
 

Robotic face makes eye contact, uses AI to
anticipate and replicate a person's smile
before it occurs

March 27 2024, by Holly Evarts

  
 

  

Yuhang Hu of Creative Machines Lab face-to-face with Emo. Credit: Creative
Machines Lab/Columbia Engineering

What would you do if you walked up to a robot with a human-like head
and it smiled at you first? You'd likely smile back and perhaps feel the
two of you were genuinely interacting. But how does a robot know how
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to do this? Or a better question, how does it know to get you to smile
back?

While we're getting accustomed to robots that are adept at verbal
communication, thanks in part to advancements in large language models
like ChatGPT, their nonverbal communication skills, especially facial
expressions, have lagged far behind. Designing a robot that can not only
make a wide range of facial expressions but also know when to use them
has been a daunting task.

Tackling the challenge

The Creative Machines Lab at Columbia Engineering has been working
on this challenge for more than five years. In a new study published
today in Science Robotics, the group unveils Emo, a robot that anticipates
facial expressions and executes them simultaneously with a human. It
has even learned to predict a forthcoming smile about 840 milliseconds
before the person smiles, and to co-express the smile simultaneously
with the person.

The team, led by Hod Lipson, a leading researcher in the fields of
artificial intelligence (AI) and robotics, faced two challenges: how to
mechanically design an expressively versatile robotic face which
involves complex hardware and actuation mechanisms, and knowing
which expression to generate so that they appear natural, timely, and
genuine.

The team proposed training a robot to anticipate future facial
expressions in humans and execute them simultaneously with a person.
The timing of these expressions was critical—delayed facial mimicry
looks disingenuous, but facial co-expression feels more genuine since it
requires correctly inferring the human's emotional state for timely
execution.
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How Emo connects with you

Emo is a human-like head with a face that is equipped with 26 actuators
that enable a broad range of nuanced facial expressions. The head is
covered with a soft silicone skin with a magnetic attachment system,
allowing for easy customization and quick maintenance. For more
lifelike interactions, the researchers integrated high-resolution cameras
within the pupil of each eye, enabling Emo to make eye contact, crucial
for nonverbal communication.

The team developed two AI models: one that predicts human facial
expressions by analyzing subtle changes in the target face and another
that generates motor commands using the corresponding facial
expressions.

To train the robot how to make facial expressions, the researchers put
Emo in front of the camera and let it do random movements. After a few
hours, the robot learned the relationship between their facial expressions
and the motor commands—much the way humans practice facial
expressions by looking in the mirror. This is what the team calls "self-
modeling"—similar to our human ability to imagine what we look like
when we make certain expressions.

Then the team ran videos of human facial expressions for Emo to
observe them frame by frame. After training, which lasts a few hours,
Emo could predict people's facial expressions by observing tiny changes
in their faces as they begin to form an intent to smile.

"I think predicting human facial expressions accurately is a revolution in
HRI. Traditionally, robots have not been designed to consider humans'
expressions during interactions. Now, the robot can integrate human
facial expressions as feedback," said the study's lead author Yuhang Hu,
who is a Ph.D. student at Columbia Engineering in Lipson's lab.
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"When a robot makes co-expressions with people in real time, it not only
improves the interaction quality but also helps in building trust between
humans and robots. In the future, when interacting with a robot, it will
observe and interpret your facial expressions, just like a real person."

What's next

The researchers are now working to integrate verbal communication,
using a large language model like ChatGPT into Emo. As robots become
more capable of behaving like humans, Lipson is well aware of the
ethical considerations associated with this new technology.

"Although this capability heralds a plethora of positive applications,
ranging from home assistants to educational aids, it is incumbent upon
developers and users to exercise prudence and ethical considerations,"
says Lipson, James and Sally Scapa Professor of Innovation in the
Department of Mechanical Engineering at Columbia Engineering, co-
director of the Makerspace at Columbia, and a member of the Data
Science Institute

"But it's also very exciting—by advancing robots that can interpret and
mimic human expressions accurately, we're moving closer to a future
where robots can seamlessly integrate into our daily lives, offering
companionship, assistance, and even empathy. Imagine a world where
interacting with a robot feels as natural and comfortable as talking to a
friend."

  More information: Yuhang Hu et al, Human-robot facial
coexpression, Science Robotics (2024). DOI: 10.1126/scirobotics.adi4724
, dx.doi.org/10.1126/scirobotics.adi4724 
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Rachael E. Jack, Teaching robots the art of human social synchrony, 
Science Robotics (2024). DOI: 10.1126/scirobotics.ado5755 , 
www.science.org/doi/10.1126/scirobotics.ado5755
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