
ECS (Emotions Cartesian Space) 

• An emotion is defined as e(v,a): 

• v is the valence which ranges from unpleasant (e.g. sad, 
stressed) to pleasant (e.g. happy, elated) 

• a is the arousal which ranges from inactive (e.g. 
uninterested, bored) to active (e.g. alert, excited). 

• The ECS is calculated using an interpolation algorithm: 

• input: a set of expressions 
• output: a three-dimensional matrix composed of 32 planes 

corresponding to the 32 servo motors. Each plane represents 
the space of the possible positions of a single motor.  

• New expressions can be used to refine the ECS adding them in 

the input set of expressions used by the interpolation algorithm. 
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HEFES: Hybrid Engine for Facial Expressions Synthesis 

• According to the “Uncanny Valley” hypothesis proposed by Masahiro Mori in 1970, many studies on observers’ reactions to gradual morphing of robots and humans pictures found a 

peak in judgments of the eeriness in the transition between robot and human-like robot pictures.  

• Recent studies have demonstrated that peaks of eeriness were present only in the transition between classic robots and cosmetically atypical human-like robots where human and non-

human elements are mixed.  

• However in order to create robots that look and act as humans, it is necessary to improve their social and expressive capabilities  in addition to the appearance . 

• Facial expressiveness is one of the most important aspect to be analyzed in designing human-like robots since it is the major emotional communication channel used in interpersonal 

relationships together with facial and head micro movements. 

Materials and methods 

FACE (Facial Automaton for Conveying Emotions) 

• FACE is a robotic female face used as emotions conveying system. The artificial skull is covered by a porous elastomer material 

called Frubber™.  The actuation system is controlled by 32 servo motors which are integrated into the skull and the upper 

torso of the robot.   

• Servo motors are positioned according to the Facial Action Coding System (FACS) carried out by Ekman and Friesen in 1976. 

The FACS describes facial behaviors in terms of muscular movements using Action Units (AUs) as unit of measurement. AUs are 

defined as visually discernible component of facial movements which are generated through one or more underlying muscles.  

• Thanks to the mechanical properties of Frubber™, the skin can be easily modeled and stretched by servo motors with little 

force. Moreover, the fast response of servo motors allows FACE to generate realistic human expressions in real-time.  

www.faceteam.it 

Results 

Future work 

• HEFES provides a tool to easily model 

and generate expressions. The 

morphing module generates a 

continuous emotional space (ECS) 

where it is possible to select a wide 

range of expressions, most of them 

are difficult to be generated manually.  

• HEFES was used within the project IDIA* aimed at verifying the capability of FACE to convey emotions by 

evaluating the accuracy of emotional recognition and imitation skills of the children.  

• Tests were conducted on a panel of 20 children (aged 6-12 years): 5 children with Autism Spectrum Disorders 

(ASDs) and 15 normally developing children.  

• Children were asked to recognize, label and then imitate a set of facial expressions performed by the robot 

and subsequently by the psychologist.  

• Both groups of children were able to label Happiness, Anger and Sadness performed without errors. 

Differently Fear, Disgust and Surprise are emotions which convey empathy not only through stereotypical 

facial expressions but also with body movements and vocalizations. 

*(IDIA) Inquiry into Disruption of Intersubjective equipment in Autism spectrum disorders in childhood , in collaboration with the IRCCS Stella Maris (Calambrone) 

• HEFES will be used to study if the physical appearance has an emphatic role in 

conveying emotions by comparing facial expressions and emotions expressed by a 

physical robot with the ones performed by the 3D avatar.  

• Differently from emotions, moods can be often inferred from posture and other 

behaviors, such as the blinking frequency and the head turning speed. The synthesis 

module will include the control of facial micro movements and head dynamics that 

are associated with particular human moods. 

HEFES (Hybrid Engine for Facial Expressions Synthesis) 

HEFES is a subsystem of the FACE control library deputed to the synthesis 

and animation of facial expressions .HEFES includes:  

• a synthesis module for generating new facial expressions through a 

graphical user interface;  

• a morphing module which generates or updates the ECS with new 

facial expressions; 

• an animation  module designed to merge multiple requests involving 

the same motor since the facial behavior both of the robot and of the 

avatar is inherently concurrent; 

• a display module as output system, that is a physical android or a 3D 

avatar, for visualizing the animation. 

• HEFES is designed to be used both 

with a physical robot and a 3D 

avatar. The actual state of the 3D 

editor includes the algorithm to 

animate the facial mesh according 

to the model and the definition of 

some anchor points.  

• It is possible to refine the ECS for reaching a high expressiveness level without 

requiring animation or artistic skills by only adding new expressions to the morphing 

module processing. 

• Results showed that facial expressions performed by FACE and by the psychologist 

have been labeled by all children with the same score. This analysis demonstrates 

that the system is able to correctly generate human-like facial expressions. 

Discussion 


