Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee.

MITH’08, May 31, 2008, Napoli, Italy.

Copyright © 2008 ACM 1-58113-000-0/00/0004…$5.00.

Hapgets, Towards Haptically-enhanced Widgets based
on a User Interface Description Language
Nikolaos Kaklanis1, Juan González Calleros2, Jean Vanderdonckt2, Dimitrios Tzovaras1
1Informatics and Telematics Institute, Centre for Research and Technology Hellas, 1st Km Thermi-Panorama Road, 57001 (PO Box 361), Thermi-Thessaloniki (Greece) - +30 2310 464160 (internal 141, 177)
{nkak,Dimitrios.Tzovaras}@iti.gr

Belgian Laboratory of Computer-Human Interaction (BCHI), Louvain School of Management (IAG), Université catholique de Louvain (UCL). Place des Doyens, 1, B-1348 Louvain-la-Neuve (Belgium) - +32.10/47{8349,8525}
{juan.gonzalez@student., jean.vanderdonckt@}uclouvain.be
ABSTRACT
This paper describes an interaction technique wherein web pages are parsed so as to automatically generate a virtual reality scene composed of “hapgets” (haptically-enhanced widget), a three dimensional widget providing a behavior that is analogous to its original web behavior but that is enhanced with capabilities for haptic feedback. In this interaction technique, haptic and virtual modalities are combined together in order to enhance user experiences for multiple users: a normal sighted person is able to normally interact with the virtual reality scene by direct manipulation, a blind person is able to interact with the virtual reality scene by sensing and acting on the hapgets, a person having a small visual impairment benefits from the haptic feedback to reinforce the visual channel. A small toolkit of hapgets is described and used in some examples. Each hapget is also specified in UsiXML, a XML-compliant User Interface Description Language that supports model-driven engineering of user interfaces. In this way, any Usi​XML-compatible user interface can be rendered thanks to any traditional user interface interpreter as well as through HaptiXML, a special rendering engine that has been developed for this purpose. 
Categories and Subject Descriptors
D.2.2 [Software Engineering]: Design Tools and Techniques – User interfaces. H.5.2 [Information Interfaces and Presentation]: User Interfaces – Graphical user interfaces, Input devices and strategies, Interaction styles, Prototyping, User-centered design. I.3.6 [Computer Graphics]: Meth​odol​ogy and Techniques – Interaction techniques.
General Terms
Design, Human Factors, Languages.
Keywords
Force feedback, haptically enhanced widget, haptic interaction, haptic interaction in virtual worlds, multimodal user interface, tactile feedback, user interface description language, user interface extensible markup language, virtual reality.
1. INTRODUCTION

In a multi-sensory design space [23], many different interaction modalities can be elicited as potential candidates to support a multimodal user interaction [36]. Not all such interaction modalities are equally usable. Although the visual channel probably is the most predominant modality for human-computer interaction in today’s computer-based systems, studying when and where an alternative interaction modality may be used instead is still an open and interesting question [13], whether this is for a so-called normal user [25] or a person with disabilities [32]. Equally challenging is the problem of enhancing this visual channel with a second or a third channel in an appropriate way.

Enhancing a Graphical User Interface (GUI) may consist in enhancing the widgets that compose such a GUI with auditory capabilities [20], sonic capabilities [3], tactile feedback [4], or hearing and touching capabilities [25]. Other interaction modalities could also be considered to enhance graphical widgets, but it is unsure that the resulting combination will be usable enough or superior to the GUI only.
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 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 [2,12,16,21,24,25,29,31,35,36]. Even the best audio rendering still suffer from some intrinsic limitations such as [2,20,27]: 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 when HTML is well-formed [11].

In contrast, 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. Additionally, via haptic channel the blind users can have a perception of the structure of the virtual environment [32], in our case the 3D corresponding of a web page, that is very close to the real one (it cannot be exactly the same because 3D rendering puts some limitations in positioning). This is a very important issue because it is essential not only to give blind people raw information but give them the opportunity to navigate through the internet in a way that makes navigation really interesting.
Experimental studies [2,16,24] revealed average 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, and the inter-object distance.
Haptic rendering must be easy to customize as the specific needs of each user may differ from one another. The characteristics (shape, effects, surface properties, etc) of each component in a haptic environment have to be changeable. The key of designing a usable UI working for both visual and haptic channels consists in designing a graphical UI first that is usable enough to appropriately augment it with haptic characteristics that would not affect 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 [32].

2. STATE OF THE ART
Few works have been done on designing haptic and 3D (VR) modalities [10,13,16]. 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 was an effort to enhance a web-browser with new capabilities (e.g., WebAdapter [11]), such as haptic and virtual reality support. In addition, another parameter was to be usable for people with special needs (blind, visual impaired). Another work [24] studied the rendering of web pages with haptic interaction. 

Haptic desktop applications enhanced with auditory feedback have been widely studied. The claim is that combining auditory and haptic cues provides visually impaired people with complementary information. PC-Access [25] 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 widgets (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 [36] 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 [2,16]. 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 [26], a set of virtual object is presented including 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 [16].
3. RULES FOR HAPTIC RENDERING
In order to support haptic rendering while keeping the classical capabilities of a GUI widgets, we would like to consider The extension of UsiXML involves not just haptic interaction support but also virtual representation of the widgets.  
First, in principle, nothing 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 [19], 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 hapget may be offered to convey various meanings to the same object depending on the context. This idea has been extensively illustrated in [18] where the rendering of a task button is varying depending on the 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 Figure 1, a calculator UI containing haptic information is presented.
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Figure 1. Haptic rendering of a 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 [17].

Third, it is possible to include more objects in 3D than in 2D and with a greater degree of complexity [9].

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 3D, but with more complexity.

Fifth, 3D spatial relationships may be introduced to convey more complex sets of information that could hardly conveyed otherwise in 2D [17].
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Figure 2. Haptic extension to UsiXML concrete user interface model

The shapes of the hapgets 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 hapget. 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.

3.1 Definition of the concrete user interface
In order to properly define a haptic extension to graphical widgets, we will rely on UsiXML, a XML-compliant User Interface Description Language (UIDL) [14,33] that cover the specification of a user interface at different levels of abstractions. The semantics of UsiXML are defined in a UML class diagram (Figure 2). 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. Therefore, it should be possible to specify for instance a GUI in terms that are completely independent of any programming or markup language.
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 of UsiXML (Figure 2) corresponds to the description of haptically enhanced graphical concrete interaction objects (HapticGraphicalCio). The new extension adds not just a new interaction type, the haptic, but also the 3-dimensional (3D) graphical representation. To some extent, it is structured according to the GOTHI interface object reference model [7].
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 point 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 haptic components. Its attributes are: static friction, dynamic friction, damping, spring. Finally, the shape model associated with the HapticGraphicalCio corresponds to the shape (type) of a hapget. Each shape is associated with an appearance, the surface, the sensors, for the behavior, all attributes compatible with the abstract definition of X3D language, proposed by web 3D consortium (www.web3d.org) [22].
The HapticGraphical components are divided into HapticContainers and HapticIndividualComponents.  For containers, currently, there are two implementations, the hapticWindow and hapticBox. The HapticIndividualComponents are haptic CIOs contained in a haptic container. These CIOs include: hapticTable, haticTree, hapticImage, hapticMenu, hapticMenuItem, hapticSlider, hapticoutputText (a component specialized for output text), hapticInputText, hapticButton, hapticToggleButton, hapticCheckBox, hapticRadioButton, hapticComboBox and hapticItem, some of them depicted in Figure 3. See for more information HaptiXML web page at http://www.usixml.org/index.php?mod=pages& id=29. 
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Figure 3. Three-dimensional haptic components (or hapgets).
3.3 Design rationale for haptic rendering

In this section different three-dimensional (3D) possible renderings are examined that have been 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 [22]. 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. For this survey no formal evaluation was conducted but the survey was based on the paper’s authors’ experience. 

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 be used by the blind users, even if this representation has nothing to do with the 2D representation of the corresponding 2D components. Figure 3 presents the 3D representation of typical HTML components that best fits for blind users.
3.3.1 Three-Dimensional presentation of a slider
Figure 4 shows a set of different implementations of a slider. The first row corresponds to the slider implemented in the Studierstube Augmented Reality Project [30], and the other rows show some of our suggestions. Another proposal it to use spheres to present buttons. The haptic implementation, at row (d), is a shape with curves upside and downside that can be “pushed” via the haptic device to increase/decrease slider’s value. 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. As stated before, the aim of this paper is not to provide the best option but just to try to propose different option to designers. 
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Figure 4. Three-Dimensional presentation of a slider

3.3.2 Evaluation of hapgets’ presentation.

For the representation of the hapgets the criteria proposed in [15] were used. 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). In this case four criteria were identified to consider: 2D to 3D consistency, easy to develop, intuitional and the usability. The weight attributed to each criterion was based on the authors’ past experience though the development of 3D and haptic applications. 
Figure 5 illustrates this process for the 3D slider. 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. In this case the question is “What will be the representation of a 3D slider?”. The possible answers are four : The  2D representation, 3d representation, innovative and haptic. The evaluation shows that the if the basic criterion is to keep  consistency between 2D and 3D , the 2D presentation should be chosen; in terms of complexity of the development the switch was identified as the most complicated to be developed. Regarding the intuition criterion, the sphere seems to be is the only one that could produce misunderstanding problems.

Finally, the usability of any of these presentations would not be a problem; however is considered 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 component. Notice that this analysis only provides a general view of the different properties related to the development of the 3D widgets and does not arrives at a conclusion about which representation is generally the best.
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Figure 5.  Criteria to select the 3D slider  representation of UsiXML components
4. RULES FOR VISUAL RENDERING
At this point, an example is given to show how the hapgets appear in a 3D scene. In Figure 6, an Interaction Object Graph (IOG) [6] 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.g., 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 (Multimodal) User Interfaces (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 of the haptic rendering engine is described. The main concept is that user gives a URL as input to the application, then some necessary transformations are executed and finally a 3D scene corresponding to the web page is being created. 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 is called “Tidy” (http://tidy.sourceforge.net/) is used. After the XHTML file parsing, the corresponding 3D components are presented in the 3D scene. Additionally, a UsiXML file that describes the specific web page is generated. User can save this UsiXML file for further use. When the user loads a previously saved UsiXML file, the 3D scene is updated immediately (Fig. 7).
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Figure 7. From HTML to a 3D scene

For the creation of the template DB, first off all, “Blender” (open source software for 3D modelling) was used to design a 3D shape for each component. Using “OGRE Meshes Exporter for Blender (exporter to take animated meshes from Blender to Ogre XML), a .mesh file (binary file that represent a 3D model in a form that OGRE rendering engine understands) for each component was exported. Then, the .mesh files were imported in a C++ project using OGRE (Object-Oriented Graphics Rendering Engine) and finally the 3D UsiXML components were presented in the 3D scene. 
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Figure 8. Haptic rendering engine’s architecture

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 speech synthesis engine was integrated to the haptic rendering engine so as to give blind people the opportunity 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. The application has mouse support for sighted people and Phantom support for blind users. When the user navigates through the 3D scene using the mouse, the raycasting technique is used for the component’s selection while when he/she uses the Phantom the collision detection technique is used (Figure 8). In the 3D scene every HTML component has a 3D representation, a description and an earcon [3,20].

For images, with or without hyperlink, there is also a 2D representation, which contains the original image. When Phantom “touches” an object, the user immediately hears the earcon that corresponds to the objects of this type. If user presses the LCTRL button of the keyboard while Phantom is in contact with an object, the object’s description is being heard via the speech synthesis engine. Figure 9 presents how the haptic rendering engine works. User starts the speech recognition engine (by pressing the SPACE button of the keyboard) and then gives a URL (“www.greece.com” in this test case) using the microphone. The corresponding to this URL 3D scene is being created immediately. At the left of the scene, user can see the web page as it is presented in a normal web browser. This side of the scene also interacts as a common web browser. For instance, user can click on a hyperlink and go to another URL with simultaneous update of the 3D objects presented in the scene. 

There are some buttons that give user the opportunity to move in the 3D scene and focus on whatever he/she wants into the scene and many visual effects that make navigation through the internet much more impressive than it is via the typical web browsers. For instance, when the cursor goes over a 3D image, the original image shows up and the alternate text of the image is following the cursor as a 3D component’s tooltip. However, all these features have to do with the users that have normal vision. The functionality that concerns the visual-impaired users is limited to the haptic and the auditory channel. A blind user can only interact with the 3D components via the haptic device (Phantom Desktop), hear all the necessary information via a speech synthesis engine and pass to the application all the necessary input via a speech recognition engine (using a microphone).
Thanks to our experience gained in using hapgets for various case studies, we also observe that several usability guidelines [34] for haptically-enhanced widgets (or hapgets) could be identified and respected, such as, but not limited to:

· The hapgets should be visually distinctive enough from each other. For instance, the shapes used to represent the hapgets should be different enough to avoid any confusion. Two different hapgets, but having similar shapes, may be confusing visually, such as a circle and an ellipsis. This guideline is respected for the first set of presentations of Figure 3, but not in the second where two hapgets are presented as a lozenge. Of course, a same hapget may appear several times (like in the calculator). Therefore there is a need to supplement the visual distinction by other means.

· The hapgets should have colors that are distinctive enough from each other. While having different shapes or volumes for different hapgets sounds appropriate, it is even better to reinforce this visual distinction by color distinction [34]. For example, spectrally-close colors should be avoided since they may generate no visual distinction. In addition, the different colors should be radically different when they are turned into grayscale so as to support distinctiveness for color-blinded users.

· The hapgets should be haptically distinctive enough from each other. For instance, different hapgets do not have close values for their haptic section, for instance for attributes like BuzzEffet, ConstraintEffect, or inertialEffect.

· Each hapget should be perceivable enough per se. The values for the haptic section of each hapget should be beyond a threshold of perceivability. Otherwise, the haptic feedback is just ignored and do not provoke any emotional output [28].
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Figure 9. Test case: www.greece.com

6. CONCLUSION

In this paper we introduced and defined a hapget, that is a haptically-enhanced widget that is capable of conveying information graphically and haptically simultaneously. We also described a rendering engine to support haptic interaction. We introduced new concepts to the meta-model of UsiXML to support haptic and virtual interaction. Any other User Interface Description Language (UIDL) such as UIML [1] or XIML [8] could be used instead. The rendering engine is not dependent of UsiXML. 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 was to describe the rendering engine, so, future work will be dedicated to analyze the graphical representation so as the interaction.
7. RESOURCES
The application supports the Phantom Desktop device. You can download the setup file from: ftp://ftp.iti.gr/pub/incoming/3D HapticWebBrowser_setup.zip and the video from: ftp://ftp.iti.gr/ pub/incoming/3DHapticWebBrowser_subs.avi.
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