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I. THE DEVELOPMENT PROCESS OF FACE

Humans are fascinated by the creation of robots that have
similar level of emotional understanding, sensation, perception and
communication capabilities. In this work, the process of creating a
believable social humanoid is investigated from the aesthetic and
behavioural points of view.

FACE (Facial Automaton for Conveying Emotions) is a hu-
manoid robot embedded with a believable facial display system
built by David Hanson [1], [2]. As shown in Fig. 1, it aesthetically
represents a realistic copy of a female head subject, both in shape
and texture. The skull is 3D printed in ABS while the skin is made
of FrubberTM, an extremely soft and strong silicone that makes the
appearance and the mechanical properties of FACE’s skin similar
to a living facial tissue.

FACE robot’s facial expressions are generated as combination of
servo motors actions. The correspondence between human Facial
Action Units and FACE actuators is inspired by the Ekman Facial
Action Coding System [3]. In the FACE’s robotic platform the facial
expressions are generated by the HEFES (Hybrid Engine for Facial
Expressions Synthesis) engine [4]. Through HEFES, it is possible to
generate robot’s facial expressions on the basis of their “emotional
coordinates” defined as pleasure and arousal [5].

To enable the robot to play a number of cognitive and com-
municative roles in interacting with humans, a human-based gaze
control system has been developed [6]. It generates a plausible
context-aware gaze movements for the robot.

The developed system are driven by a dedicated cognitive ar-
chitecture [7] designed on the basis of the Damasio’s theory [8].
The architecture is based on a hybrid deliberative/reactive paradigm
in which a reactive subsystem controls the real-time robot low-
level routines while a deliberative subsystem performs high-level
planning tasks that require reasoning processes [9].

II. PROOF OF CONCEPT EVALUATION

In order to assess the capability of the FACE robot and of the
HEFES system to generate believable and emotional correlated
facial expression, a set of experiments was performed. A stepwise
protocol was administered to various subjects in order to gradually
expose them to more and more realistic stimuli (from 2D pictures
to 3D models and then the FACE robot). Results report a general
tendency of subjects to better recognize expressions performed by
the physical robot than the expressions shown as 2D photos and
3D models. These results, in line with the current state of the art
[10], [11], [12], support the contention that robot embodiment and
dynamic improve the recognition and discrimination of emotions
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Fig. 1. The humanoid social robot - FACE.

in comparison with stimuli administered through pictures and 3D
models.

In order to assess FACE’s gaze and tracking capabilities, we
compared the performance of the robot with humans behaviors [13].
In an accurate eye-tracking study we collected the gaze behaviours
of several participants observing a videos of two person interacting
in a social context. A comparison of the average human gaze
behaviour with the behaviour generated by the FACE gaze control
system shows that the system is able to replicate human gaze
behaviour with and accuracy of 89%.

Preliminary tests of the cognitive architecture were conducted
simulating various social scenarios. A dedicated rule set for the
behavioural engine was implemented in order to give FACE the
capability to properly follow a social scene reacting to the presented
social cues in a socially aligned manner.

The overall evaluation demonstrates how the proposed architec-
ture makes possible a fast control of the reactive processes together
with a versatile and easy to use system for the definition of complex
behavioural model for the FACE robot. The entire video of the
system demo is available at http://youtu.be/-6FVZsaDLVg.

III. CONCLUSION

This work described the design, development and validation
processes of the FACE’s robotic architecture that converts a robotic
head in a social humanoid. The proposed architecture enabled the
robot to convey emotions through facial expressions, and to align its
behaviour and reactions to the social-context on which it is involved.

The robot facial expression generation system was tested and
validated demonstrating the FACE capability to convey emotion
through facial expressions. In addition, the system was able to
properly track subjects involved in the social scene generating
humanlike gaze patterns.

The developed hybrid control architecture demonstrated to be
able to guarantee a real-time control of the low-level routine without
precluding an high-level control of the robot behaviour.
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