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Abstract

One of the latest trends within computer interaction is to use multi-touch. A 
conception that is works around that the user can interact with a computer via at 
least two simultaneous events. This is something that previously haven't been 
possible. It enables new design aspects when constructing a program as well as 
the user interaction changes.

The purpose of this work has been to get a good understanding of how this new 
concept works and implement a good ground to be able to render advanced 
graphics with the use of shaders. This is something that hasn't been implemented 
in the previous programs in the NUI program suite.

This report describes how I have solved the implementation issues and the 
creation of a good foundation for advanced 3D-rendering in a commercial multi-
touch environment.

Sammanfattning

En av de senaste trenderna inom datorinteraktion är att använda multi-touch. Ett 
begrepp som går ut på att användaren kan interagera med  en dator via minst två 
simultana händelser. Detta är någonting som tidigare inte har varit möjligt. Det 
ger upphov till nya designaspekter vid konstruktion av program samt att 
användarinteraktionen ändras.

Syftet med detta arbete har varit att få en förståelse för hur detta nya begrepp 
fungerar samt att implementera en bra grund för att kunna rendera avancerad 
grafik med hjälp av shaders. Någonting som inte har varit implementerat i de 
program som NUI tidigare har haft.

Den här rapporten beskriver hur jag har löst implementationsfrågor samt skapat 
en stabil grund för avancerad 3D-rendering i en kommersiell multi-touch miljö.
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Preface

This thesis work was done at Natural User Interface Europe AB, Skellefteå 
during a period of 10 weeks in the spring 2009. The company was looking for 
students who could improve their portfolio of multi-touch based programs in 
their framework. 

As I am interested in graphics programming I got a proposal from them to write 
a 3D application based on programmable shaders so that it can handle advanced 
rendering effects, something that none of their current applications doesn’t take 
advantage of.

My first task was to write a simple game for the NUI Snowflake framework to 
learn how to work with it, it will be a brief part of the paper. 

When that was done I went on to create the 3D application which the main part 
of this paper will be focusing on.

I would like to thank the people at Natural User Interface, and everyone else 
who have helped me during my thesis project. I would especially thank Lasse 
Partanen, Mikael Bauer and Johan Larsson for helping me with any questions 
and feedback of what I have been doing during the period. I would also like to 
thank the CEO of NUI, Harry van der Veen for the pizzas and the foosball-
matches.
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1. Introduction
This section contains some brief descriptions of the basic principles and tools 
used in this project.

1.1 Goal and Purpose
The primary goal of this project was to create an application which is to be used 
as a foundation for other users of the NUI Snowflake to build their own 
specialized applications without having to build completely new applications 
each time. And also reducing the amount of programming skills needed to make 
a customized application. This application would use shaders to change how the 
graphics pipeline in a graphics card flows to produce advanced graphical effects. 
Creating a good framework for easy expansion of this was also a part.

The secondary goal was to create a small game taking advantage of the multi-
touch environment while learning how their framework works and the strength 
and weaknesses of multi-touch in its current state.

1.2 Background

1.2.1 Multi-touch technology
There are a lot of different solutions for handling multi-touch inputs to a 
computer. And as the technology gets more and more common even more 
companies want a piece of the cake. NUI provides a good framework which 
interfaces with a lot of different multi-touch solutions.
There are a lot of different multi-touch solutions which work in different ways 
but in common they all allow for at least two simultaneous inputs. 

 The technology I used for developing the applications is a product from the 
New Zealand-based company called NextWindow, other technologies include 
FTIR, DI and some other ones. For more information about these I recommend 
going to nui-group.com[1] which is a open community for discussing multi-
touch solutions.

1



1.2.2  NextWindow
The NextWindow [2]  solution I used is a 
product which is applied as an overlay on top of 
an existing display unit, preferably a TV or 
computer monitor.  I used a product from HP 
called TouchSmart[Figure 1], which is a 
stripped down laptop with a built in 
NextWindow-overlay and comes as a consumer 
computer.

The NextWindow solution works as following. 
In the overlay-frame there are two infrared-LEDs emitting light from the lower 
two corners of the overlay, and two infrared sensors are attached to each of the 
two top corners detecting when something causes interference to the infrared 
light. The sensors triangulate the position of the interference and report this to 
the software. This particular solution supports only two simultaneous inputs. 
And if you cross the inputs you will get undesired behavior with false inputs 
since there are only two sensors.[3]

 Because of this, some of the natural gestures used in some applications are hard 
to achieve with this product. Such as rotation, where you often place two fingers 
on the surface and rotate them around the origin causing an object to rotate after 
it, this causes input jitter where the calculated inputs go crazy and are unusable.

 This is the biggest weakness of this solution. 
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1.2.3 Natural User Interface Europe AB
Natural User Interface Europe AB[4]  is a company 
focusing on selling multi-touch software solutions 
for other companies to use with hardware solutions.

They also sell a complete solution 
called Horizon which is a fully 
functional multi-touch table with 
NUI Snowflake included. They are 
a relatively new company on the 
market with clients from all over 
the world. 

NUI is in no way affiliated with 
nuigroup.com

Their headquarter is located in 
Skellefteå, Sweden.

1.2.4 NUI Framework
I used the NUI framework for building my applications, this is a programming 
framework made by NUI which encapsulates the raw and nasty parts of multi-
touch enabling the user to focus on developing the application instead of having 
to rebuild everything from scratch. It also gives the applications written a nice 
integration into the NUI Snowflake. 
The result of using the framework is that the inputs can be accessed via three 
basic methods.

-fingerDown() –is called when a finger is detected via the hardware.
-fingerUpdate() –is called when a previously detected finger is 
moved.
-fingerUp() –is called when a finger previously detected is not 
detected by the hardware anymore.
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Each event triggering these methods have a BlobData-object attached containing 
finger positions, finger delta velocity and blob size.  The blob size can be used 
as an example to change the size of a paint brush in a paint program depending 
on how big the input is. ( I.E a hand generates a bigger size than a finger) 

To access these functions each application inherits from a BaseApplication 
class, this class also contains methods  for rendering and updating.

As the framework is based upon OpenGL it is really simple to create visually 
advanced applications.

The NUI framework also has classes and functions for most of the basic features 
I needed during the project including but not limited to: 

• Math library (Vectors, Matrices, and non-specific math functions)

• Content loading (Loading of 3d-models, fonts, pictures etc.)

• 2D GUI-handling

But in my implementation I could not use the existing 2D GUI-system since it 
was  made for another specific function, which forced me to build my own. But 
having the Math-library complete and content loading functionality done really 
saved me a lot of time, letting me focus on the building of the applications. 

For more information about the NUI framework and how it is constructed I 
recommend reading Application Development for Multi-Touch Interfaces by 
Mikael Bauer.[5]

1.2.5 Tap research / analysis
This was the first little project I was assigned to do, it is loosely based on Elite 
Beat Agents, which is a game for the Nintendo DS where you use the console's 
touch screen to tap buttons on the screen and completing missions. Tap is the 
same idea but really much more simple. 
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I figured that I needed some kind of Game-state manager, not uncommon in 
games, and built a structure around this. As I was going to spend at most two 
weeks doing this application it was to be really simple.

1.2.6 Application framework research
As the application was to be a very abstract implementation acting as a middle 
man for the clients to develop small programs in it was very hard to decide 
where to put the boundaries about what the application should provide and what 
the users had to create themselves. 

I had gotten a design document saying that they wanted 3D support as well as 
2D support and it was to be easily usable for people having little/no 
programming experience. This made me look at existing solutions for this. I 
studied Adobe's solution flash which is really easy to use. Also looked at how to 
build windows programs using C# and Windows Forms which is a really simple 
solution. 

Windows Forms is Microsoft's graphical API which is a part of their .NET 
framework. It makes it possible to write applications for Windows in managed 
code such as C#, visual basic, etc. It has a drag-and-drop editor which is really 
simple and easy to use.

I figured that having an application somewhat resembling C# combined with 
Windows Forms would be really nice to have for this application where you 
have a way to specify how the layout is to be and then change to a script-mode 
where you put together the mechanics behind the layout.

I also had to find a way to allow the program to export the created "scene", I 
looked at some of the existing solutions for that. I had been using CEGUI 
before, which is a library for displaying GUI elements. The CEGUI solution is 
using XML for the layout descriptions and lua-scripting to tie together the 
mechanics.

The project can thus be divided into two parts. A creation application which 
allows the users to easily create new scenes and export these. And a display 
application. As I wouldn't have time to create both applications I have focused 
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on building a solid base for the display application, also known as "Retail"-
application.

So the "Creation"-application should have XML  and some kind of scripting 
support and Retail should be able to read these "scene" files and display the 
application exactly as the user has designed it.

This caused some problems as I had to bind certain elements functions to each 
other and XML is not so great for that as it is a markup language.

 I looked into different script languages to solve this problem, I started to look at 
what scripting languages which interfaces nicely with C++ , I looked at 
boost::python implementation and luabind implementation, will discuss these 
later on.

I also looked at the current 3D viewer that NUI has in their product catalogue, it 
is a simple implementation without shader-support, and it doesn’t have support 
for anything else than static 3D objects either. 

1.2.7 Abbreviations and Terms
NUI –Natural User Interface Europe AB

Shaders- Usually small programs written in a low-level 
programming language to change the behavior of the graphics 
pipeline of graphics cards.

GUI –Graphics user interface

CEGUI -Crazy Eddie's GUI

OpenGL –A free multi-platform graphics-API.

LED – Light Emitting Diode

XML –Extensible Markup Language

DI -Diffused Illumination

API -Application Programming Interface

FTIR -Frustrated Total Internal Reflection, one of many types of 
multi-touch technology. See Enhancing Usability written by Johan 
Larsson for more information about FTIR.[6]
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2. Methods –Design and implementation

2.1 Tap
Tap is a very simple little game made so that I could learn how to work with the 
NUI Framework, and get into the coding standard they have, during school work 
coding standards are neglected.

This application is about tapping buttons which appear on the screen, the time 
between the buttons is decreased every set amount of buttons the user have 
successfully removed. Missing a button causes the player to lose score while 
hitting buttons in a row increases a multiplier making the player get even more 
points. And every button is worth more points the sooner the player taps them 
after appearing. Also the button sizes have an infliction on final score of the 
button tap.

The basic idea behind the game is really straight forward and the 
implementation was almost without any problems. The first problem I ran into 
was that the NUI framework doesn't have a normalized 2D position like other 
orthogonal projections. As an example if you use Microsoft's framework 
XNA[7] to build 2D games you have the position on the screen to be based on 
the amount of pixels available. If you have a window that is 640 x 480 pixels 
big, the position x = 320, y = 240 is the middle of the screen.

The NUI framework has the scale on the axis's, y is always 1.0 high, and x is as 
big as the aspect ratio of the current window ( Which can change during 
runtime.) This gives a problem as I have to scale each position on the X-axis 
with the current windows aspect ratio, I will refer this as NUI-normalization 
hence forth. 

It also gives a problem with that everything is in NUI-normalization.[Figure 3] 
So if I want a texture of 64 x 64 pixels to be drawn at real size I have to divide 
the size of the texture with the current size of the render texture to get the pixel 
ratio and then set that as the position offset of the quad I will render. 
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A render texture is a way to save down data from the frame buffer or screen to 
an texture to re-use in an graphical application. The NUI framework uses this for 
their programs. It can be interpreted as window size in a normal application.

As the game was focused on tapping buttons I started by creating a button class 
and getting it to render on the correct position on the screen which took some 
time due to the NUI-normalization.

When the buttons were fully functional I decided to encapsulate them in a button 
manager which made the  creation and handling of buttons easy.  I decided to 
use the C++ standard libraries vector class to store all buttons. And using an 
iterator to draw and update the buttons. For the buttonDown event I used a 
reverse_iterator to loop through all the buttons backward making so that the 
buttons who are being rendered last are being checked first if the user has tapped 
them. This makes sure that you always tap the buttons in the right order.

2.1.1 Meter
A round of the game continues as long as there are fewer than 20 buttons active 
on the screen at the same time, when the buttons exceed 20, the game is over 
and you proceed into a game over screen.

To show how well the player is doing I implemented a meter filling up as the 
number of buttons increase, the first version was based on OpenGls glLines 
which were colored green. This was not a very good solution as using the 
glLines for that purpose required me to change the width of the lines. And the 
maximum line width available is dependent on the current graphics card, so it 
was not a very good solution as it was able to provide different results on 
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different computers. And also it looked very ugly. So after a discussion with the 
employees at NUI I decided to change it to a meter that fills up like a 
speedometer in cars.[Figure 4] 

This implementation looks a 
lot better and it changes 
toward red as the amount of 
buttons on the screen 
increases. 

2.1.2 Ripples
The game also has an implementation of water-like ripples to give the player / 
players feedback on tapping the screen. The first implementation of this was by 
using my trusted glLines again. Using simple mathematics I created a white 
circle around a point, which increased in radius and faded out to give the effect 
of ripples. I used glLines since I wanted to avoid the stretching a texture based 
solution would give. The downside of this was that using glLines I could not 
avoid the circle to have visible edges unless I increased the amount of vertices 
used to render the circle.  It was really hard to find a good looking value as well 
as giving good performance. I tried a texture based solution with a ripple that 
Lasse Partanen had made for another NUI application and it really looked good. 
The stretching problem was non-existing and that is the solution that is in the 
game at the moment.
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2.1.3 Game State Manager
The game state manager (GSM) is a classic GSM implementation where you use 
a stack to save all the current 
states and only render and 
update the one on the top of the 
stack. The GSM encapsulates a 
std::stack from the C++ 
standard library and only 
exposes the push and  pop 
methods for the states. 

As every state need to be able to 
interact with the base 
application they also have the 
finger events from the NUI framework. The implementation of a GSM is 
straight forward. But I realized that compared to other programming languages 
C++ cannot have copies of a base class as a type.

In C# and java which I have spent most time programming in, as everything is 
pointers or references without specifically asking for it you just declare that the 
base element of a derived class is in a list or vector and it is fine. But in C++ you 
have to specify that the stack in this case contains a pointer to the base class for 
it to work. Also the GSM takes care of deleting all the states when they are no 
longer used / when the GSM is deconstructed. This is done by getting a pointer 
to the top most and doing a delete on it and then pop the pointer of the stack.

2.2 Retail Application
The retail application is a hybrid application/framework. At the moment it is 
very basic framework-wise. It has a 3D scenegraph which can load models and 
have support for advanced rendering effects through shaders. It also has a 2D 
overlay/GUI manager to handle windows. The 2D overlay is based on a scheme 
similar to the open source GUI manager CEGUI, which uses XML and lua-
scripts to define how the overlay functions.  I will use the term “scene” for 
describing one of these sub-applications the users can create with the 
application.
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2.2.1 Scenegraph
A scenegraph is a way to manage 3D objects 
for applications and is based upon a tree 
structure.  The scenegraph has a root node and 
everything is a child of that. This means that if 
you manipulate a node you manipulate all of 
the children of the node at the same time. 

As an example if you move a node, all of its 
children are going to be moved by the exact 
same amount relative to its parent. Having a 
scenegraph makes it really easy to manage a 
3D scene. And it is used in most games and 
3D applications. 

Every node in the tree is specialized for a certain use. In this scenegraph-
implementation there are the following nodes present:

• MeshNode - A node containing one or several SubMeshNodes.

• Node - A basic node, used as a transformationNode, and also the base 
class for all the other nodes in the tree.

• SubMeshNode - A node containing models or raw mesh data.

• LocatorNode -Node to provide support for tooltips in the sceneNode, each 
of these are interactable and bindable to a specific action in the 
layoutManager , As an example you can make so that if you click one of 
these you make a tooltip appear in the 2D overlay.

• LightNode - A node containing a light structure. Used for getting dynamic 
lights in the scenegraph.
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• UserNode - A node made specifically for manipulating the scene by 
allowing the user a way to grab the scene and rotate it around its origin.

• SwitchNode - A node which just renders one of its children each frame, 
this is so that you can attach several children and switch between the 
children. As an example if you have a ring with stones. If you call switch 
among the children you can change out the current stone to be rendered 
without having to create a lot of separate nodes who are identical and 
hide/show those every time you want to change out the stone. Here you 
just call next/previous child and you are set.

I have decided to use so that every node has its own matrix and the ability to 
set transformation of the current node, this allows every node to have the 
possibility to transform itself as much as it wants to. This is good since then 
you don't have to have a transformation node every time you want to move 
nodes. 

During the implementation of the MeshNode and model support I ran across 
an annoying problem, sometimes the multiplication of the world matrices 
using glMultMatrix(); method wouldn't work, after a lot of debugging I 
realized that because I used CG as shading language I had to send it down the 
shader pipeline with a CG method. When I started ensuring that the CG 
shader got the right matrix everything worked like a charm.

Also in this scenegraph I have used an Node name system based upon strings 
so that each node has a unique name which can be used to get a reference to 
that Node, this is really necessary to have in some ways as there is no need to 
keep saving pointers to all nodes. 

This makes it a lot easier when using XML / script language to create / 
access the nodes. Because I can then in pseudo-XML do like this:

<Node  type ="Mesh" name = "TankMesh">

(Details omitted)

</Node >
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and then use as an example lua to bind a button to that node by referencing it 
via its name.

LayoutManager.getElement("Knapp1").bindButtonDown(Scenegraph.getNo
de("TankMesh").show)

This is the same way CEGUI [8] as done with their layouts.

2.2.2 CG shading language
The CG shading language is a programming language released by nVidia[9] and 
can be used for programming the shaders in the graphic pipeline. The syntax of 
the language is a close resemblance to that of C.

Open GL has a built in shading language called GLSL (Open GL Shading 
Language) but I decided to use CG instead because I have had previous 
experience with it and also by using CG I could quickly port the shader parts of 
the program to the framework DirectX instead of Open Gl.

2.2.3 LayoutManager
The layoutManager is a class made for handling the 2D overlay / GUI elements 
that are to be placed in a scene.

The layoutManager takes care of every 2D object that exists in the "scene". Each 
element is based upon a base class called LayoutElement. It encapsulates all the 
2D objects and makes it easy to get whatever element among the 2D ones that 
you want.

2.2.4 Scripting support
As I knew the main part of the program was to allow the user to create a "scene" 
and then restore it in the retail application I started thinking about what scripting 
language I was to use since XML isn't good for building together functionality. I 
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first looked at python[10] support via the C++ library boost::python. After 
spending about one day on trying to figure out how to install it and exposing the 
functions I wanted I gave up and went on to Luabind. Luabind[11] is a library 
for the Lua-scripting language. There are some Lua-bindings written in C, but 
Luabind allows the programmer to expose classes in a simple way, something 
ordinary Lua doesn't allow. Once I got Luabind compiled it didn't take long to 
get it up and running.

Lua works as following. Either you can expose code written in C++ and 
program in lua script. Or you can call lua scripts from the C++ code. I had to be 
able to use both since the program used for creating the "scene" was going to put 
out a .lua file for the retail application to read. 

2.2.5 LayoutElement
The layoutElement is an interface made for building elements for the layout 
Manager. Each object in the layoutManager have to implement this interface. 
The interface contains basic functionality for checking intersection of the 
element, scaling , position as well as abstract methods for rendering elements. 
Having an interface like this really makes it easier to handle the elements.

The LayoutElement can also have children somewhat similar to the scenegraph 
where all the children inherits the attributes of its parent. If the parent is hidden 
the child is hidden too. Also this makes so that the child elements are always 
rendered after the parent making sure that they are on top of the parent.

The layoutElement has been specialized into a few other elements:

• Button - A simple button. The buttons pressed events can be bound 
to almost any function and I ran into a problem when I was trying to 
do this with standard function pointers in C++. The problem with 
these were that they can't really attach class member functions, 
instead I started to look at a concept called functionoids where you 
have an interface that all the exposable functions are shared in all 
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classes using them. This was not a great solution as this required me 
to specify what functions to be able to attach.

I found out that the boost library had support for member functions 
via the boost::bind and boost::signal sub-libraries. So I implemented 
a solution using boost::bind and it works really good. It allows me to 
easily attach whatever function I want that fulfills the requirement of 
the function slot. As an example I can define that the method to be 
called on buttonDown returns void and takes two arguments. 

Using the boost::signal I can attach as many functions as I want to the 

button, and all being called on the event.

• Container  -An object constructed for the purpose of providing a 
container of other elements, this can be used as a window where you 
can put other elements. 

• TextArea - A area for displaying text using NUI's font class. This 
can parse .txt files as well as being assigned std::strings directly. 

• MediaFrame - An object made for displaying media, at the moment 
it only supports static images.

The rendering of the elements was somewhat difficult to do since I had to make 
sure that the frames around the elements shouldn't stretch if the user changed the 
aspect of the element from other than the 1:1 ratio the texture has as standard. I 
solved this by using nine glQuads when rendering. And making sure that the 4 
in the corners isn't stretched. I knew that the corners of the texture as 10% in 
from each side. 

2.2.6 FingerManager
The fingerManager is a class for handling the inputs and assigning them to the 
right elements. When a finger event is detected the fingerManager takes care of 
it and first checks if the finger pressed a 2D element from the layoutManager, if 
not it checks by picking into the scenegraph and see if the user hit a locatorNode 
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or a userNode. If a hit in the layoutManager or scenegraph is detected I store a 
pointer to the object as well as the fingerData so that if the finger is moved the 
correct object get the input information instead of having to look up the correct 
object every time a finger is moved.

This solution was somewhat copied from an existing solution to the problem 
found in the NUI framework. But it was refined and specialized for my 
application.

3. Results and future work

Figure 7 : Image from Tap application.

The current work has resulted in that Tap is being shipped with the NUI 
Snowflake software version 1.5+.

The retail application is a functional and extendable base for rendering 3D 
objects together with a 2D overlay.

The retail application is currently missing XML-support but it should not be that 
hard to implement as the NUI framework has tinyXML[12] included among its 
libraries. Making a specification for the XML files would have been nice to have 
too.
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There are some basic support for lua-scripting in the program but it is far from 
complete. 

The scenegraph also should need to have its functionality increased. Like 
wrapping all different kinds of models the framework is able to load into a 
Model class which the scenegraph later can easily load and get all the data in the 
correct places. At the moment the scenegraph cant access the models material as 
there is no method for accessing it from the NUI frameworks implementation 
which also has its render function made for the fixed -function pipeline 
rendering in OpenGL.

Creating the "design" application in conjunction with the retail application 
would have been a good thing.

4. Discussion

The hardest part about the application was that there were no real specification 
on what should be in it. All I got was some examples of how it could work and 
what it should be able to do. And it is difficult to know where to draw the line 
and say : “Now this is enough” and let the user specify the last parts of the 
experience.

I am impressed with some parts of the NUI framework how it easily allowed me 
to render fonts, math functions and such. But on the other hand the framework 
should need a run-through as it has mixed structure of the classes and some 
methods required are missing and were added as I realized that. As an example 
the node class has functions to manipulated matrices when that should have been 
implemented in the matrix classes.

And also as an example the Font handling in NUI framework is not that great. 
You have to first decide what font size you want to load the text in and then 
decide the render scale of the text, this makes it cumbersome to get the correct 
size of the text.

And as I have been developing on a dual touch solution the behavior of the 
programs are slightly different on a true multi-touch solution, and as such the 
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Tap application was really simple on a Horizon. And using three people = 15 
inputs you could play indefinitely and get crazy high scores. This could be fixed 
but I did not have time to do that.
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