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[57] ABSTRACT

Automatic synchronization of movement of a computer
generated mouth to movement of a real mouth uttering words.
Establishing signals to define the basic form of the mouth
generated by the computer for display on a display tube. Com-
bining high frequency sine and cosine signals with the basic
form signals to form the body of the mouth on the display tube
with modulation of the high frequency signals for shaping the
lips. Utilizing pattern recognition and filtering signals of dif-
ferent frequencies that correspond to different spoken sounds.
Combining the filtered signals to create control voltages
representative of the realistic or alternatively, intentionally
impresstonistic motions of the mouth corresponding to the
spoken sound. Using the control voltages to control move-
ment of the beam of the display tube to effect the amplitude of
movement of the upper lip, the amplitude of movement of the
lower lip, and the width of the mouth generated by the com-

puter. Controlling the mtensny of the beam as the mouth is

drawn and animated.

17 Claims, 9 Drawing Figures
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_ _ 1
AUTOMATIC GENERATION OF A MOUTH DISPLAY

AND ANIMATION OF THE MOUTH IN RESPONSE TO
SOUND |

BRIEF DESCRIPTION OF THE INVENTION

This automatic lip synchronization system has a lip
synchronization control generator, an animation control net-
work, and an intensity control network that cooperate to ani-
mate the motions of a mouth drawn on a display cathode ray
tube in response to spoken or sung inputs to the system. The
system isolates the different sounds that comprise human

p A
mouth and simulate re‘_alistio lip movement in relation to the
sound input, five such AC filters 38-42 are used, each having

a Q, or a ratio of band width to center frequency, of approxl-
mately 10. The center frequency. of the AC filter 38 is about

5,600 hertz, of the AC filter 39 about 2,000 hertz, of the AC

- filter 40 about 1,500 hertz, of the AC filter 41 about 810

speech by categorizing their frequency content in a frequency

spectrum analyzer. Thus, different sounds have different

frequency content, and by filtering the frequencies of the -

15

input sounds, different and realistic effects on mouth move-

ments can be achieved. |
- The automatic lip synchromzatlon systom can be usod in
conjunction with a computer for the automatic generation and

display of animated images such as the one set forth in Lee.
Harrison, III’'s U.S. Pat. No. 3,364,382. Utilizing the various

combinations of signals isolated by the frequency spectrum
analyzer, contro! signals for animating the width of the mouth,
the amplitude of the upper lip and the amplitude of the lower
lip in response to human speech inputs are achieved. The
~result is that, as an image of lips is created on the face of a
" cathode ray tube by 'controllin'g the movement of the beam,

the lips will be animated in synchronization with the mput of
spoken words. |

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic and block diagram of the lip
synchronization control generator; |

FIG. 2 1s a schematic and block diagram of the anlmatlon
control network; |

FIG. 3 is a- schematlc and block dlagram of the intensity
control network;

FIG. 4 is a drawing of a basic mouth form;

FIG. 5 is a drawing of a mouth wnth lips as gcnerated by the
system of the invention; -

FIG. 6 is a graph of the time sequence and durat:on of tim-
ing signals; | |

FIG. 7 is a graph of the mouth w1dth control signals;

' FIG. 8 is a graph of the gated oscillator output SIgnal

FIG 9isa graph of the mtensny control SIgnal

DETAILED DESCRIPTION OF THE INVENTION

Tho systom for automatic llp synchronlzatlon consists of a

llp synchronization control generator 21 shown in FIG. 1, an

animation control network 22, and’an 1ntcn51ty control net-
work 23 illustrated in FIG. 3. In the lip synchronization ‘con-
trol genorator 21, signals are developed corresponding to
changes in the width of the mouth, movement of the upper llp,'
and ‘movement of the lower lip of a mouth supplying a voice
input. These signals are fed to the animation control network
22 which, with other input signals to draw images of the lips
that are to be animated, establishes signals for controlling the
horizontal and vertical deflection amplifiers of a cathode ray
tube on which the lips will be drawn and animated. The inten-

20

235
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hertz, and the AC filter 42 about 530 hertz. The filters 3842
- produce output signals the ampl:tudos of which correspond to

10

the amplitudes of the signals from the pre- ampllﬁer 30 at the
respective frequencies of the individual ﬁlters 38 39,4041,

and42. |
There are five detectors 46,47,48,49, and 50 correspondmg_

- to the five AC filters 38-42. The outputs from the AC filters

38-42 are delivered to the detectors 46-50 by conductors
51,52,53,54, and 55, respectively. The detectors 46-50 act as
DC filters and rectifiers. Each detector rectifies and filters the
output from the AC filter to which it is connected to extract
the envelope of the positive cycles of the output signal from
the AC filter. Each detector 46-50 has a rapid rise time and a
longer fall time so that a control signal that will produce a
natural mouth movement will result. The rise time of each de-
tector is about 20 milliseconds and the fall time is about 120
milliseconds. The longer fall time prevents the mouth from

- closing too rapidly after a sound has been uttered.

The outputs from the detectors 46-50 are -transmitted by
output conductors 56,57,58,59, and 60, respectively, as in-
dividual inputs to summing amplifiers 61,62,63 ,64, and 65,
respectively. The amplifier 61 has another input conductor 68
that transmits a variable DC voltage from a potentiometer 69.
A conductor 70 transmits a variable DC voltage input to the
amplifier 62 from a potentiometer 71. An input conductor 72
to the amplifier 63 transmits a variable DC voltage from a
potentiometer 73. An input conductor 74 delivers a variable

DC input to the summing amplifier 64 from a potentiometer

- 78. An input conductor 76 delivers a variable DC voltage to

40

the summing amplifier 65 from a potentiometer 77. The
potentiometers 69,71,73,75, and 77 are manually adjustable
to set the steady state input conditions to the summing am-
pllﬁers 61-65 under conditions when there are no sngnals

- coming from the conductors 56,57,58,59, or 60.

45

~ There are three non-linear amplifiers, 80,81, and 82, for
recemng various combinations of the. signals from the
summing amplifiers 61,62,63,64, and 65. The output from the
summing amplifier 61 is transmitted through a conductor 83

- to a potentiometer 84 for attenuating the output voltage. A

50
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sity control network modulates the mtens:ty of the beam of

the cathode ray tube. | |

~ Referring to the lip synchronization control generator 21
(FIG. 1) a pre-amplifier 30 has an input conductor 31 con-

nected to a microphone input, tape input, or any other source

- of sound signals. The pre-amplifier 30 has a variable gain so

that the amplitude of its output can be adjustcd to the am-

plitude of the input signals.
- Several conductors 32,33,34,35, and 36 are connected to

the output 37 from the pre-amplifier 30 to transmit the pre-

amplifier signals to individual AC filters 38,39,40,41, and 42,

‘65

70

respectively. The number of AC filters used and their charac- _'

teristics are selected according to the kind of animating con-

. trol signals desired in relation to the input sounds. For the -

creation of control signals that will be used to animate a

75

conductor 85 delivers the attenuated signal as an input to the
non-linear amplifier 82. The output from the summing ampli-
fier 62 is transmitted by one conductor 86 to one potentiome-
ter 87 and by another conductor 88 to another potentiometer
89. A conductor 90 transmits the attenuated signal from the
potentiometer 87 to the non-linear amplifier 81. Another.con-

ductor 91 transmits the attenuated signal from the poten-

tiometer 89 to the non-linear amplifier 82. The summing am-
plifier 63 has an output conductor 94 that delivers its signal to
a potentiometer 95, and the attenuated signal from the poten-
tiometer 95 is-delivered by a conductor 96 as an input to the
non-linear amplifier 81. Another conductor 97 is connected to
the output of the summing amplifier 63 and to another poten-
tiometer 98. The attenuated signal from the potentiometer 98
is delivered by a conductor 99 as an input to the non-linear
amplifier 80. A third output conductor 100 transmits the
signal from the summing amplifier 63 to a third potentiometer
101. A conductor 102 delivers the attenuated signal from the

- potentiometer 101 to the non-linear amplifier 82.

The output from the summing amplifier 64 is delivered by a

“conductor 105 to a potentlometer 106. The attenuated signal
from the potentiometer 106 is transmitted through a conduc-

tor 107 as an input to the non-linear amplifier 80. A conductor
108 transmits the output from the summing.amplifier 65 to a

potentiometer 109. The attenuated signals from the poten-

tiometer 109 is transmitted from a conductor 110 to a non-

linear amplifier 81. Another conductor 111 delivers the out-

put signal from the summing amplifier 65 to a potentiometer
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112. The attenuated signal from the potentiometer 112 1s
transmitted through a conductor 113 to the non-linear ampli-
fier 82. A third conductor 114 delivers the output signals from
the summing amplifiers 65 to a potentiometer 115. The atten-
uated signal from the potentiometer 115 is transmitted by a
conductor 116 to an inverter amplifier 117 which has another
input conductor 118 carrying a DC bias voltage set by a

manually adjustable potentiometer 119. The inverter amplifi-
er 117 inverts its input, and the inverted signal is transmitted
by a conductor 120 as an input to the non-linear amplifier 80.

The amplifiers 80,81, and 82 are non-linear amplifiers so
that the control signals ultimately produced will result in more
realistic mouth movements because the magnitude of mouth
movement is not directly proportional to the amplitude of the
sound level emitted. The non-linear amplifiers 80,81, and 82
are chosen so that all portions of the input signals below 1.3
volts are amplified by a factor of 3. The portions of the input
signals the amplitudes of which are between 1.3 voits and 4.4
volts are attenuated to be 75 percent of the amount by which
the signals exceed 1.3 volts. The portions of the input signals
that exceed 4.4 volts are attenuated to be 8.8 percent of the
amount by which they exceed 4.4 volts. Accordingly, in the
non-linear amplifiers 80,81, and 82, the low level signals are
amplified and the higher level signals are attenuated.

The output from the non-linear amplifier 80 is transmitted
by a conductor 124 to a potentiometer 125. The attenuated
signal from the potentiometer 125 is transmitted by a conduc-
tor 126 as an input to a summing amplifier 127. Another input
conductor 128 to the summing amplifier 127 is connected to a
manually adjustable potentiometer 129. An output conductor
130 from the summing amplifier 127 carries the mouth width

control signals.

A conductor 132 carries the output signals from the non-
linear amplifier 81 to a potentiometer 133. The attenuated
signals from the potentiometer 133 are transmitted by a con-
ductor 134 as an input to a summing amplifier 135. Another
input conductor 136 is connected to a manually variable
potentiometer 137. An output conductor 138 from the
summing amplifier 135 carries the upper lip control signals.

A conductor 140 is connected to the output of the non-
linear amplifier 82 to deliver these output signals to a poten-
tiometer 141. The attenuated signals are transmitted by a con-
ductor 142 to a summing amplifier 143. Another input con-
ductor 144 to the summing amplifier 143 is connected to a
manually adjustable potentiometer 145. An output conductor
146 connected to the output of the summing amplifier 143
carries the lower lip control signals. |

~ While the potentiometers 69,71,73,75 and 77 set the steady .

state voltage levels for the individual frequency components
that are used to make up the control voltages for the upper lip,
the lower lip, and the mouth width controls, the potentiome-
ters 129, 137, and 145 set the steady state amplitudes for these
control signals.

These control signals are used in the animation control net-
work 22 for the animation of a mouth. A typical mouth 150 is
shown in FIG. 5. An outline 151 that controls the basic shape
of the mouth is illustrated in FIG. 4 as consisting of an upper
arch 152 and a lower arch 153 connected together at the ends
154 and 155. The mouth 150 consists of high frequency
signals modulated and superimposed on the basic form lines
152 and 153 to provide the body 156 for the upper lip and the
body 157 for the lower lip. |

Three basic axial vectors are used to create the outline 151
for the mouth 150. FIG, 6 illustrates a time and sequence
graph for the development of the three basic axial vectors.
The first basic axial vector 160 is generated while the cathode
“ray tube is blank to establish an offset of the mouth from a
reference point 161 (see FIG. 4) that may be fixed or moved
under an independent control. Reference is made to the gross
position network of U.S. Pat. No. 3,364,382, and the use of
that gross position network to control the overall position of
the mouth 150 independently or to control the gross position
of the mouth 150 corresponding to the changes in gross posi-
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tion of a more complete figure of which the mouth 150 is a
part. The duration of generation of the offset basic axial vec-
tor 160 establishes the nominal width of the mouth 1350.

The next basic axial vector generated is the one correspond-
ing to the upper lip 152. Its duration is exactly twice the dura-
tion of the offset basic axial vector 160. The third basic axial
vector generated is the one corresponding to the lower lip

153. Its duration is also exactly twice that of the generation of

the offset basic axial vector 160 and, therefore, is equal to the
duration of the generation of the basic axial vector 152 cor-
responding to the upper lip. | | | -
Referring to FIG. 2, the animation control network 22 has a
gated oscillator 165. A conductor 166 delivers a control signal
to the gated oscillator 165. The signal carried by the conduc-
tor 166 is a constantly repetitive cycle of the generation of
signals corresponding to the basic axial vectors for the dura-
tions and in the sequence illustrated in FIG. 6, beginning with
the duration of the basic axial vector 160 followed by the vec-
tors 152 and 153. While the offset basic axial vector 160 is
being generated, the gated oscillator 165 has a zero signal out-
put. However, for the duration of the upper lips basic axial
vector 152, the gated oscillator 165 produces an output that is
a positive half cycle of a sine wave and for the duration of the
lower lip basic axial vector 153, the gated oscillator 165
produces an output signal that is the negative half cycle of the

sine wave. Therefore, the output from the gated oscillator is a

repeating zero signal followed by a positive half cycle of a sine
wave and then a negative half cycle of a sine wave. This signal
167 generated by the gated oscillator is shown in FIG. 8.

The output signal 167 from the gated oscillator 165 is trans-
mitted by a conductor 168 to a multiplier 169. Another input
conductor 170 to the multiplier 169 leads from the output of a
commutator 171. The conductor 138 carrying upper lip con-
trol signals and conductor 146 carrying lower lip control
signals both from the lip synchronization control generator 21,
are inputs to the commutator 171. The commutator 171 trans-
mits the upper lip control voltage to its output while the posi-
tive half cycle of the sine wave corresponding to the upper lip
is being transmitted to the multiplier 169. While the negative
half cycle of the sine wave from the gated oscillator is being
transmitted to the multiplier 169, the commutator 171 trans-
mits the lower lip control voltage through the output 170 to
the multiplier 169. The output from the multiplier 169, there-
fore, is first a zero signal and then it is the signal corresponding
to the second axial vector 152 as modulated by the upper lip
control voltage transmitted from the conductor 138. Third, it
is the basic axial vector 153 corresponding to the lower lip as
modulated by the voltage coming from the lower lip control
conductor 146. This output from the multiplier 169 is trans-
mitted by a conductor 172 to a summing amplifier 173.

The output from the gated oscillator 1685 is also transmitted
by a conductor 176 to a potentiometer 177. The potentiome-
ter 177 is manually adjustable to attenuate the amplitude of
the output from the gated oscillator 165. This attenuated
signal is transmitted by a conductor 178 to an amplifier 179.
The output from the amplifier 179 is transmitted by a conduc-

~ tor 180 to a multiplier 181 and by a conductor 182 to a mul-

60

63

70

75

tiplier 183. Another input conductor 184 to the multiplier 181
carries a high frequency sine wave. An input conductor 185 to
the multiplier 183 carries a high frequency cosine wave. These
sine and cosine waves carried by the conductors 184 and 185
may be generated by any suitable means, such as by the clock
10 of the system of U.S. Pat. No. 3,364,382. |

The output from the multiplier 181 is the high frequency
sine wave input from the conductor 184 which is amplitude
modulated by the attenuated sine wave from the conductor
180. This output is transmitted by a conductor 186 to a
summing amplifier 187. |

The output from the multiplier 183 is a high frequency

‘cosine wave supplied by the conductor 185, modulated by the

attenuated sine wave supplied by the conductor 182. This out-

put from the multiplier 183 is transmitted by a conductor 188
to the summing amplifier 173. |
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The modulation of the high.ﬁequency sine and cosine waves
by the attenuated sine wave from the gated oscillator is for

shaping the lips. The general shape of lips shown in FIG. 5 may
be adequate for caricatures. It will be apparent, however, that
for other lip shaping, waveforms other than a sine wave could
be generated and used to modulate the htgh frequency sine
and cosine waves.

A conductor 190 is connected to a p_otentlometer 191 as an
input to the summing amplifier 187. The potentiometer 191 is
manually adjustable to provide a basic position voltage for the
mouth in the horizontal direction. A conductor 192 is con-
nected to a potentiometer 193 as an input to the summing am-

plifier 173. The potentiometer 193 is manually adjustable to
provide a basic position voltage in the vertical direction.

The mouth width control signal carried by the conductor
130 and generated by the lip synchronization control genera-
tor 21 is transmitted to a multiplier 195. Another input con-
ductor 196 to the multlpher 195 leads from a commutator
- 197. The commutator is timed to generate no signal at its out-
put when the gated oscillator is transmitting no signal, to
generate a steady positive DC voltage at its output while the
gated oscillator is generating the positive half cycle of a sine
wave, and to generate a steady negative voltage equal in am-
plitude to the positive voltage while the gated oscillator 165 is

10

15

20

25

generating the negative half cycle of the sine wave. These

commutator signals are modulated in the multiplier 195 by the
amplitude of the mouth width control voltage carried by the
conductor 130. |

The output from the multlpller 198§ 1s transmitted by a con-
ductor 198 to an integrator 199. The output from the integra-

tor 199 is a series of ramps with opposite slopes, shown in FIG.

30

6

variable gain pre-amplifier 30, the ‘gain of which is set
manually according to the sound level of the input. These dif-
ferent sounds are then categorized by the AC filters 38-42 ac-
cording to their frequency content. The AC filters 38-42 thus
function as frequency spectrum ana]yzers that constantly
identify the characteristics of the i mcomlng sounds by ﬂltermg
the frequencies. S -

‘The frequency-isolated signals are rectified and filtered by
the detectors 46-50 to extract the envelopes of the positive
cycles of the inputs, utilizing fast rise times and slow fall times
to simulate more natural mouth movement and prevent the
mouth from closing too rapidly after speaking. The signals are
then fed to the summing amplifiers 61-65 where they are com-
bined with individual offset DC voltages set manually at the
potentiometers 69-77. The outputs from the summing am-
plifiers 61-65 are selectively attenuated by the manually ad-

justable potentiometers 84,87,89,98,101,95,106,109,112 and

115 to proportion the influence of the different signals before
selectively combining them to control movements of the
upper lip, lower lip, and width of the mouth.

The non-linear amplifier 80 that feeds the summing ampllﬁ-
er 127 for controlling mouth width receives and combines

signals that are passed by the 810 hertz filter 41, the 1,500

hertz filter 40, and the 830 hertz filter 42 (the latter after in-
version in the inverter amplifier 117). Thus, it is sounds in the
lower frequency ranges that have a primary effect on the
width of the mouth during speaking, such as in uttering “o”’
and *“u” sounds. The signals from the 530 hertz filter 42 are in-
verted in the inverter amplifier 117 so that they will have the
opposite effect on the mouth width control as they have on the

- upper and lower lip controls. Thus, while signals in the ex-

7, 0n an X v. time graph with the X coordinate corresponding

to the width of the mouth in the horizontal, or X, direction.
The integrator output includes a negative-going leg 202 cor-
responding to the generation of the placement axial vector
160 in a —X direction followed by a positive-going section 203
correSpondmg to the generation of the positive half cycle and
then a negative-going section 204 corresponding to the nega-
tive half cycle of the sine wave from the gated oscillator 165.
A conductor 205 transmits this ramp SIgnal to the summmg
| ampllﬁer 187. | - |
- The output from the summing amphﬁer 187 1s. delivered by
a conductor 207 to the horizontal position control of the beam
of the cathode ray tube, such as the horizontal deflection
plates. The signal carried by the conductor 207 corresponds to
the horizontal component of the body of the lips as animated
by voice modulation. A conductor 208 from the output of the
summing amplifier 173 transmits its signals to the vertical
position control of the beam, such as the vertical deflection
plates. The signal carried by the conductor 208 corresponds to
the vertical component of the body of the lips as animated by
voice modulation.
. In the intensity control network 23 of FIG. 3, a summing
amplifier 210 has one input conductor 211 leading from a
- commutator 212. Another input conductor 213 leads from a
manually adjustable potentiometer 214. The output conduc-
tor 215 from the summing amplifier 210 is connected to the

. intensity control grid of the beam of the cathode ray tube.

- The potentiometer 214 is set to establish the normal intensi-
ty of the beam in its “on” or drawing condition. The commu-
tator 212 delivers an output signal 211 that will combine with
- the signal from the potentiometer 214 to blank the beam dur-
ing drawing of the offset basic axial vector 160 and to turn the
beam on with a uniform intensity during drawing of the upper
and lower llpS The output signals from the amplifier 210 are
~illustrated in FIG. 9 with the blanking signal section 216
blankmg the beam and the unblankmg signal section 217 turn-
ing the beam on.

OPERATION

" As human speech or singing is entered fmm the microphone
or tape input conductor 31, the sounds are amplified by the

35

40

45

tremely low frequencies may produce control signals for mov-
ing the upper and lower lips apart, the inverted signal will
prOduce concurrent narrowing of the mouth. The effect on the
mouth is realistically characteristic of some sounds such as
“0” sounds.

The non-linear amphﬂer 81, which dehvers signals to the
upper lip control summing amplifier 135, receives a combina-
tion of input signals passed by the 3,000 hertz filter 39, the
1,500 hertz filter 40, and the 530 hertz filter 42. Therefore, it
IS s:gnals within these frequency ranges proportioned by the
attenuation of the potentiometers 87,95, and 109, that are to
control animation of the upper lip.

The non-linear amphﬁer 82 that supplles sngnals to the

- lower lip control summing amplifier 143 receives input signals

30 .

35

passed by the 5,600 hertz filter 38, the 3,000 hertz fiiter 39,
the 1,500 hertz filter 40, and the 530 hertz filter 42. There-

fore, it is these frequencies that have been determined as hav-
ing the most realistic influence on movements of the lower lip.
The  attenuating = potentiometers  84,87,89,95,98.1

01,106,109,112, and 115 are normally set fe,f the most
realistic movement in the same way that the selected combina-
tion of frequency inputs to the non-linear amplifiers 80,81 and

- 82 are normally selected for the most realistic mouth move-

60

ments. However, these attenuating potentiometers may be ad-
justed for other desired animating effects.
The non-linear amplifiers 80,81, and 82 apply different am-

plification factors to the different amplitudes of input signals.
This causes the amplitudes of the output signals from the am-
plifiers 80,81, and 82 to correspond more realistically to the
varying amplitudes of the combined input signals, again for

- more realistic mouth animation.

65

70

75

Finally, the outputs from the summing amphﬁers 127,138,
and 143, representing the combined input signals from the
non-linear amplifiers 80,81, and 82 and the potentiometers
129,137, and 145 constitute the mouth width control signal,
the upper lip control signal, and the lower lip signal, respec-
tlvely Accordtngly, when the mouth is at rest because there is
no incoming sound, the position of the mouth is established by
the DC voltage levels derwed from the potentiometers
129,137, and 145.

The mouth width control signals are. fed to the multiplier
198 of the anlmatton control network. The upper lip control
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signals and lower lip control signals are fed to the commutator
171. At the same time, repetitive control signals having time
durations represented by the illustration of FIG. 6 are fed to
the gated oscillator 165 so that the output from the gated
oscillator will be a zero signal for the duration of the place-
ment axial vector 160, the positive cycle of a sine wave for the
duration of the upper lip basic axial vector 152 and the nega-
tive half cycle of the sine wave for the duration of the lower lip
basic axial vector 153. This signal oscillator output 167 is illus-
trated in FIG. 8. The output from the gated oscillator 165 is
fed to the multiplier 169 while the output from the commuta-
tor 171 is also fed to the multiplier 169. The output from the
commutator 171 consists of the control voltages that establish
the amplitude of the arch of the upper lip while the upper lip is
being drawn and the amplitude of the arch of the lower lip
while the lower lip is being drawn. The output from the mul-
tiplier 169 constitutes one input to the vertical deflection con-
trol summing amplifter 173.

The multiplier 195 receives the mouth width control signals
and the signals from the commutator 197. The commutator
generates voltages at its output that are equal but opposite
during the drawing of the upper and lower lips. The combined
signals from the multiplier 195 are integrated in the integrator
199 to produce a ramp signal as illustrated in FIG. 7, and this

ramp mgnal i1s fed as an input to the horlzontal deflection con-
trol summing amplifier 187.

The horizontal deflection control summing amplifier 187
has a position control voltage provided by the potentiometer
191. Likewise, the vertical deflection control summing ampli-

fier 173 has a position control voltage established by the

potentiometer 193.

The third input to the summing amplifier 187 is the high
frequency sine wave modulated by the output from the gated
oscillator 165, and attenuated by the potentiometer 177. The
third input to the vertical deflection control amplifier 173 is
the high frequency cosine wave modulated by the sine wave
output of the gated oscillator 165, and attenuated by the
potentiometer 177. The overall effect of the high frequency
sine and cosine waves when they are of the same frequency, is
to cause small, closely overlapping circles to be drawn along
the basic form lines 152 and 153 of the lips to give the lips
body as illustrated in FIG. 5.

The intensity of the display beam is modulated by the inten-

sity control network 23 to turn the beam off during the draw-

ing of the placement axial vector 160 and on at unlform inten-
sity during the drawing of the mouth 150.

This invention has been described as a system for animating
a mouth, the image of which is generated by a computer, using
waveforms to animate the mouth. The system can also be used
in other ways to animate a mouth. For example, if a mouth is
drawn on a cathode ray tube using a sweeping raster with in-
tensity control for drawing the mouth animation might be
done directly on the raster. Thus, using a system such as dis-
closed in Lee Harrison, IIl’s, et al. application Ser. No.
882,125, filed Dec. 4, 1969, the raster can be separated into
sections, one of which includes the upper lip and the other of
which includes the lower lip. Then the output signals from the
mouth width control summing amplifier 127, the upper lip
control summing amplifier 138, and the lower lip control
summing amplifier 146 can be applled for the animation of
such raster sections..

Various changes and modifications may be made w1th1n this
invention as will be readily apparent to those skilled in the art.
Such changes and modifications are within the scope and
teaching of this invention as defined by the clalms appended
hereto.

What is claimed is:

1. A system for automatic generation and animation of a
mouth display comprising means for generating.a mouth dis-
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rectified envelope of each isolated frequency range, means to
combine the different isolated signals in predetermined com-
binations, means to produce a mouth width control signal in-
fluenced by a first of said predetermined combinations of
signals, means to produce an upper lip control signal in-
fluenced by a second of said predetermined combinations of
signals, means to produce a lower lip control signal influenced
by a third of said predetermined combinations of signals, and
means to animate the width, upper lip and lower lip of the
mouth in response to the mouth width, upper lip, and lower lip
control signals, respectively.

2. The system of claim 1 wherein said mouth display
generating means Includes means for generating signals for

controlling the deflection of the beam of the display tube to
draw a representation of a mouth. | |
3. The system of claim 2 including means for controlllng the

intensity of the beam. -
4. The system of claim 1 mcludlng means for dlSplaymg

5. The system of claim 4 wherein the upper lip is dlsplayed
on one raster, and the lower lip on another raster. |

6. A system for generating a display of a mouth and for ani-
mating movements of the mouth in response to voice articula-
tions comprising means for generating deflection signals defin-
ing separate rasters on a cathode ray tube display device,
means for generating modulated control signals, means for
combining the modulated control signals with the deflection
signals, means for applying the combinations of deflection and
modulated control signals to the deflection inputs of the dis-
play device for generation of the rasters, means for displaying
the upper and lower lips of the mouth on the separate rasters,
and means for modulating the control signals in response to
the voice modulations to animate movements of the lips ac-
cording to said voice modulations.

7. A system for generating a display of 2 mouth on a cathode
ray tube display device and for animating movements of the
mouth in response to voice articulations comprising means for
generating waveforms defining the basic form of the mouth,
means responsive to a first section of one of the waveforms for
defining the basic form of the upper lip, means responsive to a
second section of said one of the waveforms for defining the
basic form of the lower lip, means for generating modulated
control signals, means for combining the modulated control
signals with the first and second waveform section signals,
means for applying the combinations of control and waveform

- section signals to the deflection inputs of the display device,
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and means for modulating the control signals in response to
voice modulations to animate movements of the llpS accordln g
to said voice modulations.

8. The system of claim 7 wherein the waveform comprises a
sine wave, the first section being defined by the positive half
cycle of the sine wave and the second section being defined by
the negative half cycle of the sine wave.

9. The system of claim 7 including means to generate. high
frequency signals, and means for combining the high frequen-
cy signals with the wave form signals for defining body for the
lips.

10. The system of claim 7 wherein one set of control signals
controls movements of the upper lip, another set of control
signals controls movements of the lower lip, and still another

- set of control signals controls the width of the mouth.
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play on a cathode ray tube, the mouth having an upper lipand

a lower lip, means to receive sound input signals, means to iso-
late the sound input signals according to different frequency
ranges characteristic of the sound signals, means to extract the

75

- 11. The system of claim 7 including means to control the i in-

tensity of the mouth.

12. A method of generating and animating a mouth d:splay
comprising the steps of feeding voice signals into a frequency
spectrum analyzer, identifying and isolating in the frequency
spectrum analyzer different parts of the voice signals accord-
ing to different frequency ranges, generating a mouth display
on a cathode ray tube display device, the mouth having upper
and lower lips, and controlling movements of the lips of the
mouth as functions of the different parts of the voice input
signals.

13. The method of clalm 12 including the steps of selective-
ly attenuating the effects of the different parts of input signals,
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combining predetermined ones of the different parts of input
signals to produce control signals, and utilizing the control
signals for controlling movements of the lips.
- 14. The method of claim 13 including the step of modifying
the amplitudes of the control signals in non-linear relationship
to the amplitudes of the input signals. |

15. The method of claim 13 including the step of setting in-
dependent bias signals to position the lips in the absence of
input voice signals. | | |

16. The method of claim 13 including the step of utilizing a 10

selected first one of the control signals for controlling move-
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ments of the upper lip, utilizing a selected second one of the -

‘control signals for controlling movements of the lower lip, and
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utilizing a selected third one of the control signals for con-

trolling the width of the mouth. |

17. A system for generating a display of a mouth and for ani-
mating movements of the mouth in response to sound input
signals comprising means for generating a mouth display on a
cathode ray tube display device, the mouth having an upper
lip and a lower lip, means for isolating the sound input signals
according to different frequency ranges characteristic of the
sound input signals, means for generating control signals from
the isolated sound input signals, and means for animating
movements of the mouth as displayed on the display device in
response to the control signals. | -

* & ok x ok
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