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ABSTRACT

As robots enter everyday life and start to interact with or-
dinary people the question of their appearance becomes in-
creasingly important. A user's perception of a robot can be
strongly in uenced by its facial appearance. Synthesizing
relevant ideas from narrative art design, the psychology of
face recognition, and recent HRI studies into robot faces, we
discuss e ects of the uncanny valley and the use of iconicity
and its e ect on the self/other perceptive divide, as well as
abstractness and realism, classifying existing designs along
these dimensions. The dimensions and issues of face design
are illustrated in the design rationale, details of constru ction
and intended uses of a new minimal expressive robot called
KASPAR.

1. MOTIVATIONS

It is an exciting time in robotics. Personal service robots,
so long the science ction dream, are becoming reality and
are for sale to general consumers. Currently their uses (and
users) are limited, but capabilities are improving, costs are
coming down and sales are growing. In addition robots are
nding a new place in society as toys, arti cial pets [29],
security guards, teachers [18], tour guides [35] and in seach
and rescue [11]. They are nding use in areas as diverse as
autism therapy [32, 33], space exploration [1] and research
into cognition and biological systems [34].

1.1 RobotCub

One such research project that we are involved in at Hert-
fordshire is RobotCub, a 5-year multinational project to
build a humanoid child-size robot for use in embodied cogni-
tive development research [34]. The RobotCub consortium
consists of 11 core partners from Europe with collabora-
tors in America and Japan, and the institutions involved
are each working on specic areas of the robot design, en-
gineering, developmental psychology and human-robot in-
teraction. The project software and hardware plans will be
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published under open-source licenses, with the aim of creat
ing a community using a common platform for robotic and
cognitive research.

1.2 Designing Robots for Users

Robots are becoming available in a wide variety of roles. A
recent report by the UN Economic Commission for Europe
and the International Federation of Robotics predicts that
4.1 million robots will be working in homes by the end of
2007 [36]. The implication is that, as they crawl, roll and
walk out of the laboratory and into the ‘real' world, that
people in the real world will be using them - families, sol-
diers, nurses, teachers. These users will more than likely
not have a background in engineering nor care about the
intricacies of the control algorithm in their robot. To them

it will be a tool in the same way as a DVD player or a
PC. However robots di er signi cantly from most consumer
electronics in two respects: (1) Robots are often designed
(and expected) to use human communication modalities, for
instance speech and hearing in place of LED displays and
buttons. This is sometimes because these modalities are im-
plied by the robots' anthropomorphic design and sometimes
for practical reasons - robots are usually mobile and even
a remote control may be of limited practical use. (2) Due
to their embodiment, robots have the capability to supply
rich feedback in many forms: anthropomorphic ones such
as speech, gestures and body language and “arti cial' ones
such as lights and music. Current consumer robots such as
the Sony AIBO use a combination of both. Using real-time
communication a robot can engage the user in active so-
cial interaction, and importantly even instigate interact ion.
In contrast, most consumer electronics are passive; that is,
there is only interaction when instigated by a human, and
that interaction is largely in one direction, from the human
to the machine.

A user study of people's expectations of a robot companion
indicated that a large proportion of the participants in the
test were in favour of a robot companion, especially one that
could communicate in a humanlike way [10]. Humanlike
behaviour and appearance were less important. In terms of
role robots were seen by the majority as suitable for persond
assistant duties carrying out household tasks. Child care or
friendship roles were seen as less suitable.

Human-human interaction studies are a good starting point
for HRI research, but can only be treated as such. Robots
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Figure 1: Mori's uncanny valley hypothesis.

are not people, and not all insights and results will remain
valid for HRI scenarios. So given that the nature of the
interaction between humans and robots is likely to be dif-
ferent from that between two humans, or between humans
and most current consumer technology, there are many open
guestions. Most importantly for the general acceptance of
robots, what appearance and modalities of communication
are optimal for the majority of non-technical users? Will
people nd a machine with a human appearance or that in-
teracts in a human-like manner engaging or frightening? If
a face is humanoid, what level of realism is optimal? Are
gestures useful? What role could timing [38] and the move-
ment and timing of interactive behaviour ( kinesics [31, 5])

play?

The remainder of this paper considers the design of robots,
especially the face - arguably one of the most useful, yet
communicatively riched and technologically dicult areas
of a humanoid robot to design. Various designs are consid-
ered and compared and theories derived from the analysis of
iconographic faces in narrative art are applied. Finally th e
HRI research robot KASPAR is introduced, whose design
rationale illustrates the arguments presented.

2. CONSIDERING DESIGN
2.1 The Extended Uncanny Valley

The e ect of the aesthetic design of a robot is an area that
has often been neglected, and only in visual science ction
media or recently with the advent of commercial household
robots has it been paid much attention. A notable excep-
tion is the “uncanny valley' proposed by Masahiro Mori in
the late 1970's [25, 9]. Mori proposed that the acceptance of
a humanoid robot increases as realism increases. However
there comes a point where, as the robot approaches perfect
realism, the e ect becomes instead very disturbing and ac-
ceptance plunges, because the robot starts to look not quite
human or at worst like a moving corpse (Fig. 1). In theory
the realism of both appearance and movement can give rise
to this e ect, with movement evoking the stronger response,
see [23, 22] for more recent work on the uncanny valley by
MacDorman. MacDorman argues that the uncanny valley
can be seen in a positive light as it implies people are apply-
ing a more stringent human model to evaluate an android
(i.e. a realistic humanoid as distinct from one with a mecha-
nistic appearance [15]), which is an indication that androi ds
could be a valid tool in human psychology studies.

2.2 Managing Perceptions

DiSalvo et al. performed a study into how facial features and
dimensions a ect the perception of robot heads as human-
like [12]. Factors that increased the perceived humanness @
a robot head were a “portrait' aspect ratio (i.e. the head is
taller than it is wide), the presence of multiple facial feat ures
and speci cally the presence of nose, mouth and eyelids.
Heads with a landscape aspect ratio and minimal features
were seen as robotic. They suggest that robot head de-
sign should balance three considerations: “human-ness' (ér
intuitive social interaction), ‘robot-ness' (to manage us ers'
expectations of the robot's cognitive abilities) and “prod uct-
ness' (so the user sees the robot as an appliance). The idea
of designing a robot to be perceived as a consumer item is
noteworthy for the fact that people's a priori knowledge of
electronic devices can be utilised in avoiding the uncanny
valley; the implication is that the robot is non-threatenin g
and under the user's control. To ful ll their design criteri a
they present six suggestions: a robot should have a wide
head, features that dominate the face, detailed eyes, four a
more features, skin or some kind of covering and an organic,
curved form.

It is interesting to note that these points seem to have been
adopted in many of the consumer robots currently in devel-
opment, which are often designed to be obviously “product-
like', appealing and engaging - the Sony QRIO, for instance,
conforms to every one. A robot's appearance can a ect the
way it is perceived in other ways:

Role Suitability . Goetz et al. [14] introduced the “match-
ing hypothesis', i.e. that machine-like features are seen &
more suitable for investigative and security (i.e. authori tar-
ian) situations, whereas those with a human appearance are
preferred for artistic, service and social roles.

Personality. Appearance has a great e ect on the per-
ceived personality and emotional capabilities of a robot.
Some robots, especially those sold as toys or for use in
the home, draw on the long history of doll design [3] and
use abstracted or exaggerated infant-style features such &
a round, symmetrical face and large eyes. This aesthetic
evokes protective instincts in the user thus circumventing
the uncanny valley. Woods, Dautenhahn and Schulz [37]
conducted a study in which children were asked to rate
robots in terms of several personality traits according to
their appearance. The robots were classi ed as having ma-
chine, animal, animal-machine, human-machine and human
appearance. Results indicated that the overall combinatio n
of physical attributes was important, with animal-like rob  ots
rated as happy, purely mechanistic robots rated as aggres-
sive and angry, human-machine robots rated as friendly and
human-like robots rated as aggressive. Interstingly this r e-
sult supports the uncanny valley as human-machine robots
were rated more positively than realistic human-like ones.
The children were also asked to assign each robot a gender,
and it was found that those perceived as female were often
associated with positive personality traits.

Sensory and interaction capabilities. Users are likely
to make an initial assessment of the robot's interaction ca-
pabilities based on appearance. An ultra-realistic humanoid
with limited movement or interaction abilities is likely to
disappoint; a simple-looking robot that turns out to have
complex interactive behaviour will surpass expectations [8].



2.3 Consistency

The consistency of the design of a robot might also be a
consideration in managing user perceptions. A robot with

mismatched features, for example a realistic “skin' covered
head with exposed mechanical limbs, may appear more un-
canny than one that is aesthetically harmonious.

2.4 Faces

Faces help humans to communicate, display (or betray) our
emotions, elicit protective instincts, attract others, an d give
clues about our health. Several studies have been carried ot
into the attractiveness of human faces, suggesting that sym-
metry, youthfulness and skin condition [17] are all factors .
Famously Langlois and Roggman [20] proposed that an aver-
age face - that is, a composite face made up of the arithmetic
mean of several individuals' features - is fundamentally amd
maximally attractive (although there are claims to the con-
trary, see [28]), and that attractiveness has a social e ect on
the way we judge and treat others [19].

Humans are extremely sensitive to the particular pattern
of features that form a face. Neuroscientists have debated
for decades the idea of "grandmother cells' in the brain that
re only when a specic face is seen (or concept is recog-
nised, see [30]). We cannot help but see faces in everything
- rock formations, clouds, the front of a car, the windows
and doors of a house. The famous ‘vase/two faces' opti-
cal illusion plays on this anthropomorphic tendency. The
Milanese artist Giuseppe Arcimboldo did likewise, forming
whole portraits from fruit or owers and producing work
that is still life or portrait depending on which way up it is
hung. Faces can be abstracted or simpli ed by a huge de-
gree and still remain recognisable, a useful characteristic for
comic and caricature artists - and robot designers. Minimal
features or dimensional relationships are all that is required
to suggest a face, and our brains " Il in the gaps'.

Human infants seem to have a preference for faces, and it
appears that even newborns possess an ‘innate' ability to
spot basic facial features, such as a pair of round blobs situ
ated over a horizontal line which is characteristic of two ey es
located above a mouth. It has been debated whether this is
due to special face recognition capability or sensory-based
preference based on preferences for general perceptual fea
tures and broad visual cues and properties of gures such
as symmetry, rounded contours etc. which form the basis
for learning to recognize faces [16]. The nature and devel-
opment of face recognition in humans is still controversial .
Interestingly, while the baby develops, its preference for cer-
tain perceptual features changes until a system develops that
allows it to rapidly recognize familar human faces. Evidenc e
suggests that exposure to faces in the rst few years of life
provides the necessary input to the developing face recognt
tion system, e.g. [27]. The speci ¢ nature of the face stimuli
during the rst year of life appears to impact the develop-
ment of the face processing system. While young infants (up
to about 6 months of age) can discriminate among a variety
of faces belonging to di erent species or races, children at
around 9 months (and likewise adults) demonstrate a face-
representation system that has become more restricted to
familiar faces. The social environment, i.e. the “kinds of
faces' an infant is exposed to in uences the child's prefer-
ences for certain faces and abilities to discriminate among

them. Not only time of exposure, but also other factors, in-
cluding emotional saliency, are likely to in uence the tuni ng
of the face recognition systems towards more precision [27]

In the context of humanoid faces the above discussion high-
lights why faces are such a crucial feature that people seek b
identify. Humans are tuned towards faces, we can't help but
recognizing them in various contexts, and what we recog-
nize re ects what we are used to perceiving. Robot faces
that mimic the prototypical dimensions of human faces are
likely to stimulate the face processing system that we also
apply to other people. One might thus speculate that a
more “generic'/iconic face of a robot a ords more scope for
people to identify with, since it allows them to project upon

it face representations acquired during their lifetime. No te,
this line of argument, based on biological and psychologica
studies of the ontogeny of face recognition and face process
ing, is consistent with work by Scott McCloud who derived
his insights from comics design as described in the next sec-
tion, and also in uenced our choice of designing a minimally
expressive robot head not aiming at mimicking the complex-
ity of the human face entirely, cf. section 3.

2.5 Are Faces Useful?

Faces are the focal point of any humanoid robot, but most
su er from some, or all, of the following problems: they are
hard to make look realistic, and even if they do the illusion
is often shattered once they move; they are complex, requir-
ing many degrees of freedom (DOFs); they are expensive to
make and maintain, and they are arguably the part of the
robot most likely to pull the rest into the uncanny valley.
Furthermore it could be argued that the feedback provided
by a face can be more cheaply presented using some other
modality such as LEDs. So the question is: are faces worth
the trouble? Quite apart from the fact that they are by
de nition part of a humanoid robot, there are several good
reasons for their use:

1. Expressions are a universally-used feedback mechanism
and are instantaneously understood by an interaction part-
ner. A red LED could be used to represent happiness, but
the association has to be learnt and processed, and the
colour itself might come with cultural connotations (for in -
stance red symbolises good fortune in China, but danger in
the UK). A smile has a less ambiguous and more immediate
emotive impact.

2. A face gives the user an understood focal point for inter-
action. A face aords interaction (cf. [26]).

3. A face can present visual cues to help the user understand
the robot's capabilities, forming an unspoken social contr act
between human and machine [13]. A very mechanistic ap-
pearance may lead to confusion over communication modal-
ities (\Do | talk to it? Will it understand me? How does it
hear?"), whereas clearly-presented communicative features
will encourage intuitive interaction. In addition the desi gn
of the face can give clues as to the ability level of the robot;
a two-year old face implies two-year old cognitive and ma-
nipulative abilities [4].

4. Variable expressions can assist the robot in its role; for
instance a face might allow a security robot to look friendly
or intimidating as required, or allow a toy robot to look cute
or express surprise in interaction games.
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Figure 2: The design space of faces in comics and
narrative art(modi ed from [24]).

2.6 The Design Space of Faces

Having established that faces can be useful, how should they
look? Despite the enormous variety in real human faces,
most people are intuitively aware when something looks un-
usual. Cartoons on the other hand, using merely represen-
tations of faces, can cover a far larger aesthetic range. In hs
book Understanding Comics [24], Scott McCloud introduces
a triangular design space for cartoon faces (Fig. 2).

The left apex is realistic, i.e. a perfect representation of re-
ality, for example a photograph, or realistic art such as tha t
by Ingres. Travelling to the right faces become more iconic,
that is, the details of the face are stripped away to emphasise
the expressive features; emoticons such as) are a perfect
example in the 21st century zeitgeist. The simpli cation
has two e ects. Firstly it allows us to amplify the meaning
of the face, and to concentrate on the message rather than
the medium. Secondly the more iconic a face appears the
more people it can represent. Dautenhahn points out that
iconography can aid the believability of a cartoon characte r
[8]. We are more likely to identify with Charlie Brown than
we are with Marilyn Monroe, as a realistic or known face
can only represent a limited set of people whereas the iconic
representation has a much broader range - to the extent of
allowing us to project some of ourselves onto the charac-
ter. Towards the top apex representations become abstract,
where the focus of attention moves from the meaning of the
representation to the representation itself. Examples in art
would be (to a degree) Picasso's cubist portraits or the art
of Mondrian.

2.7 Robot Faces in the Design Space

We can use this design space, and the accumulated knowl-
edge of comics artists, to inform the appearance of our ro-
bots. Fig. 3 shows some robot faces and their (subjective)
places on the design triangle. Most are ‘real-life' robots al-

though several ctional robots have been included, as func-

tionality has no bearing on our classi cation in this contex t.

It is worthwhile to compare examples of robots near the ex-
tremes of the design space. Each extreme has advantages
and disadvantages, and pragmatic design as ever will be an
attempt to balance the two dependent on intended purpose:

Realistic Face (Extreme left). Repliee Q1. Lifesize an-
droid designed by Professor Hiroshi Ishiguro and the Intel-
ligent Robotics University at Osaka University in collabor a-
tion with Kokoro Inc. Repliee Q1 has 41 degrees of freedom,
air actuators and silicon skin with embedded sensors, and
is used in human-robot interaction research. Advantages:
Strong physical presence. Capable of subtle expressions ath
complex visual feedback. Rich interaction behaviour po-
tential. Disadvantages: Very hard to avoid the uncanny
valley. Expensive to build and maintain. Individual appear -
ance makes the robot hard to identify with.

Iconic Face (Extreme right). Papero. Designhed by NEC,
the Papero is a small personal assistant robot currently in
development. It has limited degrees of freedom and very
limited facial features (although LEDs are used to provide
feedback to the user, and the design cleverly uses the bottom
curve of the face to imply a smile). Voice and visual detec-
tion features, networking abilities and control of househo Id
appliances make Papero suitable for the personal and educa-
tional robotics markets. Advantages: Simple and robust.
Avoids the uncanny valley by being small and having a cute
and non-threatening appearance. Large user-identi catio n
potential. Disadvantages: Limited range of expressions
means less intuitive media must be used for interaction.
Lack of complexity may lead to limited interaction and bore-
dom for the user.

Abstract Face (Extreme top). Dalek. Fictional robots
that rst appeared in the BBC TV series Dr Who in 1963.
Advantages:  Avoids uncanny valley by becoming less hu-
man, distorting or replacing humanoid features. Strong
physical presence. Disadvantages: Limited user-identi cation.
Non-intuitive communication modalities. Potentially exp en-
sive and complex.

2.8 The Robot as an Extension of Self?

As one moves in the design space of the faces from realism
towards iconicity, a human is more able to identify with the
face, and the distinction between other and self becomes
less and less pronounced. In theory then the less detailed
a face becomes the more characters it can represent. In
addition, the more iconic a face is the more we are able to
project our own experiences and emations on it. Why is
this? McCloud argues that the mental image we have of
our own face is a subjective, iconic one. In contrast, the
way we see others around us is objective and fully realistic .
Hence the iconic face can representus, and the detailed face
represents somebody else [24].

Could this idea be useful in robot design? Humans tend to
extend their personal identity to include objects that they
are using. Our senses seem to expand, incorporating these
objects and making them part of our sensory apparatus. If
we close our eyes and use a cane to nd our way, we are
aware of the end of the cane on the ground, not the end in
our hand. If we are driving a car, we are aware of the tyres
on the road, not our hands on the steering wheel. And if
someone hits our car, we say \He hit me!" not \His car hit
my car!". If a robot is to be designed to extend the user's
abilities or carry out tasks on their behalf, iconic feature s
may more easily allow the user to apply their identity to
the robot. The robot may become, from the user's point
of view, an extension of themselves. The obvious di erence
from the car examples is that the robot is not in contact



Figure 3: Robot faces mapped into McCloud's design space.

2. R2D2, ctional robot from Star Wars (¢ Lucas Film Ltd.), 3. DB (
( ¢ MIT/Cynthia Breazeal), 6. Infanoid (
tour-guide robot ( c Carnegie Mellon University), 10. Toshiba partner robot (
extremely realistic 24 DOF head built by David Hanson (
Maria, ctional robot from Fitz Lang's 1927 Im

University), 18. AIBO robotic dog ( ¢ Sony), 19. Keepon, minimal DOF HRI robot (

with the user, or more speci cally it is supplying no direct
sensory feedback. It is an interesting question whether sen
sory feedback is a prereqisite for this extension of identity.
Nevertheless, the e ect can be manifest in less direct ways.
When the user chooses to buy their new robot in a particu-
lar colour they are already making decisions based on their
personal preferences. By choosing clothes, colours, voice
type, interaction style and so on the user will extend their
personality to include the robot. This e ect is widely seen
in computer games where players customise the characters
they are playing, or even make a facsimile of themselves, to
aid self-identi cation.

In contrast, realistic face designs will be seen objectively
as ‘'someone else', andabstract designs often as “somthing
else'. In this case the interaction partner's identi catio n
with the robot will be discouraged due to the non-iconic

nature of the design. Some robot roles (such as security
guards) might bene t from reinforcing this perception.

3. KASPAR

Fig. 4 shows KASPAR (K inesics And Synchronisation in
Personal A ssistant Robotics). KASPAR is a child-sized
robot which will act as a platform for HRI studies, using

mainly expressions and gestures to communicate with a hu-
man interaction partner. The robot is a work-in-progress

c ATR Institute Kyoto), 4. MIT Humanoid Face Project (

¢ Hideki Kozima), 7. Nuvo companion robot (

¢ Human Emulation Robotics), 14. Repliee-Q1 (

Metropolis , 16. C3PO, ctional robot from

1. Dalek (( c the British Broadcasting Corporation/Terry Nation),
¢ MIT), 5. Kismet
¢ ZMP Inc.), 8. HOAP-2 ( ¢ Fujitsu Automation), 9. Minerva

¢ Toshiba), 11. QRIO ( c Sony), 12. ASIMO ( ¢ Honda), 13. K-Bot,
c Osaka University/Kokoro Inc.), 15. False
Star Wars (¢ Lucas Film Ltd.), 17. WE-4R robot ( c WASEDA

¢ Hideki Kozima), 20. Papero household robot ( ¢ NEC)

but when nished will comprise a static body with an 8
DOF head and two 6 DOF arms. Important features of
KASPAR are:

1. Minimal design. Limited degrees of freedom and feed-
back options were purposefully chosen to reduce ambiguity
in experiments, and in order to see what level of HRI can be
achieved with minimal expressive and gestural capabilitie s.
2. Inclusion of eyelids, which are not often implemented on
HRI robots (a notable exception is Mertz [2]), despite be-
ing identi ed as one of the main features contributing to the
human-ness of a robot [12]. They will allow the investigatio n
of the e ect of blinking and eye narrowing in HRI scenarios.
3. Exclusion of eyebrows. Often a key expressive feature,
animated eyebrows were not implemented as it was felt that
any visible mechanism protruding through the skin would
compromise the aesthetic consistency of the face, and as it
became apparent that eyelids could at least partially ful-
Il their role. However KASPAR's face, which is a silicon-
rubber resuscitation doll mask, does possess moulded eye-
brows.

4. Non-discrete features. The facial features on many HRI
robots are separate entities and do not interact, for instan ce
the movement of the mouth has no e ect on the eyes. Ex-
pressions produced this way are easily recognisable but can
look unnatural, as human expressions tend to involve mus-
cles over the whole face. As KASPAR's features are all part



Figure 4: KASPAR, HRI research robot.

of the same rubber mask there is some interplay between
them, which it is hoped will form more natural expressions
and allow the user to forget the mechanics and concentrate
on the meaning of the expressions.

3.1 Design Motivations and Rationale

Part of Hertfordshire's input in the early stages of the Ro-
botCub project was to suggest design motivations that would
help produce a useful platform for HRI studies, and which
also formed the basis of the design rationale for KASPAR.
These were that there should be consistency of appearance
and complexity between the head, body and hands to aid
natural interaction, and also between the appearance and
the capabilities of the robot to govern the user's expecta-
tions. It was also suggested that minimal expressive features
should be included and that they should be used to create
the impression of autonomy by (for example) allowing joint
attention or expressing emotional state.

The design rationale behind KASPAR is, as far as possible,
minimal and biologically-inspired. By keeping the complex -
ity and DOFs down we aim to reduce building and main-
tainance costs while still creating a robot capable of a wide
range of behaviours. The goal in this case is not perfect re-
alism, but optimal realism for rich interaction. Some of the
mechanical design of KASPAR has been inspired by human
physiology, especially in the neck and mouth mechanisms.

3.2 Face Design

The face design echoes the overall rationale, in that it aims
to approximate the appearance and movements of the hu-
man face without venturing into ultra-realism. Fig. 5 shows
the approximate position of KASPAR on the design space of
robot faces. The decision to position the face somewhat in
the iconic direction was made with a two-fold purpose. We
have seen that emphasis on the features used for commu-
nication allows the robot to present facial feedback clearly,
by allowing the interaction partner to focus on the message
more than the medium. Furthermore a reduction in detail
de-personalises the face and allows us to project our own

Figure 5: KASPAR on the design space of robots.

ideas on it and make it, at least partially, what we want
it to be. These are both potentially desirable features for
a robot in HRI scenarios. Note, however, that the empha-
sis on the communicative features is achieved not by using
discrete, exaggerated versions (which is the case with ro-
bots such as Feelix [7] and Kismet [6]), but by reducing the
distracting e ect of other details of the face. KASPAR's
expressions are not as unambiguously de ned as those of
Kismet or Feelix, but initial observations indicate that su r-
prisingly subtle changes in expression can be e ective if the
transition between them is observed.

It was decided that the robot should look more biological
than mechanical, so some form of skin was necessary. A
resuscitation doll mask was found to be ideal, providing an
appropriate level of aesthetic consistency and detail. KAS-
PAR's skin is only xed at the ears and nose, and allows the
face to be pulled into some fairly natural-looking expressions
(Fig. 7) as the actuation of the mask in one place tends to
slightly deform other areas; for instance, a smile also pushes
up the cheeks and narrows the eyes. In humans this is typ-
ically considered an “honest' smile compared to one which
moves only the mouth [5].

3.3 Design Speci cs

Requirements and Strategy. KASPAR's design was in-
formed by initial studies of existing robot heads and by the
application of ideas from McCloud's design space. The de-
sign requirements were: (1) Minimal design, yet expressive
enough for HRI, (2) capacity to display autonomy, (3) capac-
ity to display undirected and directed attention. (4) iconicity,
(5) capacity to accept \projected" expressions with change
of view angle (a requirement that was inspired by this abilit y
in traditional Japanese noh masks [21]), and (6) human-like
appearance. To produce an economical and e ective design,
the following points were followed: (1) produce a head de-
sign that achieves the desired functionality without exces sive
over-engineering, avoiding increased weight and costs, (3
use "o the shelf' components and materials where possible,
(3) reduce the need for parts that require skilled machining
to a minimum, and (4) for each degree of freedom, create a
compact mechanism.



Body. KASPAR's body is a breglass child mannequin
torso, which is hollow and provides ample space for inter-
nal mechanisms. The head was removed and the robotic
replacement attached using multiple mounting points. The
mannequin body has the advantage of being preformed and
tough, and will allow the future tting of robotic arms.

Head. Sheet metal was used as the prime construction ma-
terial, as it is cheap, strong, lightweight and very easy to
work as long as high accuracy is not required. The head
was based on three longitudinally positioned sheets of alu-
minium alloy, which maximised the mounting possibilities
for the actuating servos whilst giving least restriction fo r
the operating links. Each degree of freedom was then devel-
oped in turn.

Neck Mechanism. A solution was required that made the
best use of the limited space, and produced close to natural
movements of the head in three degrees of freedom (yaw,
pitch and tilt). The yaw movement is controlled using a
shaft connected to a servo housed within the mannequin
body. The pitch and tilt movements are created by placing
the head on a universal joint in the spine position and using
two servo-operated pushrods at the front to control move-
ment. This helps create a realistic action by using a single
pivot (the universal joint) for both axes.

Mouth Mechanism The mouth mechanism has two de-
grees of freedom: one for the lower edge of the lips and one
that moves both outer edges of the lips simultaneously. The
inside of the mask was strategically cut away to aid exi-
bility and a compact system of levers built to maximise the
mechanical advantage between the servos and the lips. The
resulting movements are transmitted to the skin via bonded
links, and allow the mouth to open or close, and curve up or
down by operating the two axes in opposition. There is also
movement in the horizontal axis, creating a motion where
the lips are pulled up and back to simulate a smile.

Eye and Eyelid Mechanisms. To provide sensory appa-
ratus for the head, ultra-miniature video cameras are incor -
porated within spherical 32mm Delrin “eyeballs', mounted
on a pan/tiit mechanism that moves both eyes in unison.
The mechanism was matched to eye sockets cut in the rub-
ber mask and attached to the metal head structure. Eyelids
are formed of plastic quarter-spheres and controlled by a
mechanism that produces a controlled open-close movement
of both eyelids simultaneously.

Actuation. Radio-control servos are used to actuate the
head and face. During development an RC system was used
to test each degree of freedom manually to rapidly evaluate
the e ectiveness of design ideas. The use of servos means
the option to perform “wizard of 0z' experiments is avail-
able as required. Servos tend to be noisy, and although the
ideal would be silent operation it was decided that a certain
amount of noise would be acceptable. If noise becomes an
issue, it will be reduced by siting the servos as deeply as
possible inside the head or mannequin structures, and by
using sound insulating materials. Metal rods are used to
transmit servo movement to the required part of the face
or head. These vary in strength and thickness from wire
to 3mm threaded links with spherical bearings at each end.
Metal rods can be shaped to t around existing structures,
without a ecting the way they perform - making them very
adaptable to modication. They take up relatively little
space and can be set up to either increase or decrease the
mechanical advantage between the servo and the connected

Figure 6: Internal view of the head showing servo
actuators and neck mechanism.

Figure 7: Some of KASPAR's expressions:
right) happiness, displeasure, surprise.

(left-

part. Non-linearity of movement can occur, but can be over-
come in software if necessary.

Sensors. In addition to CMOS cameras in the eyes, micro-
switches will be incorporated in the hands to provide simple
tactile feedback and microphones added to the head.

3.4 Potential Uses

KASPAR can be used to study a variety of research issues
relevant to HRI such as interaction dynamics, gesture cre-
ation and recognition, joint attention, communication thr  ough
imitation and the use of expressions. The addition of arms
will allow a range of interaction games to be played.

3.5 Conclusions

The eld of HRI contains much unexplored territory, and
predictions of how people and robots will interact are hardt o
make from knowledge of existing human-human or human-
machine interactions. However it is clear that robot design

a ects users' perceptions in signi cant ways. In this pa-
per we focused on design issues of robot faces integrating
nding from psychological studies, work on narrative art
design, and recent HRI studies. Consideration of these de-
sign issues strongly in uenced our creation of a minimally
expressive humanoid face, part of the robot KASPAR. Di-
mensions of face design were discussed with aims to help re-
searchers and designers understand and exploit some ideas



synthesizing those of artists, roboticists, and psychologists
that pertaining to human perception of robot faces in HRI.
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