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Abstract -- Mobility patterns play an important role for per-
formance evaluations of mobile networks. To simulate user move-
ment, existing simulation tools provide only a few simple mobility
models (e.g., random movement) suitable for particular scenarios.
To evaluate a new scenario, an appropriate model needs to be
created, but this requires extra work that distracts the researcher
from his/her main task. In general, three key elements determine
the mobility of users: the spatial environment, the user trip
sequences, and the user movement dynamics (e.g., speed). In this
paper, we introduce a meta-model that integrates these three
elements in an easy-to-use framework, allowing a flexible model-
ing of user mobility in custom scenarios. The framework is avail-
able for download as a stand-alone trace generator and may be
used together with any simulation or emulation tool for mobile
networks to evaluate a specific scenario.

Index Terms -- simulation, mobility modeling, user movement

[. INTRODUCTION AND MOTIVATION

imulation is typically used to provide performance analy-

sis for dynamic systems, such as mobile networks, where

real-life measurements are hard or even impossible to
achieve.

The mobility of users depends significantly on the given sce-
nario. For example, mobile nodes in a military mission may
move randomly in the corresponding area. Pedestrians in a city
will follow the streets and pathways, hence being more re-
stricted in their movement than nodes in a rescue mission.
Since a variety of scenarios is possible with different node mo-
bility models, it is desirable to provide means for flexible de-
scriptions and integration of mobility models into simulation
tools.

Current simulation tools offer support to model scenarios,
where nodes move arbitrarily within a simulation area, e.g.,
rescue and military operations. Although it is commonly known
that the mobility model impacts simulation results [4, 5, 32],
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many of the recent publications [7, 17, 20] still use such ran-
dom mobility models primarily due to their simplicity and
availability.

The existing models are limited in evaluations of more so-
phisticated scenarios. For example, to simulate car traffic in a
city, it is required to reflect at least spatial constraints, because
cars move on roads. The preparation of appropriate mobility
models for evaluations requires additional work and may dis-
tract from the given research problem.

In this paper we provide a flexible framework for mobility
modeling, which simplifies the creation of mobility models for
custom scenarios and is easy to use. The framework is not
bound to a particular simulation or emulation tool. We show the
feasibility and usefulness of our framework by modeling user
mobility in concrete scenarios.

The remainder of the paper is structured as follows. First, we
discuss the related work in the area of mobility modeling. Then,
in Section 3, we derive requirements on mobility models and
describe our new meta-model and the supporting framework. In
Section 4, we demonstrate examples of using the framework to
model user mobility in concrete scenarios. Finally, we conclude
the paper and give an outlook for future work.

II. RELATED WORK

Mobile networks are evaluated in many different scenarios,
such as the simulation of communication in an open area be-
tween mobile users (a so-called battlefield scenario, which re-
flects military or rescue operations, pedestrians in a park, etc.).
In these scenarios, the mobility of users is simulated as random
movement within the simulation area.

The Brownian Walk Model [8, 22] simulates the movement
of users as part of Brownian motion. The movement of a single

user is defined by a motion vector V= V,0), where V is the
movement speed, and ® the movement direction. The vector’s
coordinates continuously vary between [V, ] and
[ ®min ’ S

To reflect the dynamics of transport vehicles, the model may
be improved by adding a correlation to previous values, which

in > Vmax

] thus producing random motion.
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avoids sudden changes in speed (%V(t) — o) and direction

(large %(p(t) ). In the Smooth Mobility Model [1], speed and

direction are changed incrementally in several time units until
the target values are reached. To make the speed behavior more
realistic, the model relies on typical values (for example, typi-
cal speed in a city is 50-60 km/h, outside the city it is 100-120
km/h).

In the Random Waypoint Mobility Model |3, 6], mobile users
move with constant speed between randomly chosen points
inside the simulation area, thus performing certain trip se-
quences.

The Random Waypoint Mobility Model with obstacle avoid-
ance has been introduced in [18]. The model is similar to the
Random Waypoint Model but users avoid predefined obstruc-
tions of the movement area.

The Restricted Random Waypoint Mobility Model is used in
[2]. The simulation scenario consists of three large movement
areas (“towns”) and three highway connections in between.
Within a town, mobile users move according to the Random
Waypoint Mobility Model, but, with a certain probability, they
move on a highway to another town.

In [32], it is proposed to model movement constraints im-
posed by an infrastructure with a graph (Graph Walk Mobility
Model). The vertices of the graph represent places that users
might visit (points of interest: restaurants, museums, etc.) and
the edges model interconnections between the places (streets or
road connections). The users move between randomly chosen
vertices of the graph on edges thus respecting spatial con-
straints of the simulation area.

Some evaluation scenarios include regular travel behavior of
mobile users. For example, in [24] the mobility model is built
as a two-level hierarchy: Global Mobility Model (GMM) and
Local Mobility Model (LMM). The simulation area is divided
into cells. The GMM is used to create intercell movements and
the LMM is used to create intracell movements. The Global
Model describes the regular movement behavior of a mobile
user and contains a list of cells to be visited. The Local Model
simulates movement within a cell and has three parameters:
current position, speed, and direction.

In [23], the authors proposed to model the regular movement
with circle-like patterns (closed circuits). Each circle corre-
sponds to a state and identifies a location to be visited by the
user.

The Integrated Mobility Model (IMM) used in [25] consists
of three levels: City Area (set of zones connected via high-
capacity routes), Area Zone (set of streets and building blocks),
and Street Unit (highways, streets with traffic-light(s)-
controlled flow, high and low-priority streets, etc.). The inte-
gration of the three components provides a possibility to model
the mobility of different classes of mobile users (e.g., pedestri-
ans, drivers) in a city.

To sum up, different models are used to simulate the mobil-
ity of users. Each of the models satisfies only a specific set of
scenarios. To evaluate new scenarios, proper mobility models
need to be created. To minimize the model creation overhead,
we propose a meta-model suitable for different scenarios,
which is integrated into a framework and is easy to use.

III. CONCEPT OF A USER-ORIENTED MOBILITY META-MODEL

An important question is to determine which components the
meta-model must include.

First, the movement of mobile users in many scenarios is
constrained by the spatial environment (roads, streets, etc.). For
example, normally, people do not go through walls and cars do
not leave the roads. One way of reflecting such real-world con-
straints is to include a spatial environment into the mobility
model.

Second, mobile users move with a certain purpose. Accord-
ing to the Activity-Based Travel Demand Modeling Approach,
“Travel is a demand that arises through people’s needs and de-
sires to participate in activities” [28]. People move because
they want to do something in a certain place. For example, they
go shopping, to restaurants, to work, sightseeing, etc. People
move between elements of the spatial environment, e.g., shops,
restaurants, monuments, etc. The elements of the spatial envi-
ronment get a meaning from the perspective of trip modeling —
points of interest. The mobility model must reflect activity se-
quences that mobile users follow during an observation.

Third, a mobility model must reflect dynamics of mobile us-
ers. For example, pedestrians are likely to move with a low
speed and frequent interruptions; cars influence the movement
of neighboring vehicles, so when a car ahead slows down, the
succeeding cars will also decrease speed.

The following components are integrated into the meta-
model:

- the model of the simulation area with spatial con-
straints and points of interest (Spatial Model),

- the trip sequences made by mobile users (User Trip
Model),

- the movement dynamics of mobile users (Movement
Dynamics Model).

The integration of the three components form a Meta-Model,
which allows to create user trips in accordance with their pro-
file, constraints of the spatial environment and user movement
dynamics. The model is oriented towards a particular mobile
user or a group of users, therefore, we call it User-Oriented
Mobility Meta-Model (Fig. 1).

The model is generic, since the reviewed mobility models
can be created as its instances. For example, the Random Way-
point Mobility Model can be instantiated using a rectangular-
bounded area in the Spatial Model, the constant-speed motion
in the Movement Dynamics Model and random trip sequences
between points of the area in the User Trip Model. Instantiation
of the Graph Walk Mobility Model is similar to the Random
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Fig. 1. Structure of the User-Oriented Mobility Meta-Model.

Waypoint Mobility Model but the model uses a graph repre-
senting the spatial environment in the Spatial Model. More so-
phisticated mobility models (e.g., IMM) rely on digital maps in
the Spatial Model and appropriate User Trip and Movement
Dynamics models.

The design of the meta-model components will be discussed
in the next subsections.

A. Spatial Model

The mobility model relies on the Spatial Model to reflect
spatial constraints of user movement imposed by the environ-
ment. The model provides a map of the area containing its
topological elements. To offer a standard interface for data ac-
cess and to reuse existing data sources, the Spatial Model is
built on top of existing standards for describing environments
in digital form.

Two widely accepted standards for describing spatial envi-
ronments in digital form are Geographic Data Files (GDF) [13]
and Geography Markup Language (GML) [14].

Both describe an environment in a common way:

- A spatial environment is specified as the collection of
topological elements (roads, museums, hotels, restau-
rants, cinemas, etc.).

- The topological elements represent the environment at
different presentation levels (from general to partial
specialization).

- The geometry of elements is specified with common
geometrical primitives (Point, Line, Polygon, etc.).

- The elements contain additional, feature-specific at-
tributes (opening time of museum, speed limit of the
road, etc.).

- Relations between the elements are specified (“be-

longs to”, “prohibited maneuver”, etc.).

In contrast to GML, which standardizes only basic rules to
define the elements, GDF explicitly specifies a variety of ele-
ments, e.g., roads, restaurants, hotels, museums, their attributes
and relations. Therefore, GDF was chosen as the primary speci-
fication for the Spatial Model used in the framework.

In GDF, every topological element is identified with its
‘theme code’ identifier that specifies the class to which the
element belongs (“Road and Ferries”, “Railways”, “Public
Transport”, “Road Furniture”, etc.). The element’s attributes
and relations are stored using key/value pairs (Fig. 2).

To reuse existing data sources, we implemented a GDF
parser and included it into the framework. Converters from
other formats to GDF, e.g., GML to GDF, are available, e.g., in
[11].

B. User Trip Model

The necessity of the User Trip Model is motivated by the
fact that, in real life, people with a goal neither move to make a
certain number of steps in different directions nor move be-
tween randomly chosen points of the area. The movement of
persons often has a distinct repeatability, e.g., commuting to
work on weekdays. In order to reflect this, individual trip plan-
ning decisions need to be included into the mobility model. The
Activity-Based Travel Demand Modeling approach [21, 27, 28]
is widely used to model travel decisions.

1) Activity-Based Travel Demand Modeling Approach

The approach defines travel as the demand to participate in
activities: “No one would think about how many trips to make
when developing a plan for a day; rather, one would think
about what she wants to or needs to do, where the activities can
or need be engaged, and, only then, would think about how to
visit these places. Importantly, how many trips will be made
depends on how the visits to different places are sequenced and
combined into trip chains” [21].

The movement is defined as a trip chain (Fig. 3). The chain

general info

id="r##0001"
theme="Road And Ferries"
class="Road Element"

geometry

(.}

attributes

Direction of Traffic Flow="Both directions*
Number of Lanes=2
Maximum Speed Allowed=120

relations

Prohibited Manoeuvre={r#0002, #0003}
Service along Road={s#0001}

Fig. 2. Example of a Road Element in GDF.



Fig. 3. Example of a Trip Chain and Integration of the User Trip Model with
the Spatial Model using geographic coordinates.

is a sequence of actions to be executed. Each action contains a
set of places where this action may be performed with a prefer-
ence of one place over another and duration of the activity’s
execution at a particular location. After finishing the current
activity, the next one is chosen from the set of alternatives with
a certain probability and the movement continues. The move-
ment takes place due to the switching of activities.

The User Trip Model matches the activities with the places
of their execution from the Spatial Model using geographic
coordinates. Another possibility of interaction between the
models is to use the semantic of topological elements. For ex-
ample, the shopping activity might be executed at the topologi-
cal elements that belong to the “Services” group and have
“Shopping Center” class code, or the specific name (e.g., su-
permarket’s name). Referring to semantic meta-data of the Spa-
tial Model, e.g. sights, allows an easy modeling of complex
trips. In the future, a graphical user interface can further ease
the trip model construction.

To express such trip chains in the model, we use non-
deterministic finite automata of activity sequences.

2) Automaton of Activity Sequences

A non-deterministic finite automaton (Fig. 4) [16] is com-
posed of a finite set of states O and transitions between the
states. The transitions occur on input symbols ¢; from a finite

input alphabet Y, according to the transition function & . The
automaton is non-deterministic, therefore, it has to perform
zero, one or more transitions out of the state on the same input

symbol. The automaton starts in the initial state g, and stops in

one of the final states q, € F (g, €O, F c Q).

The trip chain might be described by the non-deterministic
finite automaton. That is, the set of activities to be executed can
be matched one-to-one with the automaton’s states. Therefore,
each state denotes one activity and contains a set of places
where this action may be performed with a preference of one
place over another and a duration of the activity’s execution at
a particular location (or a function which calculates the duration

Fig. 4. Non-deterministic Finite Automaton.

for a particular case, for example, taking into account the time
of the day) (Fig. 5).

The activity from which the user starts the movement is de-
noted as the automaton’s initial state, the final activities corre-
spond to final states. The initial activity is associated with the
user’s initial position.

The automaton switches non-deterministically between the
states thus realizing the heterogeneity upon switching between
the activities. Internally, the switching is performed by the tran-
sition function in accordance with transition probabilities. The
input value serves as a signal to the automaton to perform a
transition; the input alphabet contains a single value > = {a}.

Describing trip sequences with the finite automaton ideally
fits the simulation model and allows describing various trip
sequences. The automaton’s states match the activities executed
by a mobile user and contain additional data concerning loca-

loc,  p(loc;) d(loc))
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restaurant — .
7 MaySt. 20% 45-50min

Fig. 5. Data Associated with an Activity: Locations, Location Attractive-
ness. and Activity Execution Duration.



tions for activity execution, probability that a location will be
chosen, and duration of execution. Random transitions between
the activities in a trip chain correspond to the non-deterministic
switching between the states in an automaton. The transition
probabilities of the trip chain are reflected by the automaton’s
transition function.

3) Trip Construction

The movement destination point is chosen from the places
for the current activity execution taking into account the points’
attractiveness for the user. A path between the current point and
the destination point is calculated in accordance with the under-
lying movement area from the Spatial Model. To calculate this
path, we create a graph of the movement area. The vertices of
the graph represent points of the Spatial Model (e.g., points of
interest, road crossings, etc.) and the edges model interconnec-
tions between the locations (e.g., road elements). If necessary,
attributes of movement area elements are considered upon path
calculation, e.g., traffic flow directions for cars, etc. Currently,
we assume that mobile users move on the shortest path between
the points, therefore, we use Dijkstra’s algorithm [9] to calcu-
late it. In the future, we plan to use more sophisticated algo-
rithms for path construction, e.g., as used in the urban travel
modeling [27].

C. Movement Dynamics Model

The Movement Dynamics Model defines user speed and di-
rection changes during the movement along the trip path. In
contrast to Spatial and User Trip models, the model is a highly
dynamic model possibly reflecting the movement of nearby
nodes. The choice of a particular Movement Dynamics Model
is implied by the user’s nature. For example, the dynamics of
pedestrians might be characterized with the low-speed motion
and frequent stop-and-go behavior. There are several models to
define the dynamics of cars (vehicular traffic), such as the Fluid
Traffic Model [31] (based on the dependency between the traf-
fic speed and volume), Intelligent Driver Model [33] (based on
the dependency between the movements of neighboring vehi-
cles), Smooth Random Mobility Model [1] (based on correlat-
ing the speed and direction to previous values). The Boids
Model [29, 30] simulates movements of different mobile users
collaborating atomic steering behaviors. Any of these dynamics
models might be used in the User-Oriented Mobility Meta-
Model to simulate the dynamics of mobile user.

Attributes of movement area elements may be taken into ac-
count upon simulating the movement dynamics of specific
classes of mobile users, e.g., speed limit for the vehicular traf-
fic.

D. Integration of the Mobility Model into the Framework

The User-Oriented Mobility Meta-Model is integrated into a
framework for mobility modeling (Fig. 6). The framework is
implemented on top of a discrete JAVA-based simulation envi-
ronment. The framework produces user mobility traces for a
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Fig. 6. Structure of the Framework for User Mobility Modeling.

given simulation scenario. The scenario is described in the
popular eXtensible Markup Language (XML) format [10]. The
resulting traces are converted to a trace format used by a con-
crete simulation tool. Therefore, the framework is not bound to
a particular simulation tool and a particular platform. Since the
framework exists as a stand-alone application, it does not influ-
ence the simulation tool’s performance. The framework inte-
grates a GDF parser and thus allows simulating user mobility in
real environments, which are commonly defined in GDF or can
be converted into it.

In the framework, movements of every mobile user are simu-
lated with a separate instance of the mobility model. This al-
lows flexible modeling of movements made by different classes
of mobile users, in that we may use several Spatial, User Trip
or Movement Dynamics models in one simulation. The frame-
work supports the mobility modeling for classes of users. Users
belonging to the same class share similar Spatial, Trip or Dy-
namics models thus accomplishing the similarity of their move-
ments. Defining a mobility model for a group of users requires
the same overhead as defining a model for an individual user.
Therefore, we can simulate the mobility of different classes of
mobile objects (cars, pedestrians, tourists, etc.) in a single
scenario as well as the mobility of individual mobile users.

To ease the preparation of a particular scenario, we imple-
mented and included a number of User Trip models (Random
Trip Model and Activity-Based Trip Model), and Movement
Dynamics models (Constant-Speed Motion for pedestrians,
Fluid Traffic Model, Smooth Mobility Model, Intelligent
Driver Model for cars).

Furthermore, the framework is extensible. It is based on the
concept of plug-ins (extension modules), so the new modules
may be easily added, e.g., new User Trip or Movement Dynam-
ics models, simulation tools support.

The framework source code is available for download and
may be used by other researches for modeling the user mobility
in custom scenarios.

IV. EXAMPLES OF THE FRAMEWORK USAGE

In this part, we demonstrate the flexibility and the usefulness
of the framework by describing several simulation scenarios.



A. Scenario 1 — Users in a Rescue Mission

In Scenario 1, we simulate the movement of users in a rescue
operation similar to the Random Waypoint Mobility Model.
The content of the simulation scenario file is depicted in Fig. 7.
At the beginning, we define the dimensions of the simulation
area (1000m x 1000m, dimx and dimy tags). Then we plug in
the module to convert the mobility traces to NS-2 format [26],
the module to stop the simulation after 3600s of simulation
time and the Spatial Model Module. Since the nodes perform
random movement, we plug in two additional modules to make
random initial placement of mobile users and generate trips
between randomly chosen points of the simulation area. Stay
duration between two successive trips is randomly chosen be-
tween 120 and 600s and is a parameter of the Random Trip
Generation Module. We simulate the movement of 50 mobile
nodes (defined in nodegroup tag). The user movement dynam-
ics is set to the Constant Speed Motion with speed values ran-
domly chosen between 0.56 — 1.39m/s.

B. Scenario 2 — Car Traffic in a City Center

In Scenario 2, we simulate the vehicular traffic in a city cen-
ter similar to the Graph Walk Mobility Model [32]. The content
of the simulation scenario file is shown in Fig. 8. The mobility
traces are produced for the GloMoSim simulation environment
[15], so we plug in the module to convert the traces to the
GloMoSim format. To initialize the spatial environment, we
use the GDF Reader Module and configure the module to proc-
ess the city central part only (defining the clipping window
coordinates min_x, max_x, min_y, max_y). Similar to the previ-
ous scenario, trips are produced by the Random Initial Position
Generator and Random Trip Generation modules, but since the
Spatial Model is initialized from the map, the modules reflect
constraints of the movement area. Since we are interested in
trip modeling between particular points of the spatial environ-
ment, we have extracted the coordinates of required points to a
text file and used the file contents in our trip generation mod-
ules (points tag) to generate trips between the given points (the
framework includes a module to process and extract a subset of

<?xml version="1.0"?>
<I-- Users in a Rescue Mission -->
<universe>
<dimx>1000.0</dimx>
<dimy>1000.0</dimy>
<extension class="sim.extensions.NSOutput"/>
<extension class="sim.simulations. TimeSimulation" param="3600.0"/>
<extension class="spatialmodel.core.SpatialModel"/>
<extension name="PosGen" class="tripmodel.generators.RandomInitialPositionGenerator"/>
<extension name="TripGen" class="tripmodel. generators.RandomTripGenerator">
<minstay>120.0</minstay> <maxstay>600.0</maxstay>
</extension>
<nodegroup n="50">
<extension class="uomm.ConstantSpeedMotion" initposgenerator="PosGen" tripgenera-
tor="TripGen">
<minspeed>0.56</minspeed> <maxspeed>1.39</maxspeed>
</extension>
</nodegroup>
</universe>

Fig. 7. Description of Scenario 1.

<?xml version="1.0"?>
<I-- Car Traffic in a City Center -->
<universe>
<extension class="sim.extensions. GlomosimOutput"/>
<extension class="sim.simulations. TimeSimulation" param="3600.0"/>
<extension class="spatialmodel.core.SpatialModel"/>
<extension class="gdfreader. GDFReader" source="Boston.gdf" min_x="4000" max_x="6000"
min_y="3000" max_y="4000"/>
<extension name="PosGen" class="tripmodel generators. RandomInitialPositionGenerator">
<points>points.txt</points>
</extension>
<extension name="TripGen" class="tripmodel.generators.RandomTripGenerator">
<points>points. txt</points>
<minstay>120.0</minstay> <maxstay>600.0</maxstay>
</extension>
<nodegroup n="100">
<extension class="uomm.FluidTrafficModel" initposgenerator="PosGen" tripgenera-
tor="TripGen">
<!—Fluid Traffic Generator Parameters -->
</extension>
</nodegroup>
</universe>

Fig. 8. Description of Scenario 2.

<?xml version="1.0"?>
<!-- Tourists in a City Center -->
<universe>
<extension class="canumobisim.extensions.NSOutput"/>
<extension class="canumobisim.simulations. TimeSimulation" param="14400.0"/>
<extension class="spatialmodel.core.SpatialModel"/>
<extension class="gdfreader. GDFReader" source="Boston.gdf" min_x="4000" max_x="6000"
min_y="3000" max_y="4000"/>
<extension name="Gen" class="tripmodel.generators.ActivityBased TripGenerator">
<activity id="initial">
<points>initial.txt</points>
<minstay>0.0</minstay> <maxstay>0.0</maxstay>
</activity>
<activity id="shopping">
<points>shopping.txt</points>
<minstay>900.0</minstay> <maxstay>1800.0</maxstay>
</activity>
<|—More activities ... -->
<transition>
<src>initial</src> <dest>shopping</dest> <p>0.55</p>
</transition>
<transition>
<src>initial</src> <dest>museum</dest> <p>0.45</p>
</transition>
<|—More transitions ... -->
</extension>
<nodegroup n="100">
<extension class="uomm.ConstantSpeedMotion" initposgenerator="Gen" tripgenerator="Gen">
<minspeed>0.56</minspeed> <maxspeed>1.39</maxspeed>
</extension>
</nodegroup>
</universe>

Fig. 9. Description of Scenario 3.

points of the Spatial Model). The user movement dynamics are
set to the Fluid Traffic Model.

C. Scenario 3 — Tourists in a City Center

In Scenario 3, we model the movement of tourists in a city
center. The content of the simulation scenario file is shown in
Fig. 9. In contrast to the previous scenarios, the mobile users
have a distinct set of activities to execute, therefore, we use the
Activity Based Trip Generator to produce the trips. The auto-
maton of activity sequences is depicted in Fig. 3. Similar to
Scenario 2, the locations for activity execution have been ex-
tracted to text files (a separate text file for each activity).
Within a particular activity, every location may be chosen with
equal probability.



V. CONCLUSION

Mobile networks are used in many different scenarios. Since
the mobility of users is a key element of such networks, it has
to be reflected in the simulations. Because the mobility of users
depends significantly on the given scenario, it is desirable to
provide means for flexible creation of new mobility models for
distinct scenarios. We proposed a generic meta-model inte-
grated into a framework for user mobility modeling that relies
on three key elements defining the movement: reflection of
spatial constraints, execution of user trip sequences, and
movement dynamics. Therefore, the meta-model integrates:

- the model of a simulation area with spatial constraints
and points of interest (Spatial Model);

- the trip sequences made by the user (User Trip
Model);

- the movement dynamics of a user (Movement Dynam-
ics Model).

The framework for mobility modeling is implemented on top
of a standalone JAV A-based simulation environment. The re-
sulting mobility traces can be used with nearly any available
simulation or emulation tool for mobile networks [12, 15, 19,
26, 34, 35]. Since the framework is based on the concept of
extension modules, it may be easily extended with new User
Trip or Movement Dynamics modules, or support additional
simulation tools.

The framework includes a parser for GDF data sources and
thus allows simulating user mobility in real environments,
which are defined in GDF format or can be converted into it.

In the future, we plan to integrate more User Trip and Move-
ment Dynamic models into the framework (e.g., taken from the
urban travel modeling) to improve its capabilities.

The limitation of the framework is that the spatial constraints
impact communication (e.g., tunnels, etc.), which cannot be
covered by an external mobility generator. In future work, we
plan to integrate the Spatial Model into NS-2 to simulate radio
propagation more accurately.

The proposed framework for user mobility modeling can be
downloaded from:

http://canu.informatik.uni-stuttgart.de/mobisim
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