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Abstract


This paper presents an architectural framework that supports the versatile combination of multiple modalities such as speech and direct manipulation. We propose a new system-oriented definition for the notion of modality and we use CoMedi, a mediaspace prototype, to illustrate the discussion. 


1. Introduction: the notion of modality from a system’s perspective


Multimodal interaction is discussed at multiple levels of abstraction from both the user and the system perspectives. At the lowest level, a modality may refer to a human sensory capability or to a computer physical device such as a microphone, a camera, or a screen. At a higher level of abstraction, a modality is viewed as a representational system, such as a pseudo-natural language. Whereas the device level is related to the human sensory capabilities, the representational level calls upon cognitive resources. The link between the sensory and cognitive dimensions of human behavior suggests a richer model for the notion of modality.





Bernsen [2] and Nigay et al. [10] define a modality as the coupling of a particular representational system with a device. Typically, speech input is described as the couple <NL, microphone>, where NL is a pseudo-natural language defined by a specific grammar for a specific task domain. The couples <NL, keyboard>, <NL, digital pen>, and <NL, camera> denote alternatives to speech by entering NL sentences using respectively a keyboard, a digital pen, or a camera-based system that interprets the configuration of human fingers. 





A generic definition for the notion of modality can then be expressed using the following BNF expression:


modality ::= <interaction language, device>�An interaction language denotes a set of well-formed expressions (i.e., a conventional assembly of symbols) that convey meaning at some level of abstraction. A device is a system artifact that acquires or delivers information. 





The cohabitation of multiple modalities calls for the definition of relationships between modalities. The CARE properties (Complementarity, Assignment, Redundancy, Equivalence) address this issue but partially [4]. In particular, CARE does not cover the recursive composition of modalities: The syntactic items of an interaction language may be produced using a physical device as discussed above, or through another modality. For example, in the early ages of NL processing, one would enter valid sentences by selecting words within menus. As another example, NL sentences can be generated using the Unistroke language developed for pen computing [9]. The BNF expresssion below makes explicit the recursive composition of modalities: 


modality ::= <interaction language, device> | <interaction language, modality> �The second half of the alternative covers the recursive composition where a modality acts as a device for the interaction language it is associated to.  The couples <NL, <direct manipulation, mouse>>, and <NL, <Unistroke, digital pen>> illustrate this situation. 





From the user’s perspective, recursivity denotes an indirection between the goal expression and the physical device available. From the system perspective, recursive composition requires that modalities be interoperable. In addition, complementarity as in the “put that there paradigm”, requires the fusion of data originating from distinct sources. Redundancy, on the other hand, requires the system to be capable of discriminating duplications from the simultaneous expression of distinct goals. The versatility of multimodal expressions results in new requirements for developers. The architectural framework presented in section 3 is intended to address these issues. CoMedi is used to illustrate the discussion.


2. CoMedi, a Mediaspace prototype


In typical mediaspace settings [11], users can teleglance at a remote office, open a V-phone connection or maintain a permanent link with a distant shared location. Users can perform these tasks provided that they stick to their terminal. Although these systems are intended for supporting informal encounterings, they may also be used abusively and highjack privacy. CoMedi (Communication and Media-space) is a mediaspace prototype intended for supporting awareness while protecting privacy. In addition, “CoMedians“ should be able to move almost freely in their office while performing communication tasks. 





As shown in Figure 1, CoMedi uses a fisheye porthole to support communication and awareness. A slot in the porthole corresponds either to a remote user or to a group of users. An individual slot displays personal information about the corresponding remote user (e.g., level of availability, absence/presence, video image published through a filter). In a dedicated area of the control panel (see bottom left of Figure 1), users can check the image they export about themselves (Cf. the reflexivity principle). 





Privacy is supported through the concept of published observability [8]: video images can be filtered through an eigen-space coding system, a poster, or Venitian blinds. Users can move away from their terminal while the local camera adjusts the field of view dynamically using a computer-vision tracking system [5]. Commands such as glancing, opening a V-phone connection, setting up the levels of privacy and availability, and switching the local camera between tracking modes, can be controlled in an equivalent way using either speech or direct manipulation. As a result, users are able to control the system using speech input when they can’t reach the mouse and the keyboard.





In the current implementation, CoMedi does not support complementarity nor redundancy. In particular, users cannot say “call this person“ while pointing at the person’s slot nor one can say “call Peter“ while using the equivalent graphical command. We plan to integrate the gesture recognition system developed by Crowley et al. (this workshop) so that users can exploit an additional modality for controlling the system when at a distance from the terminal. The architectural framework described next shows how these extensions can be integrated incrementally. Also see MATIS as one of our prototypes that supports both complementarity and redundancy [http://iihm.imag.fr/nigay/MATIS]. 
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Fig. 1. The CoMedi fishe-eye porthole. The  enlarged slot corresponds to the current focus of attention resulting from glancing at someone. In order to support awareness, the other slots are still visible.�
3. PAC*, an Architectural Framework


A detailed presentation of PAC* can be found in [3]. Basically, PAC* is a zipper-based architecture  where the layers are instantiated using the five functional partitioning advocated by Arch [1]: the Functional Core, the Domain Adapter, the Dialogue Control, the Presentation and Interaction Components. 





In CoMedi and for any multimodal system, the Presentation and Interaction Components correspond to the set of modality interpreters used in the user interface: speech recognition, computer vision-based gesture interpretation and trackers, and graphical abstract machines such as AWT and Tk. These machines sit side by side without any interconnection and cover two levels of abstraction: the Interaction layer which provides the Presentation layer with device independence, and the Presentation layer which provides the Dialogue Control with interaction language independence. In addition, all of the interpreters of the Presentation layer can be encapsulated in a uniform way. For example, in CoMedi, two speech recognition systems (French and English), computer-vision trackers [5], and the audio-video media provider are all encapsulated in Tcl. By doing so, they offer a uniform API to the Dialogue Control.





A Dialogue Control is in charge of task level sequencing. We recommend to structure Dialogue Controls in terms of PAC agents in order to support multi-threading, modularity, and task conformance. For multimodal systems, each PAC agent draws upon the services of a fusion engine as described in [10].





Figure 2, shows the PAC agent decomposition of Dialogue Controllers used for CoMedi. There is one such Dialogue Controller per user’s workstation. A detailed description can be found in [7]. The Top-Level agent is in charge of the overall control of the dialogue. Its Abstraction facet is in relation with the data-base of users of the mediaspace maintained in the Functional Core. The Presentation of the Top-Level agent corresponds to the menubar.





The Porthole agent handles the local interaction with the porthole. Its Abstraction maintains the identification of the porthole the local user is currently viewing. Its Presentation is a geometry manager that performs fisheye deformations of the porthole and maps the bitmap images provided by its siblings onto quadrilateral slots of varying sizes. (The fisheye follows the mouse location as the user moves the mouse in the porthole.) 


 


Every remote user (or group of users) who belongs to the current porthole is represented by a Slot agent. The Abstraction of a Slot agent models personal data of the remote user/group to be rendered in the slot while its Presentation produces a bitmap based on the knowledge of the surface available for rendering. 





The Vphone agent models the dedicated open audio/video window for V-phone connections. The Media agent is in charge of acquiring and filtering the audio and video image of the local user. This filtered image is rendered locally in the Presentation facet of the Media agent; it is sent to every remote Slot agent that represents the local user currently rendered on remote sites; and finally, it is transmitted to the distant Vphone agent when the local user is V-phoning that distant user.





An architecture such as the one advocated by PAC* is neither intrinsically good nor bad. It is adequate with regard to some well-specified design criteria and requirements. For example, extending CoMedi with complementarity would result in enriching Dialogue Controllers (DC) with a fusion engine that would be automatically inherited by the agents of the DC. Adding new features on video images such as those shown in Figure 3, would have a limited impact on the presentation facet of the Vphone agent. Similary, replacing the porthole of Figure 1 would simply modify the Presentation facet of the Porthole agent.


4. Conclusion


Although PAC* is a useful conceptual tool for reasoning about architectural designs for multimodal user interfaces, technical performance of modality interpreters is still a limiting factor for effective multimodal interaction. From our early observations of the usage of modalities for computer-mediated communicaiton tasks [6], complementarity and redundancy are rarely used. Therefore, the next step in the development of CoMedi is two fold: 1) investigate new forms of computationally cheap modalities such as bringing the graphical user interface “out of the box“, using walls instead of computer screens; and 2) evaluate innovation against user’s needs, skills, and social customs.
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Fig. 2.  Dialogue Components in CoMedi.





a) �  b) �


Fig. 3. a) A video image on a remote site that combines a low resolution picture with a high resolution fovea. The fovea is remotely controlled with the mouse. It is currently pointing at a picture on the wall. b) The video image when using a zoomed fovea (the zoom factor is dynamically controlled with a mouse button).
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