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Research to Develop a Computer Capable of Creating Facial
Caricatures

The face plays a key role in communication between people, revealing identity, ethnic
origins, and gender and conferring an individuality that distinguishes one person from
another. The face also provides information on emotions such as happiness, angry,
sadness, and surprise; on physical and psychological states; and on the inside of
person. Can computers be programmed to understand all this information? Achieving
such capabilities would make computers far better at communicating with humans.

Our laboratory analyzes the shapes and configuration of facial features taken from
photographs to make quantitative descriptions of features and impressions of the
human face, an area never before subjected to rigorous study. We are also exploring
ways to apply such systems to real-world applications. One example of a practical
application on which we are currently working is the technology required to create a
computerized facial caricature artist capable of generating highly expressive facial
caricatures. This system would extract and analyze information on the shapes and
configuration of various facial features, such as the eyebrows, eyes, nose, and mouth,
and the contour of the face. The system
begins with an average face generated
from many Japanese faces including both
males and females. The system determines
and processes the differences between the
shapes and configuration of the facial fea-
tures of the average face and the target face
by a statistical method known as principal
component analysis to produce a quantita-
tive description of the features of the target
face. High values indicate that a feature
stands out and contributes to the character
of a face, perhaps resulting in the capability
to generate a facial caricature that empha-
sizes these features.

Facial feature analysis and generation of facial
caricatures

Recognizing Facial Expressions

Facial expressions can be categorized into six basic emotions: happiness, sadness,
angry, fear, disgust, and surprise. Our system achieves remarkably accurate recogni-
tion of expressions by extracting information on characteristics in local regions of the
face and the characteristic shape of facial features, and then determines the category
of expression for each part before integrating the results to generate a comprehensive
decision of the expression represented by the entire face. A random forest classifier
is used to form statistical assessments of expression type and intensity to ensure the
robustness of the system to slight expressions most frequently exhibited by humans
in daily life.

Creating Autonomous Robots That Behave Like Humans

Our laboratory also engages in robotics research. Our main focus here is on compo-
nents that correspond to human eyes, ears, and brains. These sensory perception
skills will allow robots to behave autonomously, like humans, and to coexist with us in
our homes and offices. Our robots will obtain information from the outside world using
functions corresponding to our eyes and ears to determine what the people around
them want them to do, and then autonomously perform the actions.

The first part of our research involves the functions necessary for autonomous deci-
sion-making. Audio signals captured by multiple microphones are analyzed to deter-
mine the differences in time of arrival to identify the three-dimensional position of the



source, or the location of the person speaking to the robot. A
camera is then directed toward the source to capture an image,
which is processed for human face and body detection based
on brightness and color information. Based on this informa-
tion, the robot can determine whether or not a person is indeed
present; identify the person if present; and select the appropri-
ate set of interactions for the person identified.

The second part consists of technologies involving the autono-
mous motion of robots, including automatic map generation of
surroundings and simultaneously self-positioning. The unique
feature of our technology lies in the precise map generation
results achieved through statistical descriptions that seek to
identify whether objects are fixed or mobile—in other words,
whether an object should be included as permanent fixtures in
the generated map—based on assessments of the potential for
movement in objects, such as doors (open/shut) and moving
objects, like people in the surroundings.

Autonomous Mobility of Robots in Ordinary
Environments

A major characteristic of our robot is autonomous behavior. It
draws on information gathered from its surroundings, includ-
ing information on distance, color images, and sound, to make
independent decisions. We began by establishing a decision-
making process to allow robots to pass by each other in a nar-
row corridor, as humans do, and allow robots to adjust their
relative position to those whom they happen to be accompa-
nying (parallel or cascade formation), depending on oncoming
persons or obstacles. We devised a unique potential method
to develop these capabilities: It is assumed that when a robot
travels together with a person, the robot demonstrates a strong
attractive force that keeps it to the right or left of the person
and a strong repulsive force from oncoming persons. A po-
tential field is calculated for the changes in attractive/repulsive
forces experienced by the robot for each incremental moment
as it approaches an oncoming person. By programming the ro-
bot to move towards the point having the lowest potential, the
robot can be made to move to the front or behind its accompa-
nied person while avoiding collisions with oncoming persons.
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Display screen for automatic recognition
processing of oncoming persons and
surroundings

Autonomous mobile robot

A robot that switches autonomously
between parallel/cascade formation

Information and Communication Technology

Development of Computerized Facial Caricature
Technologies Based on Objective Descriptions of
Facial Features

Our technologies for the computerized facial caricature artist
are special in that they numerically convert all facial data to
generate an objective description. This unique tool for facial
feature analysis and synthesis can treat all information as-
sociated with a face, such as shapes and configuration of the
facial features, facial expressions, and even facial impressions,
to date only subjectively ex-
pressed in words, in an ob-
jective and comprehensive
manner as a combination of
quantified data—weighted val-
ues of principal components.

A robust map generation system to track
dynamic changes in the environment

Since the various facial fea-
tures are described numeri-
cally and presented in visual
manner as a facial caricature,
the system permits an efficient
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"Sassuru” and Social Skills: Making Robots Behave
More Like Humans

Not only will our robots recognize humans in their path as ob-
stacles and move to avoid collisions, they will read our state of
mind (“Sassuru”) while doing so by determining what actions
the humans they are avoiding expect. The behavior and actions
of robots will also depend on the social relationships between
them and each person. This will mark a significant step forward
in creating robots that behave more like humans.

Our study is currently focusing on the task of a robot accompa-
nying a person in addition to a robot moving about by itself in
a crowd. We are studying situations in which a robot accompa-
nies a single person, as well as others in which a robot leads a
group of people, a robot joins a person walking apart at some
distance. We are also studying functions that will allow the
robot to take into account the social attributes of its accompa-
nied person and act accordingly: for example, closely attending
elderly persons or children or keeping an appropriate distance
in formal situations.

Future Prospects

Developing a Robot by Integrating Two
Component Technologies into One

We hope to confer on our computerized facial caricature artist
robustness that will make it capable of handling data obtained
under various environments for photography, as well as gen-
erating facial caricatures that offer near professional levels of
expression. Facial images will also play a vital role in commu-
nication. It is our hope that the system will find a wide range of
applications.

While our current studies of robots, facial recognition, and
computerized facial caricature systems are independent ef-
forts, we plan to integrate these technologies to create robots
capable of making accurate assessments of three-dimensional
surroundings and the activities of multiple people—robots ca-
pable of making independent decisions and interacting with us
in our daily lives in various different ways.
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