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Abstract. During the design process of 3D interfaces, designer and software 
developer make a multitude of design decisions. The construction of a virtual 
scene, the texturing, and the lighting are applied methods to create effective and 
efficient user interfaces. In contrast, the camera model of computer graphics or 
rather the projection of the three-dimensional scene onto a two-dimensional 
image plane is often of little practical use as a tool for designing 3D interfaces. 
To improve the camera as an instrument in 3D interface design, the MosaIC 
approach (Model-Based 3D Interface Composition) is presented. The top-down 
approach allows designers and developers to specify 3D interfaces at multiple 
levels of abstraction by means of model-based interface development. 

Keywords: model-based, 3D interface design, 3D computer graphics, Multiple 
Views, Nonlinear Projection Methods. 

1 Introduction 

The availability of 3D technologies and platforms is continuously growing. The wide-
spread usage of 3D graphics engines and the development of 3D formats 
consequently results in a variety of systems ranging from information visualization 
systems to computer-aided design (CAD) tools and level editors for computer games. 
In most applications, the view into a virtual three dimensional scene is controlled by 
adjusting camera placement and defining a field of view. Based on photography, the 
computer graphics camera became a reality, whereupon the rules of projection follow 
the model of a pinhole camera strictly. 

In contrast, with advanced methods to realize nonlinear or multiperspective 
visualizations, a huge freedom of design is feasible (cp. Fig. 1). Durand and Agrawala 
illustrate that non-photorealistic images can be more effective and more expressive at 
conveying information [1, 2]). The flip side of this variety of depictions is challenged 
by the determination of a guided way to use these visualizations in interactive 3D 
applications. 

The success and further progress of 3D applications inherently depends on 
designing interfaces in an effective and efficient way. To facilitate and to improve the 
interface design for interactive 3D graphics applications it is necessary to provide  
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Fig. 1. Visualizations of a three-dimensional scene that shows an abstract city with different 
projection types: Perspective Projection (A), Inverse Perspective Projection (B), Nonlinear 
Projection (C), Multiperspective Projection (D). The depictions are rendered by manipulated 
camera models of computer graphics. 

methods and procedures to use the camera as a design tool. For this purpose, a model-
based approach is presented to support conceptual design, interface modelling and 
description of 3D graphical user interfaces. The presented procedure is based on the 
various possibilities of camera manipulation and the benefits arising from the use of 
multiple views.  

The paper is organized as follows. The next section relates our work to existing 
approaches. Thereafter, the main part introduces the MosaIC procedure model 
assisting the interface development process of real-time interactive 3D graphics 
applications. In the last section of this contribution, the results are summarized. 

2 Related Work 

Projection of three-dimensional space onto a two-dimensional surface relies on the 
computer graphics camera model. By default, the transformation follows the law of 
perspective projection [3, 4]. Beyond that, unorthodox linear as well as nonlinear 
visualizations can be achieved by manipulating the standard camera model of 
computer graphics by modifying the projection [5, 6], the image plane [7, 8], or the 
Object geometry [9]. Therefore, nonlinear panoramas, multi-viewpoint images and 
multiperspective views are feasible by using modified camera models. 

Beyond rendering a single view, Maple et al. discuss in [10] the use of multiple 
coordinated views (CMVs) to improve navigation and orientation in three-
dimensional virtual environments. In [11], aspects of multiple views are summarized 
and the authors of [12] conclude that the choice of visualization and coordination is 
highly dependent on the visualized data set and the user task. Based on the concepts, 
software frameworks and applications were developed to study CMV [13] and 
visualization frameworks for non-photorealistic rendering [14, 15]. 

The aim of model based approaches in interface design processes is to connect all 
relevant aspects of user interface creation in declarative models. A complete set of 
models is in [16] described as the “Interface Model” and can be divided from high-
level design aspects to low-level design decisions. Furthermore, Puerta introduces in 
[16] the interactive environment Mobi-D that supports user-centered development as a 
top-down approach [16]. An alternative approach of model based interface design is 
based on design patterns and pattern languages. Van Welie and van der Veer present in 
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[17] a top-down approach where patterns for interaction design are organized 
hierarchically, from high-level design problems to low-level design challenges. In the 
last years, the CAMELEON Reference Framework [18] is established in the area of 
model based user interface design. Limbourg et al. [19] introduce the user interface 
description language UsiXML that is based on the CAMELEON Reference 
Framework. UsiXML allows designers to specify a user interfaces in XML at multiple 
levels of abstraction focused on model driven development. Alternatively interface 
descriptions can be based on UML instead of XML. Pinheiro da Silva et al. extend in 
[20, 21] the UML metamodel with new types of diagrams and new notational symbols. 
Consequently, UMLi is introduced in [20] to reflect missing capabilities for designing 
user interfaces with UML. However, only a few model based approaches currently 
address the development of 3D interfaces: Concept Oriented Design is focused on 
developer-centric representations of an interaction design in virtual environments to 
create a multi-tiered implementation, ranging from an envisioned behavior expressed 
in conversational language to low-level code [22]. InTML [23] is a X3D profile that 
describes 3D interaction techniques in a platform and toolkit-independent manner. 

3 Rethinking the Projection 

The computer graphics camera model maps a three-dimensional space onto a two-
dimensional surface. The camera model is based on the principles of the camera  
 

 

Fig. 2. Camera Model of Computer Graphics and its modifiable elements to create nonlinear 
and multiperspective images 
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obscura, which is the original camera model of optical and virtual cameras. 
Conventionally, the transformation of virtual space onto the image plane of the 
camera follows the laws of perspective projection [3, 4]. In the rendering process the 
image results from the intersection points of the image plane with all connecting 
vectors from the center of projection to the three-dimensional points. The projection 
yields a perspective view along the viewing direction of the camera and obtains a 
uniform treatment of all objects in the image. 

In Fig. 2, the camera model of computer graphics is explained and its modifiable 
elements are illustrated. The camera model contains a view frustum as well as the 
center of projection [C], the viewing direction [D] and the up-vector [U]. The view 
frustum is defined by the aspect ratio of the projection plane and also near [N] and far 
[F] clipping plane. The intersection of the optical axis (viewing direction) and the 
image plane is the principle vanishing point [P] of the image [24] and corresponds to 
the intersection of the horizon and the sagittal line in the image. Furthermore, Fig. 2 
shows elements of the camera model that can be manipulated to realize nonlinear and 
multiperspective projections. Modified projections lead to non-photorealistic 
visualizations by manipulating objects [O] of the scene, view frustum [V], image 
plane [I], projection rays [R] and eye point [E]. With a modifiable camera model of 
computer graphics, panorama views as described in [25], fish-eye views as 
highlighted in [26] and images with more than one perspective (multiperspective) (cp. 
[27, 28]) can be realized in coordinated multiple views ([10]). 

4 MosaIC – Model Based 3D Interface Composition 

Interfaces of interactive 3D applications bring together different linear and nonlinear 
views that are arranged on the screen. Each view can be rendered with a different 
rendering method. Additionally, the views can be combined and coordinated to fulfill 
the requirements of an interactive 3D interface. The MosaIC procedure method 
provides a model-based approach that supports designer and developer in creating 3D 
interfaces using linear and nonlinear visualization methods in coordinated multiple 
views. The MosaIC design process that is shown in Fig. 3 is in accordance to the 
typical steps treating in web as well as 2D interface design processes (cp. [17, 19]). 

 

Fig. 3. The MosaIC procedure consists of four steps that support the design process from  
high-level design decisions to low-level design descriptions 
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The step of Conceptual 3D Interface Design determines the tasks that have to be 
fulfilled by the user interface to realize an effective and efficient human computer 
interaction process. This includes specifications but also main experiences that such 
an interface design is supposed to offer. Thereby, designers and developers determine 
the main user goals that need to be provided by the interactive system. The Abstract 
3D Interface Design defines how users can reach their goals by the definition of an 
interface model based on a UML-Profile. Based on abstract interface definitions, the 
Concrete 3D Interface Design determines precise interface elements, their relations 
and conjunctions. Thereby, the concrete model ends in a further concretion of the 
interface design.  The Final 3D Interface Design is a description of the interface in a 
XML-based user interface description language to integrate the interface into an 
existing interactive application. In the following subsections, the steps of MosaIC are 
introduced and described in detail. 

4.1 Specification Step 

Interfaces of 3D applications have to be designed for a specific context and serves as 
a mediator in human computer interaction. Specifications define the needs of a user 
group, its tasks and the application context. Developing a 3D-interface, engineers and 
designers have to know what data set is used and have to decide what kind of 
visualization is needed. At the same time, they have to determine how the information 
will be aggregated or abstracted. Finally, they have to work out how the user interacts 
with the system.  

The MosaIC design process starts with a specification of user-centered and context 
related requirements in terms of satisfying user needs. Usage scenarios and use cases 
that are developed and documented provide an ideal foundation for the whole design 
process. The challenge is to transfer user needs into concrete interface requirements. 
The identification of requirements for the specification is very much related to the 
interrelation between the description of the problem and the vision how to solve it. 
Designers, engineers and domain experts use different methods and procedures to 
address this correlation in the context of usability engineering [26], software 
engineering [8] and business process modeling [16]. Here, the key aspect to 
accomplish the Conceptual 3D Interface Design step is the professionalism of the 
“human editor” [29]. Use cases and application scenarios, which are transformed into 
clearly defined and documented requirements by the editor, is the starting point of the 
modeling step. 

4.2 Modeling Step 

In the modeling step of MosaIC, it is necessary to define what kind of elements are 
needed, how many components are involved, and in which way the interface elements 
are arranged and composed. The modeling step itself consists of the Abstract 3D 
Interface Design and the Concrete 3D Interface Design, which build upon one 
another. 
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Abstract 3D Interface Design. For the abstract modeling process, a UML profile is 
defined that consists of a set of stereotypes as an extension of the UML Metaclass 
Class. The elements of the MosaIC:Abstract Profile are illustrated in Fig. 4 by a 
structural diagram that uses the conventions of UML [30]. The diagram depicts the 
interface elements and the kind of relation between them, such as inheritance, 
reference, and aggregation. The interface elements (UML Classes) are depicted as 
boxes and are titled with a significant name. Arrows indicate relationships between 
the elements. These relations include inheritance, denoted by a large empty triangle; 
object reference, denoted by an unadorned arrow; and aggregation, denoted by a 
diamond base. 

The MosaIC Abstract Profile, shown in Fig. 4, defines the «Stereotype» Region of 
Depiction as a top-level container element. It is an Interface Element that represents 
the area on the screen where Interface Elements can be placed. In fact, the container 
type Interface Element acts as a grouping mechanism to the structural elements of the 
user interface. In the following, Views can be placed within a Region of Depiction. 
Furthermore, a Behavior can be assigned to Interface Elements. Therefore, changes 
within views can be defined. A special behavior is determined by the «Stereotype» 
Coupling. This element describes a behavior that depends on the changes within 
another View whereupon coordinated views are definable. 

 

Fig. 4. UML Profile MosaIC:Abstract for the 3D interface design of interactive applications 

Concrete 3D Interface Design. Abstract interface models do not describe the 
detailed arrangement of interface elements. Abstract models also don't provide any 
description of the image structure of a view. Furthermore, it is not intended to 

«Metaclass»

Class

«Profile»

MosaIC:Abstract

«Stereotype»

View

«Stereotype»

Behavior

«Stereotype»

Coupling

«Stereotype»

Region of Depiction

0...*

* 0...*
«Stereotype»

Interface Element



494 J. Wojdziak and R. Groh 

 

describe how events of user interface elements relate to operations of other views or 
objects of the three dimensional scene. Therefore, concrete interface models are 
required during the Concrete 3D Interface Design process.  

Concrete models provides a level of detail to transfer the user interface into a user 
interface description language in a subsequent step. For this purpose, the interface 
elements and their relations are defined based on a concretized UML profile. The 
profile is adapted to the level of detail and substantiated beyond the profile for the 3D 
Abstract Interface Design. The MosaIC:Concrete Profile is shown in Fig. 5 and 
depicts the interface elements as UML stereotypes based on the same UML syntax. 
Furthermore, it is shown how elements of the abstract profile are translated into the 
concrete profile. The Fig. 5 illustrates that the Region of Depiction is concretized by 
the Interface Area, the View by the Panel, the Coupling by the Operator and the 
Behavior by the Modifier. Additionally, the profile also contains stereotypes that are 
defined as an extension of the UML-Metaclass Class to define 3D Interface in detail.  

 

Fig. 5. UML Profile MosaIC:Concrete for the 3D interface design of interactive applications 
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placed within a panel to structure content. As a result, the grid acts as a baseline 
structure for the arrangement of the panels on the interface area. Furthermore the 
panel can be rasterized to provide a grid to arrange a Picture Space. The Picture 
Space is the resulting image of the rendering process. As described in the section of 
Rethinking the Projection, a Picture Space can be created by more than one single 
projection. In the Concrete 3D Interface Design, a Picture Space is composed by a 
number of projected Images rendering 3D Objects of the virtual scene. Furthermore, 
the MosaIC:Concrete Profile also concretize the behavior of a 3D interface. The 
element Modifier is a container element, which composes a number of Operators 
depending on constraints. The operator determines variation of a panel property or an 
attribute of a grid. As a consequence, the size of panels as well as the structure of 
grids and the characteristics of a picture space are modifiable. 

4.3 Final 3D Interface Design 

A user interface description language is defined to describe the Final 3D Interface 
Design. The description language provides an “interface” between an application 
developer and a rendering system. The MosaIC description language is a XML dialect 
and depends on a pre-existing language engine - a graphics engine - for rendering the 
3D interface. To this end, an interactive real-time application was implemented to 
realize methods of nonlinear projection methods on the one hand and to verify the 
applicability of the final 3D interface description on the other hand. To describe the 
three-dimensional scene, graphs are used in the application to cope with the 
complexity of data structures. The criteria of a flexible and adaptable rendering 
process are matched by the graphic toolkit OpenSceneGraph [31]. OpenSceneGraph 
is an open source 3D graphics toolkit, which wraps OpenGL functionality and is used 
in fields such as simulation, games, and scientific visualization.  

Similar to the structure of objects in a scene graph, interface elements are 
organized in the MosaIC:Graph to provide a structure that contains all information 
needed to render the 3D interface. The purpose of the MosaIC:Graph is to provide a 
structure to define and organize the elements of a 3D interface scene and the dynamic 
behaviors that can modify the projection methods and view coupling of the interface. 
For this reason, a graph concept is developed and a set of interface nodes is defined. 
The MosaIC:Graph is an XML-based graph structure according to the 
MosaIC:Concrete Profile that defines the hierarchical dependencies between the 
interface elements. Each element is specified by a node of MosaIC:Graph. Every 
interface node is defined by an associated type name. The nodes and their relations 
are shown in Fig. 6. Each node contains fields that define attributes and characteristics 
of the interface. The root node of the graph is called the Interface Node that serves as 
the grouping element of sub graphs structuring the visual interface elements as well as 
the behavior. The graphical sub graph contains a Grid node to arrange panels on the 
screen. The Panel node contains images that consist of a multitude of Cameras. 
Similar to the concrete design, Modifier node and Operator node include attributes for 
the definition of behavior to define relations in multiple views. 
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Fig. 6. Elements of a 3D Interface based on the elements defined with MosaIC 

5 Conclusion and Future Work 

In this contribution, the potential of model-based interface development in the context 
of interactive applications is illustrated. Considerations on related work identifies the 
camera model of computer graphics as a tool to create a variety of visualizations that 
can be used in designing 3D interfaces. The model-based interface development 
procedure MosaIC is introduced and explained to transfer the benefits of a flexible 
camera model into the design process of 3D graphics applications. The MosaIC 
procedure illustrates how projection methods can be applied in the field of 3D 
interface design by proposing a model based development process. Using MosaIC to 
design interfaces facilitates the integration of visualization techniques that are not 
commonly provided in applications, but which are still useful to improve the 
representation or comprehensibility of a virtual scene and visualizing information 
about the spatial relationships and structure of spatial objects. Furthermore, the 
MosaIC procedure can improve the development process and simplifies the use of 
unorthodox linear as well as nonlinear projection methods in interactive 3D 
applications. 
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