest node of the network which
plays the role of the .In contrast to that, the current approach in order to
compute the STOPs, takes into account the episode’s MBB, its semantic annota-
tion and the set of points of interests along with their underlying utility. Actually,

the set is stored in a database. Each tuple consists of the fields
properly indexed with an R-Tree index on the field and

a B-Tree index on the field. In addition to the set, the road network is

also stored in a database. Each tuple contains the fields

properly indexed with a R-Tree index on the field. Considering the

above, the POIs where the overlaps the and the
equals the , are returned (line 4-5). Subsequently, the

nearest node of those POls is retrieved from the road network relation where by
posing a 1-NN query (line 6). If there.are more than one node in the result set then
we select randomly one of them (line 7). On the contrary, the Brinkhoff genera-
tor’s destination node of each object is determined by a separate function than the
origin node, getting the starting'node and preferred length of the route, which is a
user-defined function, as additional parameters. Having determined all the

nodes of every object, it’s a trivial task to compute the route between
two consecutive STOP nodes, which is actually the for every object,
by calling the Brinkhoff generator’s functionality for routing (lines 11). The rout-
ing algorithm used by the generator is actually a variation of the A* algorithm. At
this point, since the moving objects are initialized, the STOP nodes for each object
are defined and-the MOVEs for moving between the consecutive STOP nodes is
computed, it’s time for the actual simulation to take place. Therefore, the simula-
tion time for the current episode is initialized (line 13) and while it hasn’t exceed-
ed the maximum simulation time (line 14), for every object (line 15), if its current
position'is not a STOP node (line 20) then, if there is a strong deviation of the cur-
rent speed from the expected speed (e.g. if the car is in a traffic jam) and enough
time has passed since the last computation of the route then a different route
should be computed (lines 21-24), on any other case continue the predefined rout-
ing (line 25). The expected speed is calculated by taking into account the maxi-
mum speed of the profile for the specific episode, the maximum allowed speed
and the maximum capacity of the edge. If the current position is a STOP node and
the moving object hasn’t stayed long enough to with respect to the duration
of , then the current position is set as the next position (lines 44-45). If the

Hermoupolis : A Trajectory Generator for Simulating
Generalized Mobility Patterns



Christos Ntrigkogias MSc Thesis

moving object has stayed long enough to with respect to the duration of
then move to the next STOP (lines 47). ++

Algorithm
Input: set of Profiles , number of objects per profile , road network , a set of
points of interests , the maximum simulation time , the maximum

speed per profile
Output: Synchronized Semantic and GPS Trajectories

1 load( )
2 for 1 in 1._NumOfObjects do
3 for j in 1.. do

4 overlaps

10 if j > 1 then

11

12

13 =0

14 while do

15 for i in 1._NumOfObjects do

16 if then

17 if > and

18 then
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19
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21
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42 ++

43 else

44 if then
45 =

46 ++

47 else =

48 ++

49 Report

50 ++

51 for i1 in 1..NumOfObjects do

52 for j in 1.. do
53 for k in 1..NumOfReportedPos do
54 if

55 =

56 else

57 =
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6 Hermoupolis Framework

6.1 Input elements analysis

As seen above Brinkhoff generator needs enrichment in order to become
competitive. It lacks of many characteristics that a semantic aware generator
should have. This is what we have done. Our proposed generator. although based
in Brinkhoff generator engine, enriches it with many new features and turns it in-
to a very functional semantic “aware” generator. Below is the analysis of ele-
ments that are

6.1.1 Generator's network

The proposed generator is able to read the network representation from files or
from an Oracle database. In our implementation it needs, two binary files describ-
ing the nodes and the edges of the network. In order to use existing files from
OSM , tools can be used to transform them into this file format. Currently, two
open source tools exist which allow using TIGER/Line Files.

The conversion from shapefiles to the proper format for the network source
files is described below.

The shapefiles to be used have been downloaded from open street maps (OSM)
have to be properly modified using open source tools (like quantum gis desktop,
MapWindow gis etc) in order to contain proper information about predefined re-
gion.(in our case Attiki).
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Figure 14.Quantum GIS editing Attiki shapefile

The tool used for converting the shapefiles to proper format is the one available
to BRINKHOFF website, called shapeNetworkFileManager. The sw has been
written in java and exports two files .node and .edge describing all the nodes and
edges for the network that will be constructed, in a simple syntax. In order to
achieve more detailed conversion and obtaining more information from the source
files (OSM data) that will finally passed to the generator, the sw has been enriched
with new methods and some of the old have been modified. Thus, to its last edi-
tion it exports not only the old .node and .edge files but also a .info that contains
all the initial information needed.

Operations

public ShapeMetworkFileManager{ )

public void main( String args[0..*] )

private int intoX( double longitude, double min, double ext )
private int intoY( double latitude, double max, double ext )
public void deleteMetwaork( )

public void readShapeFile( )

public void setResolution| )

public void writeMetworkFile( )

Figure 15. ShapeNetworkFileManager modified methods used for con-
verting shapefiles in network files (.node,.edge,.info)
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Thereafter the generator loads the created network. It has various methods im-
plemented that not only convert the initial x, y coordinates derived from the OSM
files to a different format, suitable for the generator, but can also store the original
values for future usages. Figure 16 shows the class diagrams of the java packages
that are responsible for reading the network files and create the network map that
is displayed to generator's graphical user interface.
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] showNetworkMap
Aftributes

protected Metwork net = null
protected Mode start = null
protected PathEdge path = null
protected boolean nodesSelectable = true
protected boolean edgesSelectable = false
private URL nodelJRL = null
private URL edgelUURL = null

Operations

public void computeFastWay( )

public void computeShortestWay( )

public void computeShortestWays( int threshold )
public Metwork getMetwork( )

public boolean isEdge( String id )

public boolean isMode( String id )

public void resetWay( )

public wvoid setEdgeSelectability( boolean on )
public void setModeSelectability( boolean on )
protected void setSelectionMode( String presMame, boolean on )
public void setStartMNode( long id )

public void setStatMNodeAsString( String id )
public woid setStopMode( long id )

public void setStopModeAsString( String id )

Cperations Redefined From Showliap
protected void depictObjectAttributes( DrawableObject obj )
protected String getinfoText( DrawableCbject symb )
public vaoid init[ )
protected void initDrawablePresentation( )
protected int readDrawables( int objNum, URL url, int index )
protected void startLoadingThread( )

Figure 16. ShowNetworkMap Class Diagram
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| LoadDrawables

Aftributes
private int urlMum =0
private URL ur[0..*] = null
private int objMum =0

Operations

public LoadDrawables( Showlap applet, URL url]@..*], int abjMum )
public LoadDrawables( ShowlMap applet, URL url, int objMum )
public void run{ )

e

Figure 17.LoadDrawables Class Diagram
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Operations
public void actionFPerformed( ActionEvent e )
protected void addComponentsToApplet( )
protected void addComponentsTolListeners( )
public void changeComponentFositions( )
protected void check™iewPoint( )
protected URL computelUJRL{ String name )
protected void depictObjectAttributes( DrawableOhject abj )
protected void drawhMap( Graphics g, Rectangle r, int scale )

protected DrawableOhject findObject( int mx, int my, boolean selectable )

public String getAppletinfal )

protected Label getClicklnfolabel{ )

protected Label getCopyrightLabel{

protected Button getEastButton( )

public long getldOfSelectedObject( )

public String getldOfSelectedObjectAsString( )
protected String getinfoText| DrawableObject oby )
protected Label getMamelabel{ )

public String getMameOfSelected Object( )
protected Button getMorthButtanf )

public String[0..*,0..*] getParameterinfal )
protected Label getPressinfolLabel( )

protected Label getScalelLabel{ )

protected Label getShiftClickinfoLabel{ )
protected Button getSouthButton( )

protected int getState( )

protected Label getTaglabel( )

protected Checkbox getlUnicodeCheckbox( )
protected Label get™ValuslLabel( )

protected Button getWestButtan( )

protected Button getZoominButton{ )

protected Button getZoomOutButton( )

public void init{ )

protected void initDrawablePresentation| )
protected void interpretFarameters{ )

public void itemStateChanged( temEvent e )
protected void loadDrawables( )

public void mouseClicked({ MouseEvent e )

public void mouseDragged( MouseEvent & )

public void mouseEntered( MouseEvent e )

public void mouseExited{ MouseEvent e )

public void mouseMoved( MouseEvent e )

public void mousePressed( MouseEvent & )

public void mouseReleased( MouseEvent & )
public void moveEast( )

public void movelMorth( )

public void moveFos( int x, int y )

public void moveFos( int x, int y, int s )

public void movePos( long id )

public void moveSouth( )

public void move\VWest( )

public void paint{ Graphics g )

protected void paintDragBosx( int x1, int ¥1, int x2, int y2 )
protected void paintinfof int x, int y, DrawableChject abj )
protected int readDrawables( int objMum, URL url, int index
protected int readDrawables( int objMum, Entrylnput ber )
public void setMapSize( int pWiew\Width, int pWiewHeight )
protected void setState( int state )

protected void setlnicode( boolean f)

public void setViewToPrefinedWaluef )

protected void startLoadingThread( )

public void update{ Graphics pg )

public int xIntoCoord( int x )

public int yintoCoord( int v )

public int xylntoCoord( int xy )

public int coordintoX( int x )

public int coordlnto™( int y )

public void zoomlinf }

public void zoomOut{ )
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Figure 18.ShowMap Class Diagram

In current state, after reading the original network files generator exports two
files containing the information about the generated edge's and node's characteris-
tics (node id, edge id, edge capacity, edge max speed etc) in order to be used by
oracle RDMS to create the spatial network with the exact attributes as the afore-
mentioned network.

6.1.2 DB Network Creation - POls

In order to store the set of Points of interest and to create the spatial network a
spatial database is needed. Although many open source databases exist, Oracle
RDBS spatial capabilities are outstanding. Its geospatial data features support
complex geographic information systems (GIS) applications, enterprise applica-
tions, and location-based services applications, augmenting the Oracle Database
Locator feature, which provides storage, analysis, and indexing of 2D location da-
ta accessible through SQL and standard programming languages.

Some of these spatial features are:

e  Spatial manipulation and analysis such as buffer generation, linear refer-
encing

e Complete geocoding engine and routing engines

e  Storage, indexing, and analysis of image and gridded raster data

e A persistent topology data model and schema for land management ap-
plications

As'mentioned above data generator takes as input a spatial database containing
points of interest (POIs).The source for obtaining the data in order to create such a
database has been decided to be openstreet maps (OSM) which contains a very
large amount of information for every place in the world. Except from the table
containing the POIs, a spatial network of the same area with the network that will
be used as input for loading from the generator, must be created. There are two
reasons for the creation. Firstly it will be used by the spatial queries and the other
reason is for testing purposes.
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There are a few things to be done before database creation. Data derived from
OSM, contain sometimes incomplete information (speed limitation for each street
etc) and thus must be filtered and adjusted to the real traffic conditions. Many
open source tools are available for osm data files editing. One of the most efficient
is the QGIS for desktop use. After data preparation they can be inserted to spatial
database using the oracle's sgl developer and especially georaptor (spatial exten-
sion).

] spatial View
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Length:Total 0.000 #7Average 0.000 A
Area: Total 0.000 Sg.m Average 0.000 Sgm

Capy resuls to dipboard | 1 Close

L pa

Attribute data | Geometry data /
X

Geometry

MDSYS.5DO_GEOMETRY(2002, 262152, NULL, MDSYS.SDO_ELEM_INFO_ARRAY(1,2,1), MDSYS.5D0_ORDINATE JARRAY(100.0,100.0, 900.0,900.0))
MDSYS.SDO_GEOMETRY(2003, 262152, NULL, MDSYS.5D0_ELEM_INFO_ARRAY(1,1003,3), MDSYS.SDO_ORDIWATE_ARRAY(100.0,100.0, 500.0,500.0))
MDSVS.5DO_GEOMETRY(2003, 262152, MDSY5.5D0_POINT_TYPE(1000.0, 1000.0, Highlignt selected g {m S ﬁ)o:z;ﬂ. I:\;;)SYS.SDD_ORDINATE_AF

MDSYS.SDO_GEOMETRY{2005, 262152, NULL, MDSYS.SDO_ELEM_INFO_ARRAY(1,1,
Zoom to selected gdbmetries

Copy selected geotbetries to clipboard

Messure selected geometry length/area |

Map geometry (sub)elements
Jactive View: SRID:262152 (507. 171, “T6U"I66) R (555996, =205 598 W (278 TIZ, T748. 55) |

Figure 19. Georaptor - a spatial extension of sql developer

6.1.3 Semantic Database

Currently the generator takes as input the output of the semantic db in a .csv
format. This output contains all semantic elements that are needed for the scenario
to be created and loaded by the generator. Figure 18 shows the typical structure of
this semantic output. Below is a column by column analysis of the semantic DB
aiming to better understanding of the scenario elements.

e Columns A,B,D ( object_id, sem_traj_id, sem_traj_tag) combined
constitute the unique identifier of a semantic trajectory.
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e  Subsequently columns A-C ( object_id, sem_traj id, epis_id) com-
bined constitute the unique identifier of a semantic sub_trajectory. A
sequence of semantic sub_trajectories compose a semantic trajectory
as properly defined in section.

e Column E (srid) gives the Spatial Reference System Identifier (SRID)
used in semantic. It is required since we must be sure that the coordi-
nates given by the semantic db are in agreement with those used for
network creation, else every spatial query will return false results.

All the remaining columns give the rest of information for a semantic
sub_trajectory definition.
More detailed.

e Column F (epis_def tag) defines the kind of the sub_traj. (Stop -
Move)

e Column G (epis_epis_tag) gives a description of the stop area (if
sub_traj is a STOP) and the description of the MOVE in case of a
MOVE sub_traj, while column H (epis_activ_tag) describes the activi-
ty during a STOP episode and the means of transport in case of a
MOVE.

e Columns F-X give the dimensions of the spatiotemporal boxes of each
sub_traj. For example epis_minx, epis_miny give the value of the bot-
tom left point of the spatial rectangle.

e Column Y (distance_covered) provides the value of the Euclidean dis-
tance covered by each.episode. This value can also be computed by
the pre given spatial dimensions of the sem_sub_traj.

e Column Z (duration=sec) provides the value of the sem_sub_traj dura-
tion that could also be computed by the pre given temporal dimensions
of the sem_traj;

e Columns AA,AB,AC (top_speed, avg_speed, speed_var) give infor-
mation about the speed and its variations during a sem_sub_traj.

e Lastly the column AD (number of profiles) gives the value for the
number of sem_sub_traj we want to generate for each given semantic
sub trajectory. (number of generated moving objects)

Hermoupolis : A Trajectory Generator for Simulating
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cbject_id sem_traj_ epis_id  sem_traj_ srid epis_def_1 epis_epis_ epis_activ_ epis_minx epis_miny epis_miny epis_minn ep
1 | 1 strajl 2100 S5TOP Home Relaxing 468993 4201747 2013 4
1 1 2 strajl 2100 MOVE Transportz Walking 458933 4201747 2013 4
1 1 3 strajl 2100 STOP Schoal Studying 468993 4201747 2013 4
1 1 4 strajl 2100 MOVE Transportz Walking 468993 4201747 2013 4
1 1 5 strajl 2100 sTOP Home Relaxing 458933 4201747 2013 4
1 2 1 strajl 2100 STOP Home Relaxing 478993 4201747 2013 4
1 2 2 strajl 2100 MOVE Transportz Bicycle 473993 4200747 2013 4
1 2 3 strajl 2100 STOP University: Studying 473993 4201747 2013 4
1 2 4 strajl 2100 MOVE Transporta Bicychke 473993 4201747 2013 4
1 2 5 strajl 2100 STOP Cafe Socializing 473993 4201747 2013 4
1 2 6 strajl 2100 MOVE Transpartz Bicycle 473993 4201747 2013 4
1 2 7 strajl 2100 STOP Home Relaxing 478993 4201747 2013 4
1 3 1 strajl 2100 STOP Home Relaxing 453933 41965747 2013 4
1 3 2 strajl 2100 MOVE Transportz Bus 463993 4196747 2013 4
1 3 3 strajl 2100 STOP Bank Banking 473993 4200747 2013 4
1 3 4 strajl 2100 MOVE Transpartz Bus 453993 4196747 013 4
1 3 5 strajl 2100 STOP Cafe Sodalizing 473993 4196747 2013 4
1 3 B strajl 2100 MOVE Transpartz Bus 463993 4196747 2013 4
1 3 7 strajl 2100 STOP Heme Relaxing 463993 4196747 2013 4
1 4 1 strajl 2100 STOP Home Relaxing 468993 4201747 2013 4
1 4 2 strajl 2100 MOVE Transportz Car 458933 4195747 2013 4
1 4 3 strajl 2100 STOP Bank ‘Working 468993 4196747 2013 4
1 4 4 strajl 2100 MOVE Transporiz Car 468993 4196747 2013 4
1 4 5 strajl 2100 STOP Heme Relaxing 458993 4201747 203 4
1 5 1 strajl 2100 STOP Home Relaxing 478993 4201747 2013 4
1 5 2 strajl 2100 MOVE Transpartz Car 468993 4195747 2013 4
1 5 3 strajl 2100 STOP Bank ‘Working 473993 4196747 2013 4
1 5 4 strajl 2100 MOVE Transporta Car 468993 4196747 2013 4
1 5 5 strajl 2100 STOP cnema:vil Shopping 458993 4196747 013 4
1 5 6 strajl 2100 MOVE Transporta Car 468993 4196747 2013 4
1 5 7 strajl 2100 STOP Home Relaxing 478993 4201747 2013 4
1 B 1 strajl 2100 STOP Heme Relaxing 473993 4206747 203 4
1 6 2 strajl 2100 MOVE Transportz Bus 473993 4201747 2013 4
1 6 3 strajl 2100 STOP Cafe Soclalizing 478993 4201747 2013 4
1 B 4 strajl 2100 MOVE Transpartz Bus 473993 4201747 2013 4
1 6 5 strajl 2100 STOP Home Relaxing 473993 4206747 2013 4

Figure 20.Semantic Db output that will be used as input for generator
(part 1)
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i5_mind epis_minh: epis_minn epis_mins epis_maxx epis_maxy epis_maxy epls_maxn epis_maxx epis_maxi epis_maw epis_max: distang
S0

B 0 0 0 473993 4206747 2013 4 ] 7 0
2 7 50 0 473553 4206747 2013 4 8 8 10 1]
8 8 10 0 473953 4206747 2013 4 ] 14 1} 1}
B 14 0 0 473993 4206747 2013 4 ] 14 20 0
& 14 20 0 473993 4206747 2013 4 8 23 59 59
8 o 0 0 483953 4206747 2013 4 8 g 1} 1}
8 g Q 0 483993 4206747 2013 4 8 9 30 0
& g9 30 0 478993 4206747 2013 4 8 18 0 1]
2 18 o 0 483953 4206747 2013 4 8 1B 30 0
8 18 30 0 4788993 4206747 2013 4 8 20 30 0
B 20 30 0 483993 4206747 2013 4 ] 21 0 0
2 21 o 0 483953 4206747 2013 4 8 23 58 58
2 ] [ 0 468993 4201747 2013 4 a a 20 0
B B 20 0 478993 4206747 2013 4 ] 9 0 0
B g o 0 478953 4206747 2013 4 8 17 1] 1}
8 17 0 0 478953 4206747 013 4 8 17 15 1}
8 17 15 0 478993 4201747 2013 4 8 20 0 0
& 20 0 0 478993 4206747 2013 4 8 20 30 1]
2 20 30 0 468953 4201747 2013 4 8 23 58 58
8 0 Q 0 A73993 4206747 2013 4 8 ] 40 0
B 8 40 0 473993 4206747 2013 4 ] 9 0 0
2 g o 0 473953 4201747 2013 4 8 17 1] 1]
2 17 0 0 473993 4206747 2013 4 a 17 20 0
B 17 20 0 473993 4206747 2013 4 ] 23 59 E
B 1] o 0 483993 4206747 2013 4 8 B8 40 1}
8 8 40 0 483953 4206747 2013 4 8 g 1} 1}
8 g Q 0 483993 4201747 2013 4 8 17 0 0
& 7 0 0 483993 4206747 2013 4 8 17 15 1]
2 17 15 0 473953 4201747 2013 4 8 18 1} 1}
8 18 Q 0 483993 4206747 2013 4 8 18 30 0
B 18 30 0 483993 4206747 2013 4 ] 23 59 E
2 1] o 0 478953 4211747 2013 4 8 10 1] 0
8 10 0 0 483993 4206747 2013 4 8 10 30 0
B 10 30 0 483993 4206747 2013 4 ] 13 30 0
8 13 30 0 483553 4206747 2013 4 a8 14 1] 1}
8 14 0 0 478993 4211747 203 4 ] 23 59 59

Figure 21.Semantic Db-output that will be used as input for generator
(part 2)
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< duration_s top_speed avg_speed speed_var number of profik

28250 5 500
1210 ] 300
21000 ] 500
1220 5 500
34799 5 500
32400 20 500
1330 20 00
30600 20 500
1330 20 00
7230 20 500
1800 20 00
10799 20 500
30020 40 750
2400 40 750
28300 40 750
915 40 750
9900 40 750
1330 40 750
12599 40 750
31240 60 1250
1200 B0 1250
23300 60 1250
1220 B0 1250
23999 60 1250
31240 60 1250
1200 60 1250
28300 60 1250
915 60 1250
2700 60 1250
1830 60 1250
19799 60 1250
36000 40 750
1830 40 750
10830 40 750
1300 40 750
35999 40 750
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Figure 22. Semantic Db output that will be used as input for generator
(part 3)

There is also a button in the interface that helps the user select the proper se-
mantic file. After loading the information of the input file it calls a specific meth-
od that compiles it and stores it in various structures (jtextfields etc) for future use.
The procedure with the structures are shown in figures 19, 20.

2 00 e | 2o
s | g =

\\‘ Figure 23. Loading Scenario File
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Operations
public ComponentFrame( int objClass )
pratected void addComponentsToApplet( )
public void actionPerformed( ActionEvent e )
public void addListeners( )
public void changeComponentFositions( Insets ins )
protected JTabbhedPane legsProps( )
protected Label getMaxSpeedLabel( )
protected JTextField getMaxSpeedField( )
protected Label getAgilityLabel{ )
protected JTextField getAgilityField{ )
protected Label getStartMaxRangelabel{ )
protected JTextField getStatMaxRange( )
pratected JTextField getStatMaxRangeForGui( )
protected Label getEndMaxRangelabel( )
pratected JTextField getEndMaxRange( )
protected Button getResetChooser( )
pratected Label getStartingObjects( )
protected JTextField getStartingOhjectsField( )
pratected Label getStantingObjectsPerStamp( )
protected JTextField getStartingObjectsPerStampField( )
pratected Button addStop( )
protected Button removeStop( )
pratected Label getStartEpisodeDurationLabel{ )
protected JTextField getStartEpisodeDurationField( )
protected Label getStatEpisodeActivityLabel[ )
protected JTextField getStartEpisodeActivityField( )
protected Lakel getStartEpisodeTaglabel( )
protected JTextField getStartEpisodeTagField( )
protected Lakel getStartEpisodeldLabel{ )
pratected JTextField getStartEpisodeldField( )
protected Label getStartEpisodeStartDatelabel( )
pratected JTextField getStartEpisodeStartDateField( )
protected JTextField getStartEpisodeStatDateForGuiField( )
pratected Label getStarEpisodeEndDatelabel| )
protected JTextField getStartEpisodeEndDateField( )
pratected JTextField getStartEpisodeEndDateForGuiField( )
protected Label getStatMBBminLabel( )
pratected JTextField getStantMBBX1( )
protected JTextField getStantMBBXZ( )
pratected Label getStatMBBmaxLabel( )
protected JTextField getStantMBBY1( )
protected JTextField getStantMBBYZ( )
protected void JTextFieldProps( )
private void resetAllCos( )
private void checkFieldsFull{ )
public void addStopMethod( )
public void addStopMethod( int x, int y )

Figure 24. Classes used by generator to store the input semantic Scenario
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6.2 Computing the motion

After reading the scenario file and storing the information in the appropriate
structures (jtextfields) as described before, the generator is ready.to generate the
semantic trajectories but does nothing until user decides to do so: There is a meth-
od called by a button (user action required) that does the following.

6.2.1 Moving Objects creation.

In the first step the generator initializes everything. Then it creates the prede-
fined number of moving objects divided in classes that each one adopt the charac-
teristics of the semantic sub trajectories given by the preloaded scenario file. Be-
sides a number of other attributes each maving object stores in various structures,
it also stores the trips that must follow during'its lifetime that each one consist of a
couple of STOP and MOVE. Furthermore the STOP implementation is as follows.

6.2.2 STOP episode

As said before every trip consists of a STOP and a MOVE episode. But what
does a STOP episode means for a moving object? The created moving objects ,as
described in section 6.2.2,stores the information about their routes that consist of
STOP and MOVE episodes. More analytically, in order to compute the corre-
sponding network node for every STOP, a 1-NN query is posed to the table con-
taining the POIs that returns a list of the NN nodes of the POls that are contained
to STOP episode's spatial box. If the returned list has more than one element then
one of them is randomly selected. Obviously, since the aforementioned procedure
is repeated many times (equal to the number of generated moving objects) many
objects will store different nodes for the same STOP episode.

Besides spatial info the aforementioned semantic file that generator takes as in-
put contains temporal info for each episode which means that the moving object
should. remain at the same STOP node for a predefined (simulation time) dura-
tion.(Calls a method that simply returns the same node as the next node of moving
object's route. Also another user defined variable called StopSimulationTime is
used in order to define the number of samples that the STOP duration is divided,
the simulation time units that an object should remain at the same node.

Hermoupolis : A Trajectory Generator for Simulating
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6.2.3 MOVE episode

After computing all the STOP nodes of every object, computing the corre-
sponding MOVE episode (actually the route between two consecutive STOP
nodes) is implemented by calling the BRINKHOFF generator's routing functional-
ity. It is implemented by pressing the compute button which calls the compute ()
method. The critical point here is that the routing algorithm for every moving ob-
ject should be called only after the number of simulation time samples that the ob-
ject should not move from the current stop node.

The routing algorithm used by the generator is actually a variation of the A* al-
gorithm. If moving object's current position is not a STOP node then, if there is a
strong deviation of the current speed from the expected speed (e.qg. if the carisin a
traffic jam) or form an external object (very strong winds etc) and enough time has
passed since the last computation of the route so the algorithm computes a differ-
ent route, on any other case continue the predefined routing. There are two boole-
an methods describing the two cases that the algorithm computes a newer route
than the predefined one.

1. computeNewRouteByEvent (timg, timeOfLastComputation).This
function allows simulating external events. In a simple version, it
may return "true" if time minus timeOfLastComputation is larger

than a given threshold.

2. computeNewRouteByComparison (time,

timeOfLastComputation, currentSpeed, expectedSpeed)

This function allows simulating the reaction in the case of a strong deviation
between the current speed and the expected speed on an edge.

The expected speed is calculated by taking into account the maximum speed of
the profile for the specific episode, the maximum allowed speed and the maximum
capacity of the edge.

The STOP node of the first STOP episode and the STOP node of the last
STOP episode for every moving object compose the beginning and the end of the
semantic sub_trajectory.

6.3 The Report

The generator in its current state supports three types of reporting:

e Thereport of the raw trajectories in a simple text file,

Hermoupolis : A Trajectory Generator for Simulating
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e The report of the semantic trajectories in a semantic database table
and (figure 21)

e Anad-hoc visualization of the generated moving objects (figure 22)

Columns m Constraints I Grants |Siatistics ]Triggers I FIashback]Dependenaes I Details [Partiﬁons ]Indexes Im
a7 W~ Actions...
B coLum_name |8 oata_Tvee B nuasLE paTa DEFALLT [ coLumn_ID [§ coMMENTS
1 TIME NUMEER (30, 0) Yea (null) 1 (null)
2 STOPEPISODEID NUMBER (30, 0) Yes (null) 2 (null)
3ID WUMBER (30, 0) Tes (null) 3 (null)
4 REFNTM NUMBEE (30, 0) Yes (null) 4 (nul1)
5 OBJCLASS VERCHARZ {30 CHAR] Yes (null) 5 (null)
6 STOPDATE VARCHARZ (50 CHIR) Yes (mull) & (null)
7 EDGEID NUMEER (30, 0) Yea (null) 7 (null)
8% NUMBER (30, 0) Yes (null) 8 (null)
Y WUMBER (30, 0) Tes (null) 3 (null)
10 SEEED NUMBEE (30, 0) Yes (null) 10 {null)
11 DONEDIST NUMBER {30, 0} Yes {null) 11 {null)
12 NEXTNODEID NUMEER (30, 0) Yes (null) 12 (null)
13 NEXTNODEX NUMEER (30, 0) Yea (null) 13 (null)
14 NEXTNODEY NUMEBER (30, 0) Yes (null) 14 (null)
15 REPCRTPROBABILITY WUMBER (30, 0) Tes (null) 15 (null)
16 STOENTM NUMBEE (30, 0) Yes (null) 16 (null)
17 REPORTER_TAG VARCHARZ {30 CHIR] Yes (null) 17 {null)
18 EPTSODE_ACTIVITY VARCHARZ (30 CHIR) Yes (mull) 18 (null)
19 EPTSODE_TAG VARCHARZ (30 CHER) Yea (mull) 18 (null)

Figure 25. Semantic Trajectories Report Table Structure
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\pﬁze.Visualization of generated objects
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7 Validation Study

7.1 The Input

After completing requirement analysis and the design and implementation of
our generator we validate all those things we claimed before by the following ex-
ample.

Input: set of Profiles , number of objects per profile , road network , a set of
points of interests , the maximum simulation time , the maximum
speed per profile
e Semantic file (semantic DB output) including number of objects for
the given profile (we will run the example for only one profile),the
maximum simulation time and the maximum speed for the profile
(figure 23).

e Attiki Road Network (figure 24).
We used a very useful tool available from Oracle for spatial network
visualization and analysis that is called Oracle Spatial Network Data
Model Editor.

e POIs TBL (figure 25).
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sem_tra)_tog

stra1
straJ1
straj1
straJ1
stra1
stra1
straJ1
stral
straJ1
straJ1
straj1
straJ1
straJ1
stra1
straJ1
stral
straJ1
straJ1
straj1
straJ1
straJ1
stra1
straJ1
straj1
straJ1
straJ1
straj1
stra1
straJ1
straj1
straJ1
straj1

srid
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100

epls_def_tog

STOP
MOVE
STOP
MOVE
STOP
MOVE
STOP
STOP
MOVE
STOP
MOVE
STOP
MOVE
STOP
STOP
MOVE
STOP
MOVE
STOP
MOVE
STOP
MOVE
STOP
STOP
MOVE
STOP
MOVE
STOP
MOVE
STOP
MOVE
STOP

epls_cpls_tag

Hatel
roadl
Clnema
street2
Cafe
road2
Hatel
Home
aven3
Universlty
avens
Cafe
roads

Home
strects
Sports

Camp
streeté
Home
avend
home
home
roads
schaol
aven2
Recycling
avend
home
avend
home

cpls_activ_trg  epls_minx

Relwing
«ar
Watching

Relaxing
Retwing
car
Studylng
bus
Talking
foot
Sleeping
Sleeping
avens
Sparting
oyck
Swimming
oycls
Reading
foot
Relaxing
Retwing
taxl
Studyling
car
Learning
foot
Retaing
foot
Retwing

475593

4207747

MSc Thesis

epls_miny  epls_minyear

Figure 27.Semantic file fiven to generator as input (part 1)

spls_mindmy eph_minhowr  epls_minminute  eph_mirsecond  epls_maee  epl
1 16 1 o AB3GG0 2037
1 16 N o ARI000 4200000
1 16 % o A 200
1 17 1 o ATE Reatriny
1 17 1 0 AE3553 4215747
1 17 1% 0 ATEEE0 20747
1 17 3 o AE3EG3 213747
1 15 56 o ATIEE0 Qo7
1 16 M 0 MO0 AP0000
1 15 % 0 amesE 0677
1 17 1 o AT Reabriny
1 17 1 0 83560 4205747
1 17 21 o ATEEE0 L1747
1 17 3 o 479560 L0747
1 15 3 o ABB000 4205000
1 16 N o A A
1 15 % 0 4ESER 416747
1 17 n o AT Roatriry
1 17 n 0 AE3553 15747
1 17 51 0 AT8E50 211747
1 18 1 o AE3000 4205000
1 17 21 o ATEED “Qumr
1 17 M o AT ey
1 15 51 o AT arraT
1 1. n o o R sty
1 1% % 0 83553 16747
1 17 1 e ATEIS 21747
1 17 1n o AE3ES3 216747
1 17 21 o ATEED «umr
1 17 Ll 0 aTEE  4ITT
1 17 2 0 aTEER RUTT
1 17 41 o AT arrar

ls_maxy epls_maxyear

EEEERRRE LA R ER LA b LR LR R EEL

epls_maxmonth  epls_masdny

L P N L I R R e T ]

epls_mathour

Figure 28.Semantic file fiven to generator as input (part 2)
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epls_maxsecond  distance_covered  duratlon_sec  top_speed ave_specd spesd_var  number of profiles

0 3217,008704 1800 1,340420293 3
0 5652,114735 900 90 3
0 1586,597814 900 90 3
0 3217,008704 600 85 3
0 1614,582349 300 85 3
0 3217,008704 900 70 3
0 1614,582349 600 70 3
0 3217.008704 2100 110 8
0 5682,114735 900 110 -]
0 1586,597814 900 100 -]
0 3217,008704 600 100 -]
0 1614,582349 600 95 -]
0 3217,008704 600 9% -]
0 1614,582349 600 87 -]
0 3217,008704 3600 87 12
0 5652,114735 900 70 12
0 1586,597814 24900 70 12
0 3217,008704 600 95 12
0 1614,582349 600 95 12
0 3217,008704 600 80 12
0 1614,582349 600 80 12
0 3217.008704 1200 60 10
0 1614,582349 1200 2,690970582 10
0 3217,008704 2900 65 10
0 5682,114735 900 65 10
0 1586,597814 900 60 10
0 3217,008704 800 60 10
0 1614,582349 600 60 10
0 3217,008704 1200 60 10
0 1614,582349 1200 2,690970582 10
0 3217,008704 1200 60 10
0 1614,582349 1200 2,690970582 10

Figure 29. Semantic file fiven to generator as input (part 3)
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|£| Oracle Spatial Network Data Model Editor

File Edit View Analysis Help

ORACLE
Network Data Meodel

Mouse x:
Mousey:
Network name: ATTIKA

Category:
Geometry type:
Link Direction:
Node table:
Link table:
Path table:
Path link table:
LRS table:
#of nodes:
#of links:
#of paths: O
#of levels:
Loading time:

I |
| | Zoom In ‘77' ___ Zoom Out _ [ | Fit to Window ||

Figure 30.Attika_Network
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CATEGORY B o [J name c
Government and Public Services 5149 Tram sStop:?3777277 277777 <
Government and Public Services 5150 School:T2? 22222227 =
Government and Public Services 5151 Place of Worship:?2227? . =
Government and Public Services 53152 School:l2l? 222222727 Z... =
Government and Public Services 5153 Home =
Government and Public Services 5154 Home =
Government and Public Services 5155 Place of Worship:?2227? . =
Government and Public Services 5156 Public telephone =
Government and Public Services 5157 Home =
Government and Public Services 5158 Home =
Government and Public Services 5159 Bus Stop:?7?7? <
Government and Public Services 5160 Home <
Government and Public Services 5161 School <
Government and Public Services 53162 Home <
Government and Public Services 5163 Tram stop:?37 2727 27727772 <
Government and Public Services 5164 Home <
Government and Public Services 53165 Court house:222222 22227 <
Gavernment and Pubhlir Services S1RA Subhway Fntrance S

Figure 31.Visualization

Attiki (part 1)

of the database table containing the POIs in
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<gml:Point srsMame="500;
<gml:Point srsMame="500:
<gml:Point srsMame="500:
<gml:Point srsMame="500;
<aml:Point srsMame="500:

2100 xmins:aml="http: /fwww.opengis.netfgml™><gml:posList srsDimension="2"=:
21007 xmins:aml="http: /fwww.opengis.net/gml™><gml:posList srsDimension="2">
2100" xrnins:gml="http: { fwww.openais. netfgml™= <gml:posList sreDimension="2">
2100 xmins:gml="http: /fwww.opengis.net/gml™><gml:posList srsDimension="2"=:
2100 xmins:aml="http: /fwww.opengis.net/gml™><gml:posList srsDimension="2"
2100" xmins:gml="http: / fwww.opengis. net/gml™=> <gml:posList sreDimension="2">

21007 xmins:gml="http: /fwww.opengis.netfgml™> <gml:posList srsDimension="2">:
2100 xmins:aml="http: /fwww.opengis.netfgml™><gml:posList srsDimension="2"=:
21007 xmins:aml="http: /fwww.openais.net/gml™><gml:posList srsDimension="2">

2100" xmins:gml="http: {fwww.openais. netfgml™= <gml:posList srsDimension="2"=>
2100 xmins:gml="http: /fwww.opengis.net/gml™><gml:posList srsDimension="2"=:
2100 xmins:aml="http: /fwww.opengis.net/gml™><gml:posList srsDimension="2"
2100" xmins:gml="http: / fwww.opengis. net/gml™=> <gml:posList sreDimension="2">
21007 xmins:gml="http: /fwww.opengis.netfgml™><gml:posList srsDimension="2"=
2100 xmins:aml="http: /fwww.opengis.netfgml™><gml:posList srsDimension="2"=:
21007 xmins:aml="http: /fwww.openais.net/gml™><gml:posList srsDimension="2">
2100" xmins:gml="http: {fwww.openais. netfgml™= <gml:posList srsDimension="2"=>

21007 xmins:gml="http: /fwww.opengis.net/gml™><gml:posList srsDimension="2">:
2100 xmins:aml="http: /fwww.opengis.net/gml™><gml:posList srsDimension="2"
2100" xmins:gml="http: / fwww.opengis. net/gml™=> <gml:posList sreDimension="2">
21007 xmins:gml="http: /fwww.opengis.netfgml™><gml:posList srsDimension="2"=
2100 xmins:aml="http: /fwww.opengis.netfgml™><gml:posList srsDimension="2"=:

21007 xmins:aml="htto: /fwww.openais.netfaml™> <aml:posList srsDimension="2">

Figure 32. Visualization of the database table containing the POIs in

Attiki (part 2)

Hermoupolis : A Trajectory Generator for Simulating

Generalized Mobility Patterns



Christos Ntrigkogias MSc Thesis

[

477966, 591555584 4190338, 75018413 < /aml:posList: < fgml:Point=
478014, 557046018 4206479, 23150097 < /gml:posList > < fgml:Point >
477996, 236173924 4197163.8959 1997 < faml:posList: < fgml:Point=
478023.929974299 4205265.43915141 < /aml:posList> < fgml:Point=
478051,386073227 4214633, 37068902 </aml:posList=<fgml:Paint =
478065, 265796758 4217735.99335485 < /aml:posList> < fgml:Point=
478005.066897531 4195161, 29340597 < faml:posList: < fgml:Point=
478024.501401623 4197790, 76762394 < /gml:posList > < fgml:Point >
478075, 138689229 4214624, 71923528 < /aml:posList: < fgml:Point=
478118.64451403 4230311, 25539884 < fgml:posList> < /gml:Paoint =
478086,059644078 4204230,46528058 < fgml:posList =< fgml:Point =
478120.5508026581 4216015, 383998947 < /aml:posList> < fgml:Point =
478095, 282135544 4197867, 10317973 </aml:posList=<fgml:Paint =
478146.994006436 4214892.06280035 </gml:posList < fgml:Point >
478085.92905324 41838854,65280996 <« fgml:posList= < /gml:Point =
473170.647662021 42143882, 723958 < jaml:posList= < faml:Paint =
478146, 137703254 4204295, 30207967 < fgml:posList =< fgml:Point =
478152, 259574302 4203260, 10203159 < /aml:posList> < fgml:Point=
478153.966855834 4203229, 39456161 < faml:posList: < fgml:Point=
478148.986270945 4198517, 17512043 < /aml:posList> < fgml:Point=
478173.69407099 4200265, 56321807 < famliposList= < faml:Point =
473185,985783387 4203231.053805628 < fgml:posList =< fgml:Paoint =
478237.65284938 4215905, 33233134 </gml:posList> < fgml:Point =

Figure 33. Visualization of the database table containing the POIs in
Attiki (part 3)
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385908249 185634 4203050
387190192 184980 4199567
386249082 186222 4190426
386138487 185659 4203438
384330722 185859 4220385
386090371 185621 4219684
386507575 485859 4220385
386678318 185528 4210485
384330722 485859 4220385
398496683 185859 4220385
386890462 485859 4220385
387486994 185484 4205802
387859356 485859 4220385
386198913 185477 4209196
387605316 485859 4220385
386198913 485859 4220385
387770905 185060 4197491
388114879 186222 4190426
388114879 485859 4220385
387794668 185621 4219684
387922810 185659 4203438
388114879 185859 4220385
387486994 185859 4220385
386971956 185859 4220385

MSc Thesis

Figure 34. Visualization of the database table that contains the POIs in
Attiki (part 4)

7.2 The Computation of motion
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After loading the above Network and the semantic file the generator is at the
status shown in fig 26 waiting for semantic trajectories generation.

jisor
-mm e 1§
{Tue hpr 01 160100 EEST 5005 |

JTue Aer 01 15:31:00 5T 2006 [N 1500 |

Figure 35. He@oﬁ‘s after loading the scenario file

After calling the col method and finished with semantic trajectories gen-
eration the generator looks like figure 27.Notice the max time for simulation that

has been set to 4(@1& to complete all the moving objects their trajectories.

S
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Figure 37.Hermoupolis after generation
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7.3 The Report

Figures 36,37,38 show the semantic output after semantic trajectories genera-
tion for moving object id 7.

STOPEPISODEID | REPNUM | DBJCLA55| REPORTPRD..‘| SPEED ‘@ NEXTND...| NB(TNO..‘| NB(TNO‘..| EDGED ||

1 21 100 95 420024543 481819 4205001 79586
1 31 100 95 420024543 481819 4205001 79586
1 41 100 95 420024543 481819 4205001 79586
1 51 100 95 420024543 481819 4205001 79586
1 61 100 95 420024543 481819 4205001 79586
1 71 100 95 420024543 481819 4205001 79586
1 81 100 95 420024543 481819 4205001 79586
1 91 100 95 420024543 481819 4205001 79586
1 101 100 95 420024543 481819 4205001 79586
1 111 100 95 420024543 481819 4205001 79586
1 121 100 95 420024543 481819 4205001 79586
1 131 100 95 420024543 481819 4205001 79586
1 141 100 95 420024543 481819 4205001 79586
1 151 100 95 420024543 481819 4205001 79586
1 161 100 95 420024543 481819 4205001 79586
1 171 100 95 420024543 481819 4205001 79586
1 181 100 95 420024543 481819 4205001 79586
1 191 100 95 420024543 481819 4205001 79586
1 201 100 95 420024543 481819 4205001 79586
1 211 100 95 420024543 481819 4205001 79586
1 221 100 95 420024543 481819 4205001 79586
1 231 100 95 420024543 481819 4205001 79586
1 241 100 95 420024543 481819 4205001 79586

Figure 38.Semantic output for object id 7 (partl)
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X @ v @ oonepisT|fl stopnum (B4t Tve (B © |7
181819 4205001 0 0 1 7'
181819 4205001 0 0 2 7
181819 4205001 0 0 3 7
181819 4205001 0 0 1 7
181819 4205001 0 0 5 7
181819 4205001 0 0 6 7
181819 4205001 0 0 7 7
481819 4205001 0 0 8 7
181819 4205001 0 0 9 7
181819 4205001 0 0 10 7
181819 4205001 0 0 11 7
181819 4205001 0 0 12 7
181819 4205001 0 0 13 7
181819 4205001 0 0 14 7
481819 4205001 0 0 15 7
481819 4205001 0 0 16 7
181819 4205001 0 0 17 7
181819 4205001 0 0 18 7
181819 4205001 0 0 19 7
181819 4205001 0 0 20 7
181819 4205001 0 0 21 7
181819 4205001 0 0 22 7
481819 4205001 0 0 23 7
181819 4205001 0 0 24 7
181819 4205001 0 0 25 7
181819 4205001 0 0 26 7

Figure 39.Semantic output for object id 7 (part2)
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8 STOPDATE [ reporTER_TAG |§ EPISOD... || EPISO
[ue Apr 01 15:31:57 EEST 2008 Stop_0 Sleeping Home
[ue Apr 01 15:32:55 EEST 2008 Stop_0 Sleeping Home
[ue Zpr 01 15:33:53 EEST 2008 Stop O Sleeping Home
[ue Apr 01 15:34:50 EEST 2008 Stop O Sleeping Home
[ue Apr 01 15:35:48 EEST 2008 Stop_ O Sleeping Home
[ue Apr 01 15:36:45 EEST 2008 Stop_0 Sleeping Home
[ue Apr 01 15:37:43 EEST 2008 Stop_0 Sleeping Home
[ue Apr 01 15:38:41 EEST 2008 Stop_0 Sleeping Home
[ue Apr 01 15:39:38 EEST 2008 Stop_ 0O Sleeping Home
[ue Apr 01 15:40:36 EEST 2008 Stop O Sleeping Home
[ue Apr 01 15:41:33 EEST 2008 Stop O Sleeping Home
[ue Apr 01 15:42:31 EEST 2008 Stop_ 0O Sleeping Home
[ue Apr 01 15:43:29% EEST 2008 Stop_0 Sleeping Home
[ue Apr 01 15:44:26 EEST 2008 Stop_0 Sleeping Home
[ue Apr 01 15:45:24 EEST 2008 Stop_0 Sleeping Home
[ue Lpr 01 15:4&:21 EEST 2008 Stop O Sleeping Home
[ue Apr 01 15:47:19 EEST 2008 Stop O Sleeping Home
[ue Apr 01 15:43:17 EEST 2008 Stop_ O Sleeping Home
[ue Apr 01 15:49:14 EEST 2008 Stop_0 Sleeping Home
[ue Apr 01 15:50:12 EEST 2008 Stop_0 Sleeping Home
[ue Apr 01 15:51:08 EEST 2008 Stop_0 Sleeping Home
[ue Apr 01 15:5%2:07 EEST 2008 Stop_ 0O Sleeping Home
[ue Apr 01 15:53:05 EEST 2008 Stop O Sleeping Home
[ue Apr 01 15:54:02 EEST 2008 Stop O Sleeping Home
[ue Apr 01 15:55:00 EEST 2008 Stop_ 0O Sleeping Home
[ue Apr 01 15:55:57 EEST 2008 Stop_0 Sleeping Home

Figure 40.Semantic output for object id 7 (part 3)
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8 Conclusion — Feature Work

We tried to build a moving object generator that complies with previous stated
algorithms and achieves as much as possible of the above characteristics. As far as
we know a generator like HERMOUPOLIS has not been proposed yet in the liter-
ature.

We have taken an already capable generator (Brinkhoff generator) and tried to
enrich it in a way that it could generate both raw and enriched(semantic) trajecto-
ries based on general information that are given as input. Also it.tries to simulate
the real life motion of object groups besides unexpected changes that could be
caused by various reasons.

This kind of generation will help one to understand, and hence resolve prob-
lems created by the movement of objects involved with traffic, analysis and thus
rescue of groups of endangered animals etc. We hope that not only researchers
but everyone that needs to produce such kind of data will find our generator very
helpful.

The next step that should be done as a future work is to give the people the abil-
ity to access the generator through a web interface besides placing their own da-
tasets and accessing the output semantic data.
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