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Animated Display of Inferred Tongue, Lip,
and Jaw Movements During Speech

Inventors: George Papcun, Timothy Thomas, and Judith Hochberg,
Computing and Communications Division

As the speaker talks into the
microphone, the computer’s
artificial neural network
generates moving graphic
images of her lips, tongue,
and jaw movements. The
computer sysiem generates
the movements by relating
the speaker’s sounds to the
movements in the parts of
the vocal tract that produce
those sounds.

Young children sometimes have trouble learning to
speak and need speech therapy. Among the most diffi-
cult sounds for therapists to teach are the /g/ and /k/
consonants because they are formed by the tongue in
the back of the throat and the child cannot see the
tongue’s movements.

Researchers at Los Alamos National Laboratory
have developed a technology that can serve as the
basis for a new system. With this system, speech
therapists could “show” children and other patients
how to speak correctly. As the patient talks into a mi-
crophone attached to a specially equipped personal
computer, the computer’s display screen would show
a simulated x-ray motion picture of the movements of
the tongue, lips, and jaws—the structures of the vocal
tract. The computer would also display correct vocal
tract movements for the patient to imitate. In addition,
the system could be used to correct accents and to
teach the deaf to speak.

Because of these potential applications, our technol-
ogy won a 1992 R&D 100 Award, presented annually
by Research and Development Magazine to the one
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hundred most significant technical innovations of the
year. Los Alamos has a patent pending on the device.
In recognition of its potential for providing assistance
to disabled persons, our technology was displayed in
February 1992 at the Smithsonian Institution in Wash-
ington, D.C., as one of the thirty winners of the Johns
Hopkins University National Search for Computing to
Aid Persons with Disabilities.

The Invention—Characteristics and Advantages

Our speech analysis technology is based on an
artificial neural network that infers the movements of
a speaker’s vocal tract from the acoustical input it
receives from the speaker. We “trained” the neural
network using real speech data—speech acoustics and
the corresponding movements of the structures of the
vocal tract.

To collect these data, we used the University of
Wisconsin’s x-ray microbeam facility to obtain
recordings of a group of speakers. After attaching tiny
gold pellets to a speaker’s lips, tongue, and jaws, we
directed an x-ray microbeam at the pellets. The pellets
absorbed energy from the x-ray, and a computerized
sensor system recorded the movements. Using this
technique, we measured the movements of the lips,
tongue, and jaws in terms of the position, velocity,
and acceleration of the pellets.

This process, repeated with many speakers, resulted
in a set of records consisting of speech acoustics and
the corresponding movements that produced the
speech. The records were then used to train the artifi-
cial neural network to map, or relate, the acoustics to
the corresponding movements.

To use a speech therapy system based on our tech-
nology, a person would speak in a normal tone into a
microphone attached to a personal computer equipped
with high-resolution graphics. The neural network
would analyze the acoustic properties of the speech
input and use the learned map to infer the speech
movements that produced the input. The computer
would display a simulated x-ray photograph of the
speaker’s vocal tract and its movements.

Applications

A system based on our technology could be used to
help treat speech disorders, to teach proper accents in
foreign languages, and to modify regional dialects in
English. In each of these applications, the speaker
would attempt to reproduce the same articulatory
motions as those of a model speaker.

We anticipate that our technology can also serve as
a starting point for other applications. Existing speech
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