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Abstract— The complexity associated to gathering and processing contextual data makes testing mobile context-aware applications and services difficult. Furthermore, the lack of standard
data sets and simulation tools makes the evaluation of machine
learning algorithms in context-aware settings an even harder
task. To ease the situation, we introduce a generic simulator that
has been designed with the above mentioned purposes in mind.
The simulator has also proven to be a good demonstration tool
for mobile services and applications that are aimed at groups.
The simulator is highly customizable and it can output context
information of individual entities both through an interactive GUI
and as data streams consisting of comma separated values. To
support a wide range of tasks and scenarios, we have separated
the three main information sources: behavior of agents, the
scenario being simulated and the used context variable. The
simulator has been implemented using Java, and the data streams
have been made available through a web service interface.

I. I NTRODUCTION
At the moment, the proper testing of mobile context-aware
applications and services is a difficult task. One of the main
reasons is the heterogeneous nature of data sources and sensors, which makes context gathering and processing difficult.
In addition, the lack of readily available context infrastructure makes collecting large data sets unfeasible. Finally, raw
sensors measurements seldom are meaningful to the user and
instead we have to derive higher level abstractions from the
data. For example, we could use GPS measurements to infer
places that are meaningful to the user. However, the inference
of these abstractions is both challenging and hard to evaluate.
Furthermore, although prices of sensing devices have rapidly
decreased in recent years, it is still expensive to equip multiple
users, or their mobile devices, with the necessary sensors.
A closely related issue is how to evaluate and to compare machine learning algorithms in context-aware settings.
Namely, although a number of datasets are freely available,
e.g., [1]–[3], only very few are suited for this purpose. One
of the main flaws in the existing data sets is that the data is
gathered from very few users and with a limited set of sensors.
In addition, the duration over which the data has been gathered
is usually short.
The problems mentioned in the previous two paragraphs are
by no means unique to context-aware settings, but common to
all complex systems. To this end, researchers in these fields

have created simulation tools that attempt to give a suitable
abstraction for the problem domain. In this paper we follow
this line of thought and present a generic simulation tool for
ubiquitous computing. The idea to build a simulator originated
in the need to test the functionality of group services and
applications before performing user evaluations. Furthermore,
we wanted to generate data that was as realistic as possible
in order to test machine learning methods that support groupawareness. We have followed ideas from the field of simulation
and used a modular structure that separates behavior of agents,
the scenario being simulated and the used context variables.
As a result, our simulator is applicable to a wider range of
tasks than originally intended. For example, we have used the
simulator for application testing and we are currently exploring
the possibility to create new, more realistic, mobility models
for ad hoc networks.
The idea to use simulation in context-aware computing is
still relatively new. One of the current research directions
is to simulate low level sensors. For example, [4] simulates
sensor measurements in a smart space. Another direction
is to combine virtual reality simulation with the simulation
of physical sensors. Examples of this approach include the
QuakeSim [5], [6] and the UbiWISE simulators [7]. The
third main direction is to use multi-agent simulation. As an
example, the Generic Location Event Simulator [8] creates
context-dependent events, which can be used, e.g., to test the
functionality of a middleware. The simulator we present in
this paper differs from earlier work on two aspects. First of
all, we have adopted well established techniques from the field
of simulation. Secondly, our simulator has been designed to
be generic and applicable in a wide range of scenarios.
II. S IMULATION
In order to build a simulator that is as flexible as possible,
we have separated the main information sources from each
other. First of all, the behavior of individual agents is modeled in a separate agent model. Secondly, the environment,
including possible random events, is handled in a world model.
Finally, we have a context model which is used for defining
how context data is simulated. In this section we detail each
of these components in more detail and, as a starting point

for discussion, Fig. 1 shows a screenshot of the implemented
simulator. A close-up view of the simulator as well as a
view of the information panel that is used to visualize context
information is given in Fig. 2. The agents in the scenario are
workers in a city environment whose daily routines follow
patterns such as going to work, to a restaurant, or to the
movies.

Fig. 1: A snapshot of the Context Simulator

Fig. 2: Blow up of Fig. 1
A. Agent model
As the first information source we address the agent model,
which is the decision logic of an agent. The agent model
decides what an agent should do given its current context and
the status of the entities such as places and people around
it. The context of an agent is given by the context model,
whereas information about the status of surrounding entities
is provided by the world model.
The agent model can, first of all, change the properties of
an agent. For example, it can switch the agent’s activity from
sleeping to working or change the mood from sad to happy.
The agent model can also set a destination for an agent. In
our setting, movement and path finding routines are handled
automatically by the simulator, but the decision on where to
go falls to the agent model.
In order to change the behavior of an agent, the simulation
designer must assign a different agent model to the agent. To
simplify creating complex simulations with large number of
agents, and to avoid the need to create agents always from
scratch, we allow using templates. An agent template is a

stereotyped agent model, which specifies the agent model on
a high level. The templates are modeled as state machines,
where the state change is triggered by context switches and
optionally by random factors.
B. World Model
The next information source we consider is the world model,
which consists of three parts: the environment that we want
to simulate, the places of interest for the simulation and a
global event model that handles global events such as public
holidays. As an example we consider an urban scenario where
the environment is the city being simulated. The places, on the
other hand, could be, e.g., offices, homes and entertainment
places. Finally, the global events include citywide festivals and
public holidays.
The world model is specified by a set of image files, which
are needed even if the GUI is not used. The base set of
image files consists of a background map and of an alpha
map. The alpha map defines the areas where actors can not
step on, usually, walls. At the beginning of the simulation, the
simulator uses the alpha map to pre-calculate a gradient map
that is used for path finding. The gradient maps are stored
on disk and need to be recalculated only if the simulated
environment changes. Most of the places, such as offices and
homes, are present throughout the simulation. However, some
places, such as meeting places and pickup locations, exist only
for a temporary time and disappear when they are no longer
needed.
Places have properties, which are specified as key-value
pairs and which can be modified at each iteration. For example,
a nightclub can decide to throw a special party or a restaurant
can decide to have special offers. In addition, agents can
create new places or remove old places. Currently this is done
deterministically so that whenever certain preconditions in the
agent model are met, a new place is created or an old one is
removed. For example, when the agent model indicates that
a meeting must be arranged, a meeting place is created and,
once the meeting ends, the meeting place is removed from the
simulation.
To simplify the process of creating a world model, also
places can be created using templates. For a place, the template
specifies, first of all, the properties that a place has at the
beginning of the simulation. Secondly, the template specifies
the event model that is responsible for generating new events.
Finally, the template specifies how and when the place changes
its properties. Each one of these three components can also
be left unspecified. As examples of templates we consider
a nightclub and an office desk. For a nightclub the initial
properties define the music style and the event model defines
how and when the place generates special events. On the other
hand, for an office desk the only thing that is needed is the
location of the desk. The places that have a template can be
instantiated as many times as needed by specifying an image
map that indicates where an instance of the place should be.
The simulator then automatically creates the places in the

locations specified in the image map and sets the properties
of the place to their default values.
C. Context model
As the final information source we consider the context
model, which manages the context variables that are used in
the simulation. For each context variable, the context model
specifies the possible values of the variable, the model that
is used to simulate the values and potentially also how the
values are distributed over the environment. As an example,
we consider a context model that contains two variables:
temperature and WiFi hotspot coverage. For temperature, the
context model could specify, e.g., the mean temperature on
specific areas as well as the standard deviation of the values.
On the other hand, for WiFi hotspots the context model could
include the locations of base stations, signal strengths of the
base stations and a signal decay model that determines the
signal strength at a given distance from the base station.
Alternatively, the value of a context variable can be read from
external sensors.
In order to provide an easy mechanism to initialize and
update context variables we support annotated bitmaps. To
generate a new context variable, the simulation designer needs
to provide an overlay image map and a calibration file to the
simulator. The simulator uses this information to calculate a
mapping that associates pixel values with specific values of the
context variable at each location in the simulated environment.
Once the mapping has been calculated it is stored in a file.
As an example we consider simulating temperature in a city.
For this purpose, the simulation designer could generate a
fractal cloud image. The intensity values of the image need
then to be corrected to a uniform value on areas that denote
indoor spaces. Next, the simulator calculates the mapping and
when the simulator is run for the next time the output include
the temperature value at the position of the agents. Fig. 3
shows overlays of temperature and WiFi hotspot coverage
superimposed on the simulation map. The simulation user can
also modify the overlay values at run time and (s)he can also
replace the image map.
III. C ONCLUSION
In this paper, we have presented a simulator that serves as
a tool for testing the functionality of mobile applications and
services. In addition, our simulator has been designed as a
means to generate data for the evaluation and the comparison
of different machine learning methods in mobile context-aware
settings. Our main focus has been on tasks related to the
usage of group context information. The simulator is not meant
to replace user studies or the collection of real data, but
rather to serve as a way to perform sanity checks, preliminary
evaluations and scalability tests before validation with real
users. Each scenario that is being simulated is specified by
three information sources: an agent model, a world model
and a context model. By having a clear separation between
the different information sources, our simulator has become
applicable to a wide range of scenarios. In addition, we have
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Fig. 3: Overlay examples shown as a transparency on the area
map.

used a template-based technique, which simplifies the work
of the simulation designer. In this paper we have focused on
presenting how these information sources are handled in our
simulator. In the future, our goal is to extend the functionalities
of the simulator, to explore additional application areas and to
perform rigorous user studies with different user groups.
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