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Abstract. In this paper1 we demonstrate that infrared sensors located on robds can
be eaily used to deted and distinguish human contad, in this case with children. We
point out how to use the sensors and how the recorded data can be analysed to yield
patterns of interadion from the individual child interading with the roba. The
applicaion of infrared sensors to deted and distingush human contad or behaviour
patentially has many uses, not only in adaptation, entertainment (toys) and service
robas but also in areas auch as rehabilitation or therapy where the recording of
movement and interadions isimportant.

1. Introduction

One day robas that serve & personal aids to humans might be dundnt. Robads are drealy
increasingly used in asdstive techndogy (which encompasses prosthetic limbs, whed-
chairs etc), surgery and therapy (e.g. [1], [2]) and developing methods that enable eay and
effedive ommunicaion between robads and humansis crucid in thisarea

Although roba-human interadion is a growing and intensely studied reseach area
roba-human interfaces in current systems are still limit ed. At present most interfaces
invalve vision a speedt reaognition (e.g. [3], [4], [5]), or make use of buttons to register
touch or communicaion from people, e.g. RoboX [3], Robota [6], or Sony's Aibo [7].
Touch seams particularly important in work with young children, as recognised in [8] “in
the cae of very yourg children, nonverbal communicaion is more important than verbal
communicaion. Espeaaly, tadile ommunicaionisvery important.” However, most touch
sensors used in robaics are based on microswitches which are very different from
biologicd touch o surfacesensors (e.g. the skin) that fadlitate avariety of more natura
touch interadions including stroking, gentle touching etc. A move awvay from the typicd
use of microswitches for deteding touch isredized e.g. in the sed roba Paro developed for
roba asgsted adivity in hospital or homes for the dderly. In thisinstancetouch to the roba
Isrecognized by air-bag type tadil e sensors [9].

1 70 be published in T. Salter, R. Te Boekhorst, K. Dautenhahn (2004) Proc. The 8th Conference on
Intelligent Autonomous Systems (IAS-8), 10-13 March, Amsterdam, The Netherlands, |OS Press.



Our work further addresses the question d how roba-human interfaces can be
improved using inexpensive, reliable and robust infrared (IR) sensors. Infrared sensors do
not require heavy sensor processng; they can provide avery natural form of touch withou
the nead to exert forceor to pressdown in aspedfic aea

Our spedfic reseach interest isto use IR sensors to deted individual differencesin
play and interadion styles of children. Individuality is adistinct fegure of humans that also
needs to be aknowledged in roba-human interfaces. It has been argued previously that in
the cntext of human-agent interfacedesign “Humans are individuals and they want to be
treded as auch” [10, p. 609. Similarly, it was suggested that “socially interadive robas
will eventually need to suppat a wide range of users: different genders, different cultura
and social badkgrounds, different ages, etc. In many current applicaions, socia robas
engage only in short-term interadion (e.g. in museum tours) and can afford to tred all
humans in the same manner. But as on as a roba bemmes part of a person’s life, that
roba will need to be ale to trea him as adistinct individual” [11, p. 148. A related view
has also been expres=d in [5].

Obtaining reli able data from the roba’s infrared sensors that enables human contad
to be identified and dstinguished can lea to the development of a method that will not
only assst in developing human-roba methods but also a method to help quantify and
study human behaviouwral charaderistics. A similar approach has been pusued in the
context of using stationary sensors locaed in the environment of elderly people’s houses to
investigate patterns of human behaviour that could be useful in monitoring the normal
routine of the occupants[12].

The infrared sensors in ou work are locaed on a simple, autonamously moving
roba in interadion with single dildren. The roba functions as a toy and registers the
child’'s proximity and plysicd handing. We gply cluster analysis on the sensor inpu data
to reaognize patterns in the way children interad with the roba and compare the results
with an ethoogicd anaysis of the play behaviour of the diildren. In the discusson we
outline the limitations of this technique and suggest posshle extensions of the gplication
of IR sensors as avauable dhannel in human-roba interadion.

2. Working Hypothesis

We agued abowe that if we ae to develop wseful believable, socialy intelligent
autonamous robdas that can interad with people more ‘naturally’, then an essential property
will be the adility to adapt to individual differences in interadion styles. In this work we
hope to produce aroba that can adapt to the highly variable behaviours of children. To
design such a roba we first need to knonv what features of human behaviour the roba
shoud adapt to. To approach this matter, we investigate how different types of children
play with the same roba. Our working hypaothesis for the aurrent work is that charaderistic
patterns in the behaviour of the different children will be reveded as ‘fingerprints’ of the
child-roba interadion in the registration d the IR sensor data. Once we ca identify
cetain petterns of interadion coming from correspondng goups of children then this
information could be used to adapt the behaviour of the roba.

3. The Robot

We use amedium sized mobil e roba; Pekee(seefigure 1), [13]. Therobad has an attradive
plastic chasss covering a built-in micro controller, equipped with various nsors. It has



two front wheds, ead with its own motor, and a cator whed at the badk. Pekeeis400mm
long, 255mm wide and 216mm high and weighs approximately 2.9kg. It has a maximum
spead of 6km/h athowgh duing the experiments the speed dd nd exceed 3km/h. The
mohility of the roba gives the diildren a variety of ways and pdasitions to interad with it.
Theroba hasaring of 15infrared sensors locaed aroundits rim, six of these ae locaed to
the front, threeto eat side and threeto therea.

The environment that the roba is exposed to is highly dynamic and unpedictable:
‘anything can happen’ while dildren interad with the roba (children dften trea the roba
qguite roughly). The software caana rely on any predse measurements due to the pushing,
pulling, picking up etc. This in itself is not a problem, as the roba does not have a
traditional goal such as path planning to achieve during interadion with the dildren.
Instea, its ole purposeisto engage the dhil dren and encourage interadion.

The roba measures distances to olgeds in the eavironment by means of its infrared
sensors and changes the whed diredion and spead acordingly so as to clealy avoid them.
This allows the roba free movement in urcluttered environments whilst avoiding static,
inanimate objeds. At the same time, close contad or interadion with moving people is
recorded. The roba’s micro-controll er updetes the distance measurements from ead o the
infrared sensors approximately 8 times per seoond.

4. The Experimental Set up

To cary out the experiment we invited six children to the University of Hertfordshire and
tested interadions with the mobile roba under laboratory condtions. Each child was
exposed to the roba once The diildren were initially asked to sit in a meding room with
their parents whil st doing some drawing and colouring whil e the experiment was prepared
in an adjacent room. The dil dren were then taken to the experimental room one & atime,
withou their parents (figure 1). This room contains an arena, the ‘pen’ of the roba, of
approximately 2m? and is enclosed by four shallow wooden walls. For the experiments, the
roba was conreded to the network with along flexible lea’. The dildren were asked to
step inside the aena, to play with Pekeg or to dowhatever they liked. The experiment
lasted between 1and 1%2minutes. Someinitia trials were caried ou for longer periods but
it was found that shy children grew uncomfortable in the unfriendy environment of the
robaics laboratory and wanted to leave; for the experiments proper we acordingly
shortened the time to around ore minute. During the experiment they had complete
freedom to do as they pleased, paying with the roba or watching as it moved abou; no
child completely ignored the roba or pursued an adivity that had noregard to it.

5. The Children

The dildren were typicdly developing boys between 5 and 7 yeas of age. Their general
charader or personality types ranged from boisterous to shy. We cdegorised the dildren
prior to condtcting the experiment acarding to threebroad psychologicd groupings. After
discusson with the dildren’s parents and aaquiring information from them abou the
child's behaviour a schod and at home, ead child was placed within ore of these
caegories. A child was caegorised as type A if i) he was considered naughty at home and

%2 The lead did na seem to interfere with the children’s play, but the onbaard computer has snce been updited to no
longer require this conredion.



schod, and i) he seemed confident, urefraid and adive. Children were place in the type
C caegory if i) they usualy did as they were told bah at schod and at home, ii) they
seemed to require the seaurity of being with a familiar adult, and iii) they did na readily
explore on their own. A child na falling into either of these cdegories was classfied as
type B, Table 1 (below) shows our clasgfication.

Table 1: Clasdficdion of children into three céegories. All names have been changed.

Name Age Character Name Age Character Name Age Character

Thomas 6 TypeA Bill 6 TypeB Len 7 TypeC

Victor 6 TypeA Chris 6 TypeB Calin 5 TypeC
6. Data

The data was obtained from two sources: 1) Sensor realings, and 2 dired observation from
video foatage taken of the children.

6.1 Sensor Readings

Sensor realings are stored and eight times per second the aurrent cumulative number of
touches or interadions (i.e. close proximity) for ead sensor is recorded. Such data
‘profiles’ charaderise the interadion pettern of that particular child with the roba for that
particular run. Sometimes events were misclassfied as interadions when the cildren
forced the robat against the wall. However, even in these caes (which could be deteded by
matching the video data with the sensor data) the information is gill valuable and will be
exploited in ou future work. Prima facie it shows high levels of interadion, and passbly a
child that behaved more proadively towards the roba than cther children. We ae dso now
studying the diff erent patterns these misclasgficaions yield and hav these can be analysed
to gain information abou such events as ‘the roba got stuck in a corner’.

6.2 Observational Data

From the tapes, the following 21 types of behaviour (i.e. behavioural elements, adivities)
were identified:

Table 2: Behaviours sored from the video tapes.

Crawl Child is on his hands and knees whilst moving CR
Knees Child is on his knees KN
Stand up Child is in upright position STAN
Lie on floor Child’s back or stomach is in contact with the floor LFL
Manipulate Child uses hands to control the robot via its sensors MAN
Follow Child appears to move so as to keep themselves at the same

distance from the robot FOL
Step around Child moves himself (whilst standing) around the robot keeping the

same proximity St AR
Move/Back Away Child moves away from the robot MV
Approach Child moves towards the robot in a deliberate manner APP
Touch Robot Child makes contact with robot using hand TCHRO
Stroke/Pat Child uses hand to stroke or pat the robot PAT
Touch Tail Child uses hand to touch the robot’s tail TCHTA
Pickup Child lifts the robot PUP
Jump/Stamp Child is in upright position, using feet to either Jump or (using one

foot) to Stamp JUM
Look at Person Child’s eye gaze is directed towards another person LPER
Talk to Robot Child uses speech to make reference to the robot TKRO



Talk to Person Child uses speech to make reference to another person TKPER
Watch/look at Robot  Child looks at robot as a whole and is not engaged in any other behaviour WTCHRO

Show interest in Front Child’s attention is focused on the front of the robot INFR
Show interest in Back Child’s attention is focused on the back of the robot INBK
Walking in Front Child walks in front of the robot so as make the front sensors react WKIN_FRT

The data olledion technigue was based on an establi shed methoddogy e.g. used in [14],
[15], [16]. While viewing the videotapes, the behavioural elements (defined above) were
recorded ona protocol shed in the sequence in which they occurred. A statisticd analysis
was performed onthe acamulative cournt of the adivities (i.e. on how many times ead
child performed ead o the 21 defined behaviours).

7. Data Analysis

Using the sensor data, we investigated two guestions: 1) Can information from the sensor
readings be used to classfy the cildren into the same broad psychologica groups that they
had previously been assgned to? and 2) Can the sensors be grouped based on their
stimulation by the subjeds (i.e. are cetain sensors smilar to ahers becaise they are
adivated more often by the same chil dren)? These questions were addressed by performing
acluster analysis on a matrix containing the dildren’s profiles, using Euclidian dstance &
a measure for the degree of similarity among the profiles. In cluster analysis, neaest
neighbous (the pairs of profiles with the smallest Euclidean dstance) are brought together
ininitial clusters. In turn, these ae fused into larger ones by alinkage dgorithm. We chose
Ward's Average @ the linkage dgorithm: it combines clusters into a super cluster with
minimal variance All cluster analyses were performed in Statistica(v6) [17]. As we wanted
to investigate how the diildren played with the roba regardliess of their overal adivity
frequency (certain children were much more adive than athers), we logarithmicaly
transformed the data prior to the analysis. Firstly, the dildren (rows) were dustered ower
the sensors (columns). This $owed which children were similar in terms of sensor
adivation petterns. Seoondy, using the transpose (columns and rows exchanged) matrix,
we dustered sensors over children: this srowed which sensors on the roba were similarly
adivated by the dildren.

8. Results
Overadl the children showed avariety of different behaviours when paying with Pekeg and

al appeaed to enjoy the experience Behaviour ranged from cautious and wary, to very
confident or rough. Below we can seesome examples of diff erent styles of play.

Figure 1. Pictures showing the arena and different styles of play.



8.1 Sensor Readings

The cluster analysis of the sensor data showed some interesting results. There were indeed
patterns in the activation of the sensors: the children were grouped into clusters that
corresponded to the prior psychological classification (figure 2). Thisindicates that children
can be classified into personality types on the basis of the sensor regions they activate.

Tree Diagram for 6 boys:
Ward’'s method, Euclidean Distances, Log Raw
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Figure 2: Dendogram showing result of clustering of children over sensors. Boys that have similar profiles
i.e. similar frequencies by which they activated certain sensors are grouped together.
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Figure 3: Results of clustering sensors over children. (a) Tree diagram illustrating the clustering of sensors
into regions on the robot. (b) Location of the groups of sensors, as identified by the cluster analysis.
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Figure 4: The areas activated by the different classes of children are shown. Here, the classification of the
children based on the sensor readings is combined with the categorisation of sensors.



Furthermore, by performing cluster analysis on the transposed matrix, we found that sensors
can be divided in groups that correspond to particular physical regions on the robot (figure
3). Finally, we investigated what type of children stimulated which sensor regions of the
robot by applying a two-way joining procedure that simultaneously clusters children and
sensors. The results of this analysis are shown diagrammatically in figure 4, and can be
summarised as follows: Type A children were attracted to the left side of the robot, type C
children showed no preference for specific areas of the robots to interact with, and type B
children preferred the front and right side of the robot.

8.2 Behavioural Observations

It was much harder to recognise clearly distinguished groups within the observational data,
i.e. the children did not seem to cluster into clear groups. However, closer analysis does
reveal one similarity between the classification of the children and the observations taken
from the video: as can be seen from figure 5, type A boys are typically split off from the rest
of the children.
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Figure 5: The figure shows results from clustering boys based on observational data.
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When investigating which adivities are dustered together based on similar distributions
over children, we find the foll owing classes of behaviour (figure 6):

1. A classof observer-oriented behaviour, including the dements TKPER (Talk to Person)
and LPER (Look at person). Interestingly, boys that frequently performed these adivities,
also oten looked at the roba. This cluster is lit off from the main bod/ of the
dendrogram, which can be further divided into:

2. A classof roba-oriented behaviour (e.g. picking up, touching the roba).

3. A classof general locomotion adivities to which a subset of roba-oriented adivities is
attached (e.g. kneding, crawling, approad).

A two- way joining analysis identified the adivities that charaderise the duster of
children (figure 7). It can be seen that passve cildren are grouped together on the basis of
espedally observer orientated behaviours (i.e. talking to the experimenter, looking at the
experimenter), whereas the boisterous ones gand ou by manipulating and petting.
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Figure 7: Two-analysis results identifying the adivities that cluster children.

9. Summary of Results

All the dildren enjoyed playing with Pekee and were adively engaged with the roba. Our
initial working hypothesis was confirmed: we did find that the children had different styles
of playing with the roba. This allowed caegorisation d the dildren through information
from the roba’s sensor readings. Spedficdly, ou findings are:

e The analysis based onthe roba’s sensor readings suppats the prior psychologicd
classficaion d the dildren. The analysis of observational data gives less clea
results.

» lrrespedive of widely differing interadion levels, different types of children
exhibited patterns of behaviour which showed simil ariti es within the type group and
diff erences between the groups

* Type A children preferred to interad with the front left side of the roba, type C
children had no peference for any one aeaon the roba, type B children preferred
the front right side.



10. Discussion and Future Work

Future studies with larger sample sizes will be designed to confirm our findings. However
the results presented in this paper show the feasibility to develop a method by which
children’s behaviour can be cadegorised based onthe robad’s infrared sensor readings. The
importance of thisisthredold. First, it shows that persondlity typeisrefleded in a diild’'s
behaviour while playing with aroba. Seaond,in an educdional or therapeutic gplicaion
context, it patentially gives ateader, parent, or therapist an extratod to quantify children’s
behaviour®. Third, it is a prerequisite for building robas that adapt to human behaviour.
We shoud emphasise however that the quantitative gproach we pursue will be ale to
point out only certain aspeds of a dild’'s behaviour, cf. [16].

A number of isales raised in this gudy neeal to be investigated further in future
work. Why, for example, did children classfied astype A prefer to stay to the front left side
of the roba? We shoud pant out that the roba had a bias to turn to the right (due to the
implemented olstade avoidance strategy). A possble explanation might therefore be that
these dhildren chased the roba as it moved away to the right, whereas type B children
(more passve than type A) stood and waited for the roba to approach them (the right hand
side of the roba thus recording a higher incidence of interadionsin this case).

Another open question is the importance of the roba’s *eyes’, and whether they are
on a off during the trials (seefigure 1). Four of the children interaded with Pekeewith its
sticker eyes on, for the other two children the eyes had been taken doff. We oud na
identify any significant effed of this when a statisticd analysis was performed. However it
is possble that there may have been a greder tendency for the dildren to stay to the front
of the roba when the eyes were on. This again requires further experiments and analysis.

Since submitting this paper we have @nduwted a new set of trials, with larger
sample sizes, and repeaed exposure of the dildren to the robat. The new trials were held at
the dildren’s shods in order to provide a more familiar environment. Our detailed
findings will be published in a separate pubication, bu first results san to confirm that
typicdly developing children quickly get bored by robds, i.e. the nowelty effeds weas out
over time, as hown in [5]. These results suppat our argument for developing robas that
can adapt to dfferent interadion levels, based on personality styles (as described in this
paper), and also based onlong-term effeds. For example, a roba interading with a shy
child could read¢ by slowing down, stoppng at times and thus being nonthreaening;
similarly it could speed up,spin and keg so asto hdd the interest of the confident child, o
a dild that has lost interest in the robad. In this paper we have establi shed a tedhnique that
could be astepping stone towards robas that can, in this way, adapt to human behaviour.
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