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Abstract. Nowadays an increasingly wide variety of multimedia
devices can be networked together in ever-growing smart environments.
Although these networks, thanks to mobile technology and Wi-Fi, are
almost ubiquitous by now, the players therein are still working largely
distinct from one another. To simply play a file on the playback device
A, which is originally housed on device B, is therefore a complicated
task, despite the theoretical possibility provided by existing networking.
Especially playing and viewing files on multimedia devices under vari-
ous circumstances and limited reproduction capabilities is a non-trivial
problem. Current solutions from industry still put little interoperable
approaches in proprietary systems. Individual multimedia devices of the
same manufacturer can be combined intelligently, but with respect to
the usability the system scales poorly, the (also physical) distribution
increases the difficulty of access to the functions and control is largely
independent of the user’s context. In this work, a solution is developed,
which focuses in particular on the context-based playback of files: sending
video, music, image and text files to output devices with different dis-
play options, as well as the distribution of these multimedia files between
devices. Activities are centered on a mobile device for visualizing the
spatial distribution of all devices, including the user’s position and the
intuitive movement of files of various types between them.

Keywords: Image processing and computer vision · Enhancement ·
Filtering

1 Introduction and Motivation

Smart living environments are increasingly becoming a part of the reality of
modern new buildings. This includes not only different concepts of building
automation but also increasing networking static and mobile clients in the catch-
ment area. Current multimedia devices are getting more integrated into exist-
ing networks. A stereo system or a TV can be just as connected via TCP/IP
to a home network as the computer, a tablet PC or mobile phone. In current
architectures, the distribution of multimedia files is normally regulated by a
corresponding media server, which manages files centrally and allows/manages
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access. This is in practice often possible through the use of a single operating
system and specially tailored software. In modern apartments, this is hardly the
case, as in most cases, installations from different manufacturers are found and
interoperable solutions generally do not exist. The variety of existing devices
makes it difficult for inexperienced users to use targeted selection of individual
devices and functionalities. Finally multi-modal aspects are largely ignored in the
management of multimedia files in available on the market applications. Thus,
a stereo system cannot play a movie, but at least one can listen to the sound, if
there is no TV available in the room of the user.

In order to meet identified problems an architecture for the distribution of
multimedia files is suggested that simplifies the complexity of this process on
the one hand, but also extends to multi-modal aspects. Core of the concept is
a mobile device, which as a central point allows files to distribute to various
other devices. With the integrated sensors and an external localization system
it is possible to transmit a specific file through simple gestures with the mobile
device to another one. Depending on the capabilities of the device, the file is now
given in the format that is best suited. We present a prototypical implementation
of this concept. Text files, as well as movies and music, can now be distributed
via a graphical user interface to the various devices. If one moves for example
a text to a stereo system, a text-to-speech application is used to read this over
a loudspeaker. The basis is a client-server structure, which allows dynamically
moving files. Testing the implementation shows not only the validation of the
basic functionalities, but also the satisfaction of the system for the test users.

2 Background and Previous Work

Intelligent living environments form already for some time a large area of research
and are becoming increasingly important. This section describes some par-
tial solutions that work and highlighted the problems existing solutions. Mark
Weiser’s prediction of the development of modern distributed environments [20]
is increasingly becoming a part of reality. Rather than to interact specifically
with each device, there is a growing tendency to always and everywhere to get
in touch with a distributed intelligence. Multimedia applications are a strong
example.

2.1 Service Mobility

Moving multimedia files between devices within a network or even the network-
wide transfer falls within the concept of service mobility. It is a type of mobility
where, in contrast to physical mobility, rather than individual devices regardless
of their current location are permanently online, but sessions are adjusted based
on the user’s spatial movement [11]. For example, a user leaves the living room
while he was playing a movie, and goes into the kitchen, this means that the
movie is playing on a monitor in the kitchen. The so-called session (later also
called session) is in this scenario the summary of the playback information of
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the movie, so e.g. file name, title used, current movie position and selected audio
language. In the context of service mobility, one must differentiate between a
complete session transmission as well as the partial session transfer. The previous
scenario includes a full session transfer: processing a file is stopped and continued
on another multimedia device. A partial session transfer would, for example, be
maintaining the sound output on a tablet PC on which currently a movie is
playing, whereas the video stream is redirected to a larger display.

Although service mobility includes already playing files on multiple, net-
worked multimedia devices, moving sessions between the players is only con-
sidered for target devices with the same reproduction procedures. A transfer
of a pure text file from a display device to a device that limit its ability to
audio output is ignored. Since all network participants need to have access to
the same pool of files to reflect the appropriate time, the question for the file
synchronization arises.

2.2 Network Topologies

Various network topologies and techniques are available to solve this problem.
As in [2], a central data server can easily solve this problem, at least for local
networks. But due to the strong advent of P2P systems, such as in [18] or [13],
the dynamic distribution of files plays an increasingly important role and the
use of the concept of this work is to be examined.

An existing architecture for file synchronization with mobile devices is given
in [15]. Since the resources of mobile devices, such as bandwidth and computing
power, restricted by mostly high energy consumption, are limited, also energy
efficient peer-to-peer synchronization models as in [5] are worth to be mentioned.

2.3 Indoor Localization in Science

Indoor localization is also an important approach for interacting with smart envi-
ronments and mostly based on the user of a residential environment. For inter-
action with a mobile device his position must be determined. Since the Global
Positioning System is not available indoors, this task is a challenge in itself. Suit-
able approaches for determining the position in the living area are mainly those
who use the existing infrastructure of existing networks. Several access points of
a wireless network can be used for this purpose as described in [12].

This principle can also be applied on Bluetooth nodes [3]. The accuracy of
position determination can be improved by the combination of different sensors.
In [9] as sensors we used a wireless network, an altimeter, and image data:
a promising approach, since at least one interface for wireless communication
and a camera are now to be found in almost any mobile device.

Also sensor networks specially designed for indoor localization are a com-
mon variant. At Fraunhofer IGD in Darmstadt a solution is developed which
uses a concatenation of capacitive sensors. These systems can take many differ-
ent designs and are easily installed, for example in the form of a carpet that
determines the position of a person [4,6–8,10].
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3 An Approach for Context-Based Multimedia

This work will focus on the context-based document management. Since this is a
very broad notion we narrow it: in relation to this work, we mean managing and
playback of electronic documents. Managing includes activities such as creating,
deleting, indexing, searching, viewing, sharing, and manipulating files. The focus
of this paper is just on the distributing and viewing files on different devices.

3.1 Modern Multimedia Distribution

In a modern apartment, a plethora of technical multimedia devices are distrib-
uted over different rooms. The difficulty for the user is to gain a quick overview
of all devices, their positions and playing options. Even for users who know all
multimedia devices on the network well this gives rise to yet another problem.
The rapid distribution and redistribution of documents between all devices is a
difficult and very time-consuming task for most users in general.

As listed in [11], a variety of ways exist for moving a file in an intelligent
environment. An architecture for which all devices are addressed in the event of
a transfer, would make more sense for largely interaction-free applications, i.e.
in cases in which the user causes a session transfer by change in position. In
such a scenario, each device could decide for itself whether it is positioned close
enough to the user to take over the session. In our case, a mobile device will take
over this decision, since it is always near the user when he wants to initiate a
file transfer.

Another design decision is to use the “Device Centric Approach” [11]. This
means that the entire complexity to initiate the file transfer between multiple
devices, can be found in the participating network nodes. This approach is used,
since the network infrastructure must not be changed, as would be the case with an
intelligent network. In an intelligent network, the network itself would be respon-
sible for the transfer. This results in the difficult extensibility of such a network,
which is with the “Device Centric Approach” no problem, as described in [11].

3.2 File Formats and Playback Context

Very relevant is the problem of different file formats. Nowadays there are lots of
different formats in all areas of IT. Alone the range of different video containers,
video formats and codecs is almost unlimited. The problem of the approach of
several players with partially limited edition options is that not all combinations
of players and file types are allowed and that not all multimedia devices are
equally suitable for outputting different file types in an intelligent environment.
It is possible to play text files to actually inappropriately playback devices with
text-to-speech programs. Nevertheless, there are two combinations technically
very difficult to implement:

1. Reproducing image files on pure audio devices is difficult to imagine. Con-
ceivable are programs that filter out features from images, bring them in
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connection with semantic concepts and then read these terms. This is similar
to the human gift of “describing” images. However, this requires a high level
of artificial intelligence.

2. To view a music file on a fully visual equipment is also problematic. Possible
solutions are visualizations of the audio file. For example, the individual notes
can be displayed in case of music. If the file contains language it could be tried
to convert them to text and display the resulting text on the screen. Sounds
could be filtered out and visualized through images.

As shown in [16], there are already approaches that describe the way towards the
above mentioned solutions. The possibility should also be considered, that file
types are automatically converted towards each other so that they can possibly
been shown better on the target device. In [1] a framework is demonstrated
that could make such a conversion possible. This work is limited to basic classes
of files, such as audio, video, text and image formats. They are sufficient to
demonstrate to play files in a seemingly inappropriate context, such as playing
text files on a radio.

3.3 Solutions for Localization

The location determination of the mobile device, which will be used to manage
the files, is a non-trivial problem. There are different approaches that can be
divided into solutions with smartphone-integrated sensors and solutions with
external sensors, as well as equipment and people localization. Each solution
has its advantages and disadvantages, depending on the intended application
area and place (buildings, unpopulated areas and in urban areas, large or small
radius). In our case, especially solutions to limit the position of mobile devices
are interesting. These are often technically easier and will be sufficient, since a
mobile device is a core of the solution approach located at the relevant times at
the user itself.

It is e.g. possible by using the camera of a smartphone to scan multiple,
in advance placed QR codes. This works theoretically in any of those types of
areas, but is in practice only feasible in small areas [3]. Alternatively, one can
use the in most of today’s smartphones integrated wireless network to measure
the reception strength to several previously known Hotspots in order to calcu-
late the position. The same principle is transferable to Bluetooth [3]. There are
also implementations that compute a motion path profile using the acceleration
and orientation sensors and are thus dependent on relatively few really reliable,
location decisions [14].

Conceivable are, of course, combinations of all of these ideas. The most obvi-
ous determination of the device position through the Global Positioning System,
is inappropriate in our application due to mainly two reasons. On the one hand,
the position can not be determined accurately enough for the purposes of this
work due to the low resolution of the GPS. On the other hand, GPS is in the
main area of application of the program, inside buildings, often not available
since for the localization a satellite network is used.
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As described the exact location of mobile devices within a few decimeters is
often associated with complex work and thus an subject of many works. Needed
for our purposes is a user or the mobile device localization of about 20 to 30 cm
so that the measurement errors can not “skip” major obstacles. In order to guar-
antee a continuous handling of the final application, the position measurements
are to be performed in a time frame of few seconds.

3.4 File Synchronization

As many devices on the network need access to one and the same file, this
raises another problem: The bandwidth of the network in which the equipment
is located, or the transmission power of the devices themselves may be restricted.
A complete file transfer can therefore take more time than is reasonable. How-
ever, large files like videos should be played instantly on all devices. Possible
solutions would be the media streaming or pre-synchronization of files. Mobile
systems have only limited computing and storage capacity. The storage of the
entire media library should therefore take place somewhere else if possible, as
document collections and multimedia libraries are usually very large. The prob-
lem of limited space on mobile devices, and in following described file synchro-
nization is solved using a cloud services.

Before a document can be reproduced on a device, one must ensure that it
is also available for all devices in the network. Here is a variety of implemen-
tation options to choose from. Conceivable peer-to-peer approaches or solutions
have one or more central servers as the core. These can be further divided into
applications where a file synchronization must occur before the document can
be reproduced, and on-demand streaming solutions, such as described in [17]. In
this work a cloud service for synchronizing files is used [19]. This is primarily due
to its ease of use and the high scalability in use. In this way also enhancements
to file management with multiple users at very little expense can be integrated.

3.5 System Architecture

The greatest complexity of the overall architecture is transferred to the central
mobile device, since here the graphical user interface can be found. The event
handling includes the processing of sensor data of the mobile device as well
as the handling of user input, such as a touch screen. The world view, which
is graphically displayed in the user interface, can now be replaced with the
actual data of the event handling in terms of user position, device status of the
individual network nodes and spatial orientation of the user.

4 FourD - a Prototypical Implementation

The user interface is the Android app “Drag and Drop Document Distribution”.
For this concept, the name derives FourD, an allusion to the alliteration of the
program name. FourD consists not only of the visible servers, but also, possibly
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several, client devices. Each client represents a separate unit and offers a variety
of contexts for files to be displayed or played. Depending on device capabilities
should other services offered by the unit responsible for each client program.

4.1 The Server

FourD was developed for the Android version 2.3.3 or higher. Thus FourD can
be performed in over 80 % of all Android devices. OpenGLES 2.0 is used for
an appealing graphical processing: the 3D OpenGL interface for embedded sys-
tems, i.e. for embedded systems such as tablet PCs and smartphones. The server
itself exists of several so-called activities. An activity is similar to the concept
of window-known operating systems, adapted to smaller display devices. One
limitation is that only one activity at the same time can be displayed. Since
activities seek to track the facts of a real, natural action of people, it is useful
to divide the explanation of the FourD server in its activities. Thus it becomes
clear what the user can accomplish with what activity.

Starting Activity - User Interface. The class “Start Activity” is responsible
for displaying the home environment. It forms a key part of FourD server. Here
the user can recognize all devices which are available for playback of files and can
distribute the documents according to them. The start activity consists only of
a single control, namely a so-called “GLSurfaceView”. This surface supports the
output of three-dimensional data using an “open Grahpics Library” interface,
short OpenGL. In this work, we used the most recent implementation of the
OpenGL API for mobile devices. It falls under the name “OpenGL for Embedded
Systems”, Version 2.0 or “OpenGLES 2.0”. By using this graphics library, the
necessary spatial representation of all nodes in the network can be implemented
with relatively simple means.

After the start, firstly the configuration file is loaded in which all existing
network nodes are listed. This configuration file consists of several lines, each
line contains a string in the format “ClientIP; port; model; X-coordinate; Y-
coordinate;”. The tuple ClientIP: Port is not only the address of each client on
the network, but also serves to uniquely identify this. Although several output
devices can be connected to a physical computer, these are managed by exactly
one client per device. The distinction of multiple client programs on a computer
is done via different port numbers. Thus, the FourD server can, for example,
report on which connected monitor the just opened video file is to be display.

Also the device type is passed from the configuration file. Although the deci-
sion whether a file on the selected device can be processed is done actually the
client, still the server must be told the device type to ensure the correct presen-
tation to the user. This can be seen on the mobile device of the user at a glance
which player it is and what file types are particularly well suited for it.

In addition to the actual devices and their abilities, the spatial location of
each multimedia players must be specified. This is necessary so that the mobile
device on the server of FourD is used, can calculate the relative position of the
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Fig. 1. Left: Starting activity. Right: Collision detection

individual playback devices to the user perspective. In this way, the user can at
any time be made recognizable which output channels the device in front of him
supports. At this point, an interface for changing the position of the user is also
provided. An internal spatial localization has not been implemented but it could
be integrated here.

The graphical interface elements (Fig. 1, left) are rendered by OpenGLES
2.0. Each element consists of at least a textured square, in turn consisting of
two triangles. The files that were loaded on the management interface can be
individually moved by a drag-and-drop gesture. The GUI of FourD also supports
multi-touch gestures. Thus, it is possible with two fingers to “grab” a graphical
representation to file and rotate, resize and move it. The decision whether a
square is at a finger touching the display of the mobile device, is taken by the
function “isPartOfTile (float x, float y)”. If the given pair of coordinates (x, y)
lies in the quadrant of the visible rectangle, the function returns the Boolean
true. Since not the coordinates of all four corner points of a quadrangle are
stored, but only the position of the center of gravity of the quadrangle as well as
its rotation, and scale, the algorithm of isPartOfTile function must first calculate
the position of the four corner points.

This is done by a unit matrix shifted according to the square, rotated and
scaled and then multiplied by each point in the untouched original condition.
For this, the matrix operations of the OpenGL API were used. Once the “real”
coordinates are known, it is determined which point is most on the right, top,
etc. In Fig. 1, right, these points are denoted with left/right/top/bottom.

Now the first evaluation takes place. If the supplied coordinates to the func-
tion are not within the blue marked area, the function is terminated immediately
with the return value false. This evaluation may seem redundant in retrospect,
but must be carried out to prevent a division by zero later.

If the coordinates are given within the blue rectangle, it is checked whether
the point “left” is identical to the point “top” or “bottom”. If this is the case,
it means that the investigated square is exactly horizontally aligned. The blue
square spanned by the vertices has the same edges as the actual quadrilateral.
And since, as previously already checked the coordinates given are within the
blue range, they are also within the actual square. In the case of the identity of
the item “left” with “top” or “bottom” thus true is returned.
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The last step of the algorithm is achieved if the quadrilateral is not perfectly
horizontal and the coordinates are at least in the blue highlighted area. Now
four linear functions from all neighboring pairs of points are interpolated. Thus
in order the given coordinate pair lies in the square and not, for example, in
the green highlighted area, the following rule must apply: The given point must
be below the straight lines f1 and f2, and above the lines f3 and f4. Are all
these conditions fulfilled, then the given point is in the orange marked area and
the function ends with the value true. Otherwise, the point is located in an
intermediate region of the red and blue quadrangle, and not within the tested
quadrilateral.

Furthermore, each in the Start Activity displayed device can be selected. If a
device is selected, then the activity “SessenInfoActivity” starts. Then it can be
seen what the current status of the device is, or what the file being just played is.

4.2 Activity Open File - File Explorer

The activity “Open File Activity” is started from the “Start Activity”, after it
was informed that the user wants to manage a new file with FourD. It checks a
predetermined directory for existing files and lists them. Filtering of the different
file types and file formats is not done, since it depends on the corresponding client
and its associated player, which formats can be processed and which not. If a file
has been selected from the list, on the original calling Start Activity the event
“onActivityResult” is called by the Android system. In case of selecting files,
Start Activity is informed of a successful display of the Open File Activity using
a result code and a string containing the file name and path of the file to be
opened is passed.

In the case that the user after starting the Open File Activity does not want
to add a new file to the management, there is a cancel button. Then start the
Activity via an invalid result code is informed that no a valid string is available
for further processing.

4.3 SessionInfoActivity - The Device Status

If the user touches one of the displayed multimedia devices, the SessionInfoActiv-
ity is started. This displays the current device status. Information about device
type, distance of the multimedia device to the user, as well as the currently play-
ing and displayed file (if available) can be shown. When the user wants to play
or view the file on another multimedia device, he can delete the file from the
device with this button. A click on OK closes the session Infoactivity without
making any changes.

4.4 The Client

The client is the second major component of the solution presented here. His
duties include playback of files and management of the available multimedia
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Fig. 2. Left: Testing scenarios, distributing several filetypes to several devices from the
couch via a swipe. Right: Average points per question

device. Since the Android framework of the server-side application is pro-
grammed exclusively with the programming language Java, an implementation
of the client is also done with Java.

The client is configured before starting to use a fixed scenario. This is done via
a configuration file that is passed to the client as a startup parameter. If no con-
figuration file is specified, the client uses the default “config.txt” as the file name.

In this work, two screens and a stereo system can be used. This means that
three instances of the client program must be started because each client uses
a device. To illustrate the functionality of FourD better only one of the two
screens has own speakers. The second screen is therefore not in a position to
independently reproduce audio streams.

If the client has device data of the available playback units, it opens a port
and waits for the server sending the playback information. In this implementa-
tion, no parallel connections of multiple servers are supported. Altough this is
quite possible, additional effects such as concurrent processes and race conditions
must be considered.

Once a server has connected to the client, the server has several request
options. Each available device in the network is controlled by a FourD client,
and each FourD client precisely controls a single device. So as each client repre-
sents a device easily a network environment can be provided with a variety of
devices to simulate. A stereo system is represented by a client that can only gen-
erate audio outputs, a network-compatible projector is analogous to a client only
displaying output. Of course, a client, such as a real device can have a plurality
of output channels, such as a television. This is simulated by a client with both
audio and video output. Furthermore, this model is realistic in terms of the IP
addresses. All clients can run on different computers on the network and so nat-
urally getdifferent IP addresses, just as it would involve multiple, autonomous
devices.

5 Results

This section analyzes whether FourD is an improvement over other methods
for the control of various multimedia devices. To achieve this the user interface
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has been tested by several people (n = 11). The system consisted of two video-
enabled devices and stereo. The task of the user was, after a short introduction
to the program, to distribute multiple files of different types to the players.

All test subjects were then asked about their opinion on the experiment. To
ensure a simple comparison of the results of each question this was done with
a point scale with a maximum of ten points. Finally, the subjects could write
down individual comments to FourD to describe other strengths and weaknesses
of the user interface and facilitate its development. After several test tasks on
the FourD interface were completed by the subjects, they evaluated the following
questions:

1. How often do you use mobile devices with touch screen control?
2. How much experience do you have with applications to mobile devices that

behave similar to a remote control?
3. How did you like the user interface?
4. Was the operation intuitive?
5. Did you find the information displayed clearly presented?
6. Do you think that the tasks were easy to do?
7. How accurate was the multi-touch operation Move/Rotate/Scale of Files?
8. Would you prefer FourD compared to other device controllers (e.g. remote

controls)?
9. How clear was the audio output of text files?

Figure 2, right, illustrates the responses of all test subjects. The points awarded
by the participants were arithmetically averaged.

Remarkable is that all the users claim to have very high experience with
devices based on touch screens. A more representative survey would be one that
also includes people with less experience. On the other hand, the judgment of
a larger number of experienced testers is significant because the subjects can
compare the application with others. Nowadays, most people have such expe-
rience, and the application is targeted towards such users. The user comments
strengthen the solid impression of the user interface. The following are some
unchanged excerpts to the questions: which has appealed the test persons par-
ticularly or where did they see flaws in the execution.

What did you like most about FourD?: “The intuitive handling of differ-
ent types of files”; “The touch surface and the reaction rate, nearly as fast as
remotes”; “Intuitive operation, no problems, very reliable. Cute visualization.
The program is very useful, I want to have it!”; “Quick service, all units visible
at a glance”; “No buttons with functions that I do not use anyway. Since FourD
is running on the smartphone, it is always within reach”.

What you did not like about FourD?: “Partial execution error”; “Display
of the phone a bit too small. In landscape mode, accidentally file removed”;
“There was no help service during operation”; “Drag and drop could be useful,
not just ‘shooting’. Double-click is relatively slowly recognized. One may make
three clicks and then select a file directly”. “Device disappeared. The “Mii” in
both sexes variations or completely unisex”.
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As seen from the user comments, the surface may indeed be further improved,
particularly with regard to the presentation on small screens, but the user inter-
face is widely accepted. We therefore succeeded in creating a natural user inter-
action with various distributed devices in the home environment.

6 Conclusions

Context-based document management in intelligent environments is a very com-
plex problem. Our concept with a mobile device as a controller and the consid-
eration of the abilities of different players, and developed software solution for
context-based distributing and displaying various types of files is a good step
towards a comprehensive document management for smart living environments.
It is successfully evaluated and provides scope for extensions and improvements.
The integration of an appropriate method for determining the position of the
user or the mobile device needs to be further elaborated with. Also, using FourD
more research toward “ubiquitous multimedia” can be operated, i.e. how media
distribution networks behave with multiple active users.
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