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Abstract–In this paper we present how human-computer 
interaction can be improved by using wireless communication 
between devices. Devices that offer a natural user interaction, 
like the Microsoft Surface Table and tablet PCs, can work 
together to enhance the experience of an application. Users can 
use physical objects for a more natural way of handling the 
virtual world on one hand, and interact with other users 
wirelessly connected on the other. Physical objects, that interact 
with the surface table, have a tag attached to them, allowing us 
to identify them, and take the required action. The TCP/IP 
protocol was used to handle the wireless communication over 
the wireless network. A server and a client application were 
developed for the used devices. To get a wide range of targeted 
mobile devices, different frameworks for developing cross 
platform applications were analyzed.  
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I. INTRODUCTION 

Human-computer interaction tends to change, and evolve 
to something people are use to, which is natural for them, not 
something they have to learn. 

The main goal of this paper is to show how devices can 
interact with each other, enabling users to use physical 
objects for a more natural way of handling the virtual world, 
and interact with other users that are wirelessly connected. 
Interaction with physical objects was done using a Microsoft 
Surface Table, which allows object recognition through its 
shape or by attaching a tag ID.  

Tablet computers were used to further enhance the user 
experience, allowing them to participate from the distance in 
a collaborative application. The main problem is that there 
are a lot of mobile devices that run different types of mobile 
operating systems. Creating an application for each of the 
operating systems is a time consuming operation. The idea 
was to build one application that could run on more than one 
mobile platform, with a minimum of changes. 

Another challenge was to build a wireless communication 
system that could handle all the problems encountered on the 

way, problems like network failure, loosing packages, 
network delays and so on. 

II. MULTI-TOUCH INTERFACES ON MICROSOFT SURFACE 

The Microsoft Surface Table, is a multi-touch, multi-user 
product from Microsoft. This product allows a user, or 
multiple users, to manipulate digital content through physical 
interaction with the table. [1] 

Some of the features handled by the surface are: 
• Direct interaction: User can simply touch the interface 

of an application in order to interact with it, without 
the need of a mouse or keyboard 

• Multi-touch support: This is the ability to have 
multiple contact points within the interface, not like 
mouse input which has just one “contact point” 

• Multi-user support: Several people can stay on 
different sides of the surface to interact with an 
application simultaneously. This is possible because of 
multi-touch 

• Physical object recognition: Recognize the presence 
and orientation of tagged objects (physical objects) 
placed on top of it 

Multi-touch refers to a surface that recognizes the presence 
of two or more contact points. This plural-point allows the 
implementation of advanced gestures, like pinch to zoom, 
panning, rotating, etc. 

There are a lot of multi-touch hardware technologies. The 
one used in the Microsoft Surface Table is known as Rear 
Diffused Illumination. When an object or a finger touches the 
surface, the light will be scattered and the reflection will be 
caught with sensors or cameras. [2]. 

The Microsoft Surface Table offers support for physical 
object recognition by their shape or by embedded ID tags 
(Fig. 1). Using physical objects to interact with the virtual 
word can improve the human - computer interaction. 

For example, throwing a dice on the table, whose value 
will be determined automatically by the table and it will take 
the necessary actions in the virtual world like moving a pawn. 
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Fig 1. Tag Types 

 
III. MOBILE CROSS PLATFORM APPLICATIONS 

 
In mobile platforms, most of the market share is held by 

three big players namely Google Android, Blackberry OS and 
Apple iOS. As native developing languages, Android uses 
java, while iOS uses Objective C. So when you want to build 
a program for both operating systems you have to study two 
languages and develop the applications twice. Because 
developers want to target as many devices as possible (as 
many users as possible) the will have to rewrite the same 
application for other platforms from scratch, which is a lot of 
work and takes a lot of time. Having the possibility of writing 
a single application for multiple platforms is the best solution. 

Building applications for mobile platforms is changing. 
Now developers are not limited to write code for only one 
platform. Modern frameworks let users develop applications 
in more than one programming languages (ActionScript, Lua, 
JavaScript), and build them for the different operating 
systems using a cross compiler.[7] 

 
Some of the frameworks available to build cross platform 

mobile applications are: 
• Corona framework from anscamobile 
• Titanium framework from appcelerator  
• PhoneGap framework 
• Air framework from Adobe 

 
For the Corona framework developers have to use the 

Lua scripting language. Corona offers developers a SDK that 
gives them access to almost all the features of the different 
target platforms. It’s built on top of OpenGL and OpenAl, 
and offers a great performance in building games. [3]. 

The Titanium framework enables users to build mobile 
applications using web technologies (HTML, JavaScript, 
PHP, and Python). The framework offers a SDK to access 
platform and device specific features. The applications that 
are build after compiling, are native applications, that  will 
run as fast as any other native application written in the 
native programming language [4]. 

PhoneGap is another framework that lets users build cross 
platform applications using HTML, CSS and JavaScript. It is 
a little harder to use, and not as flexible as the other two 
frameworks [5]. 

The framework chosen in this project to build a cross 
platform mobile application is Adobe Air. The latest release 
of Air is 2.7, and brought a great performance boost for iOS. 
As with the other frameworks, the advantage of using this 
technology is that it is a cross platform compiler with 
minimal modification to the code base after a recompilation, 

the application can be deployed on several mobile platforms 
(Android, iOS, Blackberry) [6]. 

The main reason we chose Adobe Air for developing 
mobile applications, is because it offered the best networking 
development options, at the moment. 

Using Flex development for Air is a fast way to build 
applications. All the UI (User Interface) is written in .mxml 
files, which is an  XML structure to describe objects. There 
are numerous pre built visual components which developers 
can use in their applications. ActionScript is a object oriented 
programming language that offers enough power and 
flexibility to build good applications. 
 

IV. WIRELESS COMMUNICATION FOR A BETTER USER 
INTERCATION 

 
Using just one device may not be enough to get the best 

user-computer interaction for one application. Therefore, 
multiple devices like tablet PCs and the Microsoft Surface 
can work together to offer a great user experience in 
cooperative, multi-user application. 

In this project a board game for banking employees 
training is used, to test the application of wireless 
communication between devices. The application was first 
built to run on the Microsoft Surface. This offers a great level 
of interaction for the users, but when more people use the 
application, the UI gets crowded, and the game doesn’t play 
as well anymore. 

 
Every user has his own personal “board” where he/she 

can see information about his progress in the game. If the 
game has more players, more boards will be visible on the 
table. To avoid the cluttering on the Surface Table, a mobile 
application was built to display the personal board of the 
players. The chosen communication method was TCP/IP over 
a wireless network (the UDP protocol is not supported by 
Adobe Flex for mobile development). Two modules were 
built, namely the TCP server, that runs on the Microsoft 
Surface, and a TCP client, that runs on a tablet PCs.  

 
For minimum network traffic, a communication protocol 

was created, based on commands coded and decoded on the 
client and server side: 
• The first 4 bytes represent the length of the entire 

message 
• The next 4 bytes is the command coded as an integer 

value 
• If the command has any arguments, or values that 

have to be passed, the next 4 bytes represent the length 
of the arguments 

• finally there are the arguments of the command. The 
arguments offer extra information that the command 
needs 
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Fig. 2. Scanning process 

 
For the devices to interact, a network connection must be 

established between the client and server. Network discovery 
is done by the client application on the tablet PCs, which has 
to scan the network to find active games (Fig. 2).  

After the scan is finished, and a game is found, a 
persistent connection is established. The connection between 
the server (Microsoft Surface) and the clients (Tablet PCs), 
will remain active until it is explicitly closed. It will not be 
closed, because the client doesn't have a server part to accept 
an incoming connection. If the server wants to send 
something to the client, it will have problems reopening the 
connection. So, a solution to this problem is to keep the 
connection alive at all times. 

After the server is started, it has to handle all incoming 
connections. The initial incoming connections are allowed to 
connect to the application and initiate the procedure of 
joining the game, if more clients try to connect after the game 
was started or the maximum number of players was reached, 
they will be rejected.  Every connection will be handled 
separately by the server. 

The Server side connection management handles 
everything from sending and receiving data packages over the 
network, to connection problems and player dropping on 
network failure. Also it acts as a mediator between clients, 
when they need to exchange data. The server part appears to 
be really complex, to do all those things properly, but, as we 
can see, from Fig. 3, it handles everything, leaving the 
complexity part behind.  

 
Fig. 3 Server connection management 

 
The following steps are taken to ensure a good behavior 

of the system: 
• If there are answers in the queue, the server 

management tries sending them to the clients, if the 
answers couldn't be received, we let them in the queue 
to try later, if answers were received, it will empty the 
queue 

• If there is incoming data, it will be copied into the 
package receiver buffer until the entire package is 
received. After this, the server management module 
tries to execute the command from the package. If the 
received command needs an answer, or more, tries to 
send the answer(s) back to the client. If the answer 
wasn't received by the client, it will be added into the 
queue, to send it later 

• Check if the connection is alive. When there is a 
connection timeout, the communication with that 
client is paused until the connection is reestablished. If 
the problem persists, then dropping that client is 
allowed 

 
On the mobile application part, there is also a 

communication module. Because the client–server model is 
used, the mobile application takes the role of the client, being 
installed on several tablets that will interact with the 
Microsoft Surface (server). The client module handles the 
reception and sending of the data and handles possible 
connections errors (Fig. 4). 
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Fig. 4 TCP client basic functionality 
 
Every time there is communication on the network, the 

state of the connection is checked in the Check Connection 
block (a more detailed look of the Check Connection block is 
available in Fig. 5). 

 
Data handling is more or less the same like on the server 

side:  
• If data is received, a command is built form the 

received bytes 
• If the command (and its arguments) is longer than the 

received number of bytes, then we have to wait for 
additional data 

• The sequence of receiving data and making the 
command is repeated until the command is entirely 
received. We know when a command is ready, 
because the length of the entire command is available 
from the first received bytes 

• After a command was received: 
o if the command is valid, it will be interpreted 

and sent further to the application so that 
command specific events can be triggered 

o if the command is not valid, the data is 
dropped 

• After this, if there is more data in the receive buffer, 
another command is built and handled like it was 
explained in the steps above this one 

• This process is repeated until the application will be 
closed 

 

 
Fig. 5 Connection checking 

To send information to the server, the process is simpler, 
because we have all the information needed locally, and all 
that we have to do is to make the command as the protocol 
requires, and send the array of bytes, over the network, to the 
server. 

Data communication can continue only if the connection 
between the server and the client is established. If the 
connection is broken, we try to reconnect automatically 3 
times, if that fails, it means that there is a network problem. 
The user is warned of this event. He can reconnect manually 
to the game, and continue playing, or quit the game. 

In the meanwhile the server knows about the network 
problem and stops all the communication until the problem is 
fixed. 

 
V. THE USER EXPERIENCE 

 
The purpose of the application presented here, is to show 

how technology can be used to improve interaction between 
users and the virtual world. 

The application developed for the Surface table allows 
physical object recognition by using tag IDs to determine 
how it should handle the recognized object. This allows users 
to interact with the virtual world in a more natural way, no 
longer needing to use of a mouse or a keyboard.  

 
The table also offers multi touch support, so after the tags 

are placed on the table, users can interact with them and with 
the other displayed objects through touch.  

After placing one tag on the table we can immediately see 
the change in the virtual world. In Fig. 6, there is an example 
of four tag players that have joined the game, 3 of them have 
chosen a color and the fourth one has to choose from the 
remaining ones. 

The interaction between the surface and real world is 
illustrated in Fig. 7, where you can see a physical dice 
formed out of six tags and other tags interacting with the 
table and three tag players (every tag player has its own tag 
ID). Also, beside the three tag players, there is one tablet 
player that isn't visible on the surface because his game 
interface is drawn on his tablet. 
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Fig. 6 Physical objects effects 

 

 
Fig. 7 Physical objects in action 

 
Another important feature of the application is that it can 

act as a server to communicate with other devices, allowing 
users to play and interact with the game from a distance. 

Interaction with the application using physical objects 
results in changes in the game. These changes reflect in the 
mobile application and vice versa. 

Users playing the game with a tablet PC, get a nice clean 
UI that is optimized for easy use in landscape mode (Fig. 8). 
They can better see their game status and analyze the further 
possibilities without sharing the same display space. All the 
input is touch based, and the UI is designed to eliminate error 
input (slider submit button). 

The fact that the user is forced to play in landscape mode, 
may seem as a limitation, but it brings a better game play 

while holding the tablet with both hands. Portrait mode limits 
the access to the touch screen to one hand. 

All the data from the game play is sent from tablet PCs to 
the Surface Table, where all the data is quantified.  

 

 
Fig. 8 Tablet UI 

 
VI. CONCLUSIONS 

 
The collaboration between devices that already offer great 

human-computer interaction can result in applications that 
offer great user experiences. 

When developing for mobile platforms, the developer 
should take some considerations about the limitations in 
resources of the mobile device. Optimizations must be made 
so the applications run smoothly. 

Applications that communicate through the wireless 
network must take in account the fact that the network can be 
sometimes slow, and the connection can fail. Applications 
must be able to save their state, wait for reconnection and 
continue like nothing happened. 
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