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From Visual Perception toMultimodal Communication:Incremental Route Descriptions�Wolfgang Maa�Cognitive science programUniversit�at des SaarlandesD-66041 Saarbr�uckenmaass@cs.uni-sb.deAbstractIn the last few years in cognitive science there has been a growing interest in theconnection between visual perception and natural language. The question of interestis: How can we discuss what we see. With this question in mind in this article we willlook at the area of incremental route descriptions. Here, a speaker step-by-step presentsthe relevant route information in a 3D-environment. The speaker must adjust his/herdescriptions to the curenntly visible objects. Two major questions arise in this context:1. How is visually obtained information used in natural language generation? and 2.How are these modalitites coordinated? We will present a computational framework forthe interaction of visual perception and natural language descriptions which integratesseveral processes and representations. Especially discussed is the interaction betweenthe spatial representation and the presentation representation used for natural languagedescriptions. We have implemented a prototypical version of the proposed model, calledMOSES.
�This work is funded by the cognitive science program Graduiertenkolleg Kognitionswissenschaft of theGerman Research Community (DFG) 0



1 IntroductionIn the last few years in cognitive science there has been a growing interest in the connectionbetween visual perception and natural language. The reducionist approach to seperate eachof these topics tends to miss the fact that human beings integrate both abilities in order toact and communicate in their environment.In the project VITRA (Visual Translator), we are investigating the connection betweenvisual perception and multimodal communication in dynamic environments from a com-putational point of view (cf. Herzog and Wazinski, this volume). In a subproject, we areconcerned with the generation of multimodal incremental route descriptions that combinenatural language and spontaneous gestures1 (cf. [Maa� 93]). The central question for thiskind of communication is how to lead a person to his/her destination by describing theroute during the trip itself. Persons we have asked to give incremental route descriptionshave always used di�erent modalities, e.g. speech and spontaneous gestures, to describe theroute. Thus, two of the interesting subquestions are: 1. How is visually obtained informationused in natural language production? and 2. How are these modalitites coordinated? Ourmodel, called MOSES, is led by psychological results (cf. [Allen & Kautz 85]) that humansmentally partition the continuous and complex spatial environment into segments of infor-mation. These segments represent a partial view of the actual environment. We propose twoselection steps: the visual selection and the presentation selection. These selections reducethe complexity of information and the complexity of computation and thus make it possibleto describe the route in an e�cient way.In section 2, we mention some of the major problems which seem to be central forincremental route descriptions followed by a discussion of related research. For the process ofincremental route descriptions we have determined a computational model which is presentedin section 3. Two di�erent input processes determine the behaviour of the whole process:the visual perception (section 3.1) and the determination of path information obtained bymaps (section 3.2). The interaction between the spatial representation and the linguisticrepresentation underlying the presentation processes is presented in section 3.3. In section4.1, we demonstrate how to plan the presentation structures in order to communicate theobtained information. The modespeci�c generators for natural language and gestures are1Spontaneous gestures are a beginning research topic (cf. [Sitaro 93]). Sitaro considers spontaneousgestures as a supporting mode for speech. Also it seems that gestures can also carry information on theirown. For instance, when we say "Go there!" and we give a spontaneous gesture showing a trajectoryrightwards. 1



brie
y mentioned in section 4.2 and in section 5 we give a conclusion and an outlook onsome open questions.2 MotivationRoute descriptions are common communicative actions in everyday life which can be dividedinto two classes: complete (or pre-trip) route descriptions and incremental route descriptions.In order to give a description of the whole route we use complete route descriptions. Here,a well-known problem for the route �nders is that they have to remember a lot of detailsat one time. On the way to their destination, they normally cannot ask the same personfor more details. In incremental route descriptions, e.g., given by a co-driver, they receiverelevant route information as it is needed. This reduces the cognitive load. In incremen-tal route descriptions, temporal constraints on both the generation and following of routedescriptions are central. The construction of a presentation involves, at least the follow-ing phases: determination of new information, determination of a presentation structure,transmission of the information, taking into consideration the length of time the hearer willpresumably require to understand and verify the information. Furthermore, the informationhas to be presented in accordance with the strengths of each presentation mode, taking intoaccount the information to be presented and the current environment. In this work, we areaddressing the �rst two phases. In the scenario considered here, the speaker SP and hearerH travel by car in an urban environment. The task for SP is to give adequate information toH. With the term adequate we mean that SP must decide what is relevant to the hearer.In this project we are not concerned with the use of long-term mental representations ofspatial information, often called cognitive maps, but rather with the phenomena which arisewhen the speaker uses a map together with visible information of the current environmentin order to determine and to describe the route in an unknown territory. For everyday routedescriptions, various kinds of maps are used. The use of maps for description generation, bethey street maps, region maps, world maps or anatomic maps, is quite standard. If you wantto get from point A to point B then you �rst try to orient yourself within the map and in theenvironment. In the next phase, you look for an appropriate path from A to B, keeping trackof the intended route. Both phases, orientation and way�nding, are fundamentally guidedby visual perception. Successful navigation requires a consideration of the underlying spatialstructure of the environment. On a map of Australia, for instance, types of landmarks andtypes of paths di�er between big cities and the australian outback. In a city, houses and2



road signs play an important role whereas in the outback sacred sites and the four cardinalpoints are the main guidelines because of the lack of other landmarks2. In this work, wemainly deal with urban environments.When we talk about the connection between visual perception and natural language,we have to take into account that both sides usually have di�erent requirements for therepresentation of spatial information. In the �eld of visual perception, there have been someapproaches to represent shape information about objects. For instance, Marr's 3D modelrepresents an object's shape recursively compounded of cones (cf. [Marr 82]) or Biederman'sgeneralized cone representation (cf. [Biederman 90]). On the linguistic side, representationsuse geometrical and conceptual information about objects and topological information aboutpath segments as an underlying structure for generating descriptions of spatial arrangements.There are some approaches which try to connect visual perception and natural languageproduction by de�ning an interface between the spatial representation and the linguisticrepresentation (cf. [Landau & Jackendo� 93, Glasgow 93]).Psychological experiments have been conducted concerning the human ability to processand represent information about the spatial environment (e.g., cf. [Tolman 48, Piaget et al. 60,Siegel & White 75, Yeap 88]). In the �eld of Environmental Psychology (cf. [Stokols & Altman 87]),there is a well-known distinction between route knowledge and landmark knowledge (cf. [Piaget et al. 60,Siegel & White 75]). Route knowledge and its connections to other human abilities have beeninvestigated through several approaches (cf. [Blades 91, Garling 89, Hayes-Roth & Hayes-Roth 79]).In this context, complete route descriptions have been thoroughly examined for psychological(cf. [Streeter et al. 85, Thorndyke & Goldin 83]) and linguistic (cf. [Klein 82, Wunderlich & Reinelt 82,Meier et al. 88, Habel 87]) reasons, but little is known about incremental route descriptions.Klein and Wunderlich have divided the communication of complete route desriptions intofour phases: introduction, main part, veri�cation and �nal phase. The sentence structures incomplete route descriptions have been found to be very restricted and sometimes schematic.This is supported by route descriptions in our corpus where we found 31 di�erent descrip-tions of spatial relations and 13 di�erent verbs of movement. Furthermore, it came out thatin general the syntactic structure of each sentence is strongly restricted.Within the research �eld of cognitive maps, a distinction is made between route knowl-edge that has more procedural aspects and survey or map knowledge that has more abstractaspects (cf. [Thorndyke & Hayes-Roth 82, Gluck 91]). In computational models route knowl-2David Lewis has made some interesting investigations concerning the way�nding ability of aboriginiesin the australian outback (cf. [Lewis 76]. 3



edge is more intensively investigated than survey knowledge (cf. [Kuipers 78, McCalla & Schneider 79,Leiser & Zilbershatz 89, Gopal et al. 89]).3 The proposed computational modelFrom a phenomenological point of view, we can determine two major phases during thegeneration of route descriptions. First, the speaker SP looks for an appropriate path fromthe starting point to the destination which is called way�nding. For this, SP can use di�erentmedia, most common is the use of maps or mental representations. After the determinationof the next path segment, SP describes the route. In general, this description is dominatedby speech and spontaneous gestures but also sketches. While SP moves through the dynamicenvironment and gives descriptions step-by-step SP mentions landmarks, regions and spatialrelations obtained by visual perception. This stands in contrast to the human ability todescribe a route by only using a cognitive map of a speci�c area. In this paper, we deal withthe phenomenon that the speaker has no experience with the given environment and mustuse a map to �nd his/her way.On the process level, we assume an interaction between the way�nding and the pre-sentation. Otherwise, it would be hard to explain how we can describe the route togetherwith information obtained by a map or with visible information of the current environment.While describing a non-trivial route, it is quite common to switch between way�nding andthe presentation. Therefore, we assume a process which controls the interaction betweenboth phases.We have developed a model of the process of multimodal, incremental route description.Its general architecture consists of a visual perception process, a way�nding process, a plan-ning process, and two presentation processes (see �gure 1). The way�nding process modelsthe human ability to look for a route while using a map together with information received byvisual perception. Interactions between visual perception, way�nding and presentation pro-cesses are supervised and coordinated by the planning process. In general, all subprocessesdepend on temporal aspects concerning the coordination of communication and the currentenvironment, on presumed properties of the questioner, and environmental parameters suchas weather, time, and light.Associated with each process are di�erent representation structures. Visual perceptionreceives information from the current environment. We follow Neisser who proposes that4
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Speech GenerationFigure 1: Process Modelthe visual perception is led by schemata which enable us to select information even in com-plex and dynamic environments (cf. [Neisser 76]). We use the term visual percept to denotean object-oriented representation structure. It is a dualistic representation consisting of anobject representation and a generalized representation (see �gure 3). The object represen-tation integrates a geometric and a conceptual representation of an object. Landau andJackendo� investigated that in order to determine spatial relations between objects peo-ple use abstract spatial representations of objects (generalized representation). But on theother hand, they found that in order to describe an object verbally we need a geometrical(cf. [Landau & Jackendo� 93]) and a conceptual representation (cf. [Jackendorf 87]).The way�nding process extracts path information from a map. In the case of way�nding,we also use a dualistic representation. On one side, the speaker SP has some kind of surveyinformation for the whole path necessary to keep track of a global orientation and to provideabstract information about distance to the destination. On the other side, SP matches thisgeneral information into an exact topographical partition of the path which leads his/hermovement and the description for the current time interval.Information obtained by visual perception and maps is integrated by the planning processinto a central spatial representation structure, called segment (see �gure 2). Because ofthe incrementality of the whole process this structure is extended step-by-step. Using thisrepresentation, the planning process extracts object information and interrelates relevantobjects with one another in order to get a linguistic-oriented presentation structure. Asegment provides information about objects, path segments, and spatial relations whichare selected for the presentation representation. But because of the incrementality, thepresentation representation can in
uence the spatial representation. In order to describean object uniquely the presentation planner can ask for more information than is alreadyavailable by the spatial represention. In this case the visual perception must focus on this5



object in order to determine more information. The same holds for path information. Whenthe next path segments are needed the way�nding process searches for new path information.
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SpatialFigure 2: Structure ModelBecause our interviews have shown that the linguistic structure of route descriptionsis very limited, we use a schematic approach to present relevant information about theenvironment. These schemata disassociate presentation information into parts for naturallanguage generation and for spontaneous gesture generation (see section4.1).3.1 What is the role of visual perception in our model?For our approach, we do not deal with low-level aspects of visual perception (cf. [Marr 82])but we start on a higher level where speci�c areas in the current visual �eld are focussedon. This is similar to the focussing technique used in linguistically oriented approaches(e.g., [Grosz 81]). The current focus de�nes an inner visual �eld, in which we can identify,categorize and select distinct objects. The current visual focus determines the main land-marks which are used in the presentation: Visual perception leads communication. If thevisually accessed information is not su�cient, visual perception will be led by the demandsof the presentation. Thus, we want to know: How can high-level visual data be processede�ciently for use in multimodal communication? Our approach is based on psychologicalinvestigations by Ittelson (cf. [Ittelson 60]), Neisser (cf. [Neisser 76]), and Schneider/Shi�rin(cf. [Schneider & Shi�rin 77]). Ittelson has performed a number of experiments concerningvisual space cues, whereas Neisser has developed a schema-based approach to visual per-ception. Schneider and Shi�rin found that visual search can be divided into automatic andcontrolled processes 6



Considering these results, the visual perception process generates two kinds of spatialrepresenation of landmarks: an object representation and a generalized representation.
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Figure 3: The object representation and generalized representation of landmark Tower-1.The generating axis is the vertical axis whereas the orienting axes are horizontal.In our model, we use cuboids and rectangles to generate geometric representations.Associated with geometric properties the model of a landmark is the conceptual modelwhich includes size, colour, distance to the speaker's position, and functional properties (cf.[Gapp 94, Maa� et al. 94]). The generalized representation is a cuboid which surrounds thelandmark associated with two kinds of axis: a generating axis (eg., top/down, see �gure 3)and orienting axes (eg., front/back, left/right, see �gure 3). A generating axis is central toMarr's accounts of object shape and determines the object's principal axis (cf. [Marr 82]).For instance, the generating axis of a human body is vertically oriented. In our model, theorienting axes are orthogonal to the generating axis and to one another (e.g., correspondingto the front/back and side/side axes; for more details cf. [Landau & Jackendo� 93]).Recent studies support the hypothesis that a nonlinguistic disparity between the represen-tation of what and where underlies how language represents objetcs and places (cf. [Landau & Jackendo� 93]).Kosslyn asserts that the spatial component of mental imagery preserves where informationabout the meaningful parts of a scene and their relative locations, whereas the visual compo-nent preserves what information about how an image looks (cf. [Kosslyn 87]). In this sense,the object representation of a landmark is used to determine what information, whereas thegeneralized representation serves for where information. Thus, geometrical or physical and7



conceptual information about landmarks refer to the object representation and the determi-nation of spatial relations between landmarks to the generalized representation.In our model, we only use some restricted salience criteria: size, shape, and colour. Thevisual perception process identi�es landmarks without request (automatic visual perception)or by demanded of the planning process (controlled visual perception). The planning processuses domain-speci�c strategies in order to request for speci�c landmarks. These strategiesprovide alternative objects to be looked for if the visual perception process cannot �nd anrequested object. Thus, the visual perception process can be described as follows:1. While there is no request, identify objects with the strongest saliency(automatic visual perception)2. If there is a request for a speci�c object look for it in a default region(controlled visual perception)3. If this speci�c object cannot be found report it to the planning processand goto step 1.An example for automatic visual perception is the perception of a red telephone boxin a German city. We attend this telephone box although we might not look for it. Anexample for controlled visual perception is when we drive by car towards a crossing. Thenthe following strategy is normally used: First look for a tra�c light somewhere in the upperright visual area. If the visual perception process cannot �nd a tra�c light it looks for atra�c sign. If there is no tra�c sign, supply the most salient object.3.2 How is map knowledge used for way�nding?Visual perception provides visual reconstruction access to the immediate environment. To�nd a non-trivial path, we commonly use maps to orient ourselves and to determine anoptimal path considering several constraints. When humans use a map, they extract anabstract path. This is mainly determined by a direct connection line between the startingpoint and the destination and by a search corridor around this path. This area, which wecall the rough path, is determined before the speaker SP starts navigating and is elaboratedstepwise while moving towards the destination. Incremental use of the map appears to bedue to the limited capacity of working memory. We have developed a waysearch process8



that is based on this type of incremental search. In order to get some data on how peopleuse maps we have conducted several interviews.In work done by Klein, the planning of the primary plan for complete route descriptionsis divided into two techniques: advanced and stepwise planning. Klein proposed that thesetechniques can be used in combination. Advanced planning means that the route descriptionprocess is mostly sequential, i.e. that �rst the way�nding process determines the whole path.Then, this path is described without going back to the way�nding process. In contrast tothis, stepwise route planning implies that there is an interaction between the way�nding andthe route presentation process (cf. [Klein 82]). Gluck remarks that the potential optimizingfunctions that are relevant for the way�nding process are not restricted to minimal distanceor even minimal e�ort (cf. [Gluck 91]). The way�nding process in the TOUR model is asimple and slow approach to �nding a way (cf. [Kuipers 77]). In the TRAVELLER modelproposed by Leiser and Zilbershatz an incomplete way�nding process is used which cannot�nd partial paths in the cognitive map (cf. [Leiser & Zilbershatz 89]).We distinguish between the selection of a path that is known by experience (experience-based wayselection) and the search for a path by using a map (cf. [Elliott & Lesk 82]). In theTOURmodel (see cf. [Kuipers 77]) and in the TRAVELLERmodel (cf. [Leiser & Zilbershatz 89])experience-based approach is focussed. Both models are based on a graph network whichrepresents a `mental' model of the spatial environment and concentrate on how to inte-grate new knowledge about the external world into it. Leiser and Zilbershatz divide routeknowledge into a basic network for the main routes and a secondary network for the otherroutes. This division is based on experiments done by Pailhous (cf. [Pailhous 69]) and Chase(cf. [Chase 82]). A similar approach is presented by Gopla et al. by their NAVIGATORmodel (cf. [Gopal et al. 89]). In this model they use a hierarchical structure for representingknowledge about the spatial environment.The waysearching process is not as well understood as the experience-based wayselectionprocess. In most of the relevant work, the route that has to be presented is always knownor generated by some straightforward algorithm like the A*-algorithm3. The waysearchprocess has also to observe various kinds of constraints. If the person goes by car, the searchprocess has to consider streets accessible by cars and the type of street. For instance, forlong-distance trips car-driver prefer to use highways and no side-paths. It is also relevant toconsider the weather, e.g. if it rains you will prefer to describe a covered path to a walker.3It is very unlikely that common heuristic search algorithms, like A*, are similiar to human search abilityin maps. 9



There is some evidence that the cognitive ability of way�nding combines the experience-based wayselection process and the waysearch process. For example, it is not usual that weremember a large scale space route without searching for some path segments. Combiningwayselection and waysearch is what we do when we navigate along a route.When we asked people to �nd a non-trivial path they tended to use a restriced area inwhich they try to determine path segments. This area was mainly determined by a imaginaryline between the starting point and the destination and by an area around this line. Peoplewho were not familiar with the given map determined the path stepwise.Basing on these results, we have developed an incremental search algorithm which inte-grates most of the above mentioned constraints. This algorithm is a modi�ed version of theRTA*-algorithm (cf. [Korf 90]). One of the main features of this algorithm is that searchis directed by a spatial corridor, which serves as a model for a rough path. The searchalgorithm prefers paths inside the corridor. Paths outside of the corridor are considered butweighted according to their distance from the corridor. The algorithm computes the nextrelevant path segment from the current turning-point to the next. Thus it transforms therough path into topographical path segments.3.3 Integration of map knowledge and the knowledge given byvisual perceptionInformation about landmarks and path segments given by visual perception has to be inter-related with topographical information obtained from a map. In each situation the speakerhas to combine four di�erent kinds of information to describe a route while navigating alongthe path. First, the rough path is used to keep track of global orientation and it restrictsthe search area in a map. With the help of a rough path a local topographical part of thepath can be selected from a map. After that, the speaker has to identify the path segment inthe current environment. Representation of landmarks obtained by visual perception are thethird kind of information. On the fourth level, those spatial relations are noted which habebeen established by SP for relevant landmarks perceived from SP's position (cf. [Gapp 94]).All three kinds of information are integrated in a central structure, called a segment whichserves as the internal spatial representation used for route descriptions.Consider for instance a path segment where the speaker stands at position A and isoriented towards point B (see �gure 4). The topographical path segment between point Aand B is a projection of the rough path on the map. In this case A and B are turning-10



points. Associated with this path segment are landmarks tower-1 and house-4 determinedby salience criteria.A segment guides the speaker's orientation, navigation and route description for a speci�ctime interval. The length of this interval depends on the underlying spatial structure andthe kind of navigation. If a non-trivial route has to be described, the speaker does not keep adescription of the whole route readily mentally accessible but only the part which is currentlyrelevant. Segments are mainly determined by large changes in orientation. For instance, ifthe speaker SP turns left at a crossing SP usually enters a new spatial environment whichwas not visible before the turn. Information necessary before SP turned left is in generaluseless after the turn, but it is still accessible and SP can refer to it which demands somekind of history. Each segment is added to a general spatial representation format, called thesegmentation structure. The segmentation structure is the whole spatial representation fromthe starting point to the current situation seen from the speaker's perspective.A segment is the basis for the presentation planning process. We will present an exampleto clarify what is meant by a segment and by the segmentation structure. Suppose the spatialcon�guration shown in �gure 4. The goal of SP is to present a route from the starting pointS to the destination point D. On the choosen route there are three turning-point landmarks(A, B, and C). Between S and A is one landmark, a tower on the right side, and between Aand B are two landmarks, namely a house on the right side and a bridge over the street. Thestreets are labelled by street-1 to street-4 started at S.The topographical path level of a segment represents path segments between the startingpoint S, the turning-points A, B,C, and the destination D. Empirical data show that turning-points are frequently used landmarks in route descriptions (cf. [Klein 82,Wunderlich & Reinelt 82,Habel 87, Meier et al. 88, Hoeppner et al. 90]).On the third level, all landmarks accessed by visual perception are integrated, like houses,trees, human beings, and animals. The di�erence between the second and the third levelis that we switch from large-scale space to small-scale space. \Large scale space is spacewhose structure cannot be observed from a single viewpoint ([Kuipers 78])". In contrast tothis, small-scale space includes all spatial objects which can be seen from a single viewpoint.An example for use of large-scale space information in route descriptions is that it is notnecessary to perceive the next turning-point from the current position. Small-scale spaceinformation is needed when we mention a house on the right side. Then it is necessary thatthe house is currently visible. 11
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4 Planning processThe integration of spatial knowledge and path information in order to use it in naturallanguage descriptions requires 
exible control processes. Therefore we decided to use a plan-based approach. A central planning problem concerns the handling of temporal aspects ofboth the generation and following of route descriptions; this problem has received relativelylittle attention in previous planning research. Temporal relations, e.g., "Turn left imme-diately/after 5 minutes", are an important part of incremental route descriptions. Spatialrelations involved in imperatives of movement ("Keep going along the �eld!") only holdfor a certain amount of time. Thus, the planner has to integrate both spatial and tempo-ral information. Beside these temporal relations concerning the content of the information,the planning process has also to consider temporal constraints given by relations betweenspeaker, hearer, and the current environment, e.g., time the speaker and hearer need untilthey reach the crossing. Also, di�erent strategies have to be compared to apply the beststrategy in a given situation.4.1 How do we plan the presentation?In complete route description, there are two competing strategies: planning in advance andstepwise planning (cf. [Klein 82, p.7]). Because of the incrementality, the process can becharacterized as a stepwise planning process. At the starting point there is only a roughpath to the destination point and the information for the �rst segment. The main taskof the planning process is the conversion of spatial information into presentation-orientedinformation, but it also determines the temporal structure of the presentation.In our approach, the planning process deals with two major problems: Landmark se-lection and establishment of spatial relations. Salience of landmarks depend on variousparameters, e.g. form, colour, and function of a landmark, light and weather conditions etc.(see section 3.1). We de�ne a spatial relation by specifying certain conditions concerning alandmark in a spatial con�guration. Spatial relations are considered to be independent of anyparticular natural language and they form the basis for the analysis of spatial prepositionswithin the framework of reference semantics (cf. [Schirra 90, Gapp 94]).Landmarks selected by visual perception are not isolated from each other, but can beinterrelated by spatial relations. Following Landau and Jackendo�, spatial relations mainlydepend on boundedness, surface, or volumetric nature of a landmark and its axial structure13



VERBAL( M-TYPE by-feetTIME (�t1)ACTUAL (type(street-1))UNTIL (type(crossing-1))ACTION (move-straight))VERBAL( M-TYPE (by-feet)TIME (�t2)LM (type (house-4, attr(colour, grey)))SPATIAL-REL (in-front-of,turn-point-1,house-4)SPATIAL-REL (left-of, street-2, street-1)ACTION (turn-left))Figure 5: Two presentation stuctures for natural language generation(cf. [Landau & Jackendo� 93, p.232]). For instance, in �gure 4 the landmarks bridge-1,house-4, and tower-1 can be described by object features or by their spatial relationshipwith one another.The transformation of information extracted from a segment into a presentation structureis done by two techniques: schematic and non-schematic (cf. [Maa� 93]). It is clear that theusage of schemata depends on how familiar we are with the current environment and theintended description. Beside dependencies concerning the hearer and environment, externalparameters, like the time of day, are important. For example, a landmark may be relevantin the night because it is illuminated, but not during the day.In general, there are no problems to switch between the presentation modes if we want toinform the questioner about, for example, a red house on the right side of a street. In MOSES,we do this with a verbal expression, with a pointing gesture or a line drawing. Thereforewe propose a central presentation representation. When the planning process selects itemsof a segment in order to integrate it into the presentation representation, it has to considerthe cross-referentiality of information (cf. [Wahlster et al. 92]). This means that an item canbe parallely presented in di�erent modes. To solve this problem the planning process keepstrack of the valid use of information in di�erent presentation modes.The planning process distributes information for the presentation representation accord-ing to the individual strength of each presentation mode. For presentation processes weuse approaches (cf. [Herzog et al. 93, Maa� 93]). For explanation of the main points, wegive a simple example where the turn from path segment SA into AB is represented by twopresentation structures (see �gure 4.1): 14



The modespeci�c presentation structure (cf. �gure 4.1) provides global information, likethe presentation mode and the way the questioner moves (M-TYPE). By using this andthe action type (ACTION), a movement verb is determined. It also contains informationabout the current path segment, ACTUAL(type(street-1)), and the following path segment,NEXT(type(street-2)). Another important item of the structure is the next turning-point,UNTIL(type(crossing-1)), that de�nes the connection to the next path segment. The timeinterval ti describes the slot when the information is intended to be presented. All landmarksselected by the presentation planner are gathered in the landmark list (LM). Those spatialrelations between these landmarks and the speaker which are to be described are given by alist (SPATIAL-REL).With this presentation structure the speech process generates the following textural de-scription: Go down the street, until you reach the next crossing. (during �t1)In front of the grey coloured house turn left. (during �t2)4.2 Modespeci�c Presentation ProcessesIn MOSES, we use several presentation modes: 2-dimensional graphical projection, perspectivegraphical animation, incremental natural language, and pointing gestures. The environmentis represented by a 3-dimensional geometric model (see �gure 6).Survey knowledge about the region in question is represented by a 2-dimensional pro-jection onto the horizontal plane. This presentation mode alone is not optimal because ofthe cognitive e�ort the user has to spend matching the projected landmarks or crossroadswith their actual visual appearance. Here, perspective views that simulate the speaker'sperspective can help. Both graphical presentation modes can be supplemented with severaldisplay techniques, such as highlighting, 
ashing, etc.In MOSES, the incremental generation of surface structures is realized with an incremen-tal generator for German and English (cf. [Finkler & Schauder 92]), which is based on TreeAdjoining Grammars (cf. [Joshi 83]). For spontaneous gestures, we have developed a proto-typical module for generating arrow-based pointing gestures.15



Figure 6: A view on MOSES5 Conclusion and open problems?Research on route descriptions guided by visual perception leads to the conclusion that wehave to assume at least four subprocesses: a visual perception process, a way�nding process,a presentation process, and a planning process. Central for the representation of spatialinformation is the incrementally generated segmentation structure. The interaction betweenspatial information and presentation is done by the planning process. It enables convergenceof information from the segmentation structure by selecting relevant information and byestablishing spatial relations between landmarks and the speaker's position. Informationabout landmarks is obtained from a dualistic object representation.We presented a global framework, that has to be re�ned, perhaps modi�ed, and comparedwith results of psychological research in the future. Especially the interaction between thesubprocesses and the representation structure has to be examined in more detail. Our currentwork is concerned with the seamless integration of temporal constraints. We also evaluatewether the spatial representation and the presentation representation are su�cient for routedescriptions in dynamic scenes. 16
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