Embedding Robotic Agents in the Social Environ ment

Bernard Ogden and Kerstin Dautenhahn

Adaptive S ystems Research Group

Department of Computer Sci ence

Universit yof Hert fordshire

Hatfield

{bernard | kerstin}@aurora-project.com

5.4.2001

Abstract

This paper discusses the interactive vision approach, which advocates using knowledge from the human sciences on the structure and dyna mics of huma n-hu ma n interaction in the development of machine vision syste ms and interactive robots. While this approach is discussed generally, the particular case of the systembeing developed for the Aurora project

(which aims to produce a robot to be used as a tool in the therapy of children with autism) is especially considered, with description of the design of the machine vision syste mbeing employed and discussion of ideas fro mthe human sciences with particular reference to the

Aurora system. An exa mple architecture for a simple interactive agent, which will likely formthe basis for the first implementation of this system, is briefly described and a description of hardware used for the Aurora systemis given.

1 Introduction

T his paper describes the current state-of-the-art of the interactive vision approach. T he keyfeatures of this approach are the use of kno wledge fro mthe hu man sciences (e.g. anthropology, sociology, psychology) both in interpreting observed behaviour of interactants and in infor ming the design of the interactive behavio urs of an artificial agent 1 . A further aspect of this approach is that the behaviour of the robot can be used to help the vision system: b yperfor ming a given action the robot maybe able to direct the interactio n, making it easier for the visio n system to test hypotheses about the kind of interactio n that is occurring and thus to interpret interactive behaviour. It should be noted that the potential applications of systems of this nature are quite wide: this paper will brieflydescribe so me different ways in which the interactive visio n approach maybe used, but will focus primarily on the specific system being developed for the Aurora project [Aurora 2001; Dautenhahn and Werry

2000]. T he Aurora project aims to develop a robotic platformas a therapeutic tool for children with autism.

Here, children with autism interact with a mobile robot in an unconstrained ’playful’ scenario, a set up that poses particular challenges to the stud yand analysis of robot-human interactio n. T his paper will begin b ydiscussing the vision system that is being developed for this project, although it should be noted that the interactive vision approach generallycan be applied to anyvisio n system of any degree of co mplexity, so long as that system can operate in real time. We then brieflydiscuss human interactio n and consider two ways of viewing the structure in human interactive behavio ur: here we consider infor mation fro mthe human sciences and consider ho wthis can be applied both as part of a machine vision systemand in interactive robotics. Finally, so me technical infor mation regarding architecture and hard ware is presented.

1 While the approach is in principle applicable to artificial agents of anykind, we are particularlyconcerned with robotic agents and thus the term `robot´ maybe used interchangeablywith `artificialagent´ in this paper.

Proc. TIMR 01 ˘ Towards Intelligent Mobile Robots, Manchester 2001.

Technical Report Series, Department of Computer Science, Manchester University, ISSN 1361 ˘ 6161.

Report number UMCS-01-4-1. http://www.cs.man.ac.uk/cstechrep/titles01.html

2 Design of the Vision S y s tem

T his paper reports on work in progress. T he vision systemis currently being implemented and the design is subject to change follo wing testing: ho wever, the general approach is likelyto remain much the same. Using visio n systems in machine-human interaction for identifying gestures, bodymo vements, facial expressions and other characteristics of human motio n and interactive behavio ur is generallya highlydifficult task that requires usually extensive co mp utatio nal resources and develop ment time [Cro wley1997], [Essa 1999], [Aggar wal and

Cai 1999]. Also, most vision systems in robot-human interaction highlyconstrain the positio n of the human with respect to the robot. Often the human is required to sit or stand in fro mo f the robot/cameras at a certain distance, cf. [Breazeal et al 2000]. Different fro m such approaches (high co mputational effort, highly constrained interaction), our work (lo wcomp utational effort, widelyunconstrained interactions) focuses on the application of interactional kno wledge to `simple´ approaches to machine vision such as [Intille, Davis and Bobick 1997], but especiallyb yPfinder [Azarbayejani, Wren and Pentland 1996].

2.1 The Experimental Setup

In a typical Aurora experiment the child is brought into a small roo mcontaining the robot and allo wed to do as he or she wishes for a period of up to about ten minutes. However, the child and robot are not alone in the roo m:

in addition a teacher is present to look after the child if necessar yand at least t wo researchers are usually also present, one to look after the robot and one to record the experiment. At a minimum, one researcher to look after the robot and one teacher to look after the child must be in the roo m. T hus, the trials are inherently social in their basic experimental set up. T he child so metimes attempts to co mmunicate with the other people in the roo m, while playing with the robot. Such interactions are also analysed in the Aurora project, but for the purpose of the work discussed in this paper we are only interested in tracking the child and robot, making the adults in the roo m effectivelybackground. Ho wever, as they mo ve around, we are not able to assume a static background.

2.2 Goals

It is important to understand the kind of vision system that is being developed. It is emp hatically not intended that the vision systembe ver yadvanced: we are not attempting to track bodymovements in great detail or with perfect precision. While it would obviously be advantageous to have a sophisticated vision system available, to achieve this level o f tracking in even an ideal experimental environment is a difficult problem. T o do it in realtime while tracking two independently mo ving objects against a no n-static background when the vision systemis not even the main focus of the project is clearlyimpossible. Instead, we intend to extract ver ysimple visual infor mation: all we are interested in is the relative position, orientatio n and velocity of keybod yparts. So long as these measurements are approximatelycorrect we believe that theycan be of significant use to an interactive robot. We are thus simp lyintend ing, as in Pfinder [ Azarbayejani, Wren and Pentland 1996], to track blobs approximating to key bodyparts (head, hands, torso, legs, feet in the human), with the robot being tracked as a single blob. Since our system need to be portable and easilyto install in different roo ms in the school where we stud ythe interaction, we need to be able to run the system in real time on o ff-the-shelf hardware, which severely limits the co mplexityo f what we can do.

2.3 Background Subtraction

We are emplo ying simp le backgro und subtraction to reduce the number of pixels processed bythe tracker. A difference image is calculated bysubtracting a reference frame of the emp tyroo mfro mthe current frame and thresholding. Pfinder emplo ys a model of the background, but given the much more co mplex nature of our background co mpared to the static one emplo yed in Pfinder and our co mputational limitations we are simplifying this process, despite the loss in precision that results.

2.4 Body Part Representatio n

Bodyparts, as mentioned above, are represented as blobs. Each blob maintains a record of its current mean colour (in YUV 2 space) and mean 2D location in the image: at this stage we are not concer ning ourselves with three-dimensio nal tracking, altho ugh Pfinder has been extended to perfor mthis task [ Azarbayejani, Wren and

Pentland 1996]. T he means and their covariances are used to calculate the probabilitythat pixels in the next frame belong to each blob, using the probabilitycalculation given in [Azarbayejani, Wren and Pentland 1996]: in our for mulation, if the probabilityis above an arbitrar ythreshold then it is assigned to the blob to which it is mo st likely to belong. Other wise it is considered to be a background pixel and ignored. Each blob model recalculates its colour and location statistics based on its new constituent pixels in each frame.

2.5 Body Part Acquisition

As our experimental interest is in developing interactive robots much more than developing visio n systems, we are not concerning ourselves with the problemof initial acq uisition of bod yparts to be tracked. Instead, we are simplifying the problemb yusing do main kno wledge, i.e. explicitlyidentifying blobs to be tracked bydrawing a bounding box around the relevant bodyparts as the programbegins tracking. All pixels within a bounding box that have survived the background subtraction process are included as the initial pixels o f the blob model.

2.6 Problems and Solutions

One major problemis amb iguity both during and follo wing blob merges. When two blobs of similar colour merge (e.g. the hand of a child and the hand of a teacher) the tracker will be unable to distinguish between the two. T his is not such a significant problemgiven that we are onlyinterested in approximate tracking anyway: we will kno w the approximate location of the hand and that should be sufficient for our purposes. Ho wever, when the blobs separate there is no guarantee that the tracker will follo w the correct blob . Our current proposed solutio n, which has yet to be tested, is to require that blobs belonging to a single object (e.g. all non-robot blobs) be within a certain distance of each other. If a blob acquires too much distance fro mthe rest of the human it will be discarded and a newblob sought amo ng the pixels within a given radius of the human.

Another problemfor a tracker of this nature is occlusion: indeed, this tracker is considerablymore vulnerable to it than the original Pfinder as there are many more ways for bodyparts to become obscured. We have two solutio ns to this: firstly, if possible we wo uld like to have t wo cameras in the room, more or less opposite to each other. In this wa y objects of interest concealed fro m one camera ma ybe detected b ythe other and we sho uld be able to integrate the tracking data fro mthe two cameras to locate objects of interest. Ho wever, if there is not time to implement this or if objects of interest remain obscured then we have a second solution, which is to take the Pfinder approach and not tryto track body parts that have disappeared fromthe scene.

Ho wever, we cannot re-detect lost objects in the same way as Pfinder. Pfinder can see a newly unoccluded object as an unexplained blob: because it is o nlytracking one person against a static background this object must be part of the person and thus it can be identified and tracked once again. We clearlycannot make this assumption:

instead we discard the position data fro mthe blob and continue to calculate probabilities that pixels belong to it based entirelyon the colour infor mation that it had in the last frame that it was successfully tracked. T his is a limited solutio n: while it may wo rk for objects such as clothing-clad torsos, which may be a different colour fro mever ything else in the roo m, it runs into obvious difficulties if a flesh-coloured bodypart is occluded: ever y flesh-coloured object in the roomis equallylikely to be the missing blob. We hope that the above-noted idea of requiring a blob to be within a certain distance of all blobs describing the same object will reduce this difficulty to so me extent. We may also, given time (both real and co mputatio nal!), incorporate further constraints based on the relationship of bod yparts, requiring, for example, that a `head´ blob be connected to a `torso´ blob.

3 Human Interactive B e h a viour

T his section discusses the use of behaviours that are detected byvision in co mmunicative and interactive behaviour, and discusses two wa ys of viewing human interactive behaviour (as globallyor as locallystructured).

T he term`visual behaviour ´ is preferred to the more widespread term`non-verbal co mmunication´ as so me `no nverbal´ behaviours have a direct meaningful translation (e.g. thumbs up, V for victory) and thus can be

2 YUV space is the version of YIQ space developed for the PALand SECAM standards. In this space Y is the luminance component while I and Q represent hues, with Irepresenting red-cyan and Q representing green-magenta. Y accounts for about 65% of thebandwidth in transmissions, while Iaccounts for 25% and Q 10% [ Seaborn 1999] considered verbal. Also our definition of co mmunication, belo w, emp hasises the transfer of conscious, semantic infor mation between interactants: many visual behaviours are not co mmunicative in this sense but rather are metaco mmunicative, being involved in str ucturing and maintaining the interactio n.

3.1 Human Visual Behaviou r

It is argued [Bird whistell 1970 ; Kendon 1980] that human visual behaviour is only meaningful in context: that a given actio n onlyhas meaning given kno wledge of the circumstances surrounding its use. A simple example

(adapted from[Kendon 1980]) is the case where a waitress approaches a custo mer with a questio ning facial expression: in this case the expressio n will likely be interpreted as a request for an order. In the context of an interview, ho wever, the same expression might be interpreted as a request for further information about a point just raised. Extensions of this principle include that certain kinds of spaces are appropriate for certain kind s of interaction [Kendon 1980; Hall 1969], that the meanings of visual behaviours are often different in different cultures [Hall 1969; Birdwhistell 1970, Ekman and Friesen 1969] and that so me actions can o nlybe fully interpreted given kno wledge about the actor (as in the case of self-directed adaptors [Ekman and Friesen 1969]).

T he importance o f context has been recognised b yat least some machine visio n researchers: for examp le, the

ObjectSpaces system interprets actions based on the objects that they occur in relatio n to [Moore, Essa and

Hayes 1999]. T hus if we are interested in understanding the meaning of actio ns we require so me contextual infor mation. T his is less of a problemat the subsemantic level b ut is an important consideration for develop ment of vision systems that are intended to interpret the meanings of actions. Having said that, [Ekman and Friesen

1969] suggest that while gestures with a similar meaning may be encoded differently in different cultures, certain types of gesture may be easily decodable even b yno n-me mbers of that culture. A similar idea is put for ward by

[Brand and Essa 1995] in their discussio n of a machine vision system to recognise the meaning of actions based on the metaphorical origins of gestural meanings. T hus in some cases it maybe possible to get an idea of the meaning of an action independently of its context.

3.2 Human Interaction

It is worth emp hasising that what we are interested in is interaction, not co mmunicatio n. If we define communication as an interaction in which so me kno wled ge is transferred fro mone interactant to another, then we can consider other kinds o f behaviour which are clearlyinteractive but are not co mmunicative in this sense.

[Dautenhahn and Werry2000] suggests a hierarchy of human-robot interactions o f increasing comp lexity: so me examples fro mthis hierarchythat seem interactive but not communicative include the case of `social responsiveness´, where the robot responds indirectlyto human behaviour e.g. b yvar ying its speed or orientation

(see example in [Penny 1997]); `temporal coordination´, where the mo vements of the robot are coordinated with the mo vements of the human b ut the robot´s movement repertoire does not change and `temporal coordination

(possiblyincluding teaching) ´, where a mapping and temporal synchronisation exists between the robot’s and the human’s movements, a for mof coordination that can lead to the robot learning new mo vements or altering its existing sequences of mo vements in response to human behavio ur (see examp le in [Dautenhahn 1999]). No kno wled ge is transferred in any o f these interactions, at least not at a semantic level, which is useful fro mour perspective as we are interested in interactions with agents that simplydo not operate at a semantic level (i.e.

robots or anyother kind of artificial agent). While fro ma robotics point of view interaction at this level maynot seemparticularlyinteresting, this kind of lo w-level, non-semantic interactive behaviour may have an important metaco mmunicative role in such matter s as organisatio n of tur n-taking [Kendon 1990b, Gill et al 1999]. It may also be at this level that the sense of rapport in interaction is created [Bernieri et al 1994]. Interestingly, fro ma develop mental perspective, synchronised activity in the for mo f imitative interactio n games is an important bootstrapping mechanism in the develop ment o f a child ’s communicatio n and social skills. According to [ Nadel et al. 1999] immediate imitatio n is an important format of communication and milestone in the develop ment o f intentional co mmunicatio n, linking the imitator and the imitatee in synchronized activitythat creates intersubjective experience, sharing topics and activities, important for the develop ment from primar yto pragmatic co mmunication. I nfants are born readyto co mmunicate b ybeing able to reciprocate in rhythmic engagements with the motives o f sympathetic partners [ T revarthen et al . , 1999], see [Dautenhahn and Nehaniv

2001] for further discussions.

We can thus see this kind of interactio n as a lo w-level, subsemantic formo f interaction which is a necessar y prelude to fully co mmunicative, semantic interactions. While an interactive visio n system could certainlybe used to suggest semantic-level interpretations of the meanings o f behaviours, an applicatio n we consider below, in this project it is the lo w-level for mof interaction that we are most interested in.

3.3 Globally Structured Inte r a c ti on

We can view the structure of interaction in two ways: globally structured or locallystructured. We will deal with the vie wo f interaction-level str uctures as emergent fro mlocal-level actio ns and structures in the next sectio n:

first we will look at the possibilityo f a structure that approximately specifies the who le interactio n in ad vance, so mething alo ng the lines of scripts in Schank and Abelson´s sense [Schank and Abelso n 1977]. We note that it is not necessar y for us to assume that human actions are actually str uctured in this wayat a psychological level:

if a script provides a useful description of human behaviour then we can make use of it, whether or not humans can actuallybe said to use such str uctures in interactio n.

So, we need to consider what constitutes a `useful description´ for our purposes. Firstlyit must provide a description of human interactive behaviour that is correct most of the time. Human behaviour is inherently unpredictable and it is unreasonable to suppose that a predetermined script could always specifyever ypossible course that a given type o f interaction could take. Ho wever, we can specifyco mmo n behaviours in a given interaction and also repair behaviours that occur when the interaction proceeds along unexpected lines. In this way we could expect to provide both a specificatio n of the wayin which events nor mally occur and behaviours appropriate to cases where the interaction breaks do wn. T hese behaviour s could be emplo yed with the goal of getting the interaction `back on track´, allo wing us to proceed with the interaction as originally specified.

An example of a large part of such a description can be fo und in [Kendon 1990a]. Here we find a description of manyfeatures of greeting interactions, altho ugh not repair mechanisms. Greeting interactio ns are split into three main phases: distant salutation, approach (itself subdivided into distant and close approach phases) and close salutation. A description of various actions associated with each phase is provided, including its meaning in context (although we, as stated above, are onlyinterested in subsemantic, metaco mmunicative functions, future develop ments of this approach could certainly use work such as this in order to tryto determine the semantic meaning of actio ns).

T here seemto be various ways in which global-level str ucture wo uld be useful in machine visio n and/or robotics: we mentio n a few of them here before proceeding to discussio n of its applicabilityto the present case.

First, global str ucture can be used to aid in action recognitio n. A p hase of an interaction mayhave a particular set of behaviours associated with it (for example, the distant salutation phase of a greeting as described by[Kendon 1990a] includes the follo wing behaviour s: head tosses, head lo wers, nodding and waving). If we kno w the current phase in an interactio n then this provides considerable constraint: we only have to distinguish between this relativelysmall set of actions.

A seco nd use for global structure is actio n interpretation: the meaning of an action depends on the context in which it occurs, but if we know the current phase of the interaction then we have a considerable amo unt o f the kno wled ge required to interpret it. While meanings may still depend on such factors as the personal histor yof the actor, the relationship between the actor and other interactant(s), the presence of others and so on, the present phase of the interaction is one aspect of the co ntextual kno wledge required to interpret the action and thus may help considerablyin this task. For instance, a sharp look away fro m another might be interpreted, naively, as an attempt to avoid the other: however, this behavio ur is a nor mal part of the distant approach phase of greeting interactions as observed in [Kendon 1990a] and maybe interpreted as a nor mal part of greeting if observed in this co ntext.

Finally we note that global structure may be useful for action generation. Given that a robot will not necessarilybe humanoid in appearance, ho wever, it may not be sufficient for it to merelyselect a behaviour fro m a set that is appropriate at the present phase of the interactio n (e.g. one of the `distant salutation´ behaviour s mentioned above). T hese behaviour s, ho wever, mayhave functional interpretations: for instance the look-awa y behaviour during the distant approach phase maybe interpreted as a (suppressed) desire to withdraw fro mthe interaction. In these cases we ma ygenerate instead a functionally equivalent behaviour: the look-awa y, for instance, could be replaced with a slo wer approach or perhaps a stop-start type approach to create the impressio n of hesitancy in robots that lack heads. [Collett 1983] discusses super ficially different but functionallyeq uivalent behaviour s in greetings in different cultures.

T he formo f an interaction can also, as mentioned above, be constrained b yfeatures such as type of space.

One such feature that is of particular interest to the interactive visio n approach is the effect o f for mation on interaction [Kendon 1990c]. It is suggested that an interactant can propose a change in the nature of the interaction that is being engaged in b ymo ving so as to alter the nature of the for mation of which he is a part. T he other interactants mayaccept this change b yallo wing the move, or may also mo ve so as to retur n the for matio n to its original state. In an interactive visio n system that relies on for matio n to identifytype of interaction this feature of interactive behaviour could be exploited to switch fro man unkno wn for matio n to a familiar one. In this way the robot´s behaviour can be used to aid the vision system´s interpretation.

T he problemwith using these aspects of global-level structure in the present wor k is that global-level structures are too advanced for the kind of free-for m, subsemantic interactions that we are interested in. A global structure assumes that a specific kind of interaction is occurring but there is no real label that can be applied to the child-robot interactions in the Aurora project beyond the ver y general ter m`play´. T he potential for the children to behave in an unpredictable way further contributes to the inappropriateness o f this approach in the present case in that it is quite fragile: if an interaction abruptly breaks do wn then the assumptio n that we are presentlyat a given interactional phase no longer holds and if the systemco ntinues to attempt to identify, interpret or generate behaviours in the light of a structure that no longer applies then it will break do wn, providing inaccurate actio n recognition and interpretation and generating inappropriate actions. Global structures also depend on humans follo wing nor mal rules of behaviour and responding appropriatelyto social cues ( for instance to carr yout repair, thus restoring a broken-do wn interaction): this is not so mething that children with autism can be relied upon to do. On the whole, then, global-level interactio n seems more appropriate to more traditional machine vision projects where there can be considerable constraint and experimenter control at this point in time. Ho wever, we can still exploit the structure that is naturally present in interaction b ytaking a different view of its nature.

3.4 Locally Structured Inter a c ti on

T he field of conversation analysis has provided much evidence for the existence of local structures in interactio n

[Psathas 1995] and its use in the field of human-co mp uter interaction has alread ybeen considered [Luff, Gilbert and Frohlich 1990]. Its emphasis on the significance of local structure and local interactio nal rules suggests that the concept of global-level structure can be ignored altogether, or at least viewed as a phenomenon emerging fro msuch local rules. While so me o f the structures observed in co nversation analysis seemto be ver ysimp le

(e.g. adjacencypairs, where a given action tends to be follo wed b ya given response, as in the adjacencypairs greeting/greeting or questio n/answer) they do sho w turn-taking and seemto be a basic part of interaction. T he use of local rules offers the significant ad vantage that we no longer have to consider the structure of a whole interaction or kno wwhere we are within that structure but can instead respond immediatelyto the previously observed action. T his makes the system much more robust as there is no wno danger of losing the abilityto track our position in the larger interaction: we can either respond to the previous actio n or not. No longer having to maintain a position within a larger structure also saves co mputation. Further more, we no longer have to concern ourselves with the nature of the interactio n that is occurring: when ever ything we do is based on local rules the overall nature of the interaction beco mes less important. T his allo ws us to operate at a low, ver ysimple level

(e.g. child mo ves for wards, robot mo ves backwards) and thus avoid the problemof tr ying to get the children

(and the robot) to engage in interactio ns at an inappropriatelyhigh level.

T he main drawback to this approach is that we lose the ability to interpret the meaning of actions fro mtheir interactional co ntext: the broader viewo f a specific phase within a specific type of interactio n (e.g. the close approach phase in greeting) is go ne. Equallyaction identification, alread ya hard problem, beco mes harder due to the loss o f constraint. In response to these t wo objections we fir st note that we are not reallyinterested in interpreting the meaning of actions in the present work: we are operating at a lo wer level than this. As for the problemof action identification, o ur interest is in using minimal infor mation about relative position, orientatio n and velocity: this is all that o ur vision system is designed to tell us about and thus all that we have to work with.

Ho wever, we do not see this as a disad vantage: rather, we are interested to see ho w far we can go with such limited infor mation and believe that this will be ver yinteresting in itself. Such limited information still allo ws us to produce basic interactive behaviour b yhaving the robot respond to the movements of the child and adapt its responses to those o f the child. We present a simp le means of achieving this in the next section.

4 `Dancing With Stran g e rs ´ Revisted

[Dautenhahn 1999] describes an experiment in which a robot coordinates its mo vements to tho se of a human, modifying its mo vement behavio ur in response to reinforcement fro mthe human´s mo vements. Onlyhand mo vements are considered and these are classified into six categories: moving horizontallyleft, mo ving horizontally right, mo ving vertically up, mo ving vertically do wn, circling clock wise and circling anti-clockwise.

T here were two separate modes and options, for a total of four possible conditio ns, in the original experiment:

here we co nfine our discussion to the `autono mo us-select´ condition and refer readers to the original paper for more detailed infor mation. In the autono mo us-select condition there is an associatio n matrix relating inputs and outputs. A weight in the matrix is activated when the two agents perfor mthe matching behaviour s (i.e. the weight that exists for the pair A1 -B2 where A1 is the human input and B2 the robot´s movement output is activated when the human perfor ms mo vement A1 and the robot performs mo vement B2). A weight is increased if it is activated in two consecutive time steps. When a weight does not increase it is instead decreased. In this way, using a simple reinforcement mechanism, the robot will ’lear n’ to perfor mparticular mo vements in response to particular human mo vements and a simple interaction can develop between robot and human. Our initial experiments in interactive vision will involve an extension of this experiment so that all tracked bodyparts of humans can be used as inputs but other wise will remain similar to the original. It is our expectation that this in itself will produce interesting interactive behavio urs and the results o f this initial experiment will infor mfuture alterations to this basic design or newapproaches to generating interactive behaviours.

5 Hardware

At the present time the visio n system is under develop ment using avi files for testing colour tracking. We also have a black and white CCD camera for testing direct capture fro mcamera: we are using an off-the-shelf T V card (a Hauppauge WinT V card) as a frame grabber.

Depending on our requirements as the system is developed we may incorporate hard ware acceleration of so me kind, such as SIMD processing. T he final systemsho uld emplo yo ne or two colour CCD cameras connected to a PC which, in turn, will be connected to a robot via a radio link.

T he robot that is currentlybeing used in the project is an Applied

AI Systems Labo-1 (figure 1). It has 8 IR sensors positioned around its bodyand 1 positional heat sensor mounted at the front. Its dimensions are 38cmb y30cmb y21 cm. It weighs 6.5 kg and has a top speed of

40 cm/s. A speech box has been added to the robot: while it is capable of both interpreting and producing speech it is currently only being used to produce speech as interpretation requires training and the children wo uld be required to wear headpho nes. As the sensing capabilities and expandabilityo f this robot are limited we are considering purchasing another: Ho wever, any robot that we use must be ver yto ugh as the children will not necessarily treat it delicatelywhich, co mbined with o ur limited budget, makes finding a suitable robot difficult.

6 Conclusion

In conclusion, then, we have highlighted a number of ways that work fro mthe human sciences can infor m machine vision and interactive robotics, with a particular focus on our o wn use o f this kno wledge in the Aurora project. In the short ter m, we intend to use this systemto tr yto get the children to engage in simple imitative turn-taking interactions and to demonstrate ho w the use of simple local rules can lead to interesting interactions.

We will also investigate ho wfar this kind of approach can be taken with ver y simple, limited infor mation fro m the machine visio n system.

7 Acknow ledgements

T his project is supported byEPSRC GR/M62648 and conducted with the assistance of Radlett Lodge School of the National Autistic Society. T he Labo-1 robot used in this research is donated b yApplied AI Systems, I nc.

8 References

[Aurora 2001] URL: www.aurora- project.com, last referenced 7 th March 2001

[Aggar wal and Cai 1999] Aggar wal, J. K. and Cai, Q. (1999) Human motion analysis: a review, Computer

Figure 1: The current robot (an Applied

AISystems Labo-1

Vision and Image Understanding 73(3): 428-440

[Azarbayejani, Wren and Pentland 1996] Azarbayejani, A., Wren, C. and Pentland, A. (1996) Real-time 3-D

tracking of the human body, T echnical report 374, MIT Media Lab, Perceptual Co mputing Group

[Bernieri et al 1994] Bernieri, F.J., Davis, J.M., Rosenthal, R. and Raymo nd Knee, C. (1994) Interactional

synchro nyand rapport: Measuring synchronyin displays devoid of so und and facial affect

[Birdwhistell 1970] Birdwhistell, R. L. (1970) Kinesics and Context: Essays on Body-Motion Communication ,

Penguin Books Ltd, Har monds worth, Middlesex, UK

[Brand and Essa 1995] Brand, M. and Essa, I. (1995) Causal analysis for visual gesture understanding, T echnical

report 327, MIT Media Lab, Perceptual Co mputing Group

[Breazeal et al 2000] Breazeal, C. and Fitzpatrick, P. (2000) T hat certain look: social amplification o f animate

visio n. In Socially Intelligent Agents - The Human in the Loop , AAAI Press, T echnical Report FS-00-

04, pp. 18-22

[Collett 1983] Collett, P. (1983) Mossi salutations, Semiotica , 45, pp 191-248

[Cro wley 1997] Crowley, J. L. (1997) Vision for man-machine interaction. Robotics and Autonomous Systems

19: 347-358

[Dautenhahn and Nehaniv 2001] Dautenhahn, K. and Nehaniv, C. L. (2001) Imitation in Animals and Artifacts ,

MIT Press

[Dautenhahn 1999] Dautenhahn, K. (1999) Embodiment and interactio n in sociallyintelligent life-like agents, in

C.L. Nehaniv (editor) Computation for Metaphors, Analogy and Agents , Springer Lecture Notes in

Artificial I ntelligence, Volume 1562, Springer, pp 102-142

[Dautenhahn and Werry2000] Dautenhahn, K. and Werr y, I. (2000) Issues o f robot-human interaction in the

rehabilitation o f children with autism, in J-A Meyer, A Berthoz, D Floreano, H Roitblat, SW Wilson

(editors) Proceedings of the Sixth International Conference on the Simulation of Adaptive Behavior

(SAB 2000) , MIT Press, pp 519-528

[Ekman and Friesen 1969] Ekman, P. and Friesen, W.V. (1969) T he repertoire of nonverbal behavior:

Categories, origins, usage and coding, Semiotica 1, pp 49-98

[Essa 1999] Essa, I. A. (1999) Computers seeing people. AI Magazine , Summer 1999, pp. 69-82

[Gill et al 1999] Gill, S.P., Kawamori, M., Katagiri, Y. and Shimojima, A. (1999) Pragmatics of bod ymo ves,

Proceedings of the Third International Cognitive Technology Conference, San Francisco / Silicon

Valley, USA

[Hall 1969] Hall, E.T . (1969) The Hidden Dimension: Man´s Use of Space in Public and Private , T he Bodley

Head Ltd, London, UK

[Intille, Davis and Bobick 1997] Intille, S.S., Davis, J.W., and Bobick, A.F. (1997) Real-time closed -wor ld

tracking, Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition (CVPR’97)

[Kendon 1980] Kendon, A. (1980) Features of the structural analysis of human co mmunicational behaviour, In

W. von Raffler -Engel (editor) Aspects of Nonverbal Communication , Swets and Zeitlinger, Lisse,

Netherlands, pp 29-43

[Kendon 1990a] Kendon, A. (1990) A description of so me human greetings, in A. Kendon, Conducting

Interaction: Patterns of Behavior in Focused Encounters , Cambrid ge UniversityPress, Cambr idge, UK

[Kendon 1990b] Kendon, A. (1990) Movement coordination in social interaction, in A. Kendon, Conducting

Interaction: Patterns of Behavior in Focused Encounters , Cambrid ge UniversityPress, Cambr idge, UK

[Kendon 1990c] Kendon, A. (1990) Spatial organization in social enco unter s: T he F-for matio n system, in A.

Kendon, Conducting Interaction: Patterns of Behavior in Focused Encounters , Cambridge University

Press, Cambridge, UK

[Luff, Gilbert and Frohlich 1990] Luff, P., Gilbert, N. and Frohlich, D. (editors) (1990) Computers and

Conversation , Academic Press Ltd, Lo ndon, UK

[Moore, Essa and Hayes 1999] Moore, D.J., Essa, I.A. and Hayes III, M.H. (1999) Exploiting human actions and

object context for recognition tasks, Georgia Institute of T echnology, Graphics, Visualization and

UsabilityCenter, T echnical Report # GIT -GVU-99-11

[ Nadel et al 1999] Nadel, J. Guerini, C., Peze, A. and Rivet, C. (1999) T he evolving nature of imitatio n as a

for mat of co mmunicatio n. In J. Nadel & G. Butter worth (editors), Imitation in Infancy , pp. 209-234

[Penny1997] Penny, S. (1997) Embodied cultural agents: at the intersection o f robotics, cognitive science and

interactive art. In Socially Intelligent Agents , AAAI Press, T echnical Report FS-97-02, pp. 103-105

[Psathas 1995] Psathas, G. (1995) Conversation Analysis: The Study of Talk-In-Interaction , Sage Publications

Inc, T housand Oaks, California, USA

[Schank and Abelson 1977] Schank, R.C. and Abelso n, R. (1977) Scripts, plans, goals and understanding ,

Lawrence Erlbaum Associates Inc, Hillsdale, NJ

[ Seaborn 1999] Seaborn, M. (1999) Representation o f images, unpublished manuscript

[ Trevarthen et al 1999] T revarthen, C., Kokkinaki, T . and Fiamenghi Jr., J. A. (1999) What infants’ imitatio ns

communicate: with mo thers, with fathers and with peers. In J. Nadel & G. Butter worth (editors),

Imitation in Infancy , pp. 128-185