Chapter Six

SYNTHESIS: RING AND MOSAIC

General Overview

This chapter presents two interfaces that are synthesized from requirements set forward in the philosophy of interaction chapter. Here, feature integration, design affordances, hierarchical organization of commands, adaptive interfaces, ring menus, and tree maps are united to produce a two-part interaction system. Those two parts are the ring and the mosaic. This system is intended to support virtual design editing tasks as defined in previous chapters. Examples of those tasks include selecting and modifying colors, vertices, or symmetry attributes.

Each interface is described in moderate detail, followed by a discussion of hardware and software requirements. Some potential applications are given and some limitations of this paradigm are given as well.

Ring

The first interface, the ring, is designed to facilitate the editing process for simple and complex virtual objects. The interface expands the basic ring metaphor to support a user’s tasks in modeling. First we discuss the development of the ring and it’s customization to the virtual design task. Second, we present details of the interfaces.

Developing the Concept

Motivation for the ring concept comes from the need to improve the current approach to virtual design applications. The necessary interface expansions deal with global editing modes and mode menus, editing objects with multiple surfaces or multiple attributes, and providing access to special object attributes.  Each area is discussed and ring menu concepts are proposed to remedy those shortcomings.

Global Mode and Mode Menus

The study of interdisciplinary design reviewed some experiments with the VADeT system. These experiments indicate that reliance on a global editing modes places cognitive load on the user. Users have to be aware of the mode, they have to read it in a display or they have to locate it in some two-d mode menu. This requires users have to shift their attention away from the object of interest towards the menus. They have to translate their design intentions into the terminology provided by the floating menus. 

Removing the dependence global mode should reduce the user’s cognitive load. Users should be able to change aspects of the shapes without entering an explicit mode. This points towards a system where users react directly with the virtual objects. 

Also, creating a menu that kept the users focus centralized on their virtual object would reduce the time spent scanning for operations in menus. This points towards an interface that is located near or around the object. Examples of this include manipulation points on the corners 3D objects, special markers that users grab and manipulate to move vertices. However, some physical properties like mass, density, and material type are not as easily mapped to control widgets. 

A ring menu placed around the object of interest could include widgets for editing operations and would also keep the users focus on the object of interest. This ring could be used to access various parameters of the object. 

Multiple Faces and Attributes

The VADeT color selection process assumed one color per shape, one texture per shape, and one set of material properties per shape. Clearly, users must be able to select multiple colors for their virtual objects. The VADeT system did not provide access to individual faces or to vertices. Users must be able to select multiple or individual faces and apply coloring. Further, if a set of faces shares the same coloring, a user might wish to change all of those faces simultaneously. 

A ring interfaces could present options for selecting faces, it could also collect common colors from the virtual objects and present them to the user like a palette. Changing one color option could change all faces of that color in the scene. There would have to be a limit to the number of items that could be included in the menus. 

Special Object Attributes

The VADeT system provided access to global shape attributes including size, scale, rotation and position. It did not provide access to specific properties of individual primitive types. For example, the inner radiuses of Torus shapes or Arch shapes were not editable in that system.

It is clear that 3D primitives have differing sets of attributes. The design study presented an idea for a dynamic popup menu that could add or remove editing operations based on the properties of the shapes.

A ring menu could present categories of shape operations and could change dynamically based on the set of operations available for a shape. This ring menu could expand by adding more options around the radius of the ring, or by extending outwards in a radial manner.

The issues associated with global editing modes, multi-faceted objects, and editing specific object attributes could be accomplished with a ring menu. Editing operations can be collected into groups. Colors, textures, other attributes could be collected as well. These groupings provide good feature-based categories for interaction.  The Ring interface presented in the next section integrates the operations and object attributes into a hierarchical menu.

Ring Details

The Ring interface arranges the features of the virtual objects into a hierarchically organized pie menu. Object attributes are decomposed according to features, and then grouped into categories. Small icons representing the attributes are distributed about the ring. Figure 6.1 below demonstrates a sample object being edited. This menu could be summoned with a single button press and would appear around the object to be edited.

Users interact by selecting the attribute or category of operation they’re interested in.
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Figure 6.1 The Interface Ring

Note the high level categories in the ring, colors, faces, query operations, and Geon properties.  The color section presents the colors used in the virtual object. The faces section allows users to select the next or previous face. The query option is not defined in this menu, but it is envisioned as a way to search the virtual space for other similar objects. Finally, the Geon properties section presents edge, symmetry, size, axis and position operations for the shapes. Note that one tab in the Geon properties section extends outward revealing more choices.

This interface has potential for adaptability. Each attribute category could be minimized or scaled, thus reducing the visual space occupied by that class of attributes. If a user at some stage in the design is not interested in a particular attribute, that group can be iconized or reduced to give more space for other operations. Also, if a ring has a set of potential sub-choices, those choices can extend radially outward (Figure 6.1) or could be arranged in a concentric circular menu. Also note that the sub-choices can be sorted by priority or by use history.

This interface could be created around any object of interest. Once a user decided to modify the object, this ring could be instantiated and populated with the relevant attributes. This interface could be applied to a larger object by perhaps creating an iconized version of the virtual object or a group of objects inside of the ring. Editing the object in a scaled manner, allows the user to perceive the entire object from an interior and exterior view.

The mosaic interface presented in the next section, addresses 

Mosaic

The second interface, the Mosaic, is designed to generate a user customizable view of the virtual space. This interface is intended to support query of the virtual space, to illustrate the users virtual/physical relationship to objects of interest, and to offer a flexible presentation of that data information.

Developing the Mosaic

The mosaic is intended to provide some support for design reviews in the virtual space. The study of interdisciplinary design revealed that a diverse team of designers considers diverse sets of attributes when optimizing a design. While there is overlap in those interest areas, it is important that designers be able to isolate and classify virtual design objects according to one or more of those attributes. The main areas of impact for the mosaic are in the query of the virtual space, presenting the users relationship to the data set, and in accommodating a flexible intuitive presentation of the data.

Query of the Virtual Space

An important task in design review is comparing solutions against each other. The mosaic is intended to support some aspects of this query process by allowing a user to sort the virtual scene according to attributes relevant to their task. If the task is to reduce the weight and cost of a design, the design could be sorted by those parameters. This sorting would enable a user to select the parts from the top of the list.  If a task is to review design decisions, users could sort design annotations by category, author, date, etc.

User Relationship to the Data

The mosaic is also intended to give the user a view of his/her self relative to the data set. This display could update and resort the virtual objects as the users moves about the scene. The objects could be sorted based on linear or angular distance from the user. One application of this relative to interior design would be the minimization of ambient noise in an office environment. The user could choose to sort the scene by the noise level of the objects. This interface would allow the user to rotate about the virtual space, holding the mosaic in front of them like a Star Trek Tricorder.

An augmented reality application of this display would be in retrieving parts in a warehouse.  Parts could be sorted by weight, date, or delivery deadline. This ranking would enable a person to optimize the retrieval process, dynamically. Another application could be in a virtual battle space or community planning. This display could track dynamically moving vehicles in a scene.

Flexible Presentation

The mosaic display will create a list including visual glyphs for the virtual objects. Users will have a choice in how the lists are presented. Two straightforward options are horizontal and vertical arranged lists. The main benefit of a linear arrangement is quick scanning and simple comparisons. Another view option is a tree map. The tree maps are great for indicating the hierarchical relationships between the objects.

Combining the need to support a user in querying the virtual space, with the need to reveal indicate the users position relative to the dataset, and the possibilities for flexible presentation, lead to a two-dimensional interaction panel. This panel is called the mosaic, hinting to its origin in hieroglyphics communication.

Mosaic Details

The second interface, mosaic, allows users to select and compare virtual objects based on their attributes (Figure 6.2). This functionality is intended to support design reviews. Mosaic ranks the virtual scene according to the attributes of the objects. Object attributes might include size, shape, scale, color, texture, and mass. Users may affect the presentation of the objects. They may be placed in a horizontal, vertical, or tree-map like hierarchical arrangement.
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Figure 6.2 The Mosaic

The list should be selectable, offering users the ability to navigate to selected objects. The list may be either dynamic or static, causing it to update constantly, or to take a snap shot of the virtual scene. One additional option involves the selection of sorting parameters. Given a set of parameters and means for comparing those measures, multiple rankings could be combined to yield a composite score. These scores can then drive the arrangement of the object glyphs in the mosaic.

Software Considerations

The Mosaic and Ring will both be implemented in C++ and OpenGL [OpenGL]. The OSX beta development will include the GLUT library for basic three-dimensional context and view-ports.  The immersive implementation will be done in VR Juggler [Bierbaum].   

VRJuggler is a cross-platform open source software system for virtual reality applications development. It provides a three dimensional context for graphics display and status information for the VE interaction devices. 

The programming interface for the ring and mosaic classes has not been defined at this point. At a bare minimum, editable VE objects will need to provide access to all editable parameters. This may include things like position, rotation, scale, etc. 

On implementation approach might require each virtual object to maintain a set of system-defined property objects. These property objects would have to indicate the type, dimensionality, and range of values for the parameters.  Maintaining a dynamic list would allow virtual objects to expand in the design process. Virtual objects could then be expanded in the design process, enabling users to add faces, colors, and more during the editing process. 

Hardware Considerations

The ring and mosaic interfaces should be able to operate on most OpenGL capable systems. Typically users interface components are not graphically intense. And there are very high-end CAD modeling packages that operate on PC hardware. The virtual environment hardware must support user interactivity with high enough frame rate to be a continuous experience for the user. Also, users must be able to select items on the ring and mosaic interfaces with reasonable accuracy and response latency.

Potential Applications

The present focus of these interfaces includes configuring and editing objects in virtual design applications. A number of other potential applications have been discussed. A few of those applications include fashion and interior design, specific architecture design, and possibly selecting personnel for specific interaction tasks [Noorgard].

In the area of fashion design, the Ring interface might be used to configure clothing on virtual models. It has been suggested that the ring could present options for textures, print types (solid, stripes, paisley), colors, and special fabric treatments.

Another idea offered was to use it to configure arches in a building architecture setting. Examples of arch parameters include modifications for the footing, foundations, and leads of the arches. There was also saw a potential for this type of interface in selecting members for a sports team. Given a roster and statistics, perhaps this interface could be used to try out various lineups for games. 

This interface has been likened to topical index for a technical reference. It was as a way to bridge the gap between a diverse set of design intentions and a complex set of configurations. This interface would quickly allow users to change between various design alternatives, however instead of viewing separate finalized designs, users would be able to evaluate major decisions about the design elements.

Limitations

The Ring and Mosaic interfaces should play a role in enabling users to edit specific characteristics of the virtual objects. Some operations will not be efficient with this ring interface. It is anticipated that translate, rotate and scale operations of CAD objects would be most intuitively performed through direct manipulation of the objects. 

Also there will be a limit in the number of categories the ring can display. There will be a lower bound on the size a ring attribute glyph must be to be selectable.  Further, the mosaic will only be able to display a limited set of attributes as well.

This ring will be affected largely by the resolution of the display. Users of small displays may have difficulty selecting menu options if they become too small. These limitations should be revealed by a usability survey of the devices in operation. Also Fitt’s law can help us to establish guidelines for the minimum size of the affordances icons.

Summary

The Ring and Mosaic interfaces leverage the concept of feature integration to simplify the process of selecting and modifying shape attributes. The Ring applies the theory of feature integration to assemble virtual object attributes into hierarchies. Those attribute hierarchies are placed into a ring menu, hopefully providing intuitive access to virtual object features. 

The Mosaic also uses feature integration to some extent, however it allows the user to rank the virtual objects according to user preference. Users may select any of a list of objects attributes for comparison. Users may also choose a presentation for the rankings. That arrangement may be linear, or tree-mapped based, enabling the consideration of hierarchies or other relationships between the virtual objects.

These interfaces work to inform the user of the operations which they may perform on their virtual objects. The also enable the users to compare attributes between objects.  Hopefully these interfaces will prove beneficial for the creation and evaluation stages of design. The next chapter presents a brief plan for evaluating the interfaces. 
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