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Abstract

This paper focuses on the integration of the haptic and virtual modalities based on UsiXML language, to enhance user experience. Haptic applications have widely enriched with the auditory channel. We consider that by integrating haptic and virtual channels   visual impaired users can be benefit from this approach. When the visual problem is considered users can interact with haptic devices, when the visual impairment is light the visual channel help to reinforce interaction. We propose a set of 3D-widgets haptically enhanced called hapgets. We use UsiXML, a XML-compliant User Interface Description Language and model-driven approach, to describe our models qnd support our approach. UsiXML provides a Concrete User Interface description that remains independent from any toolkit, whether graphical or virtual. To support the rendering of this description in a virtual world with haptic interaction, new models and a render engine were developed. 
1. Introduction

Although the visual channel probably represents the most predominant modality to communicate information in today’s computer-based systems, studying when and where an alternative modality may be used instead is still an open and interesting problem. Even more challenging is when the virtual channel could or should be part while offering a supplementary modality for non-visual interaction.

A significant case is when we would like to offer simultaneously visual and haptic interaction: on the one hand the visual channel is preferred by users experiencing no problem in using it; on the other hand, the haptic channel could be used by impaired users, and the combination of both modalities could be offered to those who suffer from more sight impairment, but who are not blind: when the visual impairment is important, the tendency would be to rely more on the haptic interaction (haptic dominant interaction) as opposed to the visual interaction when the visual impairment is light, but existing.

There has been much work to offer an audio rendering of web pages to blind users [2], [12], [16], [18], [24], but even the best audio rendering still suffer from some intrinsic limitations such as: sequential navigation, long processing time, difficult navigation within a long page or across web pages, audio rendering is independent of any widget and only works whether HTML is appropriately programmed.

In contracts, haptic interaction displays the abilities to overcome some of these limitations: the user may, in principle, freely navigate within a scene provided that it has been designed to appropriately support haptic interaction (the haptic pointer may asynchronously move from an object to another) no sequence is imposed. Consequently, the time required to switch from one screen object to another object may be reduced at the price of a haptic exploration of the scene.
Experimental studies [2], [12], [16], have revealed overage search times of items in a scene using the visual channel but there is a need to conduct a similar study to investigate the average reach time of an object using the haptic channel and to identify whether there is some correlation between both search times. It is likely that the exploration time of a “haptic scene” will increase with the augmentation of some parameters like the amount of haptic widgets, their complexity, their inter-object distance: we do not know exactly today what means to haptically explore a scene of objects, this is why we would prefer a scene instead of a 2D screen.

Haptic rendering my be made specific to any object and even depending to any user as several parameters (damping, buzzing) may be differently assigned depending on both: the object and its importance and the user type (eg. impair +/-) it is desirable to benefit from an environment where each object automatically come with appropriate haptic disability characteristics.

The key of designing a usable UI working for both visual and haptic channels, consist in designing a graphical UI first is usable enough to appropriately augment it with haptic characteristics which won’t destroy the initial usability effort.

The goal of this paper is to present the process for obtaining a hapget in a toolkit which satisfies the aforementioned requirements and to exemplify its usage through a case study. It is not intended to present the complete toolkit, the full process for building an application based on hapgets, and modality evaluation of such application. These aspects are further developed elsewhere, due to lack of space.

2. State of the art
 Few works has been done on designing haptic and 3D (VR) modalities [12]. Traditionally efforts have been towards haptic and auditory interaction. What is more web-based systems are not considered as they should for both virtual and haptic interaction. There were an effort to enhance web-browser capabilities, [8], including haptic and virtual reality support. In addition, another parameter was to be usable for people with special needs (blind, visual impair). Another work, [16], studied the rendering of web pages with haptic interaction. 
Desktop applications with haptic enhanced with auditory feedback has been widely studied. The claim is that combining auditory and haptic cues provides visually impaired with complementary information. PC-Access [18] is a system which combines sound feedback with an enhanced drawing tablet, and tactile stimuli synthesized by a haptic pointing device. When using the second version, the user is able to perceive the interface objects (e.g. icons, menus, windows) as well as actions (e.g. moving, re-sizing). Thus, PC-Access offers auditory information (non-verbal sounds and voice synthesis), reinforced by the sense of touch which in turn helps to direct manipulation. In [24] haptic and audio channels are used to convey to visually impaired people graph information.
Virtual representation combined with haptic interaction is described in two studies [12] and [2]. In both cases they used virtual objects for the visual representation, but they did not consider a set of different 3D objects to differentiate them, it was more the properties such: different sounds, colors, and haptic feedback what made the difference. On the contrary, in [19] a set of virtual object is presented knobs, buttons, sliders, and switches for haptic interface devices. However, the set is still reduced.
A common problem is how to select and find objects, and thus different helping tools that assist the user during such tasks need further investigation [12]. 
3. Haptic rendering rules for web pages
The extension of UsiXML involves not just support to haptic interaction but also virtual representation of the widgets.  We use the following reason for such decision.

First, in principle, noting prevents us from haptically augmenting traditional 2D widgets belonging to a native toolkit. This work has already been done for the X Windows window manager [13], which revealed the following conclusion: the haptic augmentation remains only applicable to this computing platform which imposing no particular constraint on the UI to the haptically augmented.

Different renderings of a widget may be offered to convey various meanings to the same object depending on the context. This idea has been admirably illustrated in [8] where the rendering of a task button is varying depending on frequency of usage (more frequent more rusty), last update (more old more dust)- we would like to introduce the same principle here and to support it through the haptic channel using the surface property, in FigureFigure 1 a new updated, as a consequence, UI of our calculator.
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Figure 1 Haptic rendering engine’s of a new calculator

Second, our human tactile sense is working in 3D since we can sense “tactily” volumes by exploring them on each face. Therefore, it makes sense to presume and exploit our 3D sensing abilities. Third, it is possible to include more objects in 3D than in 2D and with a greater degree of complexity. Fourth, a 3D exploration of a scene may consider different design options/considerations such as: “putting first-class objects first and delegate second-class objects behind”. “Progressively reveal information through several levels of detail”. These principles could be implemented also in 2D, but more difficult.

Fifth, 3D spatial relationships may be introduced to convey more complex sets of information that could hardly conveyed otherwise in 2D.
3.1. Definition of the concrete user interface
The semantics of UsiXML are defined in a UML class diagram. Each class, attribute or relation of this class diagram is transformed into a XML Schema defining the concrete syntax of the UsiXML language in general. A concrete user interface (CUI) is assumed to be expressed without any reference to any particular computing platform or toolkit of that platform
The CUI model is composed of concrete interaction objects (CIO) and the relationships mapping them (cuiRelationship). The cio model corresponds to an entity of the UI that is perceivable by the user (e.g., text, image, animation, sound, vocal output) and/or that allows users to interact graphically or vocally with the UI (e.g., a push button, a list box, a check box, a vocal input, vocal menu). Currently the cio model considers the vocal and 2D graphical (2DGraphicalCio) modalities of interaction. A complete description of this model could be found in the documentation of UsiXML (www.usixml.org).
3.2. Haptic extension to UsiXML CUI model

The haptic CUI extension to UsiXML, Figure 3, corresponds to the description of 3D graphical concrete interaction objects (3DGraphicalCio). The new extension adds not just a new interaction, the haptic, but also the 3-dimensional (3D) graphical representation.
The haptic CUI model includes a set of effects: 

· BuzzEffect. The effect that vibrates the haptic machine. Its attributes are: Amplitude, duration and frequency. 
· ConstraintEffect. This effect constraint the haptic machine to the point, line or plane using spring damping system. Its attributes are: damping and springStiffness.

· inertialEffect. This effect simulates inertial at the end pint of the haptic machine as if a mass was a task there, using a spring/damping model. Its attributes are: damping, mass and gravity.

The second component relevant to the haptic interaction is the surface properties. This model corresponds to the properties of the surface of the 3D components. Their attributes are: static friction, dynamic friction, damping, spring. Finally, the shape model that composed the 3DGraphicalCio corresponds to the shape (type) of a 3D component. Its attributes are: name, id, position, the rotation and size. The type of shape has as valid values the name of some primitive shapes, such as: cube, sphere, or "custom" for any other shape. Each shape has associated an appearance, the surface, the sensors, for the behavior, al attributes compatible with the abstract definition of X3D language, proposed by web 3D consortium (www.web3d.org).
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Figure 2 Three-dimensional haptic components
We divide the 3D User interface components into 3DContainers and 3D Individual components.  For containers we just have currently two implementations the 3DWindow and 3DBox. The 3DIndividualComponents are 3d graphical CIO contained in a 3D graphical container. We have: 3DTable, 3DTree, 3DImage, 3DMenu, 3DMenuItem, 3DSlider, 3DoutputText (a component specialized for output text), 3DinputText, FontStyle, 3DButton, 3DToggleButton, 3DcheckBox, 3DRadioButton, 3DComboBox and 3DItem, some of them depicted in Figure 2.  
[image: image3.png]hape

(T Wyt [
B g s bk e G
sEnted :boksn ;
e P— T i g
ofostion : ozt Boissativ :bocean
BoRtatn : flozt
:x"‘! ";n“" SutaceFrpenies
Sl z:\mmman:ﬂm
yramicFiton: ot
(@damping : float
@hspring : loat
‘ et
FOndvdmCponerts
1 [X)
S Whadobuton
e ks
Winage DatputTent 406uton q
; puplame: st
Wesone Bttt o | [y | o J bt et
copCtert [— pitute | (Rfamgg ot
T LT Boduration: ot | Rsprngtiiness :foat | |Roraviy:foat
A08ider Bofequency : lat Bomass  flozt
e :‘ktvnuwno @oeptingtickness  float
onChange)
e a‘m‘“:! o DToggebiton
f kit b SDConbobon
1
sl eger
wpww::"‘“m ot Sonlik) sCrplon s boan
Buodatien o By Mg T [z
oozt : $FBool
By Mot ekt bk
é ? @ianguaje  SF Sting
@ieftToRigth : §F ool
Mten Bose - SFFia
AWTabe E*WMW;INMN Beepacing : $FFiat
type :stng Byt : SF tring 40kem
eybuardht : sting BpopTobaten : 800
(@taut Keyboardshortout :sting

Z 3





Figure 3 Haptic extension to UsiXML concrete user interface model
3.3. Design rationale for haptic rendering
     In this section we examine different three-dimensional (3D) possible renderings that we have identified in the literature or that we propose to graphically represent the 3DIndividualComponents. The representations of the UsiXML 3D components have to be easy understandable. The comparison between the different representations of the same component that were examined was made using criteria like the 2D and 3D consistency, the development complexity, the usability and how much intuitive the representation was. We did the survey based on our research an experience we did not conduct a formal evaluation. 
The result of this survey pointed out that the best representation for a component depends on the special needs of the users. For instance, when the target group is the blind users, there is no need to keep a 2D-3D consistency, as users can’t see the 2D components to make the comparison and more easily identify its 3D counterpart. In this case, the major criterion is to represent a 3D component in a way that is easy to comprehend and use by blind users, even if this representation has nothing to do with the 2D representation of the corresponding 2D components. The set of widgets for blind user is depicted in Figure 2. The representation selected for some components is pretty innovative and there is not any consistency between the 3D and 2D components representation. For instance, in the case study we show an example of a set of different implementations of a slider, see Figure 9, which more an imitation of its 2D counterpart but the haptic implementation for blind users is just to horizontal arrows to increase or decrease the slider value, this hapget is show on the right of row four in Figure 2. This shape is very different from what the most users conceive as a slider. However, the simplicity of this shape makes it understandable even by visual-impaired people, when they work on a haptic environment. This must be evaluated in a usability test but this is not the aim of this paper.
3.3.1 Three-Dimensional presentation of the toggle Button. In Figure 4 we have the possible representations for the toggle button. The traditional way corresponds to what we consider is the currently presentation of this component. The top of section a) corresponds to the toggle button implemented in the Studierstube Augmented Reality Project [17], the bottom part shows some of our implementation. One of our proposals it to use spheres to present buttons. The switch presentation also corresponds to the two states toggle button. The screenshot corresponds to the Contigra 3D widget classification (http://www-mmt.inf.tu-dresden.de/english/projekte/CONTIGRA/Realisierung/Widget_Classification/).
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Figure 4 Three-Dimensional presentation of the toggle Button
For the haptic proposition for the toggle button (Figure 4-d) we identified two possibilities. As stated before, our aim is not to provide the best option but just to try to propose different option to designers.   

3.3.2 Evaluation of the 3D presentation for UsiXML. 

We use the questions and answer criteria proposed in [11]. Accordingly to this method, a set of criteria can be evaluated when a question is raised and a set of possible answers exists (3D renderings in this case). We identified four criteria to consider: 2D to 3D consistency, easy to develop, intuitional and the usability. Those criteria were selected but not necessarily mean that are the best ones or the only ones. Also, the weight attributed to each criteria were based on our relative opinion about it and our experience though the development of 3D and haptic applications. We will illustrate this process with the 3D slider.
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Figure 5  Criteria to select the 3D slider  representation of UsiXML components
The meaning of the links are: the darkest solid line (++) means strongly supported, dark solid line (+) means supported, solid line (~) means neutral, dash lines (-) means denied and dot lines (..) means strongly denied. For instance to the question what will be the representation of a 3D slider? We propose four possible sets of graphical presentations, shown in Figure 4. The  2D representation, 3d representation, innovative and haptic. So from the evaluation we could identified that the if we are looking for 2d to 3d consistency we should chose the 2D presentation; in terms of complexity of the development we identified the that the switch is the most complicated to be developed. Regarding the intuition about the user understanding of the use of the button, we think that the sphere is the only one that could produce misunderstanding problems. Finally, the usability of any of these presentations would not be a problem; however we consider that the haptic and the 2D presentation could be more effective as they are more intuitional and have more consistency with the 2D already known metaphor. Notice that with these criteria we are not saying which option the designer must choose but just providing a general view of the different properties related to the development of the 3D widgets.

4. Object rendering rules
4.1. Rules for haptic rendering
The shapes of all the components included in an interface have to be as simple as possible and without any visual effects. This fact puts many restrictions and limits on the search of the best 3D shape of each component. Fortunately, haptic environments offer some other effects that can be used to make the identification of each component easy. Friction, damping and spring are some characteristic effects that a surface may have. Different combinations between the values of these attributes make the surface of each component unique, even if the same shape for more than one component is chosen. Necessary prerequisite for feeling these effects in a haptic environment is the usage of a haptic device that supports them. The haptic device that was used during the current survey was the Phantom.
4.2. Rules for visual rendering

At this point, an example is given to show how the components appear in a 3D scene. In Figure 6, an Interaction Object Graph (IOG) [4] for a toggle button is presented. In order to cause the toggle button to change state the user must put the cursor on the top surface of the toggle button using the haptic device (e.x. Phantom), push it (move cursor on z-axis) until the plane of the top surface of the toggle button reaches the plane of the surface of the 3D scene, and finally, by moving back the cursor on z-axis let the toggle button go to its new state. There are some special notations that must be explained. First off all, In[state] defines component’s current state. Init[state] defines the initial state of the toggle button. Cv means that the cursor is moving deeply to the 3D scene (on the z-axis) while C^ means that the cursor is moving to the opposite direction (when compared with Cv).

According to Figure 6, if toggle button’s initial state is “Normal” and the widget is pressed, it passes to “Middle” state. If the plane of the top surface of the component reaches the plane of the surface of the 3D scene, component’s state becomes “End”. Finally, if the cursor moves on the opposite direction (on z-axis) the state of the toggle button passes to “Pushed”.  If the toggle button is pressed again while its state is “Pushed”, it passes to “End” state and then as the cursor moves on the opposite direction (on z-axis) widget’s state becomes “Middle” and finally “Normal”.
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Figure 6 IOG (Toggle Button in “Normal” state)
5. Implementation of the haptic rendering engine
The complexity and the skills required to develop Graphical/Haptic UI (Multimodal) (GHUI) stress for a toolkit where native GHUI are provided to deploy a GHUI application.  

In this section the procedure that was followed for the implementation is described. The main concept is that users give a URL as input to the application, then some necessary transformations are executed and a UsiXML file that describes the specific web page is generated. Using this UsiXML file and a template database which contains all the 3D components implemented in OpenGL, the application creates a 3D scene corresponding to the web page.

First of all, the HTML file is transformed to an XHTML file so as it can be parsed as an XML file. For this transformation an open source tool which called “Tidy” (http://tidy.sourceforge.net/) is used. After the XHTML file parsing, the application collects only the information needed about the components described in it and a UsiXML file corresponding to the XHTML file is created. At this point, the application managed to create a UsiXML file that describes the web page given as input. The final step is to parse the UsiXML file and show the components described in it in the 3D scene. This procedure is shown in Figure 7.

For the creation of the template DB, first off all, “Blender”
 was used to design a 3D shape for each component. Using “Blender”, the correspondent Wavefront Obj files
 were exported and imported in an Perl application which is called “OBJ2OPENGL”
.
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Figure 7  From HTML to a 3D scene
The output of this Perl application was one C++ header file for each component that could be imported in a C++ project using OpenGL. Finally, this procedure resulted to a 3D scene created using OpenGL which included the 3D representation of all the 3D UsiXML components. All the above steps are described in Figure 8. 
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Figure 8 Steps of the implementation of the template DB
The target group of users includes people with normal vision as well as visual-impaired people. Due to this, the representations of the components had to be meaningful for both categories. For instance, an image has no meaning for a blind person but the description of the image (alternate text) has. For this purpose, a text-to-speech engine was integrated to the haptic rendering engine so as to give the opportunity to blind people to hear what they cannot read. A speech-recognition engine which offers the opportunity of inserting text without typing was also integrated. Additionally, earcons were used so as each widget can be identified by the unique short sound which is heard when the cursor touches one of the widget’s surfaces.
In Figure 9 we present another example of a result of applying our method to generate different representations of sliders.
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Figure 9 The student trainer system
7. Conclusion
In this paper we describe a render engine to support haptic interaction. We introduce new concepts to the meta-model of UsiXML to support haptic and virtual interaction. We perform an informal evaluation to select the representation of the virtual widgets that we baptized hapgets, as they are haptically enhanced. The goal of this paper is to describe the render engine, so, future work will be dedicated to analyze the graphical representation so as the interaction.  
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� Blender is an open source software for 3D modelling, animation, rendering, post-production, interactive creation and playback. Available for all major operating systems under the GNU General Public License. (� HYPERLINK "http://blender.org" ��http://blender.org�)





� An OBJ file is good for storing a description of the surface of a 3D object, composed of triangles or higher degree polygons.





� OBJ2OPENGL is a PERL script that reads an OBJ file describing a 3D object, and writes a C header file describing the object in a form suitable for use with Open GL. (� HYPERLINK "http://www.scs.fsu.edu/~burkardt/pl_src/obj2opengl/obj2opengl.html" ��http://www.scs.fsu.edu/~burkardt/pl_src/obj2opengl/obj2opengl.html�)








