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Abstract

In ambient environments, the goal is to assist users in their everyday tasks by
using real-time location sensors in their physical space. For this new type of
environments, the Human-Computer Interaction requires the definition of new
interaction methods. By using location sensors, the physical space itself can become a
means of interaction. In this internship, we performed studies on how the interactions
between the user and the ambient environment can be carried out, using the physical
space. We identify the ambient object characteristics that are related to the physical
space. We distinguish those that may be relevant to be used as an alphabet in a
language for spatial interaction within ambient environments and then we propose
such a language. Finally, we develop an application to test the proposed language
within the IRoom (Intelligent Room), which is equipped with the Ubisense
localization system, in LIMSI lab.






Iepiinyn

Xt mepiPdAiovta 01dyvTng vonuoovuvng, okondg sivar va mapoaydel PorOeta
OTO YPNOTN YO TNV OEKTEPAIOOT] TOV KOOMUEPIVOV EPYAGIOV TOL. AVTO elvar KATL
mov pmopel va  emtevyfel ¥PNOUOTOIDOVTAG GLOTNUOTO EVTOTMIGHOV 0éong oe
npoypatikd xpévo. o avtd ta véouv thmov mepiPdAlovta, amatteital o opiopds vEmv
puefodwv emkowmvioc. Me tn ¥pnon SLOTNUAT®V EVTOTIGHOV 0€éomGg, O PLGIKOC
YOpoc pmopel va  yiver €vo péco emwolvoviag. Xg  avt v gpyaocia,
TPOYLOTOTOMCOUE EPELVA YO TO TAOS Umopel va emtevyBel emkovwvia avBpdmov-
VIoAOYIoT € mePPdAlovIa O1dyvTNG VONUOGHVNG, YPNOLLOTOLOVTIOS TO (QUCLKO
YOPO. Apykd, ovoyvopilovple T YOPOKTNPIOTIKA €VOC OVTIKEWEVOL T Omoio
oyetiCovion pe 10 puowkd yopo. Erncita, dwokpivovpe ekeiva ta yopakpioTikd to
omoio. Lwopovv va xpnoipomonfoiv og aAeapnto Hog YAOCCOS Yo T TEPLYPOOT|
YOPIKNG OAANAETiOpacng oe mepiPAiiovta OdyVTNG VONUOCUVNG. XTI GLVEXELD,
wpoteivovpe o tétola YAwsca. TELNOG, avantuooovpe po epappoyn pe t Pondeia
g omoiag yiverar ypnom Kot enaANBevon Tng TPOTEWVOUEVNS YADGGOS €VTOG TOV
IRoom (E&umtvo dmpdrtio), 1o omoio gival e£0TMGUEVO LE TO GVOTNUO EVTOTICUOD TNG
Ubisense kot Bpioketat 6to gpyastiplo LIMSIL
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1 Introduction

In modern life, the usage of digital multimedia devices has increased. Over the last decade, multimedia
devices have changed our living space and life style. Devices like displays, audio systems, etc. are becoming
“smarter” by embedding mini computers, making them more featured. Thus, these devices have become more
manageable and interactive over time. This interactive environment is regularly described as ubiquitous or smart.
Before 22 years, Mark Weiser [1], used the term ubiquitous computing as a description on this field of Information
Technology. The idea behind this is that modern information technologies tend to be merged into our
surroundings. As stated by Mark Weiser “for ubiquitous computing, one of the ultimate goals is to design
technology so pervasive that it disappears into the surrounding”. This point of view on ubiquitous computing
brought new research approaches, like tangible user interfaces [2], which focus on using physical objects as input
method on several application interfaces. More recently, researchers aim to design ambient environments featured
with multiple sensor technologies, such as interactive media arts [3, 4], interactive workspaces [5, 6].

The way tracking technologies are progressing, location information are getting more interesting for
scientists and the industry as well. Using that information, multimedia environments can be enriched with real time
data and automatically become more entertaining and useful. Since tracking technologies are becoming a standard,
interaction designers have to add location information to the mix when designing smart environments. This will
lead to extended design possibilities and will bring changes on how users perceive the environment.

In the past, researches on location based services aiming at information sharing between users through a
computer or a handheld device were conducted. Nowadays, using recent tracking technologies, it is possible to
track a user’s motion and the location of an object with great accuracy. This leads to a new type of ambient
environments where spatial interaction between users and objects in the same place occur.

In this thesis we identify the characteristics of the objects that are usable for spatial interaction.
Afterwards, using those characteristics as our alphabet, we propose a language one can use to describe such an
interaction within ambient environments, while specification examples are also included. Moreover, real-time
location systems and more specifically the Ubisense localization system (which is the one that the IRoom is
equipped with), are discoursed. Finally, a chapter is dedicated to the compiler application we developed and its
features.



2 State of the Art

2.1 Ambient Intelligence

Interaction between human beings and digital information technology is currently limited. The input
method of common user interfaces nowadays make use of devices such as keyboards, mice and visual display
units, whereas ambient space stays unutilized. By using computing devices, such as sensors, we capture
information that exist and stay unutilized at the physical user’s space. Such information could possibly be the
location of objects, the shape, movement, speed, orientation etc. Once this information become available to the
system, new types of interfaces can be used, which will result to a simplified and more accurate human-computer

interaction. This is the objective of Aml.

2.1.1 Aml requiremens

In Ambient Intelligence, two kinds of adaptation can be distinguished [7]: adaptivity and adaptability. In
the first one, the system’s behavior will be automatically adapted while in the second, the system’s behavior can be
manually adapted by the user according to his/her preferences.

Aml specific requirements

Decentralization of the interface | Core application and User Interface should be completely
separated. Ul should become available across the network

The user does not need to know User could move freely from one computer to another believing
how devices are interconnected that they are part of the same system

Availability of interaction The interface should be adapted to the available devices that exist
devices cannot be forecast during | in the current environment
design

2.1.2 Ubiquitous computing

The use of computers everywhere can be a definition of what ubiquitous computing is; computers that
are embedded in the environment in a non-intrusive way and stay invisible to the user. Each computer is
configured to perform specific tasks with little -or even without- human intervention.

According to [8], ubiquitous computing is characterized by two main attributes:

e Ubiquity: Computation access is everywhere. User is not limited interacting through a single
workstation. For example, in one’s house there would be many Skype-capable devices at several
locations placed and wirelessly connected, which would give the user the freedom to move from one
place to another without having to initiate a new video call from the room’s local device. It would be
automatically transferred to the nearest device.

e  Transparency: This technology is invisible and non-intrusive. For example, having a sensor attached to a
door to check if the door is opened or closed.



2.1.3 Context-awareness

Context is any information that can be used to characterize the situation of an entity. An entity is a

person, place, or object that is considered relevant to the interaction between a user and an application, including
the user and applications themselves [9].
The concept of context has a very broad view, in which anything can be considered as a context. A person may
have his physical context (his location, time etc.), his social context (social relations) and his activity context (tasks
he performs in his everyday life, such as listening to music or browsing the internet, etc.). In context-aware
computing, a user has to be able to accomplish a task potentially via cooperating and collaborate with other users
using multiple devices and networks during his movement in the environment. Thus, many smart applications
would automatically adapt to the user’s intention. As an example, your mobile phone which is connected with your
Facebook profile page, notices that your favorite TV program is about to be on (information taken by your profile,
your likes etc.), but it also notices -by using its GPS- that you are not at home. It automatically sends a request to
your PVR at home to record the program. A smart application like the aforementioned one needs to gather context
information from various different sources in order to be adapted to the preferences of the user, without the explicit
user’s consent. Context-aware smart applications need the context information to be exposed along with internal
data and device functionalities. It is a requirement that has to be met because of the variety of devices that are used
and the need for interaction with each other within the context.

2.2 Interaction themes

2.2.1 Tangible interaction

Tangible interaction is about physical interaction with physical (tangible) objects. Most of the times these
objects are represented on an interface output medium, while at the same time they constitute the main means of
interaction. Input is performed by physical (tangible) manipulation, while the result is represented on virtual space.
With tangible interaction, every movement results to a change in physical space, as well as in virtual space. The
virtual structure is defined by the software, while the physical structure is represented in physical space.

The main concepts for this type of interaction are:

e  Haptic direct manipulation. Whether the user is able to grab and feel the active elements of the
object.

e  Lightweight interaction. Whether the user receives instant feedback when making small moves
during interaction.

e Isomorph effects. Whether the system provides accurate representation that clearly shows the
relation between the user’s actions and the effects that they cause.

building mo
input/
output

le

input pixels
output

sound
control

remote

physical IRCLLE] . : physical tangible

representation

represelon

digital diaital

digital information digital information

Figure 2-1: Common GUI on the left, Tangible User Interface on the right



2.2.2 Spatial interaction

Spatial interaction is the representation and simulation of flows of activity between locations in
geographical space. Locations are usually represented as discrete points in space [13]. As we, humans, are spatial
beings who live in space, our body is the central reference point for perception. We move in space and we
encounter objects and people in it. We also move objects, configuring space regarding our needs. We perceive
spatial qualities relatively to our own body. Spatial interaction also allows the movement of the entire body,
making it possible to implicitly observe the space we are moving in.

Real space properties

Inhabited space By inhabiting space, we appropriate it, interpret it and give it meaning
Configurable materials It is possible to configure our space by moving anything appropriately
Non-fragmented visibility One is able to see someone pointing while being able to follow the pointing as

the two points of interests are seamlessly connected

Full body interaction Movement of the entire body is possible

Performative action Able to communicate through body movement while doing something else

Spatial interaction is related to tangible interaction, as the latter is embedded in real space, meaning that
interaction occurs by movement in space. In contrast to tangible interaction, spatial interaction within interactive
spaces is not limited by just manipulating objects, but is also likely to be dependent on moving one’s body.

2.3 Related work

At this part, previous research that is relevant for this work is presented. Each of them uses one or more
properties from the notion of spatial interaction.

2.3.1 Location based

The following implementations use the idea of location tracking.

Proximo[17] is a location-aware mobile recommendation system. It provides guidance to users through
tour buildings using Bluetooth technology as a real-time location system. The user’s mobile device builds a
context by keeping track of the user’s location, updating the system with useful information. To pinpoint a user’s
position, low-cost beacons are sent over the area which the mobile device is able to sniff. Proximo has room-level
accuracy which means that it cannot be used to precisely determine the exact user position in a given room.

During execution, the application continually monitors the user location and shows the area that the user is
currently in. Experiments were conducted under a gallery context, where the system guided the users through the
gallery by giving them painting recommendations.

Hello.Wall[18] is a large wall-sized ambient display which has built-in sensors and LEDs and is
designed to blend in with the environment. The goal was to improve people’s awareness of their environment by
modifying the LED light patterns depending on who was walking by or standing. Based on the light pattern type,
different type of information is acquired. Patterns could be public or private, readable only by specific people.

Hello.Wall was designed to form an aesthetic impact that would help in creating a mood in the space which is
installed and also influence social meetings. It supports three different zones of interaction, which is user distance-
dependent; (i) interaction zone, which is at the smallest distance, (ii) notification zone, which is when the user is
not close enough and (iii) ambient zone, which is even further away. Different interaction patterns are created for
each zone. At first, people are situated at the ambient zone. At the time they move closer to the system, they step
into the notification zone and they are notified through their cell phones. When they finally approach the system,
they enter the interaction zone where, they are able to interact directly with the patterns on the display.
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Figure 2-2: Three zones of interaction of Hello.Wall

Follow-Me [19] is a system that allows a user to move around a place where the interface of the
application “follows” him to the nearest appropriate input or output device. The system uses cameras which are
installed into a room. Then the user selects the cameras that are conveniently going to track his position.
Afterwards, a video stream is created, which always shows the view of the nearest camera keeping track of the
user’s position, as he moves between different desks, displays etc.

Different applications give a different meaning to the word “nearest”. Using the follow-me system entails each
desktop having a space designated around it which, for example, the attached keyboard is in range. To support
phone calls the system has to take into account the obstacles in space posed by other objects in the room. For
camera selection, a good view of the user is required.

For this project, measuring only the distance is not enough to cover the requirements. For instance, the fact that a
telephone device appears to be placed very close to a user does not grant that the user is able to access the device,
as there could be a wall between them. Thus, to handle nearness only based by proximity data is not a good idea in
this case.

The CURBJ20] app started as an app for retrieving building information but it switched to a check-in
application for mobile phones where users could check-in to rooms they visit frequently inside a building. Every
room has an energy score, which is based on averages depending on the frequency that the user checks into. This
score is calculated on a daily basis and its value is related to the amount of energy used, compared to an efficiency
goal extracted from the previous year’s energy consumption. The score is presented as a percentage grade. In case
of better room efficiency, the green color is used as an indication for the good score of the room whilst the red is
used to indicate a bad score. For the occupants who are contributing to the system, CURB provides badges for
check-in purposes.

Figure 2-3: The CURB app

Active Badge[21] is one of the first location-aware applications. It is a tracking electronic device that users
have to wear. Infrared signals are transmitted to sensors which are installed around the building. Thus, location-
based services can be offered, since the active badge provides location information to the system. The first
scenario that was used to experiment with the system was to have phone calls automatically routed to the nearest
telephone device which is closest to the user.



2.3.2 Proximity based

The following implementations are proximity dependent.

MirrorSpace [22] is a multi-user interactive communicating system which is proximity dependent.
While most of the existing systems create a shared space which is single, depending on the distance between the
participants, MirrorSpace creates a continuum of space which allows interpersonal relationships to be interpreted.

An optical sensor, a micro controller and a PC are needed to determine the presence of users and blur the
environment on the live feed. The blur effect is based on the distance of the participants. The moment a user joins
the space, a camera which is installed in the center of the screen captures the space and projects it to the screen
where the user is able to see himself and other participants who are also using the system. Depending on the
distance between the user and the screen, the resulting specific user image is accordingly distorted in the live feed.
This has an immediate effect in the way participants communicate with each other.

Figure 2-4: MirrorSpace installation at Mains d’Oeuvres (Paris, May 2003)

Péle-Mgéle [23] is a multiparty video communication system which is designed for group interaction. The
components of this system consist of a screen which is equipped with a video camera connected to a small
computer. The screen shows other places which are also equipped with the system, with a detailed view of other
users who are currently using the computer. This way the system informs the user about the presence of other
users.

The key point of the system is the three-level engagement that it introduces and the way that transitions between
engagement levels take place. It constantly monitors the activity and classifies it accordingly. These three levels
are: (i) away, showing video clips with activity that happened in the past and a view of the last image transmitted,
(ii) available, showing video clips with activity that happened in the past and a delayed live stream, (iii) engaged,
showing video clips with activity that happened in the past and a live stream which is also recorded for later use.
Péle-Méle uses OpenCV’s face detector to locate people and determine their distance.

Figure 2-5: Péle-Méle, two examples of time composed pictures

Pirates! [24] Is a multiplayer computer game which runs on handheld computers that are networked
through wireless LAN. The virtual game environment is maintained and controlled by a local server which also
keeps track of the players’ progress over time. The handheld consoles are equipped with proximity sensors which
are needed to retrieve the location of the player in the physical space where the game takes place.

In this game, game events, such as engaging a combat with other players or exploring an island, are depending on
the player’s location in the physical space. Short range RF sensors are embedded in several locations in the
physical game area which correspond to islands in the virtual game area. The RF transceivers that the handhelds
are equipped with are used to determine the players’ position in the physical world or relative to each other.



Proximal Interactions [25] is another example that is triggered under specific spatial conditions. In this
paper, the authors suggested a new way to connect two devices wirelessly using the standard wireless LAN.
Currently one has to configure the system with appropriate IP addresses in order to setup a connection. To
maintain network settings for later use is not the most convenient thing. Also, inputting that kind of information in
handheld devices can be slow. In this new way, a near field channel is used which allows the exchange of
information that is needed to configure the connection. For this to happen, the user has to point to a target device
for infrared-equipped devices or to bring the two devices close enough, in case of RFID technology is used. After
exchanging configuration info, the wireless LAN connection is automatically established and from then on, data is
transferred through the standard WLAN channel.

Nearfield, Out-of-Fband Communication
e

Figure 2-6: Proximal Interaction Model

ConnecTable [26] displays are displays that are able to act as one large display when they come really
close to each other. That way, individual workspaces can be shared among users. A typical interaction that is
supported using these displays is the drag-n-drop feature where a user can drag a digital object from his display
and his workspace onto another connecTable. Moreover, by using a simple gesture you can get simultaneous views
of a specific object which can then be shuffled to other displays as well. When the devices are disconnected, each
user works again on their own single workspace.

Figure 2-7: ConnecTables. (a) Single workspace, (b) ConnecTables are placed next to each other,
(c) Homogeneous display area enabling to exchange information objects, (d) shared views of the same object

2.3.3 Multiple-methods based

The following implementations are based on more than one method. The first one depends on location
tracking and orientation whilst the second one is reliant on location tracking, orientation factors and proximity.

This paper talks about a system named Virtual Shelves [27] which is an interface that allows users to
execute commands by spatially accessing predefined locations in the air. Virtual shelves exist at the theta and phi
planes in front of the user and different regions cause different kind of interaction (e.g. a button or a shortcut, etc.).
Two studies were conducted. In the first, general kinesthetic accuracy was measured by getting the user to try to
locate a region on the virtual shelves. In the other study, participants were given cell phones and were asked to
operate them using orientation and reaching certain spatial locations. The results were encouraging and showed
that users are able to perform such spatial operations accurately enough and are also able to execute tasks even
faster than using the standard way of interaction for cell phones.
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Figure 2-8: Virtual Shelves. Left: A user orienting a phone to trigger shortcuts.
Right: Web browser specific shelves available to the user when browsing the internet.

iCam [28] is a handheld device capable of determining its own position, orientation and the location of
objects in its environment, using given position sensors. iCam is equipped with a camera, a touch screen, a
location tag and orientation sensors. Additionally, it uses a laser pointer which is used against a physical object in
order to determine its relative position. One has two ways on how to use the system. At first, you can define the
physical space and put content in it. When you trace parts like walls and doors, you allow the system to produce a
geometric model of the space. Subsequently, you can add digital content. Then, one can use the camera to capture
the space and see the augmented digital content on top of the video stream. Applications of this type, that mix
computer generated information with the real world, are called Augmented Reality.

A simple usage scenario for the iCam is a mobile tour guide. POIs (Points of Interest) are captured and then digital
content is added. Tourists then can use the iCam to navigate through space and retrieve information for any
interesting point.

Figure 2-9: iCam. The user scans the physical environment

2.3.4 Other-methods based

The following implementations are based on methods that have not been mentioned above. The first one
depends on sensing footsteps whilst the second one is reliant on gestures.

The Sensoric Garden’s Clavier [14] is a walkway equipped with light sensors that are triggered when
someone walks by. The system was installed in a park during a festival in Bremen (Germany). When users were
walking along this path, they caused a colored spotlight reaction in the place they had their feet. Also, sounds from
drums and beats were played which encouraged people to jump from light to light and to dance to their own music.
Some also tried walking back and forth and used umbrellas and other objects to trigger many sensors
simultaneously.

The system offered users ways to implicitly and explicitly interact. As users were passing by, interaction
was taking place with the system in an implicit manner. Moreover, as a single user could only produce simple
sounds, several users needed to cooperate in order a richer audio mix to be produced. Thus, group creativity was
encouraged. Apart from the fact that Clavier highlights the spatial interaction theme, these effects make it a good
paradigm for the embodied constraints given by the sheer size of an interaction area. Furthermore, the need for
full-body interaction makes this interaction publicly available where actions are visible.

Figure 2-10: Visitors dancing on the Clavier
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In a paper about “imaginary interfaces” [29], researchers are trying to create interfaces which will not
require the need for any visual feedback. By using screen-less devices and empty hands, users are able to achieve
spatial interaction. The aim of this experiment is to discover whether spatial interaction is possible when using
imaginary interfaces, examining the possibility to create a system that relies on a user’s recent memory without
providing feedback that the user can acknowledge. Users form an L-shaped cross using their non-dominant hand
and keep this cross as a reference for their imaginary space, while with the other hand they point and draw
whatever they want. The device which they use, constantly monitors hand movements and discovers what
command the user wants to execute. It also uses the L-shaped cross as a point of reference. The article states that it
was difficult for users to remember the different gestures in order to accomplish things, because of the missing
visual cues to help their memory.

Figure 2-11: Using Imaginary Interfaces

Research work Location | Proximity | Orientation | Other

Proximo

Hello.Wall

Follow-Me

The CURB app

Active Badge

MirrorSpace

Péle-Méle

Pirates!

Proximal Interactions

ConnecTable

Virtual Shelves X X

iCam X

Sensoric garden Clavier X

Imaginary Interfaces X
Table 2-1: Related work

X[X|X|X|X

X|X|X|X|X

X
X

2.3.5 Conclusion

We reviewed several research implementations. Each of them uses one or more properties from the
notion of spatial interaction. Five out of fourteen use only location-based methods, while another five use only
proximity-based methods. One of them uses a combination of the aforementioned methods along with orientation-
based methods, while another combines methods relying on location and orientation. Finally, the remaining ones
use other methods, such as gestures or sensing footsteps.

What we noticed is that a system is created in every research project that uses some kind of spatial
interaction. However, no existent language can fully describe the full range of interaction that takes place in those
systems. Hence, there is currently no framework a developer can use in order to readily alter the functionality of
such a system.



3 Spatial language definition

In this chapter we make an attempt to define our suggested spatial language through the two main
subsections below. In the first one we refer to the spatial language properties, while in the second one we analyze
the specifications of this language.

3.1 Spatial language properties

In this subsection, we assess the properties of the spatial interaction language that we suggest. In such a
language, physical objects and their attributes play a crucial role for its structure. In other words, the fact that the
state of an object can change from being still to be moving can be either meaningful or completely indifferent to
us. This language should give us the possibility to describe any potential spatial interaction action in a given
physical space. Therefore, apart from acknowledging the given space, it should be in a position to: (i) identify the
ambient object characteristics that are related to it, (ii) make it possible for the developer to define various
constraints, (iii) make it possible for the developer to register various events that will be raised under specific
circumstances.

3.1.1 Object characteristics

Any given object comes with a number of specific characteristics. These ambient object characteristics are
related to its sheer nature. From this group of attributes we merely make use of those that are relevant to us in
order to efficiently define an object as an entity.

Characteristics Explication Value
Position The coordinates of an object in a physical space (%, y, z) coordinates
Size The relative extend of an object regarding its length, (length, width, height) cm
width and height
Orientation How the object’s axes are placed (%, y, z) degrees
Speed The rapidity of movement of an object cm/s
Acceleration The rate of change of speed per unit of time cm/s?
Weight (not actually spatial) An object’s relative mass g

Table 3-1: Object characteristic
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3.1.2 Constraints

Generally, a constraint is a statement of restriction, modifying a requirement or set of requirements by

limiting the range of acceptable solutions. A constraint can be used as an event attribute or as an object attribute
that an event entails.

Constraints Explication Range Object attributes

Distance The amount of space between the given min = distance_value = max X
object and another object

Threshold The time window in which an event should min = latency_value = max X
occur

Absolute orientation | The min/max permitted degrees of an min(x, y, z) = current(x, y, z) = max(x, y, z) v
object’s absolute orientation

Relative orientation The min/max permitted degrees of an min(x, y, z) = current(x, y, z) = max(X, y, z) X
object’s orientation relative to another object

Relative location The area which the object is permitted to be | min(x, y, z) = current(x, y, z) = max(, y, z) X
coming from

Speed The min/max permitted velocity of an object | min = speed_value = max v

Acceleration The min/max permitted change of speed of min = acceleration_value = max v

an object

3.1.3 Events

Table 3-2: Constraints

The idea behind the event-driven approach is that specific sections of code are executed based on what
spatial interactions occur in the physical space. An event is a set of requirements that once satisfied can cause a
specific function to be called. This function is associated with the event, meaning that, when the event is raised, the
function is called to handle it.

Our suggest language supports two kinds of events: (i) Base (elementary) events, which are caused by
alterations in certain object attributes, (ii) Composed events, which are caused by the concurrent occurrence of two
or more elementary events.

Base (elementary) Explication Event attributes
events
Enter A registration of an Enter event will cause this event to be raised | Distance, relative
when the source defined object comes close to the destination | orientation, relative
defined object location
Leave A registration of a Leave event will cause this event to be raised | Distance, relative
when the source defined object leaves the destination defined | orientation, relative
object location
Meet A registration of a Meet event will cause this event to be raised | Distance, relative
when one object comes close to another orientation, relative
location
Separate A registration of a Separate event will cause this event to be raised | Distance, relative
when one object leaves another orientation, relative
location
Orientate A registration of an Orientate event will cause this event to be X
raised when one object changes its orientation
Null A registration of a Null event will cause this event to be raised X
when one object’s constraints are fulfilled even though the event
has no constraints itself

Table 3-3: Elementary events
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Composed Events

Event type

Explication

Event attributes

Temporal events

Sequence

A registration of a “sequence type” Temporal event
will cause this event to be raised when the entailed
events are raised in a specific order

Threshold

Simultaneous

A registration of a “simultaneous type” Temporal event
will cause this event to be raised when the events
entailed are raised in an almost concurrent way

Threshold

Logical events

And

A registration of an “and type” Logical event will
cause this event to be raised when the entailed events
are both raised over time, without a specific order and
without both happening at the same time to be
mandatory

A registration of an “or type” Logical event will cause
this event to be raised when either one or both of the
two events occur

Table 3-4: Composed events
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3.2 Specification language definition

In this chapter, we analyze the specifications of the suggested event-driver language. We present basic
examples, explaining its functionality and capabilities.

We have chosen the standard XML format to be the format that our source code will be written in. XML
stands for eXtensive Markup Language and is an international data standard. It aims to separate presentation,
structure and meaning from the actual content. Nowadays, XML is used to represent any kind of data structure. By
using the XML format we take advantage of its great simplicity in its syntax and structure. XML files are easy to
read, understand and translate into other environments.

XML advantages
Simplicity Easy to understand, using tags which you define
Organization Easy to organize files based on their content
Accessibility Accessing and updating the content is easy and time-saving
Standardization | XML is an international standard. Everyone is likely to be able to view or alter the content

Table 3-5: XML advantages

On top of these, from a developer’s perspective, parsing an XML file today is a relatively easy task to
perform, due to the fact that there are plenty of XML parsers available to use.

3.2.1 XML syntax

XML syntax rules are very simple and logical. Basic XML rules that we use in our source files consist of:

e  Every element must have a closing tag.
<tag> element </tag>
e XML tags are case sensitive
<Tag> ... </Tag>
e XML Elements must be properly nested
<Student><Telephone>0683115113</Telephone></Student>
e XML documents must have a root element

<root>
<child> ... </child>

<root>

e XML attribute values must be quoted
<Enter id="enter1””> ... </Enter>

e  Comments in XML are declared like this:

<!I-- This is a comment -->

13




3.2.2 XML structure

In our spatial interaction language, before executing a scenario, one has to define some system-related
elements, some environment-related elements and the scenario itself. These definitions are part of the source code

that the developer should provide to our tool. To make things simpler, we decided to split the source code to three
separate XML files, depending on their content:

Default filename (can change) Information contained

system.xml System related Location tags definition

environment.xml Environment related Space and objects definition

scenario.xml Scenario related Scenario definition (actions, constraints and
events)

Table 4-1: System, environment and scenario content

The structure that these three files should follow is defined in their corresponding XML Schemas.

An XML schema [30] describes the type of XML document, typically expressed in terms of constraints on the
structure and content of documents of that type.

3221 System file

The system file contains system related information. More specifically, in this file the developer has to
define the number of tags which are present on the system. He also needs to specify unique IDs.

<!I-- Available tags in the system
Attributes: id -->
<Tags>
<Tag id="tagl"/>
<Tag id="tag2"/>
<Tag id="tag3"/>
</Tags>

In this example, we have declared the presence of three tags. We also define their unique tag IDs.

schema

Element Form Default | gualified
© [ SystemType

© [0 TagType

System Tags 1.0
o—@o o—@o—-=(@m)o
Type SystemType Type TagType
Tags
[ SystemType (O © ®
Type TagType

(V TagID)@—(V xs:string)

Built-in primitive type. The string datatype represents
character strings in XML.

Figure 4-1: System file XML Schema graphical representation
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3.2.2.2 Environment file

The environment file contains environment related information. More specifically, in this file the
developer has to define a space with a size, a name and as always a unique space ID. Also he needs to define the
objects which are present and have a meaning to the scenario.

<I-- Definition of Space
Attributes: id -->
<Space id="spacel">
<!-- Definition of Room -->
<Name>MySpace</Name>
<I-- Size of room
Attributes: values for x,y,z (in cm) -->
<Size>
<x value="600"/>
<y value="600"/>
<z value="350"/>
</Size>
</Space>

In the above example, we have defined a space with an ID, a name, and a size.

<!-- Definition of Objects -->
<Objects>
<I-- Definition of Object
Attributes: id, tag -->
<Object id="object1" tagl="tagl">
<Name>Track 1</Name>
<!I-- Object location in room
Attributes: values for x,y,z (in cm)-->
<Location>
<x value="100"/>
<y value="100"/>
<z value="150"/>
</Location>
<!-- Size of object
Attributes: values for x,y,z (in cm)-->
<Size>
<x value="30"/>
<y value="15"/>
<z value="5"/>
</Size>
<!-- Weight of object
Attributes: weight value (in g)-->
<Weight value="500"/>
<l—Default absolute orientation of the object
Attributes: values for x,y,z (in degrees) -->
<AbsoluteOrientation>
<x value="0"/>
<y value="0"/>
<z value="0"/>
</AbsoluteOrientation>
</Object>
</Objects>

Here we define an object. We set its name, location, size, weight, default orientation and the tag which is
attached to, if there is any. The weight property is not actually a property that we can sense using a location
system. Thus, its use is limited for developer guidance purposes only.
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S
Type SpaceType

© [] ObjectType
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@
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Type OrientationType
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Figure 4-2: Environment file XML Schema graphical representation
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3.2.2.3 Scenario file

The scenario file contains scenario related information. This means that the developer has to define the
actions, constraints, any virtual objects and lastly, the events.

<l-- Definition of Actions -->

<Actions>
<!I-- Attributes: id, function to call -->
<Action id="action1" function="function1"/>
<Action id="action2" function="function2"/>
<Action id="action3" function="function3"/>

</Actions>

In the above example, we define a set of actions which will trigger the call of their corresponding functions
in case an event which is related to that action is raised (Currently, the functions are typical C# methods embedded
in the implemented tool). After defining the actions, constraints are the next to be defined in the scenario file. In
our case, the developer is free to define as many constraints as he wants for later use with events, adjusting their
final requirements. The constraints consist of distances, thresholds, orientations, locations, speeds and
accelerations.

Below, we define two different distance constraints (one as the default) with their minimum and maximum
distance limits. Distances are used in events, such as the Enter event, to set how much should an objectA come
close to an objectB in order to raise the event.

<l-- Definition of Distances -->
<Distances>
<I-- Attributes: id, min, max (in cm), default will be used if not set -->
<Distance id="distancel" min="0" max="10" default="true"/>
<Distance id="distance2" min="15" max="20"/>
</Distances>

The purpose of setting thresholds is to allow the developer to write events which will only be raised within specific
time frames. Here, we define a threshold of 2000ms and we set it as default.

<I-- Definition of Thresholds -->
<Thresholds>
<l-- Attributes: id, interval (in ms), default will be used if not set -->
<Threshold id="threshold1" interval="2000" default="true"/>
</Thresholds>

Absolute orientation refers to the orientation of the object, while relative orientation refers to the orientation of the
object relative to the absolute orientation of another object. Using orientation constraints, one can create several
events which will only be raised if the absolute orientation or relative orientation requirements are met. In this
example, we define two different orientations with their min/max values which satisfy the rule. If orientation in an
axis is not set, it could be any value.

<I-- Definition of Orientations (Absolute or Relative) -->
<Orientations>
<I-- Attributes: id, min, max for x, y, z axes (in degrees) -->
<AbsoluteOrientation id="absoluteOrientation1">
<x min="0" max="180"/>
<y min="0" max="90"/>
<z min="0" max="90"/>
</AbsoluteOrientation>
<I-- Attributes: id, min, max for x ,y, z axes (in degrees) -->
<RelativeOrientation id="relativeOrientation1">
<x min="0" max="60"/>
</RelativeOrientation>
</Orientations>
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Relative location means to locate a place relative to the location of other places. In our case, relative
locations are used to support having different events raised, based on different directions, where one object can
approach another object (for example, in an Enter event case). In the example below, we define a relative location
containing the margins, which we could later use to set as a requirement to an event.

<l-- Definition of Locations -->
<Locations>
<I-- Attributes: id, min, max for a(x), b(y), c(z), d -->
<RelativelLocation id="relativeLocation1">
<x min="0" max="2"/>
<y min="0" max="3"/>
<z min="0" max="1"/>
</RelativelLocation>
</Locations>

By defining speed constraints, we set the minimum and the maximum speed a tagged object can have to satisfy the
requirement. At least one of the min/max values is required.

<!-- Definition of Speeds -->
<Speeds>
<!l-- Attributes: id, min, max (in cm/s) -->
<Speed id="speed1" min="10"/>
<Speed id="speed2" min="4" max="8"/>
</Speeds>

Respectively, by defining acceleration constraints, we set the minimum and the maximum acceleration a tagged
object can have to satisfy the requirement. At least one of the min/max values is required.

<!-- Definition of Accelerations -->
<Accelerations>
<l-- Attributes: id, min, max (in cm/s?) -->
<Acceleration id="acceleration1" min="2" max="5"/>
<Acceleration id="acceleration2" max="8"/>
</Accelerations>

Virtual objects are not real objects. A virtual object is a set of real objects that we want to put in proximity to each
other and treat like one object. However, a virtual object cannot have standard size, orientation, etc. Below, we
define a virtual object as a set of three objects. In order for this virtual object to exist, the objects contained should
not exceed the maximum distance of the distance attribute used.

<I-- Definition of VirtualObjects -->
<VirtualObjects>
<!I-- Attributes: id, distance, default will be used if not set -->
<VirtualObject id="virtualObject1" distance="distancel">
<Name>VirtualObjectl</Name>
<Object>0Object1</Object>
<Object>0bject2</Object>
<Object>0bject3</Object>
</VirtualObject>
</VirtualObjects>

After defining actions, constraints and virtual objects, we have to register our events. Generally, in an event-driven
language the flow of the program is determined by events (e.g. sensor outputs or user actions). In the scenario file
we also associate an action with an event, meaning that when the event occurs, the function that is associated with
that action is called to handle it. Starting with elementary events, we define an Enter event which will be raised
when the source object (Objectl) comes close to the destination object (Object2). A distance constraint is not
entailed, thus, the default defined distance will be used.

<Enter id="enter1" action="action1">
<Src>0Object1</Src>
<Dst>Object2</Dst>
</Enter>
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At this point we define a Leave event which will be raised when Objectl leaves Object2. A distance constraint is
not entailed, thus, the default defined distance will be used.

<Leave id="leavel" action="action3">
<Src>0bject1</Src>
<Dst>Object2</Dst>
</Leave>

Below we define a Meet event which will be raised when Objectl and Object2 come close to each other. A
distance constraint is not entailed, thus, the default defined distance will be used.

<Meet id="meet1" action="action2">
<Object>Object1</Object>
<Object>0bject2</Object>
</Meet>

Here we define a Separate event which will be raised when Objectl and Object2 are separated. A distance
constraint is not entailed, thus, the default defined distance will be used.

<Separate id="separatel" action="action4">
<Object>0bject1</Object>
<Object>0bject2</Object>
</Separate>

Below we define an Orientate event which will be raised when the orientation of Objectl changes from the
orientation defined in the SrcOrientation element to the one defined at the DstOrientation element.

<Orientate id="orientatel" action="action5">
<Object>0bject1</Object>
<SrcOrientation absoluteOrientation="absoluteOrientation1">0bject1</SrcOrientation>
<DstOrientation absoluteOrientation="absoluteOrientation2">0bject1</DstOrientation>
</Orientate>

At this point we define a Null event which will be raised when the speed of Objectl matches the speed related
constraint.
<Null id="null1" action="action6">
<Object id="speed1">0bject1</Object>
</Null>

Now we define a “sequence type” Temporal event which will be raised when the events entailed are raised in a
specific order within a potential given threshold.

<TemporalEvent id="temporalEvent2" type="sequence" threshold="threshold1" action="action8">
<Event id="enter1"/>
<Event id="enter2"/>

</TemporalEvent>

Now we define a “simultaneous type” Temporal event which will be raised when the events entailed are raised
almost concurrently within a given threshold.

<TemporalEvent id="temporalEvent3" type="simultaneous" threshold="threshold1" action="action9">
<Event id="enter1"/>
<Event id="enter2"/>

</TemporalEvent>

Here we define an “and type” Logical event which will be raised when the entailed events are both raised over
time, without a specific order and without both happening at the same time to be mandatory.

<LogicalEvent id="logicalEvent1" type="and" action="action10">
<Event id="enter1"/>
<Event id="enter2"/>

</LogicalEvent>
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Below we define an “or type” Logical event which will be raised when either one or both of the two events occur.

<LogicalEvent id="logicalEvent2" type="or" action="action11">
<Event id="enter1"/>
<Event id="enter2"/>

</LogicalEvent>
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Figure 4-3: Scenario overview XML Schema graphical representation
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4  Real-time location systems

“Real-time locating systems are wireless systems with the ability to locate the position of an
item anywhere in a defined space (local/campus, wide area/regional, global) at a point in time that is, or is
close to, real time” [31]. Objects can be tracked and identified in real time by the usage of a RTLS.

Using a RTLS, one is able to detect the user’s or object’s location at a specific time and refresh rate.
Technologies like camera vision, GPS, IR (infrared) RFID, WLAN, UWB can be used in a RTLS.[32] In two or
three-dimensional space, location systems are able to approximate the location of an object using references
related to known space coordinates. Usually, in order the system to calculate these values, parameters like
distance and observable angles are used, which can be retrieved through various sources, like the difference
between arrival times and field strength. Location systems aim to detect the exact location of users or objects,
encountering as minimum errors as possible. Once we get the relative location of an object, which is related to
some reference points, we can find its absolute location [33]. Noise, errors in measurement, as well as reference
points which are not accurate enough can cause errors in the detection process.

Lately, location technologies are focused on improving the system’s detection accuracy and also the
process of integration of multiple data and knowledge representing the same real-world object into a consistent,
accurate, and useful representation. To take advantage of the existing technologies, one has to estimate several
aspects in order to choose the proper technology. Each location system serves a purpose which is associated with
its advantages and limitations. Thus, location system requirements contribute in reaching the goal of the RLTS.
“Good applications are those that achieve an adequate equilibrium between system requirements, technological
advantages and associated costs” [34].

RTLS system requirements

Accuracy Accuracy of 30cm or less and a refresh rate of minimum 1Hz is generally
considered acceptable by many applications for navigation, location
tracking etc.

Cost of installation Depending on the application and usage, the system should not be very
expensive to acquire and install

Cost of operation and ease of use The System should be simple to maintain, with an acceptable cost

Size and weight Depending on the objects which will be tagged and the room that the
sensors will be placed in, they should have suitable size and weight

Standards and regulations Regulations to follow based on the country

Interoperability The system must have an interface with wireless communication
technologies and also tolerate other RF (Radio Frequency) signals as well

Range To be able to detect the longest possible static or mobile object

Interferences The system should have acceptable performance under multipath signals

caused by obstacles

Table 5-1: RTLS system requirements
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4.1 UWB Systems

UWB systems are short-ranged and typically used indoors. By using UWB, signals can be carried through
thin obstacles. UWB is better than common RF in cases where reflections deform the direct path signal, making it
difficult to distinguish. If conditions allow it, the UWB system can achieve accuracy of up to 15cm. Accuracy of a
UWB system can be affected by the lack of direct line of sight tag signals and the existence of metallic objects in
the local area.

UWB RLTS components

Tags Small sized, most of the times are attached to objects we want to track

Location sensors Location sensors can determine tags location by using angles and signal
timing. They are also capable of two-way communication

Location engine The software that carries out the computation process to find the exact
location, using techniques like TOA (Time of Arrival) and TDOA (Time
Difference of Arrival)

Middleware The software that connects the disparate applications, allowing them to

communicate with each other and exchange data. It is the software that
resides among the pure RTLS technology components (tags, sensors,
and the location engine) and the business applications [32]

Application The software that interacts with the RTLS middleware and does the
work users are directly interested in [32]

Table 5-2: UWB RTLS components

4.2 Ubisense UWB System

The Ubisense location system uses UWB radio and it consists of the following components:

e  Ubisensors, which are in fixed locations spread all over the area to be covered and network via
Ethernet. Ubisensors are equipped with a common RF transceiver and UWB receivers.

e  Ubitags, which are tags that can be attached to objects or carried by people, Ubitags are equipped
with a common RF transceiver and a UWB transmitter.
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Figure 5-1: Ubisense hardware components
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The Ubisensors are usually four to seven, organized in such way where every Ubisensor is responsible for
a given area. One Ubisensor is set as the master sensor and it organizes a TDMA network using common RF.
Every Ubitag is active based on schedule of slots that is allocated. This schedule can change dynamically from the
software, in case we want to capture fast moving objects (faster refresh rate) or very slow moves (lower refresh
rate). Two way communication is supported by the common RF channel between Ubitags and Ubisensors. Each
Ubitag when is active, transmits its identity through common RF along with a UWB pulse sequence. The
Ubisensors use this pulse to detect the location of the Ubitag. It is possible to get a Ubitag location by using only
two Ubisensors. Ubisense location engine uses techniques like AOA (Angle of Arrival) and TDOA (Time
Difference of Arrival) to find the location of the transmitting Ubitag.

The Ubisense platform is based on a client-server model, which allows communication from the server to
clients and vice versa [Fig. 5-2].

DHCP Server
O Ubisense Platform Server © Ublsense|Cllents

Figure 5-2: Ubisense platform

In the Ubisense software suite, location engine software monitors tag locations and is also capable of managing
and controlling the Ubisensors, cells, filtering etc. In the following figure [Fig. 5-3], the Ubitags are represented by
green dots.
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Figure 5-3: Ubisense location engine

Site manager is also part of the Ubisense software suite. Using this application you can edit object names, types,
their representation etc. [Fig. 5-4]
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Figure 5-4: Ubisense site manager

The Ubisense simulator application [Fig 5-5] can simulate the movements of the tags without the need to install
any sensors. It gives the possibility to create scripts based on real life scenarios and execute them without having
the need to move any tag in the real environment. This tool was used to thoroughly inspect the operation of the
compiler application which was developed in this project.

: File Edit View Area Script Help

DS e nm|®?

Figure 5-5: Ubisense simulator

Ubisense software suite is fully integrated within Microsoft .NET Framework. A .NET API is provided by
Ubisense which allows system functions to be controlled. The API includes four DLL files which can be loaded
(referenced) in MS Visual Studio .NET projects using .NET programming languages, like C# or VB.NET.
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5 Compiler implementation

5.1 Architecture

This compiler application is written in C# language (NET Framework), using the Visual Studio 2012 IDE
and referencing the Ubisense Dynamic Link Library (DLL) files. It consists of some basic primary components,
along with some components that have a secondary role for its operation. Components are described in detail in
this chapter.

Compiler
XML Parser Location Sensing Event Manager Action Manager
. Ubi Event i t: .
Error checking |sen?e GUI ven requl.remen > Function code
Connection checking

Figure 6-1: Compiler components overview

Basic components include the XML parsing process, the location sensing, the event manager and the
action manager. Despite the fact that a connection to Ubisense system is mandatory for this implementation,
generally it is something that can change depending on the installed localization system. In our case, we used the
Ubisense system that IRoom is equipped with. The GUI of this compiler is designed in a user friendly way. Its
tabbed design allows the user to easily browse the parsed source code and have a quick overview of the code,
before executing the loaded scenario. The embedded log viewer will keep track and report everything on time. It is
able to report several types of warnings and errors when parsing the source code, while at run-time it is able to
provide relevant, event-driven feedback for the given scenario.

There are specific tasks that the compiler has to execute under a specific order. Starting from the successful
parsing of the XML source code files, a connection to the localization system has to be established. Once we
retrieve new location data from the system, the event manager processes these data. In case the requirements of a
user defined event are met, the action manager is becomes responsible for executing the corresponding function
code of that event. Below is the compiler’s task flow diagram. Each task will be explained in detail in the
following sub sections of this chapter.
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Figure 6-2: Compiler’s flow diagram

5.2 XML Parsing

The first task which a compiler has to perform, is the parsing of the given source code. Parsing techniques
can differ from source code to source code, depending on the language that the source code is written in. In our
case, we need to parse source code files which are written in XML.

Given the .NET framework library, parsing an XML file can be done in several ways by using premade
classes from the library. For our purpose, we choose to use the XPathDocument class which is able to parse the
XML file using the XPath (XML Path Language) query language. XPath is a language for finding information in
an XML file. It’s, kind of, SQL for XML files. It is used to navigate through elements and attributes in an XML
document. In addition, XPath can also be used to compute values (strings, numbers or Boolean values) from the
content of an XML document.

Several XPath queries have to be executed to get the whole data contained on the source files. For
example, to be able to get the id of the first tag that is registered on our system, we have to execute the following
query on the system file:

"/System/Tags/Tag[1]/@id” (Microsoft’s parser starts the enumeration from number 1)

Getting data from the environment file -for example the name of the first declared object- can be done by
executing the following query:

"/Environment/Objects/Object[1]/Name"

Likewise, getting the action id of the first Enter event, as it is declared on the scenario file, is done by executing
the following query:

"/Scenario/Events/BaseEvents/Enter[1]/@action”
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5.2.1 XML Error Checking

To ensure that the user’s source code is valid, we have to use some kind of error checking. In our case,
the compiler performs a two-phase error checking process.

At the first phase, the compiler tries to validate each one of the three XML source files against the XML
Schemas that the compiler has built-in. This operation is performed using the XmlValidatingReader class of the
.NET framework library. In case of a validation error, the compiler will provide feedback to the user via the log
viewer.

In this example, an enter event is declared in the scenario.xml file without having an event id:

<Enter action="action1" distance="distancel">
<Src>Track 1</Src>
<Dst>Music Player</Dst>

</Enter>

We get the following error message:

[XML Schema error][scenario.xml] Line: 126, Pos: 14. The required attribute 'id' is missing.

At the second phase, we have already validated successfully the given source code, but Schema
validation does not cover all error cases. One such case is when one can declare an Enter event that, for instance,
states “when ObjectA comes close to ObjectB, then do actionA” in the scenario file, but the objects themselves are
declared in the environment file. So, we cannot be sure if both objects exist before registering the event to the
compiler. For cases like this, the compiler has to retrieve the object list from its memory and search for the specific
objects in the scenario file. Below it’s a flow diagram showing exactly how the secondary phase error checking
works to identify such error cases.

RN / System data
[ System XML file pf————Pp/ stored in

N . / memory

Check if tags

( Environment XML declared are valid Environment
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v f - in memory

~ - itself - data i
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Figure 6-3: Secondary phase error checking

The error reported for the secondary phase is similar to the first phase. For example, in case we try to use a non-
existent “tag9” in the environment file, which is not declared in the system file, we get the following error
message:

[XML error][environment.xml] Tag "tag9" does not exist on current System
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Compiler is also able to provide some warning messages as well. For example, when composing a
scenario file, it is strongly recommended to define some constraints as defaults. Otherwise, the user will have to
explicitly declare every constraint that is needed for every event. In that case, the compiler will throw a warning
message, informing the user that some constraints are not declared as defaults.

<Distances>
<Distance id="distancel" min="0" max="2" />
</Distances>

[XML warning][scenario.xml] Default Distance is not declared

5.3 Location Sensing

Location sensing plays a crucial role when it comes to a developing software such as this compiler.
Depending on the installed localization system that we want to get data from, connecting and retrieving such data
asynchronously and at real-time may be different for each system. In our case, we used the Ubisense localization
system which comes with a .NET API and provides great functionality and comfort.

By using the Ubisense system, a developer has the possibility to register spatial relations between objects
in ambient space to the system. By doing this, the system is able to automatically provide feedback about the
current state of a specific spatial relation in any application which is connected using the API. Such spatial
relations can also be registered through code to the Ubisense system.

We examined the possibility of creating the compiler using this handy functionality that the API
provides, but instead, the decision was not to take advantage of this. Ubisense is not the only localization system
available. Thus, we want our implementation to be written in such a way, so as to be compatible with other real-
time location systems as well. In our implementation, we made the least possible usage of the Ubisense API by
only getting simple location events of the tags in our 3D space. So, every time the system senses a change in the
location of a tag, it asynchronously sends us the new location of it, eliminating the need to poll the system in order
to get any new locations. Once the compiler receives a new location, it updates the location of the corresponding
object. Then this location is added to the object’s location history.

5.4 The event manager

In our language, in order a specific action to be triggered, it is mandatory for a corresponding event to be
raised. For an event to be raised, there are several requirements that have to be met. These requirements often
relate to the speed of a given object, the acceleration, the spatial relation between several objects etc. The event
manager is responsible to tell whether an event has all its requirements fulfilled or not.

At the time a position change occurs, the event manager gets the object whose position has just changed. Then, a
search task is performed to find all the registered events which relate to that specific object. For each one of these
events, depending on the event type, the event manager checks the requirements one by one, starting from the base
requirement (these requirements differ from event type to event type), to then proceed to the several constraint
requirements. Let’s take the following enter event as an example:

<!-- Src object comes close to Dst object
Attributes: id, action, distance (default distance will be used if not set) -->
<Enter id="enter1" action="action1" distance="distancel">
<Src>Mobile phone</Src>
<Dst>Desk</Dst>
</Enter>

In this example, let’s suppose that the location of the mobile phone object was just changed. The event manager
will be noticed accordingly about this incident. After finding the event which is related to this object, in our case
the example event stated above, the event has to start the requirement checking procedure. For an enter event, the
distance between those two objects have to be smaller or equal to the defined distance with id “distancel”. This
applies to enter event types.
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For example if we register the same event as a leave event:

<!-- Src object leaves Dst object
Attributes: id, action, distance (default distance will be used if not set) -->
<Leave id="leavel" action="action2" distance="distancel">
<Src>Mobile phone</Src>
<Dst>Desk</Dst>
</Leave>

Then, the same procedure will follow but having declared the event as a leave event, the distance will have to be
greater than the defined in order to be raised.

5.5 The action manager

The final task that the compiler has to perform is to trigger the action which is related to a specific event
every time this event is raised by the event manager. That does not mean that every event is related to a specific
action. There can also be events which do not have any corresponding actions at all. In any case, the action
manager will loop through the action list in order to search for a corresponding action for the raised event.

Once an action has been found, then, the action manager will perform this action. Generally, actions are
nothing more than simple function calls which contain source code based on the given scenario. For example, for
every action in our Music Player scenario, we had to write the part of the code which the compiler communicates
with the Music Player application. The part below is the source code which tells the Music Player to put the first
track at the second position in the playlist. At the same time, the compiler provides feedback via the log viewer
about the new track1’s position.

private void Function2()

{
Program.mainForm.appendLog("[Event] Track 1 : position 2");
Program.playerForm.deleteFromTrackList("Track 1");
Program.playerForm.addToTrackList(2, "Track 1");

}

Figure 6-4: Experiment conducted in IRoom, LIMSI-CNRS
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5.6 Graphical user interface

The GUI of this compiler is written using Windows Forms and is designed in a user friendly way. Its
tabbed design allows the user to easily browse the parsed source code and have a quick overview of it. At each tab,
one can find the loaded data that each XML file contains and review them before executing the scenario. Loading
XML files is as easy as picking the folder which contains the source code, after the user has clicked the Load
Folder option from the File Menu. There are also options to load each XML file separately. Finally, the log viewer
which is located at the bottom of the main form is able to provide detailed feedback for any kind of situation.
Messages containing parsing errors, warnings, messages of success, as well as run-time event related messages
appear on the log viewer ordered by date/time. Below is a snapshot of the compiler at run-time, displaying the
scenario tab and capturing some events which are displayed on the log viewer.

3! Spatial interaction language tool \EI = @

File Help

System | Environment | Scenario

D Function -
. [ ) Distance
action1 function1 B st
action2 function2
action3 function3
actiond function4
action5 function5
actionf function& %
D Action B
I =
enter2 action2
enterd action3
enterd actiond -
<Enter id="enter1” relativel ocation="relativel ocation1” action="action 1" distance="distance 1>
<8re=Track 1</Src>
<Dst=Music Player</Dst=
</Enter>

[Aug Sun 18 17:03] : Application started

[Aug Sun 18 17:04] : System file loaded successfully

[Aug Sun 18 17:04] : Environment file loaded successfully

[Aug Sun 18 17:04] : Scenario file loaded successfully

[Aug Sun 18 17:05] : [Ubisense] Schema clients connected successfully
[Aug Sun 18 17:06] : [Ubisense] Objects found: Music Player, Track 1, Track 2, Track 3, Track 4, Track 5
[Aug Sun 18 17:07] : [Event] Track 1 : position 5

[Aug Sun 18 17:07] : [Event] Track 1 : position 4

[Aug Sun 18 17:07] : [Event] Track 1 : position 3

[Aug Sun 18 17:07] : [Event] Track 1 : position 2

[Aug Sun 18 17:07] : [Event] Track 1 : position 1

[Aug Sun 18 17:07] : [Event] Track 2 : position 5

[Aug Sun 18 17:07] : [Event] Track 2 - position 4

[Aug Sun 18 17:07] : [Event] Track 2 : position 3

Figure 6-5: Compiler snapshot
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6 Conclusion and Perspectives

Summing up, in this thesis we reviewed several research implementations which make use of one or more
properties from the notion of spatial interaction. We observed that a lot of them used location-based methods or
proximity-based methods. Some others used orientation-based methods in combination with one or more of the
aforementioned ones.

From the above assessment we reached to the conclusion that no existent language can fully describe the
full range of interaction that takes place in those systems. Thus, in this thesis, we presented an event-driven
language that one can use to describe such an interaction within ambient environments. We identified the
characteristics of the objects that are usable for spatial interaction. We also extracted the potential constraints and
defined elementary events caused by the direct alteration on certain object attributes, as well as events which occur
when a combination of elementary events takes place.

Finally, we effectively validated our suggested language by conducting an experiment in the IRoom, which
entailed a real-life scenario, and was conducted with success.

Even though the above experiment was successful, there is still room for improvement. Further research
could include, for example, trying to move away from the restrictions of inputting physical coordinates. Such an
idea would imply designing a system that would be in a position to identify physical directions as an input of
physical coordinates. Taking it a step further, developing a suitable IDE for the needs of our suggested spatial
interaction language, would result to a more effortless, efficient and straightforward programming experience.
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