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United States Patent Office

1
3,364,382 ' :

AUTOMATIC GENERATION AND DISPLAY
: " OF ANIMATED FIGURES -

Lee Harrison 1k, Norristown, Pa., assignor to Control

Image Corporation, New York, N.Y., a corporation of
Delaware | | - |
Continuation of application Ser. No. 240,970, Nov. 29,
1%62. This application Jan, 3, 1967, Ser. No, 607,078

| 33 Claims, (Cl, 315-—18) S

This is a contimiat’ioﬁ of Ser. -N-d. 240,970‘,'11093 aban-
 doned. | | | | |

This invention relates to a system for generating one

or more figures, animating the figures, and displaying the
animated figures as a series of high frequency displays.
The general object of the invention is to provide a system
‘Whereby an operator can regulate a small number of n-
puts to generate one or more animated three dimensional
figures which are thereafter resolved into two dimensions
to produce an animated display on a display tube.
Broadly speaking, this invention provides a system for
- generating and displaying a sequence of picture frames at
a frame rate which is compatible with the object of the
display. If the display is for transmission over television,

- the frame rate would be identical to television frame rate,

or if the display is to be photographed, the frame rate
would correspond to that for motion picture photography.
At any rate, the ultimate sequence of display can ac-
commodate any motion of the display subjects including
motions of human figures, cartoons and moving objects,

_ The subject matter to be displayed is stored informa-

tion available to the system. This subject matter is ani-
mated by operation of the variable inputs to the machine,
these inputs being any variable transducing elements, such
as potentiometers or capacitors. These variable inputs are
in circuits which relate to the solution of parametric equa-
tions to locate the different parts of the subject matter in
~three dimensions. As such, the variable inputs may be

hand or mechanically operated controls, or they may be

designed to receive variable signals from potentiometers
or capacitors connected directly to movable members of

a physical body for transmitting signals which vary in
- proportion to angular movements of the movable mem-

bers. Whatever the input, animation can be created by
an operator and the displayed figure can be made to go
through all movements imaginable. In the case of live
figure input, the system can be made to reproduce move-
ments of the figure even though the figure be many miles
distant from the system. |

The principal components of this system include a
master osciliator or clock, circuitry for generating voltages
representing the axes of the different members of the
figures and/or objects to be animated, hereinafter re-
ferred to as a bone generator network, and circuitry for
generating voltages representing the radial distances of
points on the surfaces of the figures and objects from
their respective axes, hereinatfer referred to as a skin
generator network, The clock controls the operation of
the bone and skin generator networks. The bone genera-
tor network inciudes a means. for generating groups of
pulses for durations representing the lengths of various
axes of members of figures and ‘objects, conveniently
- called bones. At the same time, various voltages are in-
troduced to position these bones in three-dimensional
space. The positioning voltages are treated by a network
that generates various trigonometric functions of the vOlt-
ages which are parts of different parametric equations
which must be solved to determine the different positions
of different members being drawn. These trigonometric
functions are then transmitted to an integrator the output

value of the bone positions.

5

10
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Z

The skin generator network has a means for scanning
stored information to modulate the magnitude of a varia-
ble skin vector according to the distance of the skin from
the bone. This variable length vector is treated by a net-.

-work that superposes the trigonometric functions of the

positioning voltages to relate the skin vector to the proper
bone, and thereafter the skin vector is added to the bone.
- The three-dimensional figure thus generated is trans-

- Iitted to a camera angle network that can select any view-

ing angle and can transpose the three dimensions viewed
from that angle into a two-dimensional display on the

- face of the display tube.
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~of which produces voltages representing the instantaneous -

~animation pattern and that

An important object of the invention is to provide a

‘System that permits an operator to establish the levels of

a plurality of variable inputs according to his desired
provides for recording inputs
for automatic regulation of the system upon playback of
the recorder to produce an automatic animated display on
the face of a display tube. | |
Another object of the invention is to provide a system
for generating and displaying animated sequences of one
Or more figures with provisions for controlling the varia-
ble inputs to generate and animate the figures automati-

cally by stored information.

With the foregoing objects in mind, it is an object of
this invention to provide a fast, lower cost means of pic-
ture animation with such a broad range of control and
automation that the artistic range of the system is limited
only by the operator’s imagination. . |

It 1s another object of the invention to provide auto-
matic display of the motion of a figure wherein the gen-
eration of motion in the system is produced by changes in
low frequency, low bandwidth mputs so that the informa-
tion dictating changes in these low bandwidth inputs-can
be transmitted over communications means of Jow band-
width capabilities. | e

A more specific object of the invention is to provide a

- System having a network for. generating the bones of a

figure, a network for generating the skin associated with
those bones, and a network for adding the skin to the
bones to produce a three-dimensional figure, and also
‘having a network for viewing the three-dimensional figure

{rom any angle and displaying the figure as thus viewed.

An additional object is to provide means for animating
the ﬁgure_- - | | o R

Another specific object of the invention is to provide
means for generating and animating a figure for display
by the successive generation of the physical members of
the figure with means to prevent overlap of the display .
when the generation of more than one of the physical
members takes place at least in part over the same area
of the display. o o

Still another specific object of the invention is fo pro-
vide a system for generating and displaying animated
figures and for modulating the intensity of the display to
incorporate the minute physical characteristics of the fig-
ure and to provide shading for the figure.

Other objects and advantages will be apparent to those
skilled in the art. | .

In the drawing: | |
FIGURE 1 is a block and schematic diagram of the

clock, integrator, and flyback networks; o
FIGURE 2 is a block diagram of the step counters and
bone gates; o | o o
FIGURE 3 is a block and schematic diagram of the

sine-cosine function generator; o o
FIGURE 4 is a block and schematic diagram of the
equation solving network:; | - |
FIGURE 5 is a block and schematic diagram of the
camera angle network and the gross position network:
FIGURE 6 is a block and schematic diagram of the
program network for the skin scanning network; o
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FIGURE 7 is a block and schematic diagram of the
skin scanning network;

FIGURE 8 is a block and schematic diagram of the
display tube, the overlap prevention network, and the
backeround information generator;,

FIGURE 9 is a plan view of a typical skin film;

FIGURES 10-14 are geomeiric diagrams illustraiing
the general theory of bone and skin generation;

FIGURE 15 is a geometlric diagram illustrating the
theory of generation of bones and skin for Mode Two
operation; |

FIGURES 16-18 are geometric diagrams iltustrating
the general theory of the camera angle network;

FIGURE 19 shows a typical figure display in Mode One
operation; |

FIGURE 20 shows a typical figure display in Mode
Two operation; and

FIGURE 21 is a block and schematic diagram of the
recording network.

General theory and analytical gecmetry of bone and skin
generation for Mode One or full figure operation

For purposes of illustration, the emphasis throughout
the description of this invention centers upon the drawing
of a human figure or animated figure having physical
limbs and members. The text describes how the figure is
generated for display on the face of a display tube, ex-
plaining the generation of each series of bones for the
various parts of the figure, the generation of skin added to
these bones, and the animation of the figure. The im-
mediate investigation concerns the general theory of bone
and skin generatiocn, and for this consideration a typical
bone and the skin for that bone are analyzed geometrical-
ly, as illustrated in FIGURES 10-14.

A. typical bone is designated L in FIGURE 10. The
bone is drawn at a constant rate of speed so that 1fs
length depends upon the rate that the drawing beam
moves in drawing the bone and the period of time during
which the drawing occurs. The rate is a constant for a
given mode of operation and may be designated ky. The
time is variable and is designated ¢. Therefore, the length
of the bone L is &4t

The bone L is a single straight line as shown in FIG-
URE 10. Skin is added to the bone by what may be re-
garded as a twirling vector A that continues to rotate
about the bone L. The vector A moves from the start of
the bone to the end of the bone during the period of
time 7. As the bone L is generated, and during each In-
cremental portion of the time ¢, the vector A rotates 360°
about the bone L. (These increments of time ¢ will be
more readily understood hereinafter.) A typical revolu-
tion of the end of the vector A is indicated in dotted lines
P on FIGURE 10. The drawing ultimately made on the
display tube depends upon the position of the tip or end
of this vector A.

As viewed in FIGURES 10 and 11, the vector A may
be thought of as rotating in a clockwise direction. It ro-
tates at a constant angular speed the rate of which may
be designated K,. Therefore, the angular position of the
vector A depends upon the product Kof.

The generation of the bone L will be considered first.
Since the information available for display consists of
voltages representing a three-dimensional figure, FIG-
URE 10 shows the bone L in reference to three-dimen-
sional axes X, Y and Z. The angle that the projection of
the bone L in the X, Y plane makes with the X axis 1s
designated 0. The angle that the bone L makes with the
bone L makes with the X, Y plane is designated ¢. An
examination of FIGURE 10 reveals the X, Y and Z com-
ponents of the bone L.

The length of the projection ¢f the bone L on the X,
Y plane is equal to L cos ¢. Therefore, X=L cos ¢ cos 6.
But since the length of the bone L is k7, x=Fk;t cos ¢
CoS .

It follows that Y=~ sin 0 cos ¢ and Z==~k ¢ sin ¢.

In considering the generation of skin for the bone L,

it
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it may be assumed that the vector A always rotates in
a plane perpendicular to the bone, although this angle
may be varied, In FIGURES 10-13, the plane of rotation
of the vector A is drawn perpendicular to the bone L.
As already mentioned, the angular position of the vector
A depends upon the product kqt. FIGURE 11 shows this
plane of rotation of the vector A and is drawn perpendicu-
lar to the bone L. As shown in FIGURE 11, the vector A
always has two components that vary with the cosine and
sine of the angle kot. The length of these components are
A cos kot and A sin kof. These components are shown on
FIGURE 11 with the appropriate legends.

FIGURES 12, 13 and 14 show how the skin vector A
is resolved into its X, Y and Z components. The coordi-
nates of FIGURE 12 are the Z axis and the X, Y plane
and the plane of FIGURE 12 is defined by the Z axis, the
bone L, and the projection of the bone L on the X, Y
plane, that projection bearing the legend L cos ¢ 1n
FIGURE 10. Since FIGURE 12 shows the bone L in its
true length, it views the plane of rotation ot the vector
A from the side. Therefore, that plane, designated P,
appears as a straight line in FIGURE 12, normal to the
bone L, and with the length above the bone L and the
lencth below the bone L each being equal to 4 cos k.
Since the angle between the plane P and a vertical line
drawn from the end of the bone L is equal to ¢, a hor-
izontal line connecting that vertical line with the end of
the plane P is equal to A4 sin ¢ cos kaf. In other words,
the projection of the A cos kot vector on the X,Y plane
abscissa of FIGURE 12 equals A4 sin ¢ cos kqt. The pro-
jection of this 4 cos ko vector on hte Z axis equals 4
cos ¢ cos kyf, which is the Z component of the A vec-
tor, since in FIGURE 12, A4 sin kqt=0.

FIGURE 13 is a plane through the X and Y coordi-
nates projected from FIGURE 12. In this view, the maxi-
mum length of a line drawn from the end of the £ cos ¢
projection to the outer extremity of the plane P is equal
to the A sin ko component of the vector A. Since the
angle between the L cos ¢ projection and the X axis 1s 6,
the component A4 sin kot can be resolved into its X aund
Y components as indicated, whereby the X component is
A sin @ sin kot and the Y component is A cos 6 sin kyf.

In FIGURE 13, the projection 4 sin ¢ cos kof is also
shown, and as illustrated in FIGURE 14, this component
may be resolved into X and Y components whereby the
X component is 4 cos 4 sin ¢ cos kof, and the Y compo-
nent is A4 sin 4 sin ¢ cos kof.

Since the vector A rotates 360° about the bone L, its
X, Y and Z components will vary between positive and
negative values. However, from an examination of the
direction of the wvectors illustrated in FIGURES 13 and
14, 1t can be seen that the net X component of the vector
A is always equal to the difference between the quantifies
A cos 6 sin ¢ cos kot and A sin € sin kof, and the Y com-
ponent of the vector A is always equal to the sum of the
components A sin 0 sin ¢ cos kof and A cos 8 sin kof.

From the foregoing description, it is evident that the
components for the ceneration of the bone I with skin
are as follows:

X=kit cos 8 cos ¢p-A cos @ sin ¢ coOS kqof—A sin 6 sin kyt
Y=kt sin 6 cos ¢—+A sin 9 sin ¢ cos kot-+A c0Os 8 sin kof
L=kt sin ¢-+A cos ¢ cos kot

Bone and skin generation for mode two or figure outline

As will be explained hereinafter, there are times, espe-
cially during rapid animation, when only an outline of
the figure is to be drawn. For Mode Two operation, the
figure displayed on the face of the display tube shows
only an outline of the skin in the X, Y plane.

for Mode Two, an appropriate constant is substituted
for the high frequency simusoidal factors sin kyf and cos

- kot of the general equations for X, Y, and Z. These equa-

75

tions then represent the generation of skin volume. In
other words the twirling vector A is no longer twirling,
and the specific case of interest is the solution to theg



general equations when kof==90° and kot==—90°, that is,
when the vector A is parallel to the viewing plane, for
this case the XY plane.
kot is-in keeping with the phase coordinates of vector A

- which were used to develop the general equations. In
other words (FIGURE 13) ‘when  k3r=90°, 4 sin

. Therefore, by substituting the values £90° for kyt in
the X, Y and Z components of the general equations, the

- resulting equations are:

X=1lktcos 8 cos ¢=+A sin @

Y=Ikfsin 6 cos ¢4 cos ¢

| | _Zm-klf sin qf: | |

In this particular case there is no 7. component of A,

-~ and the fisure
bat.

the X, Y and Z components for the bone L is the same
as was described in connection with FIGURES 10-14. To

~add the X, Y and Z components of the skin outline, it is -
~only necessary to determine the X, Y and Z components_'
- of the circumference of the circle P generated by rota-

tion of the vector A. The radius of this circle P is ‘A.

(The selection of +90° for angle

being generated may be thought of as being

10

15 _ o o .
- The square wave output 12 is carried to the successive

FIGURE 15 illustrates the 'theofy' Gf skin and bone gen- -

-eration for Mode Two. In Mode Two, the generation of input. (Here and elsewhere in this

20
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 system, and this sine wave output is also

A cathode ray display tube 11, shown in FIGURE 8, de-
velops a display that can be photographed. The network |
between the master oscillator or clock 1€ and the display
tube 11 determine the nature of the display. -
The clock 10 has two wave outputs 12 and 14. The fre-
quencies of the waves at the outputs 12 and 14 are the

same, but one of the outputs 12 is a square wave and the

other one 14 is a conventional sine wave. The sine wave
14 generated by the master oscillator is itself used in the
tfed through a
90° phase shifter 15 the output 16 of which 1S a cosine
wave 90° out of phase with, but of the same frequency
as, the sine wave output 14. The functions of the sine wave

~output 14 and the cosine wave output 16 will be described

hereinafter.

inputs of a series of bistable multivibrators 18, 12, 20, 21,
Z2 and 23N, each of which halves the frequency of its

description the suffix
variation in the num-

N is used to indicate there may be a

ber of devices used.) Each of the bistable multivibrators

- bas an output 24, 25, 26, 27, 28 and 29N, respectively,
- which, except for the last output 29N, is connected to the

20

Referring to FIGURE 15, it is evident that the projection

of the vector A in the XY plane does not change the

length of the vector A. Since the angle that this projection

A of the vector A makes with a line D drawn normal to

- the axis 4 is ¢, it follows that the X component of the
vector A is 4 sin ¢ and the Y component 1s 4 cos 4.
and Z com-

‘Accordingly, the equations for the X, Y
ponents of the bone and skin are as follows:

X :»-..:fclz.‘_-cds 0 cos p+A sing
- Y=kytsin 6 cos p=A4 cos § -

Iﬂ:theés,'e equations, the_ A compoﬁent may "'_b,_e p{_:rs_iit_if»?a'

or negative.

wo dimensions

‘The three-dimensional figure must be resolved into hori-

zontal H and'ver_ti-caI.V components for display on the face
display tube. To do this, the three components X,

‘of the
Y and Z of the three-dimensional figure must be resolved

- into two components H and V.

- second. Accordingly, changes

for the display to be photographed.

input of the next sticceeding multivibrator. An appropriate
number of such multivibrators 18-23N are used, so ‘that
the frequency of the output of the last multivibrator 23N
18 equal to an acceptable frame frequency ultimately used

ceptable and conventional frame frequency for motion
picture films is twenty-four frames per second. ‘Therefore,
if six bistable multivibrators 18-23N are used, the fre-
quency of the square wave 12 (and the sine wave 14)
generated by the master oscillator is set at 1536 cycles per
in the output frequency of
the master oscillator produce changes in the frame fre-
quency unless additional multivibrators 18-23N are used.

~ Since the master oscillator 10 regulates everything else in

Ge-ometrfc z‘hec}fji'afcamem angle network-resolution into '_40

45

“To illustrate this resolution, it may be lassumed_' that the

X, Y and Z axes of FIGURE 16 represent the X, Y and
Z components of a point that is to be resolved into two
components. As the system is illustrated, the entire figure

50

1s rotatable about the Z axis. The angle through which

this rotation occurs is designated 4 as indicated in FIG-

URE 17. This rotation produces new coordinates X’ and

Y’ wherein X’:X COS .{II—{—Y sift & Ellld L

Y'=Y cos a—X sina

"The system also provide-s_ft)r rotation of the Y’

7, plane

55

~ about the X" axis, as illustrated in FIGURE 18. This angle

of rotation is designated b and establishes two axes Y’
and Z’. This rotation of FIGURE 18

tities Y'=Y" cos b—Z sin b and
' | L'=2 cos b+-Y’ sin b

'Frbm an analysis of FIGURES 17 and 18, it is apparent
that the quantities X’ and Y~ may be used to represent

two dimensional axes wherein variations of the angles a

and b permit viewing of a three-dimensional figure from

any angle. Therefore, the components of the display scope

are as follows: o B
| - H=Xcosa+Y sina

V=/_(Y cos a—X sin a) cos b—Z sin b

Clock control

produces the quan-.

60

65

 inputs 52, 53, 54, 55 and 56N,

g 1PULS is connected to one of the terminal plugs 36, 37, 33,

Referring to FIGURE 1, the entire system is regulated

- and controlled by a high frequency master

oscillator 19. 75

the system, any such change in its frequency also causes
other system operations to remain synchronized with the
frame frequency. As will be evident hereinafter, the bigh-

~er the frequency of the master oscillator 10, the greater

will be the resolution of the final picture displayed. A
higher frequency oscillator merely requires the use of
additic’)nal"multivibrators.131-231\1. o S

The outputs 24-29N from them ultivibrators are also
delivered through cathode followers 58, 31, 32, 33, 34 and
33N, respectively (or through buffer amplifiers or similar
devices to stabilize the back impedance as is conventional

in the art), to individual terminal plugs 36, 37, 38, 39, 40
and 41N, respectively. It is possible that during operation
the bistable multivibrator. outputs

of the system not all of
24-29N will be used, except as an input to the next multi-
vibrator, but the last multivibrator 23N always feeds its
frame frequency square wave output 29N through a con-
ductor 42 to the first of a series of storage counters or step
counters 46, 47, 48, 49 and 50N (see FIGURE 2). The

- frame pulse output 29N is also used for other purposes that

will be described. B
| o ~ Bone generators

There are a plurality of “and” gates, and “or” gates
associated with the storage counters 46—58N, but these
will be described later. At present, the storage counters, at
least the storage counters 46-49, may be thought of as

- being directly connected together in a series. The storage
49 and 58N are themselves conven-

counters 46, 47, 48, _ _
tional devices normally comprising a storage circuit and a -

bistable multivibrator. The storage counters have separate

- as to the fplug_ 37 as indicated

respectively. Each of these

5%, 40 or 4IN. Although not always, the inputs S2-586N
are sometimes connected to a common terminal plug, such
by dotted lines on the draw-
ing. The length of the bone being drawn, and the capacity
of the storage counter determines the choice of connections

For example, an ac-
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36_41N. Each storage counter counts a variable number
of pulses transmitted to its inputs 52, §3, 34, 55 or 56N.
The duration of the “set” state of each storage counter
is controlled by an intrinsic capacitive network (not
shown) wherein the capacitor is variable to provide in-
dependent regulation of the “set” state for each storage
counter. These variable capacitors may be controlled by
conventional hand controls 37, 58, 59, 6@ and 6IN
associated with the storage counters 46-50IN, respective-
ly. The setting of a variable capacitor, such as the con-
trol 57, determines the number of pulses presented toO
the input 32 that the storage counter 46 will count.
Although only five storage counters 46-50N are illus-
trated, there are actually a much larger number. The
storage counters are in convenient groups of various
number depending upon what object they are associated
with. For example, if a human figure is to be drawn,

there may be four storage counters 46, 47, 48 and 49

for serially stepping off lengths of a placement bone,
the upper arm bone, the lower arm bone, and the hand.
For purposes of illustration, the four storage counters
46, 47, 48 and 49 constitute such an arm group and the
storage counter 56M may be thought of as the first of
a series constituting another group, as a leg group.
The first storage counter 46 is triggered by the frame
pulse 28N (see FIGURE 1) transmitted through the
conductor 42 and flips to its “set” state for a duration
determined jointly by its input 52 and the control 57.
The storage counter 46 has an output 67 the voltage
level of which changes when the storage counter changes
states. This change in the output voltage 67 1s fed through
a cathode follower 68 (or buffer amplifier) and provides

a common (operating) input to a biank of gates 62, 70,
71 and 72 to open the gates for the period of iime the

storage counter 46 is in its “set” or puilse counting state.

The step counter 46 automatically fiips back to 1its
“reset” or quiescent state at the end of the period de-
termined by the input 52 and the control 57. At this
time, the storage counter 46 delivers a voltage to another
output 74, which voltage is of the correct value to flp
the next storage counter 47 to its “set” state. For the
duration of the “set” state of the storage counter 47,
which is determined by its input 83 and the control 38,
a change in voltage at an output 75 occurs which is fed
 through a cathode follower 76 and simultaneously opens
a bank of gates 77, 78, 79 and &9. Upon {lipping back
to its “reset” state, the storage counter 47 generates a
voltage at another output 82 that is of proper value to
flip the next storage couner 48.

The storage counters 48 and 49 are connected to
operate like the storage counters already described. Thus,
the storage counter 48 has an output 83 fed through a
cathode follower 84 that opens a bank of gates 85, &6,

87 and 88 during the “set” state and an output %0 that
causes the next storage counter 42 to flip to its “set”

state. The storage counter 49 has an output 91 that
coes through a cathode follower 92 and opens a bank
of sates 93, 84, 95 and 96 and an output 98 that flips
the next storage counter. However, the storage counter
49 is the last one of the arm group, which leads to
the significance of the “and” gates and “or” gates.

In the preceding description, it was assumed that the
storage counters 46—49 were directly connected together
in a series chain. Actually, the input pulse 42 to the first
storage counter must first pass through an “or” gate
110. The output 74 from the storage countfer 4¢& must
pass through an “and” gate 211 and an “or” gate k12
before it can trigger the storage counter 47. The output
82 from the step counter 47 must pass through an “and”
gate 113 and an “or” gate 114 before it can trigger the
storage counter 48. And the output %0 from the storage
counter 48 must pass through an “and” gate 115 and an
“or” gate 116 before it can irigger the storage counter
49, Also, the output 98 from the last storage counter
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49 of the arm group is delivered as an input to an “and”
oate 117.

There is an “in-out” bistable multivibrator 120 hav-
ing an “out” input conductor 121 connected to the out-
put conductor 42 from the frame pulse multivibrator
23N. Therefore, when a trigger pulse is transmitted to
the “or” gate 116, it is also delivered to the multivibrator
120 and flips the multivibrator to its “out” condition.
The multivibrator 126 has an “out” output 122 that
passes a voltage when the multivibrator is in the “out”
condition. This output is delivered as inputs 123, 124,
125 and 126 to the “and” gates 111, 113, £15 and 117,
respectively.

The “in-out” maultivibrator 120 also has an “in” input
128 connected to the output from the “and” gate 117
on the output side of the storage counter 49. A signal
in the “in” input 128 flips the multivibrator 12¢ to 1its
“in” condition. There is an “in” output conductor 129
that receives a voltage when the multivibrator is in ifs
“in” condition. This conductor simultaneously delivers
whatever voltage it carries to a group of “and” gates
130, 131, 132 and 133. |

Another input conductor 134 to the “and” gate 130
is connected from the output side of the storage counter
49. An input conductor 135 to the “and” gate 131 is
connected from the output side of the step counter 48.
An input conductor 136 to the “and” gate 132 is con-
nected from the output side of the step counter 47. And
an input conductor 137 to the “and” gate 133 i1s con-
nected from the output of the step counter 46.

The “and” eate 117 has an output conductor 133
connected as an input to the “or” gate 116 on the input

side of the step counter 49. The “and” gate 130 has
an output conductor 139 connected as an input to the
“or” gate 114. The “and” gate 131 has an output con-

ductor 1490 connected to the input side of the “or” gate
1i2. The “and” gate 132 has an output conductor 141l
connected to the input side of the “or” gate 110.

The “and” gate 133 has an output conductor 14Z con-
nected to the input side of another “or” gate 143 leading
to the first step counter 60N of the next (leg) group of
step counters. This step counter 50N has an output 145
that is connected through a cathode follower 146 {0 a
bank of gates 147N, 148N, 149N and 15GN.

The several “and” gates and “or” gates just described
are of conventional construction. Each “and” gate trans-
mits an output siznal only when there are simultaneous
inputs at both its inputs. Each “or” gate acts as a valve

that will pass a voltage at either of its inputs to its output,
but not to the other input.

With the bistable multivibrator 128 hooked up as de-
scribed, it i1s flipped to its “out” condifion whenever a
frame pulse from the last multivibrator 23NN passes
through the conductor 121. While the multivibrator 120
is In its “out” condition, it passes a voltage through the

“out” output 122. At this time, there is no signal in the

“in” output conductor 129. Hence the *“and” gates 139,
133, 132 and 133 pass no signal through their output
conductors 139, 140, 141 and 142 to the “or” gates 114,
2 and 110 and 143. Under these conditions, the signal
from the conductor 42 can pass through the “or” gate
118 to the step counter 46. Since the “out” conductor 122
is delivering a voltage to the “and” gate 111, when an
output voltage from the step counter 46 reaches the “and”
gate 111 it passes through to the “or” gate 112 and thence
to the step counter 47. Likewise, the output §2 from the
step counter 47 passes through the “and” gate 113 and
the “or” gate 114 to the step counter 48, and the output
90 from the step counter 48 passes through the “and”
gate 115 and the “or” gate 118 to the step counter 49.
When the storage counter 49 delivers a voltage to 1ts
output 98, that voitage passes through the “and” gate 117
to its output conductor 138 and also through the “in”
input conductor 128 to the “in-out” bistable multivibrator
128, This flips the multivibrator 120 to its “in” condition,
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blOCkiﬂg off the “out” output 122 and causing the trans-

mission of a voltage through the “in” output conductor

129. Now the condictor 122 is delivering no input voltage

: ~to the “and” gates 111, 113, 115 and 117 so these gates
. cannot pass any voltages from the storage counters; but

the conductor 129 transmits its voltage as inputs to the
“and” gates 130, 131, 132 and 133. | __ |

Under these conditions, the output voltage 138 passes
through the “or” gate 116 and flips the storage counter 49
to its “set” state. When the storage counter 49 flips back

. 1o its reset state, its output voltage 98 cannot pass through

the “and” gate 117, but is provides a second input to the
“and” gate 130 and passes through the conductor 139

3,364,382
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. ﬁutiaut 195 of a voltage representing either the angle ¢ Of

10

a 16G° inversion of the angle o. _
A sine-cosine function generator performs different

- geometrical operations upon these voltages representing .
- the angles ¢ and ¢ or their 180° counterparts. The sine-
‘cosine function generator takes advantage of certain geo-

metric facts: | | | |
- €08 0 cos o= sia (6+¢)+V5 cos (0—¢)
€08 6 sin p=Y2 sin (0-+¢)—1% sin (§—op) |
sin ¢ cos o="1% sin (§4¢) -+ sin (6—o)
~ sin @ sin o= cos (0—¢)—V2 cos (6-+¢)

- It is practical to perform operations on the quantity 6--¢

to the “or” gate 114. The “or” gate 114 passes this voltagic |

and triggers the storage counter 48. o |

The output 99 from the storage counter 48 cannot pass
through the “and” gate 1185, but does pass through: the
“and” gate 131, the conductor 148, and the “or” pate 112

to trigger the storage counter 47. The output 82 from the

storage counter 47 passes through the “and” gate 132 and

the “or” gate 11¢ to trigger the first storage counter- 46.

Then the output 74 from the storage counter 46 passes
through the “and” gate 133 and the conductor 142 to the
“or” gate 143 and the first step counter 50N of the next
(leg) group. - - - - I

- Of course each time these storage counters are flipped
to their “set” states, they cause those gates which are
connected to their outptus {0 open as has been described.
‘Therefore, during the “in” condition of the “in-out” bi-
- stable multivibrator 120, there is an exact reversal in the
order of operation of the storage counters and their as-
sociated gates. I o .
- The first gate of each bank is a 9 gate. Thus, the gates
69, 77, 85, 93 and 147N are @

and SUN as has been described. These ¢ gates have variable
DC (or other) inputs 166, 161, 162, 163 and 164N, the
magnitudes of which may be independently regulated by
hand controlled potentiometers or any aumber-of other

means. These DC voltage inputs are passed to the respec-.
tive ¢ gate outputs 166, 167, 168, 169 and 170N, all of

- which outputs are connected to a common conductor 171.

The next gates 78, 78, 86, 94 and 148N are the ¢ gates.
These gates have variable DC voltage or other inputs 173,

174, 175, 176, and 177N, which may also be regulated
by hand controlled potentiometers. These ¢ gates have
outputs 178, 179, 189, 181, and 13ZN which are con-
nected to a common conductor 183,

_ gates connected to the
- successive outputs of the storage counters 46, 47, 48, 49 -

20

199 represents the quantity o

L2
Gt

40

and #— ¢, thereby eliminating

Various multiplication steps

~which are more expensive to do electronically.

To obtain the quantity ¢-¢, the outputs 190 and 195
from the operational amplifiers 187 and 193 are delivered
through a pair of conductors 197 and 198, respectively, to
an operational amplifier 199 hooked up as an adder, The |
voltage at the output 280 from the operational amplifier

0, | | |
These same voltages 120 and 195 are delivered through

-another pair of conductors 202 and 293 to another opera-
‘tional amplifier 284 connected as a subtractor and having

an output 243 representing the quantity g—o.

‘The output 268 from the operational amplifier 198 is a
constant DC voltage (during the generation of a straight
bone) that is fed through a monostable delay multivibrator
207. The delay multivibrator 207 has another input 208
which is connected to the output of the first bistable mul-

tivibrator 18 on the output side of the master oscillator

10. Therefore, the input 208 to the delay multivibrator is
a.square wave synchronized with, but at one-half, the fre-
quency of the output of the master oscillator 18.

The stait of the square wave pulse at the input 288 flips

‘the delay multivibrator 267 to its quasi-stable state. The.

duration of this quasi-stable state is determined by the
DC voltage at the input 209 and is therefore determined
by the magnitude of the quantity 9. |

~dince the input 208 is taken at the output of the first

- bistable multivibrator 18 which is one-half the frequency

of the master oscillator 16, a single square wave pulse

- occurs at the input 268 during the period of two complete

45

sine waves at the output of the master oscillator 1¢. There-
fore, during this period of time, the sine wave output 14
from the master oscillator 18 goes through the cycle of

- representing the sine of the angles 0° through 360° twice.

The gates 71, 79, 87, 95 and 149N are r gates for es-

tablishing certain rotational conditions, and the gates 72, 50
tensity of the display beam. These gates and this function
~ will be described in detail hereinafter. | L

80, 88, 96, and 130N are i gates for regulating the in-

Sine-cosine function generator.

The conductor 171 which carries a voltage representing

o
by

‘the magnitude of the angle ¢ for whatever bone is being

drawn is connected -through a resistor 186 to the input
side of an operational amplifier 187 (see FIGURE 3).

Another input conductor 188 through a resistor 189 to

- the operational amplifier 187 comes from the “in-out”

60

bistable multivibrator 120. A pulse in the conductor 188 -

- operates to shift the angle ¢ 180° during the “in” condition

of the multivibrator 126. Therefore, the output 198 from B

(during the “out” conditi(m of the multivibrator 128) cra
-~ 1897 inversion of the angle ¢
cf the multivibrator 120).

(during the “in” condition

14 carrying

The conductor 183 that carries the outputs from the »

gates 173 through 177N is connected through a resistor
192 to an operational amplifier 193. These is another input

- conductor 194 to the operational amplifier 193 that is
- connected from the bistable multivibrator 129 to shift the:

70

angle ¢ by 180° when the multivibrator 120 is in its “in”

condition. Hence the operational amplifier 193 has an

75

from the

- conductor 211,

'sampleﬁd by the
14 and 16, resp

‘This multiple may vary 1if greater range is desired, The
- voltage in the conductor 209 representing the quantity
019 determines the duration that the monaestable mul-

tivibrator 2'@'.7--;i3 in ifs quasi-stable state. The output 209
> delay multivibrator is differentiated and clipped
to ' produce a narrow pulse representing the change of

state from quasi-stable to stable condition. When the mul-
 tivibrator 267 flips back to its stable state, its output 249

which is connected to the input of a monostable multivi-
brator 21§ causes the multivibrator 219 to generate an

“extremely narrow pulse at 1ts output 211. This narrow
-pulse at the output 211 thus occurs at a time reference to -

the clock sine wave that is directly related to the magni-
tude of the quantity §4-¢ put into the delay multivibrator
- The narrow-pulse-carrying conductor 211 is connected

to open two sampler gates 214 and 215 for the very short
-period of time corresponding to- the length of the narrow

pulse. The input to the sampler gate 214 1s the conductor
| the sine wave output from the master oscil- -
lator 18, and the input to the sampier gate 215 is the con-
ductor 16 carrying the cosine wave output from the 90°

‘phase shifter 15 on the output side of the master oscillator
- 18. Therefore, each time the narrow pulse occurs in the
. a small portion of the sine wave is sampled
- by the gate 214, and a small portion of the cosine wave is .
gate 215. Since the sine and cosine waves

ectively, are synchronized with the square -
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wave input 208 to the delay multivibrator 247, and the
delay voltage 280 is proportional to 6+¢, the sine and
cosine waves sampled represent the sine and cosine, re-
spectively, of the quantity 6-¢.

The output conductor 21§ from the sampler gate 214
delivers its voliage to a holding capacitor 217 and the
output conductor 218 from the sampler gate 215 delivers
its output to a holding capacitor 219.

The course of the voltage in the conductor Z&3 repre-
senting the quantity 0—¢ will now be apparent. This
voltage is delivered to a delay monostable multivibraior
222 having the same square wave input 298 that is the in-
put to the previously discussed delay multivibrator Z47.
The magnitude of the voltage 205 representing the quan-
tity #—¢ determines the duration of the unstable state
of the delay multivibrator 222 and the output 223 from
the delay multivibrator 222, which occurs when the mul-
tivibrator flips from its unstable state back to its stable
state, triggers a narrow pulse generator 224. The narrow
pulse output 225 from the multivibrator 224 opens a pair
of sampler gates 226 and 227, the inputs to which are the
sine wave 14 and the cosine wave 16 from the master
oscillator 19. The quick sampling of these sine and cosine
waves in the samplers 226 and 227 produces voltage out-
puts 228 and 228 representing the sine of §—¢ and the
cosine of #—¢, respectively. These voltages are delivered
to holding capacitors 230 and 231, respectively.

The equations set forth in the general theory of bone
oeneration indicate that voltages representing the sine and
cosine of ¢ and the sine and cosine of ¢ are also needed.
To obtain these voltages, a conductor 235 connected to
the output 128 of the operational amplifier 187 carries the
voltage representing the angle ¢ (or its 180° counterpart)
to an operational amplifier 236, the output 237 of which
is is fed to a delay monostable multivibrator 238. The
input to the multivibrator 238 is the square wave input
288 which flips the multivibrator to its quasi-stable state,
and the magnitude of the input voltage Z37 determines
the duration of the unstable state. The output 239 from
the delay multivibrator 238 triggers a narrow pulse gen-
erator 240, the narrow pulse output 241 of which is fed
to a pair of sampler gates 242 and 243. The input to the
gate 242 is the sine wave 14 and the input to the gate 243
is the cosine wave 16. When the narrow pulse 241 opens
the gates 242 and 243 they sample the sine and cosine
waves and deliver their outputs 244 and 245 to holding
capacitors 246 and 247, respectively. The voltages stored
in these capacitors 246 and 247 represent the sine and
cosine of the angle 6.

The output voltage 195 from the cperational amplifier
193 is carried by a conductor 259 to an operational am-
plifier 251, the output 252 of which is delivered tc a de-
lay monostable multivibrator 253. The multivibrator 233
has the sgquare wave input 288 and has an output 254 oc-
curring at a time determined by the magnitude of the
DC input 252. The pulse 254 triggers a narrow pulse gen-
erator 255. The output 256 from the narrow pulse gen-
erator is delivered to a pair of sampler gates 257 and
258 one of which has the sine wave input &4 and the
other of which has the cosine wave input 16. The output
259 from the sampler gate 257 is a voltage representing
the sine ¢ and is delivered to a holding capacitor 269.
The output 261 from the sampler gate 258 is a voltage
representing the cosine ¢ and is delivered to a holding
capacitor 262.

From the foregoing it is evident that the holding ca-
pacitors 217, 219, 230, 231, 246, 247, 260 and Z6Z siore
voltages representing the sine (6-4¢), cosine (¢-+-¢) sine
(6—a), cosine (§—¢), sine 6, cosine 6, sine ¢, and cosine
¢. These holding capacitors actually receive a number of
sampled voltages each representing the appropriate sine
or cosine funciion, because each sampler gate is opened
a number of times during the generation of a bone. For
example, the delay multivibrator 287 is flipped each tume
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it receives a square wave input and therefore delivers suc-
cessive narrow pulse outputs to the narrow pulse gen-
erator 219. The series of narrow straight sided pulses at
the output of the generator 21§ cause successive Sam-
plings of the sine and cosine waves in the sampler gates
214 and 215 with these sample voltages being delivered
to the holding capacitors 217 and 21%. Normally, these
holding capacitors may receive about 15 to 20 sampled
pulses during the generation of a bone.

There is a buffer amplifier 263 on the output side of
each helding capacitor 217, 219, 230, 231, 246, 247, 269
and 262. The amplifiers 263 present a high output imped-
ance to the holding capacitors, allowing the capacitors
to hold accurate, unrippled, sampled voltages.

These sine and cosine functions could be generated in
other ways. For example, the inputs to the 0 gates 69, 77,
etc., could be DC values previously resolved into sine-
cosine values by potentiometers, requiring, however, an-
other row of ¢ gates. Similarly the ¢ gates 7¢, 78 elc,
could have sine and cosine inputs. Any appropriate sine-
cosine function generator may be used.

Bone integrators

To get quantities representing the X, Y and Z com-
ponents of a bone being drawn, there are an X integrator
265, a Y integrator 266, and a Z integrator 267 shown in
FIGURE 1. The X integrator 2€5 comprises a high gain
amplifier 268 with a feed back capacitor 269 connected
across it. The Y integrator 266 comprises a high gain
amplifier 270 with a feed back capacitor 271 connected
across it. The Z integrator at 267 comprises a high gain
amplifier 272 with a feed back capacitor 273 connected
across it. The input to the X integrator 265 includes the
voltage representing the quantity cos (6-}¢) from the
holding capacitor 219 through the amplifier 263 delivered
by a conductor 275 through a resistor 276 to an input
conductor 277; and a voltage representing the quantity
cos (#—¢) from the holding capacitor 231 carried by a
conductor 278 through a resistor 279 to the input con-
ductor 277. The quantities cos (8-4-¢) and cos (6—¢)
are halved and added by the resistors 276 and 279, and
the sum is presented to the input 277 of the integrator
265. From the equations set forth in the general theory
of bone generation, the trigonometric equivalent to this
sum is the quantity cos ¢ cos ¢. Since the input 277 to the
integrator 265 is a DC voltage, the output 260 from the
integrator 265 is a ramp function representing the quan-
tity ki cos 6 cos ¢ wherein ky is a constant determined
by the resistors 276 and 279 and the capacitor 269 and ¢
is the time variable., The charge on the feed back ca-
pacitor 269 determines the starting point of the ramp
function kyf cos 8 cos ¢, which starting point will be co-
incident with the ending point of the previous output 289
so long as the capacitor 269 is not discharged. Thus, un-
less the capacitor 269 is discharged, successive bones are
joined together end to end as they are drawn or gen-
erated.

The input to the Y integrator 266 includes the voltage
representing the quantity sin (8-F¢) delivered from the
holding capacitor 217 by a conductor 285 through a re-
sistor 286 to an input conductor 287 of the amplifier 279;
and the voltage representing the quantity sin (6—¢) de-
livered from the holding capacitor 230 by a conductor
288 through a resistor 28% to the input conductor 28&7.
Thus, the quantities sin (8-4-¢) and sin (6—¢) are halved
and added together and presented to the integrator 266,
but this input is equivalent to the quantity sin # cos ¢.
The ouput 289 from the integrator is a ramp function
representing the quantity k¢ sin @ cos ¢, The starting
point of the output 289 is determined by the presence or
absence of a charge on the feed back capacitor 271.

The input to the Z integrator 267 is a voltage repre-
senting the guantity sin ¢ which is delivered from the
holding capacitor 2609 by a conductor 292 through a re-
sistor 293 to the integrator amplifier 272. The output
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294 from the infegrator 267 is a ramp function represent-

ing- the quantity k¢ sin ¢, and its starting point is deler-

~ mined by the charge on the capacitor 273.
| - .f__.'.Flyb;Ic_:_k ﬂﬂW{J;’k o

~As has been mentioned, the feed back capacitors 269,
271 and 273 associated with the integrator amplifiers 268,
- 270 and 272 determine the starting point of any bone
-being drawn, and as long as these capacitors are not dis-
charged, the starting point of successive bones will occur
~at the ending point of the previous bone. However, when
‘discharged, these .capacitors establish the starting point
of a bone at the so-called navel of a figure being drawn.

For example, when the bones of an arm have been drawn

1f is obviously undesirable to have the leg bones begin at
the tip of an arm. But, if the capacitors 269, 271 and 273
are discharged before the first of these leg bones is drawn,

- the first leg bone will start at the navel pomnt. If this first

leg bone is a placement bone drawn frcm the navel to

- the start of the leg of a figure (and blanked out in a man-

ner to be described), then the remaining leg bones, which

are successively connected end-to-end from the leg place-

~ment bone, will be properly positioned. |

'Thus, the flyback network, which is the network that
discharges the capacitors 269, 271 and 27 3, is incorporated
into the system. Another function of the fivback network
18 to.assure that the starting pomnt for each series of bones
will be at a single point, the navel point, thereby cbviat-
ing any slight deviations that might occur during the
Ia’-out!!
as the arm bones. Primarily, however, the flyback net-
work is put into the system to eliminate the necessity of
drawing a bone back to the starting point or navel point
- after a series of bones has been drawn. =
The fiyback network includes an electronic switch 366

- connected across the capacitor 269, an electronic switch

301 connected across the capacitor 271, and an electronic
switch 302 connected across the capacitor 273. These
switches, 300, 301 and 342 are normally open. A pair of
-conductors 303 and 304, connected to the output of an
amplifier 3¢5, are connected in parallel to the switches
300, 301 and 392, and when these conductors 303 and
304 deliver a pulse to the switches 360, 361 and 382, the
- switches close for the duration of the pulse and dis-

charge the capacitors 268, 271 and 273. -
~ One source of pulses to the amplifier 395 is a flyback
- bistable multivibrator 3€6. This multivibrator 306 has
an mput conductor 307 connected to the output of the

frame pulse multivibrator 23N which flips the multivi--

- brator 386 to one state, delivering the voltage through
the output 368 of a magnitude that will cause the switches
300, 301 and 302 to open. o | S
- Another input 369 to the bistable multivibrator 306 is
connected to the output of the last storage counter to op-
- erate during any one frame and causes the multivibrator
to fiip to its second state to close the switches 306-3¢2,
This last storage counter would be the storage counter

that draws the last bone of a figure. For example, as-

- suming that the storage counters 46, 47, 48 and 49 are
connected to draw the last bone of a figure, instead of

. the first bone as actually shown on the drawing, the input
399 to the flyback multivibrator 306 wonld be connected
to the output of the storage counter 45 (not the storage
counter 49 because the “in-out” multivibrator 128 causes
65

the storage counters to flip successively in and “out” direc-
- tion and then back in an “in” direction). This connection

of the input 389 would be made to the conductor 143

at the output side of the “and” gate 133 to prevent trig-
-gering the multivibrator 306 during the “out” condition
of the “in-out” multivibrator 120, | B

- From the foregoing, it is evident that the flyback multi-

. vibrator 386 causes the capacitors 269, 271 and 273 to.

~be discharged by closing the switches 300, 361 and 302

- when the last storage counter counting off the length of
- the last bone of a figure beiﬁg'drawn_._has closed, and the

and “In” scanning of a previous set of bones, such

40

60

. 14 . .
scanning beam of the display cathode ray tube flys back |
to the zero or navel point. These switches 380, 301 and

- 302 remain closed until the multivibrator flips to its first

condition at the time a pulse is transmitted to the input

‘conductor 367, and this occurs when another frame pulse

1S generated at the output of the last bistable ﬂmul_tivi-;

~ brator 23N,

10

15
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There are additional inputs 318, 311, 312, 313, 314 and
315 to the amplifier 385, each of which may be connected
to the output of a selected storage counter 46 through
SON as flyback is needed. For example, following the
drawing of the series of bones by the storage counters -
46, 47, 48 and 49, and prior to drawing another series of
bones starting with a group including the storage counter
SON, the capacitors 269, 271 and 273 should be dis-
charged. Hence, one of the input connectors 310 through
315 is plugged into the conductor 142 on the output side
of the “and” gate 133 to cause the display beam to fly
back to the navel point prior to ‘operation of the next
group of storage counters. . o |

‘The switches 300, 301 and 302 remain closed for the

- duration of any input pulse from the flyback multivi-

brator 386 or from the other inputs 310 through 3135.

~All of the inputs 308, 319, 311, 312, 313, 314 and 315

25

to the amplifier 305 are connected through diodes 316

to prevent voltages from feeding back and disrupting the

30

normal operation of the storage counters. Thus, with the
plugs, as shown, flyback may be programed in a logical
manner to conform to the structure of the figure oI Cb-

jects to be displayed.

What has been described thus far has led to the pro-
duction of ramp functions at the outputs of the integrators

2635, 266 and 267, which ramp functions represent the

X, Y and Z components of bones for any figure to be
drawn on the display tube. If nothing else were added to
these ramp functions, they could be resolved into two

- dimensional quantities and transmitted to the horizontal

45

ever, voltages -representing what
| aré,_addedftq these ramp functions.' |

and vertical deflection plates of the display tube to draw
a complete. stick figure. To bring the figure to life, how-
may be called “skin”

Skin generator-skin scanning nez‘rmrk%_-H orizontal

| deflection | - | |
FIGURE 6 shows a group of blocks, 325, 326, 327,328,
529, 330, 331, 332, 333, 334, 335 and 336, each repre-
senting a group of storage counters in the storage counter

~ chain and all of the blocks 325-336 representing the
‘groups of storage counters required to draw a typical

50

figure. For example, the block 325 represents the arm

step counters 46, 47, 48 and 49 for the “out” condition

of the “in-out” bistable multivibrator 126. The block
326 represents the same storage counters but in the re-

0H

verse order, 49, 48, 47 and 46 for the “m” condition of
the multivibrator 129. S
~ As indicated in thes blocks 325 and 326, one repre-
sents right arm out, and the other represents right arm in.

The other blocks represent other groups of bones re- -
quired to draw the complete figure. The block 327 repre-
sents a group of step counters for right leg out, and the |

block 328 represents the same group of storage counters

- for right leg in. The block 329 is left arm out, the block
330 1s left arm in, the block 331 is left leg out, the block
- 332 15 left leg in, the block 333 is chest, neck and head -

out, the block 334 is chest, neck and head in, the block
335 is hips out, and the block 336 is hips in, These groups

‘that the programming for the sc'anexj assembly 340 (FIG- -

70 | |
venience in FIGURE 6.

75

URE 7) may ;be-illustratﬁd.'_ o | D __
- The “in-out” multivibrator 120 is shown again for con-

Recalling the geometric analysis of bone and skin gen-

eration, it will be remembered that_the vector that gener-
ates the distance of skin surface from a bone was desig-

nated A. A scanner assembly 340 is provided as shown in. 3 7;5
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FIGURE 7 and its purpose is to scan a film 34, shown
in FIGURE 9, to obtain a varying voltage, the instan-
taneous value of which represents the magnitude of the
vector A. Thus, the magnitude of the vector A may be
continuously changing as the vecter twirls around a bone,
and the purpose of the scanner 340 is to produce an out-
put voltage that varies in propertion to the changes 1n
length of the vector A.

A typical film 341 to be scanned might be divided info
sections 342, 343, 344 and 345 as shown in FIGURE 9.
Each section is characterized by variations in density
representing 360° or more of skin around the bones of
various parts of a figure. These variations 1n density are
proportional to the incremental lengths of the vector A
for an arm in section 342, a leg in section 343, the chest,
neck and head in section 344, and the hip in section 343.

Referring to FIGURE 7, the film 341 is placed in a
film holder 347, positioned between a cathode ray tube
348 and a photomultiplier tube 349, There are appropri-
ate lenses including an object lens 35¢ in front of the
cathode ray tube 348, and condensing lenses 351 in {ront
of the photomultiplier tube 34%. When properly pro-
orammed, the beam of the cathode ray tube 348 scans
the film '341 and wvarying intensities of the beam are
focused through the condensing lenses 351 to the photo-
multiplier tube 349. The variations in intensity of the
beam directed to the photomultiplier tube 349 are in
proportion to the varying density of the material being
scanned. The output 352 from the photomultiplier tube
349 is transmitted to a video amplifier 353 whose output
354 is a voltage varying in amplitude in proportion to the
varying intensity of the beam focused on the photomulti-
plier tube 349.

To scan the entire film 341, the beam of the cathode
ray tube 348 must be made to sweep in a horizontal di-
rection and move in a vertical direction, or vice versa.
Tn the example shown in the drawings, the beam is caused
to sweep in a horizontal direction by a horizontal de-
flection generator 359 that includes a sawtooth generator
360. The sawtooth generator comprises an operational
amplifier 361 with a capacitor 362 connected across it.
A switch 363 is connected in parallel with the capacitor
362 to discharge the capacitor when the switch is closed.

The amplifier 361 has a positive or a negative D.C.
voltage input generated by a right-left bistable multivi-
brator 364. The magnitude of this voltage is variable ac-
cording to the setting of a potentiometer 365. The func-
fion of the bistable multivibrator 364 is to change the
D.C. voltage from positive to negative or back to posi-
tive, according to whether the direction of the horizontal
sweep should be from right to left or from left to right.
The direction of the sweep is dictated by whether a right
or left appendage is being drawn. This is important when
drawing the arms or the legs because the film 341 con-
tains only one arm section 342 and one leg section 343
used for both the right and left arms and legs of the
ficure. Therefore, when scanning the skin for the left arm,
the scanner must scan in opposite direction that it scans
when skin is being applied te the right arm. The same is
true for the leg. On the other hand, it dces not matter
in which direction the scanning takes place for the single
head, neck and chest, or for the single hips. However, this
method is used to save film space. The film would have
separate sections of variable density for each appendage
of a figure, as in the case of “Captain Hook” or “Peg Leg
Pete.” The scanner would be programmed accordingly.

The bistable multivibrator 364 has two inputs, 36&
and 367. As shown in FIGURE 6, one of these inpiits,
26, is connected through a diode 368 to the conductor
42 which, in turn, is the input to the step counter group
325 for the right arm. Therefore, when a pulse is de-
livered to this storage counter group 325, the multivi-
brator 364 is caused to flip to its first condition, say a
- condition that generates a positive I3,C, output, The multi-
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vibrator 364 remains in this first condition during the
operation of the storage counter groups 328, 326, 327
and 328 because during this time, there is no voltage in-
put through the conductor 367. However, when a voltage
is transmitted throuch a conductor 369 from the storage
counter group 328 to the first one of the storage counter
aroup 329 to draw the left arm, a voltage is also trans-
mitted through a conductor 37¢, a diode 371, and the
conductor 367 to flip the multivibrator 364 to its second
positicn. In this second condition, the output from the
multivibrator 364 is a D.C. voltage of the opposite, or
negative, polarity. The multivibrator 364 then remains in
that condition during the period of operation of the stor-
age counter groups 329, 33¢, 331 and 332,

The storage counter group 332 is connected to the
oroup 333 by a conductor 374. This conductor 374 and
the conductor 269 between the storage counter groups 328
and 329, are shown with releasable plug ends to indicate
that changes can be made in the sequence of operation
of the storage counter groups. Actually, the orcer of
operation of these sicrage counters should ordinarily
coincide with the positions of the bones, bones nearer the
viewer being drawn before bones behind them.

Although the sweep of the cathode ray beam in the
tube 348 may be in either horizontal direction when scan-
ning the chest, neck and head and the hips, the connec-

tion 374 illustrated causes the sweep to be in the same
direction as the sweep for the “right” storage counters
325 326, 327 and 228 because there 1s a conductor 375

connected from the input 366 of the right-left multivi-
brator 364 throuch a diode 376 to the input side of the
storage counter group 333. This conductor 375 delivers a
nulse to the multivibrator 364 to flip the multivibrator
back to its first or positive output condition when the
storage counter group 333 receives a pulse.

The innut to the sawtooth generator 360, which 1s
always either a positive or a negative DC voltage of con-
stant amplitude coming from the multivibrator 364, causes
a gradual buildup of charge on the capacitor 362, thereby
cenerating the sloping portion of the sawtootn wave, as
is known in the art.

The switch 353 is normally open, but closes every time
it receives a sienal through its input 386. The input 38§
is connected to the output of a bistable multivibrator 381,
and the input 382 to the bistable multivibrator 381 1is
connected to the output of a delay monostable multivi-
brator 383.

The input to the delay multivibrator 383 is connected
to the square wave output 12 from the master oscilla-
ter 1.

The beginning of each square wave pulse causes the
iclay multivibrator 383 to flip to its quasi-stable state.
The input 382 to the bistable multivibrator 381 occurs
at the time that the delay multivibrator flips back from
its quasi-stable state to its stable state. Therefore, the
time that the bistable multivibrator 381 changes 1ts state
depends upon the delay time of the delay multivibrator
383. This delay time is controlled by another input 384
to the delay multivibrator 383. The conductor 384 is con-
nected through an adder 385 to the output side of an
integrator that comprises an operational amplifier 3896
with a capacitor 387 connected across it and a normally
open switch 388 connected in paraliel with the capacitor
387 to discharge the capacitor when the switch 388 is
closed. The amplifier 388 has an input 389, and to under-
stand the nature of that input, FIGURE 2 must be re-
examined.

Returning to FIGURE 2 and referring pariicularly to
the cates 71, 79, 87, 95 and 149N, these are r gates
wherein r is a symbol representing the angular position
of the skin about the bone. In other worids, if a bone, like
an arm bone, is turned, the value of r changes.

These r eates have variable inputs 380, 391, 392, 393
and 3941 for establishing different voltage values accord-
ing to the different values of r for each bone. When the




1 gates are opened by their respective storage counters
40-50N, as has been described, these voltage values rep-

 resentlng » are passed to the gate outputs 395, 356, 397,
- 398 and 399N, all of which are connected to a common

conductor 4£9. This conductor 400 is connected directly
to the adder 385. The input 389 to the operational am-

plifier 386 is connected to sclective ones of the r gate

cutputs 393-39SN to provide twist to arm appendages
- of the figure being drawn. Therefore, the input 384 to
the delay multivibrator 383, which determines the delay
time, or the period that the muitivibrator is in its quasi-

o 56458 .. .
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to its switch-off condition, at which time no voltage is

10

stable state, is proportional to the value of » sometimes

added to the integrated value of r. It follows that the
~bistable multivibrator 381 is triggered by a pulse that
occurs at a time related to the rotational position of the
member being drawn., o
Since the bistable multivibrator 381 flips from one

state to the other each time the delay multivibrator 383
flips from its quasi-stable state to its stable state, the fre-

quency of the square wave output 388 from the multivi-
brator 381 is one-half the frequency of the square wave

input 12 to the delay multivibrator 383. Each time the -

multivibrator 381 flips to generate the relatively posi-

tive portion of a square wave, it opens the switch 363 -

and ailows the sloping portion of the sawtooth wave to

~ build up by the increase in char ge on the capacitor 362.

- When the multivibrator 381 again flips to start the gen-
eration of the relatively negative portion of the wave, the
switch 363 is closed to discharge the capacitor 362. Thus,
the voltage from the r gates controls the time of hori-
zontal sweep, that time being relative to the phase of the

~high frequency skin' vector which generates the vector

length A rotating at a constant rate arcund the bone.

~‘The output 405 from the sawtooth generator 369 is

connected through a switch 406 to a summation amplifier

- 407. The output 488 from the summation amplifier 407

-1s connected to a defiection amplifier 469 which has an
output 410 connected to the horizontal deflection plates
on the cathode ray tube 348. o |

Program network for skin scanner—
| Horizontal deflection

15

delivered to the output 413. -

At the same time that the pulse is delivered through

‘the ‘input 437 to the multivibrator 429, a pulse is de-

livered through a conductor 440 to the “legs right” bi-
stable multivibrator 422, This pulse flips the multivibra-

tor 422 to its switch-on condition to generate a DC voli-

age in the output 415 that is transmitted through the
conductor 412 to the summation amplifier 487, The -

magnitude of the output voltage from the multivibrator

422 1s such as to position the starting point of the scan- .
ning beam at a point 441 on the left side of the leg sec-
tion 343 of the skin film 341, | o

‘The other input 442 to the multivibrator 422 is con-
nected through a cathode follower 443 to the output side

- of the leg-in storage counter group 328. When the storage

20
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~ nected through a conductor 449 and through a cathode.
follower 450 to the output side of the left arm in storage

.The summation amplifier 407 has another'input 412 |

that is connected to the outputs 413, 414, 415, 416, 417,
418 and 419, respectively, of a group of bistable multi-

. Vibrators 420, 421, 423, 423, 424, 425, and 426 (see

FIGURE 6). Each of these multivibrators 420 through
426 has a DC voltage output in one condition and a zero

voltage output in the other condition. Thus the multi-

- vibrators operate as switches which are either on or off,

depending upon the inputs to them. There are potentiom-
eters 427, 428, 429, 430, 431, 432, and 433, respectively,

on the output sides of the muitivibrators 420 through

426 to provide adjustment of the output level. These mul-
tivibrators 420 through 426 are nsed to position the start-
ing point of the scanning beam in a horizontal direction.

One input 435 to the bistable multivibrator 428 is con-

nected to the conductor 42 on the input side of the right
arm storage counter group 325. The pulse in this input
435 flips the multivibrator 420 to its switch-on condi-
‘tion to generate a DC voltage output. Assuming that the
scanning beam sweeps from left to right when scanning
for a right arm, the magnitude of the DC voltage ocut-
put irom the multivibrator 420, which is fed to the
summation amplifier 407 through the conductor 412 and
thence to the horizontal deflection plates of the cathode
ray tube 348, is such as will position the scanning beam

ol
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at a point 436 on the left side of the arm section 342 of

the skin film 341, D

“The other input 437 to the multivibrator 420 is con-
nected through a buffer amplifier cathode follower 438
to the output side of the storage counter group 328.

70

- Therefore, when the “right arm in” storage counters 326

have completed their sequence of operation, a pulse is

transmitted to the input 437 to ilip the multivibrator 420

75

counters in the group 328 have all operated in sequence,

a pulse is delivered through the input 442 to flip the multi-
vibrator 422 to its switch-off
0 voltage is delivered to the output 415,

condition, at which time

- When a pulse travels from the storage -counter group
5328 through the conductor 369 to the storage counter
group 329, that pulse is transmitted through the conduc-

tor 370 to an input 445 to the bistable multivibrator 433,

This pulse flips the multivibrator 423 to. its switch-on
condition to generate a voltage at the output 418. This
DC voltage is transmitted through the summation am- |

‘plifier 407 onto the horizontal deflection amplifier and
thence to the plates of the cathede ray tube 348 to posi-

tion the starting point of the scanning beam at a point
446 on the right side of the arm section 342 of the skin
film 341. it will be recalled that at this same Hme the

‘pulse is delivered from the conductor 379 to the input -

367 of the bistable multivibrator 364 to filp it for a nega-

tive voltage generation to the sawtooth generator 360,
thereby causing the scanning beam to sweep from right

to left. Therefore, looking at the skin film 341 the beam

starts at the point 446 and sweeps from right to left to

scan the arm section 342 for a left arm.. = |
The other input 448 to the multivibrator 423 is con-

counter group 330. When the “left arm in” group 330

has completed its sequential operation, a pulse is delieved

to the input 448 of the multivibrator 423 to flip it to
its switch-off condition. This same pulse is delivered
through the conductor 449 to an input 452 of the “leg’s
left start” bistable multivibrator 424 and fiips the multi-
vibrator 424 to its switch-on condition. At this time a
voltage is generated from the multivibrator 424 to its
output 417 and through the conductor 412 to the summa-
tion amplifier 467 to position the scanning beam at a
point 453 on the right side of the leg section 343 of the

skin film 341. Since the sawtooth generator 360 is still
scanning from right to left, the leg section 343 will ve

scanned from the point 453 in a right to left direction for

a left leg. | | |
The other input 454 to the multivibrator 424 is con- |
ected through a buffer amplifier or cathode follower
455 to the output side of the storage counter group 332
to flip the multivibrator 424 to its switch-off condition
when the “left leg in” group of storage counters 332
have completed their sequence of operation. -
- When a pulse is delivered by the conductor 374 from
the storage counter group 332 to the storage counter group
333, the pulse is also delivered through a conductor 457
to an input conductor 458 to the bistable multivibrator
421. This pulse flips the bistable multivibrator 423 to its
switch-on condition to generate a. DC voltage to the out-
put 414 and thence through the summation amplifier
407 to position the starting point of the scanning beam-
at a point 459 on the left side of the head, neck and chest
section 344 of the skin film 341. At this time, the multi-
vibrator 364 on the input side of the sawtooth generator

360 has been flipped by an input through the conductor
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375 to generate a positive DC voltage and the beam sweeps
from left to right stariing at the point 459. Since the
hip section 345 on the skin film 341 is in the same hori-
zontal position as the head, neck and chest secticn 344,
the starting point 459 of the scanning beam remains con-
stant throushout the operation of the storage counier
oroups 333, 334, 335 and 336. At the completion of
operation of the storage counter group 336, a pulse 1s
delivered through a cathode follower 461 to another mput
conductor 462 of the multivibrator 421 to {lip the multl-
vibrator to its swiich-off condition.

Skin scannei—Vertical deflection

To move the scanning beam in a vertical direction, there
is a vertical deflection generator 47¢ shown in FIGURE
7. comprising a sawtooth generator 471 having an opera-
tional ampiifier 472 with a capacitor 473 and a switch
474 connected in parallel across the amplifier 472. There
are alternate inputs 475 and 476 to the sawtooih genera-
tor 471, the input 475 including a variable resistor 477
and the input 476 including a variable resistor 478. A
switch 479 permits alternate connection of a conductor
459 with the inputs 475 and 478.

The conductor 489 is coanected to the output side of an
up-down bistable multivibrator 481, shown in FIGURE
6. When the multivibrator 481 is in omne condition, it
oenerates a positive DC voltage and, in the other condi-
tion, it generates a negative DC voltage.

The output 482 from the sawtooth generator 471 1s con-
nected to a summation amplifier 483. The output 484
from the amplifier 483 is connected to a deilection am-
plifier 485, the output 486 of which establishes the po-
tential on the vertical deflection plates of the cathode
ray tube 348 to control the vertical position of the scan-
ning beam. When the bistable multivibrator 481 is gen-
erating a positive DC voltage to put a positive charge
on the capacitor 473, generaling a positive-going saw-
tooth wave, the beam of the cathode ray tube 323 moves
in an upward direction. When the output from the multi-
vibrator 481 is a negative DC voltage, generating a nega-
tive-going sawtooth wave, the beam moves 1n a down-
ward direction.

Program network for skin scanner—Vertical deflection

In connection with FIGURE 1, it has already been
explained how the step counters for a given group of
bones are first operated in an “out” sequence and then
" in an “in” sequence. It is therefore necessary that the
skin scanning beam scan material that corresponds to the
skin when moving out a series of bones and then scans
the same skin as the bones are generaied in a reverse
direction.

One of the inputs 488 to the up-down bistable multivi-
brator 481 is connected to receive a pulse whenever the
generation of a group of bones is in the “out” direction.
Thus, the input 488 is connected to a conductor 489. The
conductor 489 in turn is connected through a conductor
499 which leads through a dicde 491 to the conductor 42
on the input side of the right arm storage counter group
325. Thus, whenever a pulse is transmitted to the right
arm “out” storage counter group 325, the multivibrator
481 is flipped to generate a positive DC voltage which
will cause the cathode ray beam to scan in an upward
direction.

(It might be mentioned that the level of the DC volt-
age output from the multivibrator 481 as controlled by
the variable resistor 477 is such as to cause the beam to
move vertically at the same rate of speed as the rate of
generation of the group of arm bones counted off by the
group of storage counters 325.)

The conductor 489 (see FIGURE 6) is also connected
through a conductor 492 and a diode 493 to the input
side of the “right leg out” storage counter group 327;
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through a conductor 494 and a diode 495 to the input
side of the “left arm out” storage counter group 329;
through a conductor 496 and a diode 497 to the input
side of the “left leg out” step counter group 33%; through
a conductor 498 and a diode 499 to the input side of the
“chest, neck, head out” storage counter group 333; and
through a conductor 5¢0 and a diode 561 to the input side
of the “hips out” storage counter group 335. 1 herefore,
the triggering of any of these storage counter groups which
senerate bones in an “out” direction, causes the multivi-
brator 481 to generate a positive DC voltage and the saw-
tooth generator 471 to effect an upward sweep of the cath-
ode ray beam.

The other input 585 to the multivibrator 481 flips the
multivibrator to its other state in which condifion it gen-
erates a negative DC voltage of the same amplitude as
the positive DC voltage otherwise generated. In other
words, the multivibrator 481 operates as an adder of 180°
to reverse the direction of sweep. The input 505 is con-
nected to a conductor 5¢6. The conductor 586 1is cOn-
nected through a conductor 507 and a diode 508 to the
input side of the “right arm in” storage counter group
326: throuch a conductor 509 and a diode 510 to the
input side of the “right leg in” step counter group 328;
through a conductor 811 and a diode 512 to the input
side of the “left arm In” storage counter group 339;
through a conductor 513 and a diode 514 to the input side
of the “left leg in”’ storage counter group 332; through
a conductor 515 and a diode 516 to the input side of the
“chest,” “neck, head in” storage counter group 334; and
through a conductor 517 and a diode 518 to the “hips in”
storage counter group 336. Accordingly, whenever a
group of bones has been drawn in the “out” direction and
the scanning beam has scanned upwardly to the top of the
skin section being scanned, preparatory to operation of the
same group of storage counters in the “in” direction, the
bistable multivibrator 481 is flipped t0 generate a nega-
tive DC voltage. Thereafter, the scanning beam of the
scanner 343 scans in a downward direction.

The switch 474 connected across the capacitor 473 of
the sawtooth generator 471 has an input 520 connected
to the output of an amplifier 521. The 1nput 522 to the
amplifier 521 has a plug 523 on it that convenienty is
connected to the input to the flyback amplifier 305 (see
FIGURE 1). Whenever there is a flyback pulse trans-
mitted to the integrators 265, 266 and 267, a pulse Is
transmitted to the amplifier 521 to close the switch 474
and discharge the capacitor 473. This discharge of the
capacitor 473 causes the scanning beam to flyback to its
vertical starting position.

Since the hip section 345 on the skin film 341 is dis-
piaced vertically upwardly, there must be a vertical poOsi-
fion control to position the starting point of the scanning
beam when the hip section 345 is to be scanned. This
vertical position control inciudes a bistable multivibra-
tor 526 (FIGURE 6) having an output 527 connected
through a variable resistor 528 to an input 529 to the
gummation amplifier 483. The multivibrator 528 has an
input 530 connected through a cathode follower or buffer
amplifier 531 to the input side of the “hips out” group of
storage counters 335. When a pulse i1s delivered to start
the “hips out” storage counters 335 operating, that pulse
is delivered to the input 530 to flip the multivibrator 526
to a generating condition. In this condition, a DC voltage
1s generated the magnitude of which is regulated by the
variable resistor 528. This voltage input to the deflection
a_mpliﬁer 485 i1s of proper magnitude to position the ver-
tical starting point of the scanner beam at the lower edge
533 of the hips section 345 on the skin film 341.

_ The multivibrator 481 remains in its generating condi-
tion until a pulse is received in its other input 534. This
input 334 is connected to the conductor 462 from the
output side of the “hips in” group of storage counters 336.
When the multivibrator 526 is flipped by a pulse in the
input 534, its generation of a DC voltage terminates.
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Skin scanner for figure outline

What has been described is what may be called Mode
Cne scanning programming. In Mode One the entire skin
film is scanned because the ultimate figure to be drawn
1s to be a complete figure with all of 1ts skin or surface.
There is also another programming condition for the skin
scanning network which may be called Mode Two. The
purpose of Mode Two programming is to cause the scan-
ning beam to scan only an outline of the skin, but to
- scan that oulline in sequence with the generation of boues.
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446 of the arm section 342 and

scanning beam 180° to the left. Therefore, the multi-
vibrator 425 is used for drawing the left arm and left
leg outlines for which the normal starting points of the
scanning beam on the skin film 341 are at the right side
the right side 453 of the

leg section 343.

" The conductor 544 c_oiinected to the input 540 to the

- bistable multivibrator 425 is connected. through a con-

10

Operation of the system in Mode Two permits frame rate

animation (e.g. 24 frames per second or more) with low
‘bandwidth components which can handle full skin Mode
Two information only at slow speeds. It should be under-
stood, however, that by the use of more expensive high
bandwidth components, provisions for Mode Two opera-

ductor 546 to the input side of the “left leg out” storage
counter group 331 and through a conductor 547 to the

conductor 454 on the output side of the “left leg in”

storage counter group 332. A pulse in the input 549

- establishes a no voltage output condition of the bistable
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tion could be eliminated. The device as illustrated is in

condition for a-Mode One operation, and to change it to
a condition for Mode Two operation certain switches
must be operated. - o .

In Mode Two operation, there is no horizontal scanning
by the cathode ray tube 348 so the switch 406 on the out-
put side of the sawtooth generator 3690 i1s moved to break
connection with the sawtooth generator output 405. This

switch 486 is moved against a contact 540 which 1s con-

nected by a conductor 541 to the cutput side of the
operational amplifier 385. Accordingly, in Mode Two,

the summation amplifier 407 receives a voltage directly

~from the adder 385 in proportion to the value of r. The
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multivibrator 425, The other input 541 to the bistable
multivibrator 425 is connected through the conductor 545
to a conductor 548 on the input side of the “left arm in”
storage counter group 339 and through a conductor 549
to the input side of the “left leg in” storage counter group
332. A pulse in the input 541 to the multivibrator 425
generates an output voltage 418 of a proper value to shift

the scanning beam 180° to the left. Thus, since there are

- ho conaections from the “left arm out” storage counter
- group 329 to the multivibrator 425, the scanner beam -
- 'moves upwardly across the arm section 342 of the skin

30

amplifier 4{37&130-1*eceives an 1nput from the conductor -

412 generated by one of the multivibrators 420 through

424 to position the starting pcint of the scanning beam

as has been described. | | N
Also, for Mode Two operation, the switch 479 in the

-vertical deflection generator is moved from the input 475

to the input 476 of the sawtooth generator 471. The set-

ting of the resistor 478 on the input 476 changes the

speed of the vertical sweep of the scanning beam. Also
(FIGURE 1), the_‘bone-rate_fyr rate of bone drawing is
‘correspondingly changed for Mode changes by an ap-
propriate selection of resistance at the inputs to the
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Integrators 268, 270 and 273, (These resistors are not

shown, but it will be understood that for each integrator

268, 278 and 272, a switch and appropriate resistor, like
the switch 479 and the resistors 477 and 478 {(FIGURE

- 7) could be provided.) T
Now, with these connections, the bistable multivibrators

420 through 424 will determine the starting position of

the beam in a horizontal direction with appropriate modifi-

B cation according to the r input 408 to the amplifier 385.
- With no input to the summation amplifier 407 from the

~ horizontal sweep sawtooth generator 369, the only mo-
tion of the beam (in scanning) is in a vertical direction

- except as dictated by twist generated by the integrator 385.
Thus, "d-ependin_g_- upon-the sign (positive or negative)

of the output 480 from the multivibrator 481, the beam

- would move upwardly and then downwardly with the

downward motion taking place across the same ares as. |

the upward motion. To draw the complete outline of the

skin for the group of bones, the beam is shifted 180°

laterally when the bistable multivibrator 120 shifts to its
“In” condition. This 180° shift is accomplished by the

~ —180° and -+-180° bistable milltivibrators 425 and 426
. con to the input side of the summation amplifier
- _As shown in FIGURE 6, the —180° bistable mult-
- Vibrator 425 has two inputs 540 and 541 connected to

connected

. tion, these switches are open, but for Mode Two opera- -

~ tion they are moved into contact with a pair of conductors
- 844 and 545. In Mode One condition the bistable multi-
vibrator 425 generates no voltage at its output 418, but
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condition. Thereafter, during the

~arm by the storage counter group 338, the scanning beam
- shifts laterally 180° to the left from the

425 to.iis no voltage output condition. |
~ 'The 4-180° bistable multivibrator 426 has inputs 553
and 554 connected to a pair of ganged switches 555 and

film 341 according to the setting of other parameters al-

ready described. When a pulse reaches the “left arm in”
storage counter group 339, that pulse is delivered through
the conductor 548 to the input 541 of the. multivibrator
425 to flip the multivibrator to its voltage generating
“In” counting of the left

_ starting
446 (FIGURE 9) and then moves downwardly.
~ This'same sequence can be traced for the operation of

point

5 the “left leg out” storage counter group 331 and the “left
leg in” storage counter group 332. When the latter stor-

age counter group 332 has completed its operation, a |

- pulse is delivered through the conductor 454 and the

conductor 547 to the input 549 to flip

the multivibrator | '

586. These switches 555 and 556 are normally open for

Mode Oﬂe'Opera’cioh, but for Mode Two operation they
‘are. moved into contact with a pair of conductors 557 and E

The _condﬁctor 557 is connected to. a conductor 550

that in turn is connected to a conductor 561 on the input
side of the “right leg out” storage counter group 327: to

) ‘& conductor 562 on the output
‘storage. counter group 328: to

side of the “right leg in”
_ a conductor 5¢4 on the
input side of the “hips out” storage counter group 335,

and to a conductor 565 on the output side of the “hips

in” storage counter group 336. The 'othEr.-input 554 to
the multivibrator 426 is connected through the conductor

338 to a conductor 568. The conductor 568 is connected -

- to a conductor 569 on the input side of the “right arm in”
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group 336,

6o

storage counter group 326, to a conductor 57¢ on the

input side of the “right leg in” storage counter group 328,
to a conductor 571 on the input side of the “chest,” “neck,

head in” storage counter group 334, and to a conductor

572 on the input side of the “hips in” storage ";’;{)unte_r._.” .

In tracing the varioils. connections just described, it

can be seen that, during the operation of the “right arm -
out” storage counter group 325, there is no input to the
 bistable multivibrator 426, and the beam scans 1n a vertical =

| . - position dictated by the other controlling parameters on -
- ganged switches 542 and 543. During Mode One opera- -

70

‘when flipped to its other condition, the output is a DC

voltage of a magnitude to shift the starting__ p’o’int of _t_he

1

‘the horizontal deflection plates of the cathode ray tube
'348. At the start of the operation of the “right arm in” -
~storage counter group 326, a pulse is delivered through
the conductor 569 to the conductor 568 and the input
554 of the multivibrator 426 to generate an output voltage o
‘419 that will shift the scanning beam 180° to the right.
‘Then at the start of operation of the “right leg out” stor-
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age counter group 327, a pulse is delivered through the
conductor 561 and the conductor 569 to the input 555
to flip the multivibrator 426 back to its no voltage output
condition. When the “right leg in” storage counter group
328 starts to operate, the multivibrator 426 is flipped to
its voltage output condition for a 180° shift to the right
and is thereafier flipped back to its no voltage output
condition upon completion of operation of the “right leg
in” storage counter group 323.

In the description of FIGURE 6, certain cathode
followers 438, 443, etc. and diodes 491, 3€8, etc. have
heen mentioned. Cthers appear on the drawing to which
no specific reference has been made. it should be under-
stood that these components are used where necessary
to stabilize back impedance and provide one way current
flow as they are conventionally used. More or less of
these components are used in this network to perform
their obvious functions as required.

Skin and bone combining network

Going back now to FIGURE 3 and the sine and cosine
function generator network, it will be recalied that the
storage capacitors 217, 219, 234, 231, 246, 247, 260 and
262 are storing voltages sampled by the various sampier
gates and representing the sine or cosine of various com-
binations of the angles ¢ and ¢. The quantities represented
are indicated on FIGURE 3 opposite the relative storage
capacitors. These voltage values are used as inpuis {o a

network shown in FIGURE 4 for solving the equations
set forth in the General Theory of Bone and Skin (Genera-

tiom.

The voltage representing the quantity sin (84-¢) 1s
delivered by a conductor €06 to a subtractor and booster
comprising a pair of resistors 681 and 692 and an opera-

tional amplifier 663. Another conductor 604 transmits a -

voltage representing the quantity sin (8—¢) from the
capacitor 23% through a dividing resistor 645 to the
amplifier 683. The resistors 661 and 665 divide the input
guaniities by two after which they are subtracted by the
cubtracior 683. Therefore, the output 6066 from the sub-
rractor 603 is a voltage representing the quantity
15 sin (§L¢)-—sin (6—o)] which 1s a trigonometric
equivalent to the quanfily cos 6 Sl ¢.

A conductor 608 transmits the voitage representing the
quantity cos (8-4¢) irom the capacitor 219 through a
dividing resistor 642 to a subtractor and booster 610. An-
other conductor 611 transmits the voitage representing the
quantity cos (§—¢) from the capacitor 231 through a
dividing resistor 612 to the subtractor 616. The resistors
609 and 612 divide their input quantities by two following
which they are subtracted in the subtractor 610. The out-
put i3 is a voltage representing the quantity %2[cos
(6--¢) —cos (8—¢] which 18 trigonometrically equal to
the quantity sin ¢ sin ¢.

A conductor 616 transmits the voltage representing the
quantity sin 6 from the capacitor 246 to an amplifier and
booster 617, the output 618 of which 1s an amplified volt-
age representing the vaiue sin 6. Another amplifier and
booster 619 has its input 6Z€ connected to the cos &
capacitor 247, and 1ifs output 621 is an amplified voltage
representing the quantity cos 6. Finally, a conductor 622
rransinits the voltage representing the quantity cos ¢
from the capacitor 262 to an amplifier and booster 923
having an output 624 representing the quantity cos ¢.
 The quantities sin kot and cos kot required in the equa-
tion set forth in Chart A are provided by a pair of trans-
formers 638 and 631. The input 63Z to the transformer
€30 is connected to the output 14 of the master oscillator
16, which is a sine wave equivalent to sin k. The trans-
former 630 has two outputs 633 and 634 one of which
is a negative image of the other, or Lsin ket and —sin
k,t, for push-pull operation. -

The input 638 to the transformer 631 1s connected to
the cosine wave output 16 from the masier oscillator 16.

This cosine is equivalent to cos kgt. The transformer £31
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also has two outputs 636 and 637 one of which represents
cos kot and the other of which represents —cos kpt (push-
pull operation).

The outputs 633 and 634 from the transtormer 639 are
transmitted as low impedance inputs to a pair of multi-
pliers 648 and 641. Another input 642 to the multiplier
6490 is connected to the sin ¢ output 618 from the amph-
fier 617. These quantities are multiplied by the multiplier
640 to produce an output §43 representing the quantity
sin @ sin kgf.

Another input 644 to the multiplier 641 is connected
to the cos ¢ output 621 from the amplifier 619. The inputs
to the multiplier 641 are multiplied together to produce
an output 645 representing the quantity cos @ sin k.

The outputs 636 and 637 from the transformer 631 are
transmitted as low impedence push-pull inputs to three
multipliers 648, 649 and 656. Another input 651 to the
multiplier 648 is connected to the cos # sin ¢ output 606
from the amplifier 683, and the output 652 from the
multiplier 648 represents the quantity cos 8 sin ¢ cOs kat.

Another input 653 to the multiplier 649 is connecied
to the sin ¢ sin ¢ output 613 from the amplifier 616. The
output 654 from the multiplier 649 represents the quantity
sin 6 sini ¢ cos ksl.

Another input €55 to the multiplier 658 is connected
to the cos ¢ output 624 from the amplifier 623. The out-
sut 656 from the multiplier 658 represents the quantity
COS ¢ COS sz. | -

The output 6§43 from the multiplier 64¢ is transmitted

through a switch 666 and a resistor 6561 fo an amplifier

and booster 662. Another input to the amplifier 662 is the
cos @ sin ¢ cos ket output 652 from the multiplier 643
which is transmitted through a switch 683 and a resistor
664 to the amplifier 662. The resistor network associated
with the amplifier 662 performs a subtraction of these
quantities to produce an output €65 representing the
quantity cos 8 sin ¢ cos kef—sin ¢ sin Kat.

The cos @ sin kot output €45 from the multiplier 641 1s
transmitted through a switch 668 and a resistor £6% to
an amplifier and booster §76. The sin § sin ¢ cOs kaf
output 654 from the muitiplier 649 is also delivered
through a switch 671 and a resistor 672 to the amplifier
670. The resistor network associated with the amplifier
670 performs an addition of these input quantities to pro-
duce an output 673 representing the quantity sin 6 sin
& cos kof—sin 6 sin kqf.

The cos ¢ cos ket output 636 from the multiplier 658
is transmitted through a switch 675 to an amplifier 6796
having an output 677 that still represents the quantity
cOSs ¢ CcOs K.

"~ The outputs 665, 673 and 677 from the amplifiers 662,
670 and 676 are delivered as inputs respectively to three
multipliers 688, 681 and 682. The other input to these
multipliers 688, €21 and 682 is a variable voltage repre-
senting the variable quantity A. This variable voltage Is
fed from the output 349 of the video ampiifier 348 through

5 resistor 683 to an adder 684. The output &85 from the

adder 684 (which for Mode One represents +A, Mode
Two being described later) is delivered as inputs &85,
687 and 688 to the multipliers 680, 681 and 68Z. An-
other adder 630 has its input 691 connecied to the out-
put from the adder €84. The adder 620 reverses the sign
of its input so that its output €32 is the negative of 1ts
input or equivalent to —A (in Mode One}. The ouiput
692 is delivered as inputs 693, 694 and 55 to the muiti-
pliers 688, 681 and 652 o |

The multipiier 680 multiplies its input 6&3 by the
guantity A to produce an output 626 representing the
quantity 4 cos 6 sin ¢ COS kot—A sin 6 sin kot. The multi-
plier 681 multiplies its input 673 by the quantity A to
produce an output &99 representing the quantity A4 sin
g sin ¢ cos kqot—A sin o sin kot The multiplier 632 mult-
nlies its input §77 by the quantity A to preduce an cutput
76¢ representing the quantity A cos ¢ c0S kal.



766 representing the quantity X or k¢ cos @ cos ¢4 cos

6 sin ¢ cos kyot—A sin 6 sin kot.

The output 699 from 'thé"mmtip}iﬁ' 681 is transmitted

- through a resistor 718 to an input 711 of an operational

amplifier 712. The other input 713 to the amplifier 712 is
- connected through a resistor 714 to the output 22¢ of
the integrator 266. These input quantities are added by
the resistor networks 716 and 714 to produce an output

715 representing the quantity %z sin ¢ COs ¢--A sin ¢
sin ¢ cos kof4+A cos 6 sin kyt, and this  quantity is equal

. to Y. o o L |
- The output 769 from the multiplier 682 is connected =
through a resistor 716 to an input 717 of an operational

As shown in FIGURE 5, the output 698 from the multi-
~ plier 686 is connected through a resistor 704 to an in-

~put 785 of an operational amplifier 766. The other in-
put 707 to the amplifier 786. is connected through a re-:
- sistor 768 to the output 280 from the integrator 265.
These input quantities are added by the resistor network
784 and 788 to produce an cutput 769 from the amplifier
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~ put fmni.the-ﬁ multiplier 680 transmitted to the adder 766

is a voliage representing the quantity A sin ¢ and the out-

~put from the adder 766 represents the X component for
‘Mode Two operation or k¢ cos # cos ¢4 sin 4. The

ouiput from the multiplier 081 delivered to the added 712
i5 a voltage representing the quantity 4 cos ¢ and the
output from the adder 712 represents the Y components

- for Mode Two operation or k1t sin 8 cos ¢4 cos 6. The

10

~amplifier 718. The other input 719 to the operational

amplifier is connected through a resistor 720 to the out-

put 233 of the integrator 267. These input quantities

to the amplifier 71§ are added by the resistor network 716

~and 720 to produce ‘an output 721 representing the
quantity k7 sin ¢4 cos ¢ cos kyt, which is equal to Z.

Skin and bone combination—Mode Two

As shown, the quantities needed for the components X,

- ¥ and Z during operation in Mode Two are different from
those described heretofore. To obtain the proper -quan-
tities for Mode Two operation, various swiiches must be

875 (FIGURE 4) must be moved from their connections
to the multiplier outputs 643, 645, 652, 654 and 656.
The switches 668 and 668 are connected to ground con-

tacts 732 and 723. The switch 663 is moved into contact

- with a conductor 725 that is connected fothe output

of the sin ¢ capacitor 244, the switch 6§71 is moved mto

- contact with a conductor 726 that is connected to the
Cos ¢ capacitor output 247, and. the switch 675 1s moved

Into contact with the conductor 727 that is connected to

the cos ¢ capacitor output 262.

- Also, a switch 728 connected to the conductor 349
~carrying the A voltages, which is open during Mode

One operation, is closed mto -contact with an Input 729

~output from the multiplier 6532 transmitted to the adder
718 is a voltage representing the quaantity 4 cos ¢, and

the output from the adder 718 is a voltage representing

- the Z component or %y sin ¢4-A4 cos ¢. The quantity cos-

¢ for Mode Two operation will be zero for normal oper-

ation in that mode as explained in the general theory of
~bone and skin generation. Therefore the Z component
18-kt sin ¢, - | R

-~ Resolution from three to two Dimensions—
S Camera angle network

| '_'Tl“le_ components X, Y and Z'which.position the figure
in three dimensions must be resolved into two compo-
nents H-—for horizontal and V—itor vertical, for the

two dimensional display tube. This resolution of com-

. ponents 18 accomplished in a camera angle network 732,

g,
] |

tjustrated in FIGURE 5, that includes a group of sine-
cosine potentiometers or resolvers 74%, 741, 742 and
742, The potentiometer 749 has » pair of contact mem-

 bers 745 and 748 connectad together at a $0° angle to
- 8enerate sine and cosine values, respectively, of inputs
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operated. First of all, the switches 668, 668, 653, 671 and

5 respectively,

to the potentiometer 740.
a pair of contacts-747 and 748 to generate sine and co-
stize functions, respectively, cf the inputs to the poten-

tiometer 74@. The potentiometer 741 has a pair of con-

tacts Y47 and 748 to generate sine and cosine functions,
e ly, of the inpuls to the potentiometer 741, The
potedtiometers 740 and 741 are ganged together on a

common shaft 749 which is rotated by a servomechanism

- 750, Alternatively, the shaft 749 may be hand operated.
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o a gate 738. The gate 73% has an input 731 connected

to the “in” output 129 from the in-out muitivibrator 128.
When the multivibrator 126 is in its “out” condition,
and the scanning beam of the cathode ray tube 348 is

moving up the skin film-341, the gate 730 is closed and

no signal passes through it. When the multivibrator 120

50

flips to its “in” condition, a voltage in the input 731

- opens the gate 738. Termination of the signal in the in-
put 731 again closes the gate. o
~When there is a signal in the input 73%, the gate 730

reverses and doubles the quantity A and transmits this

- —2A output 733 to the adder 684. The output ¢85 from

 the adder 684 is therefore the sum of 4 (from the input

683)+(—24) (from the input 733) which is equal to
—A. 'This same ocutput 685 when delivered to the input
691 to the operational amplifier 650 reverses the sign of

] |
O
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A to provide an output 632 of --A. These quantiiies of -

—A and -+A are delivered by the coﬂducmrs 685 and

692 to the multipliers 688, 681 and 682,

- In Mode Two the other input to the multiplier 686

s a voltage represeating the quantity is ¢ transmitted
from the conductor 728 through the switch 683, the sub-

tractor 662 and the input €65. The other input to the

‘multiplier 681 is a voltage representing the quantity cos ¢
transmitted through the conductor 726, the switch 671,

70

the adder 670 and the input 673. The other input to

the multiplier 682 is a voltage representing the quantity
cos ¢ transmitted through the conductor 727, the switch
- 675, the amplifier 678 and the input 657. Thus, the out-

75

ing plus Y and minus Y,

- the sine-cosine potentiometer 742 has a single comn-
tact member 752 to generate the cosine of the input to -
the potentiometer 742. The potentiometer 743 has a
coatact member 753 to generate the sine of the input to
the potentiometer 743. The potentiometers 742 and 743

~are controlied by a common snait 758 which is controlled

by a servomechanism 756 or by a conventional ‘hand

- control.

ihe output 789 from the amp:ifier 796, representing

- the X component, is transmitted to an inverter 738 having

positive and negative outputs 759 and 768 which are
connected as inputs to the potentiometer 749, These posi-
tive and negative X inputs are provided so that the sine

-and cosine contacts 745 and 746 can generate all sine

and cosine outputs from -1 to —1. One of these out-

~puts 761 is a voltage representing X sin a and.is con-

nected to a subtractor 762. The other output 763 1s a voit-

- age representing X cos a and is delivered to an adder 764.

- The Y output 715 from the amplifier 712 is connected
to an inverter 767 having outputs 768 and 769 represent- -
the output conductors 768 and

769 being connected to the potentiometer 741. This po-
potentiometer 741 has an output 770 representing the

~quantity Y sin ¢ which is connected to the adder 764
~and an output 771 re

representing the quantity Y cos a
which is connected to the subtractor 762. |
- The output 772 from the subtractor 762 is a voltage
representing the quantity ¥ cos a—X sin 4. This output

conductor 772 is connécted to an inverter amplifier 773

which has two output conductors 774 and 775 represent-
~ing the positive and negative components of the input

772. These conductors 774, and 775 are connected as in-
puts fo the potentiometer 742 which has an output 776
representing the quantity (Y cos ga—X sin a) cos b, The

concuctor 776 is connected to a subtractor 779. o
- 'The Z output conductor 721 is connected to an inverter
amplifier 780 which has a plus Z output conductor 781

Ine potentiometer 741 has
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and a minus Z output conductor 782. These conductors
781 and 782 are connected to the potentiometer 743
which has an output conductor 784 representing the quan-
tity Z sin b. This conductor 784 is also connected to the
subtractor 77%. The subtractor 779 subiracts the input
784 from the input 776 to produce an output 785 1€p-
resenting the guantity (¥ cos a—X sin «) cos b—Z sin 0,
which as refersnce to the equations in the preceding
Theory of Camera Angle Network shows, represenis the
vertical component V of the beam on the dispiay tube.
This conductor 785 is connected into an adder 788, the
output 789 from which is connected to the input 758 of
the horizontal and vertical deflection amplifiers 791
(FIGURE 8) an output 792 from which conirols the ver-
tical deflection of the display beam of the dizplay tube 11.

The output 725 from the adder 764 represents the
quantity X cos a+Y sin a. This output conducior 723
provides an input to an adder 79§, the output 797 of
which is connected to an input 798 of the horizental and
vertical deflection amplifier 721. An cutput 79% from
the horizontal deflection amplifier is connected to the
horizontal deflection plates of the display tube.

Tt is evident from the foregoing description that the H
and V components transmitted to the deflection plates of
the display tube depend upon the setting of the sine-cosinge
polentiometers 740-743. These H and V components
will, of course, vary with changes in the X, Y and Z
innuts 70%, 715, and 721, but any viewing angle directed
toward the three dimensional X, Y, Z figure may be Se-
lected by varying the setting of the potentiometers 748—
TA3.

Gross position network

What has been described are the various mechanisms
involved in producing voltage variations on the horizon-
tal and vertical deflection plates of the display tube to
draw a complete figure and to animate that figure, but
the figure drawn and animated is otherwise stationary on
the display tube. To provide controls for causing the fig-
ure to move across the display scope, there is a gross
position network 8§5.

The gross position network 895 comprises a pair of
oates 806 and 867. The gate 806 has a variable DC input
808, the voltage value of which may be regulated by a
hand controlled potentiometer (not shown) or by previ-
ously recorded control signals. The gate 887 has an input
810 which also may be regulated by a hand controlied
potentiometer (not shown) or by previously recorded coin-
trol signals.

The gates 806 and 807 have additional inputs 813 and
814, respectively, which are connected to the output of a
bistable multivibrator §16. The muliivibrator €16 has an
input 817 connected to the input side 42 of the first step
counter of the group 325 and an input 818 connected to
the output 462 of the last storage counter of the last
group 336 representing one complete figure. The 1nput
817 fiips the multivibrator 816 to a condition that opens
the gates 806 and 867, and the input 818 flips the mulii-
vibrator 816 to close these gates.

The gate 806 has an output 8§28 that delivers the 1nput
control voltage to the adder 736 when the gate 385 i1s
open. This voltage is added to the voltage input delivered
by the conductor 795, adding a gross position to the hori-
zontal deflection plates of the display tube 11. The gate
807 has an output 821 that delivers the input control volt-
age to the adder 788 when the gate 887 is open. This
voltage is added to the voltage supplied by the conductor
785 to provide a gross position voltage to the vertical
deflection plates of the display tube 11.

Overlap prevention network

There is an overlap prevention network 845, shown
in FIGURE 8, to prevent the overlap drawing of parts
of the body where other parts have alrcady been drawn.
The overlap prevention network 845 comprises a vidicon
tube, or similar funciioning storage tube 846, that has a
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photo-conductive layer 847 against which the light from
o flash tube 8438 is directed. The flash tube 848 has an input
849 connected to the output 28N from the frame pulse
bistable muitivibrator 23N so that the photoconductive
laver 847 is charged by the flash tube 848 at the bzgin-
ning of the drawing of each frame. The vidicon tube 846
has a signal electrode output 85§ that carries a voltage
whenever the vidicon scanning beam scans virgin terri-
tory on the photoconductive layer 847. There 1s much
less output veltage wien the beam scans areas that have
been previously scanned.

A pair of conductors 851 and 652 are connected 10
the horizontal and vertical deflection voltage carrying
conductors 797 and 789, respectively, which control the
position of the display beam. Therefore, the conductors
9531 and 852 carry the same voliages that produce de-
ficctions in the display tube 11. These conductors 851
and 852 are connected to the inputs €53 and 854 of the
horizontal and vertical deflection amplifiers for the vidi-
con tube, thereby causing the vidicon tube 846 to scan
in a manner exactly paraiiel to the movement of the beam
of the display tube 11. -

The output conductor 838 from the vidicon tube 846
is connected to an ampilifier and clipper 855, the output
836 of which is connectied through a swiich 857 to an
“and” gate &3s. “and” gate 8§58 has another input
859 that delivers 2 voltage when the information being
delivered to the display tube actually represents some-
thing that should be drawn. For example, placement bones
are not to be drawn nor are bones (normatly) to be drawn
when the step counters are counting off in the “out”
direction.

The input 859 may coaveniently be connected to an
“and” gate 8§68 that has one input 862 connectied to the
cutputs 864, 8§65, €56, §87 and 858N, respectively, of the
gates 72, 80, 88, 96 and 150N associated with the sicrage
counter chain. These gates may be used for intensity
variation with hand controiled variable DC inputs 879,
871, 872, 873 and 874N for varying the voltage passed
by these gates according to the desired intensity of the
display beam. For a placement bone, the intensily setting
for the gate associated with the placement bone can be
set for no voltage output.

The “and” gate 85$ has ancther input 878 connected
to the “in” output conductor 329 of the in-out bistable
multivibrator 12¢. Thus, when the “and” gate 860 re-
ceives a voltage from the intensity gates through the input
862 as well as from the conductor §78, it transmits volt-
age to the “and” gate 838. If, at the time this voltage 18
received by the gate 8§58, there 1s a voltage in the input
from the vidicon tube 846, the “and” gate dclivers an
output 8&% to a blanking grid on the display tube to
turn the beam on whenever there 1s a voltage in the con-
ductor £8§. Similarly, the blanking grid blanks the display
beam when there 1s no output from the “and” gate 838,
To accommodate those instances when 1t 1s desired to
draw during the “out” condition of the system, ancther
input 883 to the “and” gaie 868 may be provided. This
input 883 is connected to the “out” conductor 122 of the
in-out bistable multiviorator 3128. A switch 884 is pro-
vided to allow selection between the inpuis 878 and 883.

The other position of the switch 857 puts it in contact
with an input conductor 881 to a bistable multivibrator
882. This connection 1s made for Mods Two operation,
and its function will be described hereinafter.

When tae display beam 1s blanked cut because the sub-
ject drawn involves a placement bone or because the

storage counters are operating in an “out” seguence in-
stead of an “in” sequence, it would be undesirabie to have
the vidicon tube scan the photoconductive layer 847 and
prevent later display of the same area by the display tube.
Consequently there 1s a conductor 835 connected from
the conducior 859 (o a blanking erid on the vidicon tube
246, When there 18 no signal 1n the conductor 835, the
beam of ihe vidicon tube &4 is turned oil. Therefore, a

1
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voitage in the conductor 885 is present when the necessary
conditions for vidicon scanning (drawing) are met, and
the vidicon beam is turned on. Simiiarly, no voltage in
- tne conductor 885 indicates the conditions for drawing

have ot been met and the vidicon beam is turned off.

Intensity modulation

3364382

o the design of the background. The scanning device 916

 has a straight line raster that sweeps in a regular rectang-

ular path according to the output from a conventional

- horizontal and vertical sweep sawtooth generator 919,

To lcausa the beam of the display tube 11 to '-make” .

drawings having minute details on them and. to infro-

duce shading into the drawing, there may be various ways
to modify the intensity of the display beam. The intensity

‘modulation is done regardless of the state of animation

- of the figure and regardless of the positions ‘of the dif-
terent bones. For full intensity modulation, as shown in.
- FIGURE 7, there is a video amplifier §30 conzected to
- the output 891 of a photomultiplier tube 892. ‘The photo-
- multiplier tube 892 is positioned at right angles to the

- skin scanning cathode ray tube 348, A 45° 30-30 mirror
883 is positioned between the film holder 347 and the
object lens 35§ to direct half the scanning beam upwardly
toward the photomultiplier tube 892. Between the photo-
multiplier tube 892 and the mirror 893 there is a filin
holder 8%4 for receiving variable density. film on which
the density variation corresponds to desired variations

in the intensity of the figure being drawn. The density

‘varitations on this intensity film are positicned accord-

_ing to the sweep of the scanning beam of the cathode

ray tube 348 so as to synchronize with the ultimate draw-

| ‘ing of the figure by the display tube 11. The beam scans -

- the film in the holder 894 and whatever intensity of the

beam there is passing through the film is directed past
‘some condensing lenses 895 to the photomultiplier tube

69Z. The video amplifier 896 has an output §9¢ that is
connected to an intensity modulation control on the dis-
play tube. Since the scanning beam of the tube 348 is
synchronized with the generation of a given bone to pro-
-vide three-dimensional skin for that bone, and the den-
~sity variations on the intensity film in the. flm ‘holder

834 correspond to the minute details of ail points on
sequentially with

- the surface of the skin for that bone
generation of that skin, this densily variation may mod-
ulate the signal output from the video ampiiiier 8§%0, re-
gardless of the and ¢ settings for that and regardless of
- whether or not the bone is utndergoing animation, -

There are ways to provide a shading effect by other
Intensity controls, For example, the output 354 from the

video amplifier 353, which has voltages varying with
variations in the skin vector '
- conductor 897 to a di
output from the di ferentiator 898 is delivered by a con-
- ductor 899 to a summation amplifier 980 (FIGURE 8)
~ having
amplifier 962. The output 903 from the video amplifier
i1s connected to a conductor 9804 which is connected to

a control on the display tube for modulating the intens-

ity of the display beam.

an output conductor $01 connected to a video

~ flection plates of the scanning device 916.

15

- until everything else has been drawn.
10

The sawtooth generator 919 is started by an input pulse

~dfrom a conductor 928 that is connected to the output

from the last storage counter of the storage counter chain
336. Therefore, background information is not scanned

The sawtooth generator has output voltages '9_21"; and
922 which are delivered to the horizontal and vertical

deilection amplifiers 923, the outputs 924 and 925 of
‘which are connected to the horizontal and.

vertical de— |

The output from the sawtooth generator 919 is also di-

‘rected to the vidicon tube 846 to cause it to sweep paral-
el to the background scanner 916 to produce blanking

whenever the sweep covers areas over which drawings

~ have already been made. These same outputs 921 and -

20

2% are also conmected through the conductors 851 and

- 852 to the deflection amplifiers 791 of the display tube 11.

25

30
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- The scanning device 916 has a video output 927 that

18 transmitted to a video amplifier 928. The output 929
Irom the video amplifier is transmitted to the intensity
-modulation input 904 to the display tube 11. Drawing of
- the background, therefore, occurs by modulation of the
intensity of the display beam as it sweeps the same path
~as the background scanning device 916, the display beam

being turned off every time the vidicon tube 846 indi-
cates any overlap. R R

- Recording network = | |
- The sygtem has basic variables that have thus far been

described as being manually controlled. There are, of
course, many variables in the over-all system, including

- the variable DC inputs §7-61N to the storage counters

48-58N to determine the lengths of bones, the variable
-DC inputs 16¢-164N and 173-177N to the ¢ and ¢ gates

- to provide animated miotion to the figure being displayed,

40

A, may be delivered by a
‘erentiator 898. The differentiated .
o0 _ _
of any single appendage or part of an appendage of a
figure without affecting the rest of the recording. Conse-

55

_otill another way to modulate the..inteﬁsity of the dis-

play beam is to connect a conductor 907 (see FIGURE
. 8) to the sine wave cutput 14 of the master oscillator

60

10 and deliver this sine wave through a variable resistor
- 988 to a variable phase shifter $69, The output 919 from
- the phase

fier 809 for combination with the differentiated “A”

voltage or it may be fed directly to the intensity  mod-

~ulation input 204 to the display tube. The variable phase
shifter 909 allows modulation of the beam intensity at

any poiat or points of the sine wave input to provide.

variations from light to dark of the displ_ay: ‘beam.

Background network

~ network 915 that includes a high resolution scanning
image orthicon or other scanning device 916. The scan-

shifter may be fed into the summation ampli-

65

. 'Background information is supplied by 2 1béékgmﬁnd. 70

ning device 916 scans a film 917 through an optic lens

218, The film %17 has density variations correspon fing

75

inputs to the 6, ¢, r and 7 gates.

the variable DC inputs 390-394N and 876-874N to the -
r and i gates to accommodate rotation and twist of dif-
ferent appendages and to modulate intensity, variable
DC inputs to the servo controls 750 and 753 that regulate |
the camera angle network and variable DC inputs to
the gates 806 and 867 in the gross position network, |
 That these controls can be varied manually is desirable

~because an operator is thereby enabled to create figures
~and to animate them. But it is highly desirable that at
least the motion parameters be somehow recorded and

that the recording system permit changes in the motion -

quently, this system ‘has a recording network that can
record any of the variables in the system and is especially
useful in recording the motion parameters, including the

The recording network is shown in FIGURE 21A .

‘bank of gates 941-%45N are associated with the bone
generator network of FIGURE 1. These gates 941-945N.
are representative of any of the motion parameter
‘such as the ¢ gates 69, 77, 85, 93 and 147N.° .

The parameter gates 941-945N have inputs 946, 947,

948, 949 and 958N that are respectively connected

through switches 951, 252, 953, 854 and $55N to a series
of manually controllable inputs 958, 957, 958, 959 and

968N. These inputs 956-960N may be conventional poten-
‘tiometers to provide a variable DC level input to the

gates 941-945N. If the gates 941-945N correspond to
the 6 gates in the bone generator network, the variable

inputs 956-980N correspond. to the ¢ gate inputs 160-
164N. When the switches 951-955M connect the variable
inputs 956-968N to the gates 941-945N, the control .

Is as was described in connection with FIGURE 2.
- The switches 951-955N can be moved out of contact
with the manually controlled inputs 956-960N and into

gates,



3 364,382

31

contact with a plurality of conductors 981, 9262, 363,
964 and. 965N. These conductors are connected to the
outputs of a plurality of holding capacitors 968, G467,
968, 969 and 9706N. If necessary, butier amplifiers 971,
972, 973, 974 and 975N or simiiar devices, may be
connected on the output sides of the holding capacitors.
The holding capacitors 965-270IN store DC voltages the
magnitude of which represent the parameter inputs to
the gates 941-945N. These voltages on the holding
capacitors are supplied by a tape and de-multiplexing
system to be described.

In the present description, the recorder has two chan-
nels including two read or playback heads 93¢ and 531,
two write or record heads 282 and 8§93, and two erasc
heads 9284 and 985. The tape moves across these heads
moving first across the read heads 989 and 281, followed
by the erase heads, and last the write heads %82 and 9€3.
‘Channel two of the tape corresponding to the read head
081 and the write head 983 carries the sine wave gen-
erated by the master oscillator 0. Thereiorg, an output
conductor 986 from the read head 981 continuously
carries a sine wave. This conductor 986 delivers the sine
wave to a square ‘wave generator 987 that generates a
square wave output 988 in phase with the sine wave D35,

The square wave output 988 is delivered through a

common conductor 989 as individual inputs 938, 921,
992 993, 994 and 995N to a bank of gates 097 &98,
999 1600, 1661 and 10J2N. These gates O07 10020
open in series when triggered and are set to remain open
for equal lengths of time during the counting of a speciiic
number of square wave pulses.
The gate 997 has an input 1005 that deiivers a trig-
- gering pulse to open the gate 067, With a fully recorded
tape, this triggering pulse or frante pulse is deiivered auto-
matically to the input 1085 as will be described. Initially,
however, some other conventional means must be used
to transmit a very narrow ftrigger pulse to the input
1065. As a matter of convenience, this frame puise may
constitute the frame pulse output from the multivibrator
23N (FIGURE 1).

The gate 997 delivers an output pulse 108¢ to cpen

the cate 998 at the time the gate $97 closes. There are
similar output conductors 1087, 1688, 1009 and 10ION
between the rest of the gates so that the gates operate
in series.
- The gates $97-1002N have outputs 1612, 1913, 1814,
1015, 1036 and 1017N, and a plurality of conductors
1018, 1019, 1029, 1621, 1022 and 1923N deliver pulses
from these outputs to a bank of multiplexing gates 1024,
1025, 1026, 1027, 1028 and 1029N. Therefore, the gates
1024—-1029N are opened in sequence as the gates $37-
1092N are opened.

The gate 1024 has an input 1032 connected to a gen-
 erator 1033 for generating a low level narrow pulse DC
voltage below the range of the parameter voltages. The
other gates 1025-1029N have input conductors 1934,
1035, 1036, 1037 and 1938N. These conductors 1634-
1038N are connected to the input conducters 946—956N
leading to the parameter gates 941-945N. Therefore, any
control signals that are transmitted to the parameter gates
are also transmitted to the multiplexing gates 1025-1G2ZDIN.
These signals are passed by the gates 1625-1829N to
their outputs 1041, 1042, 1443, 1644 and 1045N. As these
pates are opened in sequence with the opening of the
gates 998-16G2N these outputs are transmitted by a
common conductor to the Channel one write head 982
for recording.

The output conductors 1012-1016 from the gates
297_1001 are also connected as trigger inputs 1950, 1931,
1652, 1653 and 1054N to a bank of demultiplexing gates
1055, 1656, 1057, 1058 and 2¢S9N. The other inputs to
the gates 1055-1059N originate from the channel- ore
read head 980 that has an output conductor 186 leading
to 2 pulse separator 1661. The pulse separator 1061 has
an output 1062 that delivers the low level narrow frame
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or trigger pulse to the input 16035 to the gate 997. The
pulse separator 1661 has another output conductor 1963
hat transmils the series of DC parameter voltages as in-
puts 1065, 1866, 1467, 1668 and 1369N to the demulfl-
plexing gates 18551839, When the demultiplexing gates
1655-1058N are opened in series by the gates $97-1081,
they pass the recorded DT voltages to the storage capaci-
tors 966—970N for ultimate use by the bone generator.

A conductor 1879 connected from the sine wave read
tead 921 to the channel two write head 933 causes con-
tinuous recording of the sine wave (unless the speed OIf
the tape keeps the sine wave synchronized with the record-
ing of parameter vcltages making rerecording unneces-
sary). Another conductor 1671 makes the reccorded sine
wave available to the bone generatoer, and a conductor
1073 makes the square wave available to the bone gen-
crator, both for use in lieu of the sine and square waves
cenerated by the clock 10. Still another conductor 1973
makes the frame pulse available to the storage counter A6
of the bone generator.

Operation

At times during the preceding description of this mven-
tion, distinciions have been made between various connec-
tions for Mode One operation and Mode Two operation.
In Mode One operation, the picture drawn on the dispiay
tube has zll of the skin that would ultimately appear on
the picture to be photographed or displayed, such as illus-
trated in FIGURE 19. For Mode Two operation, the cnly
<kin added to the bones is a skin outline. The reason that
the system incorporates provisions for Mode Two opera-
tion, or operation with only an outline of the skin, 1s to
allow the machine to operate at full animation rate, for
example, 24 frames per sscond, even though the band-
width capacity of some of the components of the system
makes them incanable of operating at such a rate. FIG-
URE 20 illustrates a Mode Two drawing corresponding
to the man shown in FIGURE 19. Since in Mode One
operation all of the components of the system are doing
what they normally do to draw a completed picture on
the display scope, this description of operation will begin
with Mode One under manual control. (The operation
with recording appears hereinafter.)

Refore Mode One operation begins, various switches are
set in the Mode One positions. In the skin scanner net-
work, these switches include the switches 342, 543 58533
and 536 on the input sides of the —180° and --180° bi-
stable multivibrators 425 and 426 (see FIGURE 6).
These switches are moved out of contact with their asso-
ciated input conductors to disconnect the bistable multi-
vibrators 425 and 426. At the input to the summation am-
plifier 467 (FIGURE 7) leading to the horizontal detlec-
tion amplifier 409, the switch 466 1s moved to the Mode
One position in contact with the output of the sawtooth
cenerator 360 to make the skin scanning cathode ray
ribs 248 scan in its full rectangular sweep. The switch
479 on the input side to the sawtooth generator 471 con-
trolling the vertical deflection plates of the scanning tube
342 is moved to the Mode One position to connect in the
resistor 477 providing proper velocity for the vertical
sweep of the scanning beam.

In the vector combination network (FIGURE 4), the
switches 660, 668, 663, 671 and 675 are moved 10 their
More One positions, and the switch 728 i1s moved to its
Mode One position. These switches connect in the proper
conductors carrying voliages represenfing those geometric
quantities necessary to solve the eauations set forth In
The General Theory of Bone and Skin Generation.

The other switches that are set in the Mode One posi-
fions are the switches associated with the overlap preven-
tion network 845 (FIGURE 8).

To operate the device, the clock or master oscillator 10
i started. Thereafter, the clock 18 continues to generate
square wave, sine wave and cosine wave outputs 2, 14
and 16, respectively. The square wave output 12 is trans-
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- mitted to the series of bistable multivibrators 18-23N
which successively step down the frequency of the square
wave., - | | R

23N is transmitted as a trigger pulse to the series of stor-

- age counters 46-56N. There are as many storage counters

- as there are bones in the one or more figures in a given
picture to be drawn. These storage couaters may be
thought of as arranged in groups 325-336, as illustrated
in FIGURE 6. Each of the groups 325-336 represents a
connected series of bones for a member of the body, such
as the bones for an arm, the bones for a leg, ec.

Removable plugs 369 and 374 between certain ones of

‘these storage counter groups permit selective connection
of the order in which the storage counters are to be oper-
~ated. Although the drawing illustrates. only such storage

- counter groups as are required for a single figure, it should
- be understood that the output from the last storage count-

- er group 36 may be connected to another series of groups
- - associated with another figure. Tt should also be under-
‘stood that these storage counters may be used to draw the

skeletons of objects other than animal figures because the

programmed information to be added
counter outputs 1s infinitely variable. .

FIGURE 2 illustrates a series of storage counters 46,
47, 48 and 49 comprising a. group for generating a series
of connected bones. These storage counters represent the

to the storage

right arm stcrage counter groups 325 and 326. The trig-
ger pulse from the bistable multivibrator 23N fires the
- first storage counter 46 and then the next storage counters

47-49 in succession, after which the storage-counter 45

1s again operated, followed by the storage counter 48, the

storage counter 47, and the storage counter 4%. This
‘sequence of operation is established by the in-out bistable
- multivibrator 126 as has already been described in detail.
(The arrangement of gates to operate the storage counters
“In” or “out” is a very convenient way to avoid additional
storage counters, but the same operation could be
achieved, at greater expense, with storage counters for the
- “out” condition and separate storage counters for the “in”
“condition.) N | |

Each storage counter 46-49, once triggered, counts off

pulses, the number of which is determined by the variable

inputs 57, 58, 59 and 6. The number of pulses counted

by each storage counter represents the length of a bone.

The output 29N from the last bi‘Stéble multivibrator
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storage capacitors 217, 219, 236, 231, 246, 247, 266 and
~Various ones of these DC voltages are combined and
integrated by an integrator network illustrated in FIG-
URE 1, and comprising the integrators 265, 266 and 267.
The outputs 28§, 29¢ and 2%4 from these integrators rep-
resent, respectively, the components X, Y and Z for the
bone that is being counted off by any given storage
counter 46-50N. These outputs 280, 290 and 294 are
ramp functions that vary linearly with time according to
the length of the bone. D
Successive bones are connected together end to end so
long as the capacitors 269, 271 and 273 associated with

the integrators 265, 266 and 267 are not discharged. For

cxample, the bone generated by the storage counter 47

~starts with the end of the bone generated by the storage

counter 46, although the angular position of the second

bone is independently determined by ifs theta and phi

gates 77 and 78. Of course, it is not the bones themselves

‘that are drawn, but rather the skin on the bone, the posi-

~ tions of the bones merely providing reference lines for

30

the skin vector A.

The connections between successive bones can be inter-

~ rupted if the capacitors 269, 271 and 273 are discharged.
25

Discharge of these capacitors occurs according to the
programming of a flyback network that includes normally
open switches 309, 381 and 362 across the capacitors.

~ These switches are closed whenever there is a pulse out-
- put from a flyback bistable multivibrator 306, and such

a pulse does occur following the operation of the last

- storage counter drawing the last bone in a single display
~frame. There are also the selective connections 310-315

that permit programming of flyback at various points dur-
ing the display of the figure. The purpose of this selective

‘programming is to provide flyback of the display beam

~ to the navel or starting point after the last display bone
~ of one bone group has been drawn, to thereby establish

group.

that starting point for the first bone of a succeeding bone

‘To add skin to the bones, various equations are solved

-~ to produce X, Y and Z components of the magnitude and
" position of the skin vector A. These equations are indi-

45

"The pulses counted are those fed from the output of one

or the bistable multivibrators 18-Z3N. Thus, the variable
1nputs 57-68 determine the length of time that the stor-

~age counters remain open or that the storage counters

count puises; and the length of ‘each bone is a: function .
P | |

-of time and of the frequency of the cutput from the par-
ticular bistable multivibrator to which the storage counter

1s connected. The cutput from any one of these storage

counters thus determines the length of a bone, such as the
bone L in FIGURE 15. =
. The angles theta and phi which position the bone with
‘respect to the three-dimensional axes X, Y and Z, as indi-
cated in FIGURE 15, are established by a series of gates

‘connected to the cutputs of the storage counters. For ex-

ample, a theta gate 69 and a phi gate 78 are connected

. to the output from the storage counter 46. Other theta
and phi gates are connected to the outputs from the other

storage counters. -

 The theta and phi gates 62 and 70 are opened for the-
duration that the storage counter 46 is counting pulses.

- These gates have variable DC inputs 168 and 173, respec-
tively, that can be set for any desired values of the angles

- theta and phi. While the gates are open, these DC volt-

ages are passed through the gates to a sine-cosine func- =,

tion generator illustrated in FIGURE 3. R
- The purpose of the sine-cosine function generator is

cated in the section on General Theory of Bone and Skin

- Generation. The equations are solved by the network illus-

trated in FIGURE 4. ) | |
~ As any bone is being counted out by its storage counter, -
such as the storage counter 46, the sine and cosine func-

tions of the various combinations of theta and phi are

being stored in the storage capacitors 217, 219, 230, 231,

246, 247, 260 and 262, and the required ones of these

stored DC voltages are being transmitted to the network

illustrated in FIGURE 4. At the same time, additional in-

puts to the network of FIGURE 4 include the sine wave

~14-from the master oscillator which is equivalent to sin

kot and the cosine wave 16 which is equivalent to cos

~ kot. These sine and cosine waves are transmitted as inputs
632 and 635 to a pair of transformers 639 and 631. These

several inputs are combined in various ways to produce

- geometric quantities 665, 673 and 677 that can be multi-

60
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of the vector A. -

plied by the vector A to give the X, Y and Z components

_ The magnitude of the skin vector A is dependent upon

- the output from the skin scanning network 349, iilustrated

in FIGURE 7. In the skin scanning network 348, a skin
film 341, as illustrated in FIGURE 9, is scanned by the

‘beam of the scanning tube 348. This scanning beam is pro-
- grammed to scan parts of the film 341 that correspond
not only to the particular bone being drawn but to the

rate ‘at which that bone is drawn. The beam is pro-
grammed to scan upwardly across a section of the skin -

- film when the operation of the bone storage counters cor-

to develop DC ?oltages representing the sine and cosine

of various combinations of the angles theta and phi.

' These quantities are developed and stored in a_fgmup_{}f

75

responding to that skin film section is in an “out” direc- -
tion, and to scan downwardly across the same section
when those storage counters are. cperated in an “in” di-

‘rection. The programming also positions the starting point B
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of the scanning beam, the rate at which the scanning
beam sweeps horizontally across the film, and the rate at
which the scanning beam moves vertically across the film.
All of this programming assures that the magnitude of the
vector A at any given time is the proper value corre-
sponding to the point of the relative bone that is being
drawn at that time and corresponding to the angular posi-
tion of the skin vector A as it twirls arcund the bone.

The magnitude of the vector A is synchronized with
the angular position of the vector A by the operation of
the switch 363 in the horizonial deflection sawtooth gen-
erator 360 which is set to cause the beam to make one
complete horizontal sweep during the period of the mas-
ter oscillator 10. This horizontal sweep occurs as a charge
build-up on the capacitor 362, and the capacitor 362 1s
discharged when the switch 363 closes. When the capaci-
tor 362 is discharged, the scanning beam fiies back to iis
starting point, except that it continues to move vertically
according to the vertical deflection sawtooth generaior
471. |

The closing of the switch 363 is conirolied by the
square wave output 12 from the mastor oscillator, the
frequency of which is halved by the multivibrator 331, Ac-
cordingly, the capacitor 362 remains discharged for a
complete period of the master osciliator ouiput. This ex-
tended discharge time prevents desynchronization of the
horizontal sweep with the angular position of the vector
A which would occur otherwise as a result of the flyback
time for the scanning beam.

Since the switch 363 is reopened according to the square
wave input 12 from the master oscillator 10, the start of
the horizontal sweep is always synchronized with the
aneular position of the vector A that in turn is dictated
by the sine and cosine ouiputs 14 and 16 from the master
oscillator.

The vertical movement of the skin scanning beam 1S
synchronized with the rate that the relative bone 1s drawn
by the proper DC voltage input 475 to the horizontal
sweep sawtooth generator 471, The magnitude of this
input voltage 475 is determined by the operating input
488 or 505 to the up-down bistable multivibrator 441,
and these inputs 488 and 505 are connected to the input
to the bone storage counter being drawn. In addition,
the up-down bistable multivibrator 481 causes the beam
to move up or down according to which input 463 or
535 carries a pulse. As has already been described, the
input 488 is connected to appropriate points in the storage
counter chain to generate a positive DC voltage output
when the storage counters are operated in an “out” di-
rection. Connections of the input 585 to points in the
storage counter chain produce a negative DC voltage out-
put during “in” drawing of the bone.

Whenever the generation of boaes 1n comnected se-
quence is interrupted by the flyback network, the switch
474 on the vertical deflection sawtooth generator 471 1s
closed to discharge the capacitor 473 and cause the
skin scanning beam to flyback to its vertical starting posi-
tion. The switch 474 is controlled by an input 5ZZ to an
amplifier 521, the input 522 being programined with the
flyback network illustrated in FIGURE 1.

In addition to the foregoing, the programming neiwork
illustrated in FIGURE 6 provides appropriate position-
ing voltage inputs 412 and 529 to the horizontal and ver-
tical deflection amplifiers 489 and 485, respectively, as
has already been described in detail.

The variable voltages representing the skin vector A are
transmitted through the conductor 354 from the skin
scanning network 346 to the equation solving netwoerk
illustrated in FIGURE 4. There the vector A 1s resolved
into positive and negative components which are trans-
mitted as inputs to the muitipliers 638, 681 and &62. The
other inputs to these multipliers are voltages represent-
ing the angular factor by which the vector A must be
- multiplied to produce its X, Y and Z components. The
combination in the adder amplifiers 766, 712 and 718
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(FIGURE 5) of the outputs 698, %9 and 700 from the
multipliers with the outputs 289, 229 and 253 represent-
ing the X, Y and Z components of the bone being drawn
produces the X, Y and Z components of the total figure.
These X, Y and Z components are the three-dimensional
quantities that are always available as information to the
camera angle network 739.

The camera angle network generates a two-dimensional
output that is related to the three-dimensional figure ac-
cording to the angle from which the figure is viewed. Here,
reference may be made to the earlier section on Theory
of Camera Angle Network. That discussion, and its refer-
ence to FIGURES 16, 17 and 18, shows how rotation
of the three-dimensional reference axes X, Y and %
through angles a and b allows viewing of the figure from
every possible angle. |

The camera angle network 739 performs these rota-
tions through the angles a and b and solves the equations
set forth in the section on camera angle network theory
to produce two outputs H and V, the magnitudes of
which, when transmitted through the horizontal and ver-
tical defiection plates of the display tube 11, determine
the position of the display beam.

The H and V component outputs 785 and 765 vary as
the figure displayed is animated. Animation 1s accom-
plished by simply varying the variable inputs to the theta
and phi gates connected to the outputs from the storage
counters. As the values of theta and phi vary with the
drawings made in successive frames, the positions of the
bones are varied.

Animation also often involves variation of the variable
inputs 390-394N to the r gates 7%, 79, 67, 95, and k49N.
These gates produce a gross rotation of the skin about
their respective bones as is necessary when a bone, such
as a head bone or an arm bone, rotates relative to the
other bones in its group. The outputs from these r gates
are fed through the conductor 489 to the skin scanning
network 349 to provide an additional control over the
starting point of the horizontal sweep deflection genera-
tor 359.

Additional controls over the position of the beam of
the display tube 11 are provided by the gross position net-
work 865 (FIGURE 5). This network 885 does not effect
the values of the H and V components 785 and 785, and
therefore, does not effect the basic animation motion of
the fisure being drawn. The purpose of the gross position
network 895 is to allow the entire figure to move horizon-
tally and vertically across the display tube.

In the gross position network 8¢5, DC voltages 808
and 810 are fed into two gates 8066 and 887. The magni-
tude of the voltage 888 determines the gross position of
the figure in a horizontal direction, and the magnitude
of the voltage 810 determines the gross position of the
figure in a vertical direction. |

The gates 866 and 897 are opened by the output from
the storage counters 46—-50N and transmit their DC volt-
age inputs 888 and 818 to the horizontal and vertical de-
flection plates of the display tube 11 when the gates 886
and 887 are opened by the bistable multivibrator 816. The
multivibrator 816 opens these gates 866 and 887 for the
duration of operation of all the storage counters 46—30N.

Overlap is prevented by the overlap prevention net-
work 845 (FIGURE 8). The scanning beam of tie vidicon
tube 846 is made to scan in parallel with the beam of the
display tube 11 because the inputs to the defiection ampli-
fiers 791 for the tube 11 are also fransmitted to the defiec-

“tion amplifiers for the vidicon tube 846. Whenever the

scanning beam of the vidicon tube 845 moves across an
area that has already been drawn, there 1s no signal in the
output 8596 that ultimately leads to the input 880 to the
blanking grid of the display tube 11; and the display beam
is blanked out.

The blanking grid mmput 889 is also influenced by the
“in-out” bistable multivibrator 12¢ and by the intensity
gates 72, 80, 88, 96 and E50N connected to the storage
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- counter outputs. When the. “in-out” bistable multivibra-

‘tor 12¢ indicates that the storage counters are being op-
erated in a direction for which there should be no dis-

play, or when there is no output from the intensity gate
associated with the bone being drawn, the beam is blanked

out. When blanking is caused by either of these latter two
- conditions, the beam of the vidicon tube $46 is also

blanked out so that it will not continue to scan while the
- display beam is off. | | "
After all of the figures

have been drawn on the display

tube, the background is added. Addition of the back-
ground is under the control of the horizontal and verti-

cal sweep sawtooth generators 919 that cause a scanner

916 to scan a background film 917 by a conventional rec-

tangular raster sweeping motion. These same horizontal
and vertical sweep sawtooth generators 919 cause the
beam of the display tube 11 and the beam of the vidicon
tube 846 to sweep parallel to the scanner 216 ‘As the

beam of the display tube 11 sweeps, its intensity is modu-
1 the scanner 916, which out-

lated by the output 927 fror ,
put varies with the intensity on the background film 917.
At the same time, the vidicon tube 846 blanks out the
display beam whenever the area being scanned has al-
ready been drawn. o e

The operation which has just been described is for
Mode One operation. With low bandwidth components,

operation 1n Mode One must take

sible because a camera photographing the picture on the
display tube 11 can also be operated at slower than frame
speed, and then when the camera is speeded up to the
normal frame rate, the pictures

jected at a rate that produces the normal animation de-
sired. | | o o

To enable an operator to produce animation on the

- display tube 11 at frame rate speed, operation in Mode

“I'wo is provided. This Mode Two operation permits pre-

- liminary animation of characters on the display tube 11

permitting the operator to vary
~he watches the figure. _ -
~ For Mode Two operation, the various switches that
‘were switched to positions for Mode One operation are

the animation inputs as

‘moved into their other positions for Mode Two operation.
In Mode Two operation, generation of the bones OCCUrs

in the same way as

and Z components of the vector A added
nents for the bone represent only
'To provide the

to the compo-

connected and the only horizontal movement of the beam °

that occurs depends upon the positioning of the starting
point for scanning to the input 412 to the summation
amplifier 407. (‘This
unchanged from Mode One: operation.) Thereafter, the
- horizontal position of the scanning beam is
- by the input 4¢9 from the r gates 71, 79, 87,

95 and 149N

V1 place at a slower speed
than the normal frame rate. This slower speed is permis-

on the film will be pro-

for Mode One operation, but the X, Y

positioning of the starting point is

affected only

| - 3%
bistable multivibrator 882 is again flipped to turn the dis-

play beam back on. -

~ The ‘combination of the vector A with the various
~ geometric quantities generated by the network in FIG-

&

- URE 4 occurs in the multipliers 688, 631 and 682, and

the outputs from these multipliers are combined with
the X, Y and Z components of the bone to produce -

X, Y and Z components for the figure outline. The opera-

- tion of the camera angle network upon beams X, Y and

10

- tion.

15

Z components is the same as it was for Mode One opera-

5 . Oﬁﬁmtfon with II’&’CG}‘dfng |

" For 'purpdses'pf_ d-_e'scriptian, it may be _S_upposed that
the device is being used to generate an animated se-

quence. A sine wave of desirable frequency has been
previously recorded on chanmnel two of the tape (corre-
sponding to read head 981 and write head 983). The
operation of channel two is thereafter automatic. The

20 sine wave is transduced into a voltage signal by the read

head 981, fed into the square wave generator 887 where

- the square pulses are used by the timing section storage

05

30
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counters 397-1092N as a time base for their action. The
sine wave is also sent through the conductor 1070 and re-

recorded through the channel two write head 983 in phase
with the actions of the multiplexing gates 1024-1029N.

If the distance between the read and the write heads is

~such that the re-recorded sine wave signal is in phase
- with the previously recorded
-re-recording is unnecessary.

(or upstream) signal, then

- To illustrate the operation, reference may be made to |

‘recording the actions of one bone in terms of the ¢ angle

as controlled by the variable input 955. The switch 951

1is placed in its recording position, e.g., it connects the
~conductor 946 to the control input 956. The DC voltage -
- output of the coatrol is then presented to the gate 041,

~and the variations in vecltage cause the angular- position
- of that particular bone to vary as would be evident on

40

the display. At the same time, this control voltage is
being presented to the input 1834 of the multiplexing gate

1025 where it is sampled in its turn as the gates 1024—

- 129N are fired (opened) in the sequential order as pre-

45

an outline of the skin, -
_ ~skin outline, the horizontal sawtooth
generator 369 in the skin scanning network 340 is dis-

50

-scribed by the timing section outputs 1018-1023N. One
~“sample” of the voltage in conductor. 1014 is taken for

each frame. During the time that the multiplexing gate
1025 is held open, the control DC voltage 956 is delivered
through the conductor 1646 to the channel one write head

- 982, where is is recorded on magnetic tape as an analogue
of the voltage. =~ - = e
 The gate 1025 was held open by ifs control input 1019

in the sequence and for a time determined by the opera- -
tion of the storage counter 998. The fixed time of dura-

tion of the counter output 1013 is determined by an in-

trinsic network which counts a fixed number of high
irequency pulses delivered to it from the square wave
generator 987. The time of opening is determined by the

~ time the storage counter 998 receives a firing pulse from

~.and by the outputs from the —180° and _'—|—180"f'_ bistable

~ mulfivibrators 425 and 426. e
- The vertical sweep sawtooth generator 471 causes the

“beam to move vertically upwardly as the
‘operate in an “out”
- wardly as _
‘tion. Between the “out” and “in” operations of the
age counter, the multivibrators 425 47

‘upon whether the bones being drawn are on the right side

or the left side of the figure. o
For Mode Two operation, the switch 857 (FIGURE 8)

1s moved into contact with the input to the bistable mul-
~tivibrator 882. Under these circumstances, the vidicon

70

~tube 846 flips the bistable multivibrator 882 to blank out

the display beam when the vidicon tube scanning beam

- crosses an outline of skin and then when the beam cross- -

e

s the outline of skin on the other side of the bore, the

the previous counter 997, which pulse is generated upon
‘the closing of that counter 97. Thus it can be seen that

60-_jthe. sequential order of firing of the counter chain 997—
storage counters -

t” direction and move vertically down-
the storage counters operate in an “in” direc-
stor-
. and 426 shift the.
scanning beam 180° to the right or to the left depending -

1001 causes the outputs of the multiplexing gates 1024—
1092ZN each to be recorded for a period of time, and in

‘a sequence determined by the timing section, that se-

quence being initiated by and thus synchronized with the

input frame pulse delivered to the timing section by the
‘conductor 1062 coming from the pulse separator 1061,

- Examination of FIGURE 21 shows, therefore, that.
prior- to the recording of the output of gate 1025 the

':“output of gate 1024 has been recorded in analogue fash-

ion on the tape. The input 1032 to this gate 1024 is a
DC voltage which is below the normal -range of control

‘voltages being presented to the other gates 1025-1828N .
of the multiplexing section. It is therefore the recorded

-~ output of the gate 1624 that will be used as a synchro-
nizing frame pulse on playback of the recording tape. k



After manipulating the control input 956 in the de-
sired manner for the desired time over a number of
frames, the operator of the device is now ready to play
back the tape and either view again the actions which he
has just recorded or manipulate another parameter (con-
trol) input, such as the control %37, while viewing the
previously recorded action. As will be shown, the pre-
viously recorded actions of the “run through” just de-
scribed will be performed automatically on the viewing
display.

This animation by manipulation of the controls may
be done at any display frame rate because one Or more
controls may be manipulated for any degree of animation
and recording, followed by playback of the recorded 1n-
formation and superposition of additional signals from
manipulation of different controls.

The tape is rewound to its starting point. The swiich
951 is positioned to the “playback” position to connect
the conductors 946 and 961. If it is desired to record the

actions for the parameter gate $42, the switch 852 1is put
into recording position, connecting the output of the con-
trol 957 to the conductor 947. The operation of the Cli-
cnits associated with the switch 952 is exactly the same
as previously described for the input to the parameter
gate 941, except that the sampling that occurs through the
multiplexing gate 1026 of the multiplexing section occurs
immediately after the sampling through the gate 1025.
As the tape passes the read head 98¢, the voltages pre-
viously recorded by the channel one write head 982 are
transduced into a series voltage signal which is carried
by the conductor 1966 to the pulse separator 1861, The
pulse separator clips off the frame pulse previously re-
corded through the gate 1624 and transmits the re-
maining portion of the series wvoltage signal to the con-
ductor 1062 which makes this signal available to the
de-multiplexing gates 1655-1655N. The frame pulse, hav-
ing been separated from the rest of the signal in the
pulse separator 1061, 1s sent through the conductor 1652
to the input 1095 of the first counter 287, causing that
counter to fire at such time as the DC signal previously
recorded from the multiplexing gate 1825 1s present in
the conductor 1063. When the counter 957 fires, an Op-
erating voltage is sent through the conductor 1812 to the
gate 1855 causing the gate 1935 to open, thus allowing
the voltage present in the conductor 1865 to be passed to
the holding capacitor 966. The holding capacitor $¢6
holds the DC voltage thus presented until such time as
2 new voltage is presented to it during the following
frame. This DC voltage is available during an entire
frame to the gate 941 and to the conductor 1934 for re-

recording, changing its value once each frame.
Tt is not desirable to have the actual moment of change

of a DC parameter voltage occur at the time when that
voltage is being used either in the bone generator 941 or
for re-recording. Therefore, the sequence of record-play-
back is staggered, e.g., while the storage counter %96
opens the gate 1655 for playback of the second parameter
voltage, it opens the gaie 1925 for recording of the first
parameter voltage. |

Tt may be generally noted that the hish frequency sig-
nals availabel in the conductors 986 and ¢88 are the
same high frequency sine and square waves as required
by the device throughout its enfirety and that the frame
nulse available in the conductor 1862 may alsc be used
" in the device, as to stimulate the frame sequencing i
the storage counter chain 46-59N. il may also be noted
that the bone gates 941-945IN always have available to
them, through the inpuls 645—8501, DC control voitages
which may be used at any time during the frame, whether
the voltages are being promulgated by some continuons
control means 956-860N or whether they have been pre-
viously recorded but are being helid in the capacitors 56—
g7aN. Therefore, the operation ¢f the bone gates DL f
945N may be completely asynchronous with the timing
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operation conirolling the loading and changing of the
voltages in the capacitors 966—9701N.

The recording neiwork has been described in a rather
limited sense in that ifs inputs comprise a single paranie-
ter, such as 6. In actual construction the recording net-
work can be extended ic Incorporate as many parameters
as there are in the basic animation system. In short, with
additional parameters, there would be parameter gates in
addition to the gates £41-945N, corresponding, for ex-
ample, not only to the theta gates &3, 77, 85, 93, and
147N, but, in addition, to the phi gates 7@, 78, 86, 94,
and 148M, the r gates 71, 79, 87, 95 and 149N, and the {
cates 7Z, 8¢, 88, 96 and LEON. For that matter, other in-
puts can be recorded, including information as to bone
length, background, and any other constant or variable in
the system,

Summary

This invention thus provides a completely automatic
system for producing one or more animated figures on
a display which can be transmitted directly in the manner
of television or photographed for later showing as a mo-
tion picture. It will work with any input whether it be
an imaginary input or a real input. The imaginary Input
provision enables an operator to create a sithject and
animation for it. The real input, which requires seiting
of the bone generator for bone lengths corresponding to
the physical parts of a real or live figure and creation of
skin film for the skin of the real or live figure, aliows
monitoring of the actions of the real or live figure. With
the a priori information available to the device, anima-
tion of the real figure requires variations ounly in those
parameters represeniing change, such as the 4, ¢, r, and
i gates. Consequently, capacitive or resistive connections
made to selected parts of the real figure, to sense posi-
tional changes in terms of electrical signals, provide low
handwidth information that can be transmitied to the de-

vice from any distance for regulation of the appropriate
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control parameters.

Various changes and modifications may be made with-
in the purview of this invention as will be readily appar-
ent to those skilled in the art. Such changes and modifica-
tions are within the scope and teaching of this invention
as defined by the claims appended hereto.

What is claimed 15s:

i. A method of producing an animated display com-
prising the steps of generating a series of reference volt-
ages, each voltage having a characteristic representing
lines on a display scope, each of predetermined length
according to the lengths of parts of an object to be dis-
nlayed, for each reference line voltage applying selected
voltages to the deflection plates of the display scope cor-
responding to the positions of the reference lines, generat-
ing a vector voltage, and continuously adding the vector
voltage to the reference line voltages as they are drawn
on the display tube.

2. The method of claim 1 plus the step of modulating
the amplitude of the vector voltage 1n proportion to the
distances of surfaces of the parts of the object from the
reference lines.

3. The method of claim 2 plus the step of modulating
the intensity of the beam of the display tube in response
to a predetermined intensity modulation program.

4. The method of claim 3 wherein the intensity modu-
lation program includes the generation of voltages which
are derivatives of the modulated vector voltages and mod-
ulating the intensity of the beam of the display tube in
response o variations in the derivative voltages. |

5 The method of claim 1 wherein the characteristic
of each reference voliage which represents a line on the
display scope comprises the time duration of the reference
voltages with the duration of each reference voltage being
nroportional to the length of a physical member of the .
fisure, more voliages representing the angular positions |
of the members, the vector voliages being added serially
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to the reference voltages as the
generated. | - -
0. The method of claim 1 with overlap prevention
which comprises the steps of synchronizing the reading of

reference voltages are

an overlap readout source withdrawing of parts of the

- figure on the display tube, the overlap readout source
‘having a memory characteristic of ‘what parts of the read-
out source have been read, and modulating the beam of
the display tube in response to the reading of parts of
the overlap readout source which have already been read,
whereby when parts of the object to be displayed which
are nearest the viewer are drawn first on the display tube,
those portions of other parts of the object behind the

first drawn parts can be blanked out by the said beam

modulation. | | -
7. The method of claim 6 plus the step of generating

readout voltages by reading a source of background in-
- formation, modulating the beam of the display tube in

response to variations in the readout voltages, and syn-
chronizing the reading of the overlap readout source with
reading of the background information, and further modu-
lating the beam of the display tube in response to the read-
ing of the overlap readout source. B | |
8. A system for producing electrical information for

use in video readout to display an animated multi-part

figure on the face of a display tube comprising a clock,
a plurality of controls successively operable by the clock,
each for a preselected time duration for generating first
voltages, the time duration of each first voltage being
‘proportioned to the length of a part of the figure, a plu-
rality of position parameter networks each operated by
a first voltage, each position parameter network having
means {0 generaie a voltage for the duration of operation
of the control, the voltages from the position parameter

networks being proportioned to the positions of the parts

of the figure with respect to predetermined reference co-
ordinates, a generating network including means to gen-
erate a vector voltage and means to modulate the ampli-

- tude of the vector voltage, a voltage combining network

- for adding the modulated vector voltages to the first
- voltages. o - - | - |
9. The system of claim 8 including means for synchro-
nizing the modulation of vector voltage with the timing
of the first voltage generating controls. -~ |
- 10. The system of claim 8 wherein the position param-

eter network comprises a plurality of gates, means for -

‘providing a variable voltage input to each gate, and means

connecting each gate to a first voltage control to open

the gates while the first voltage controls are operated.

11. A system for establishing voltages for representing

animated figures comprising means to generate a sequence

of electrical signals, means triggered by the signals for -

generating a sequence of positioning voltages, means for
- generating a series of vector voltages at a rate proportional

~to the generation of the said electrical signals, means for
combining the vector voltages with the positioning velt- 5
ages, means for varying the. positioning voltages, and

means for recording selected

ones of the positioning and
vector voltages. -~ : B

- 12. The combination_ of claim 11 wherein the I_'E':CQI‘d-_ €0
ing means comprises individual circuits for independent %V

~record and playback of each voltage whereby any volt-
age may be varied and recorded without a
- record of other voltages. | S

- 13. A method for generating and dis'playing an ani-
‘mated figure comprising the steps of generating a plu-
rality of first voltages, varying the first voltages, deriv-
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ages, and establishing a visual display based upon the
resultant voltages as a function of time. -

14. The method of claim 13 plus transposing the re-
sultant voltages into selective coordinate voltages repre-
senting a two dimensional projection of the figure. |

15. The method of claim 14 plus the step of blanking
out. voltages representing parts of the figure behind those
represented by the aforesaid two dimensional projection.

16. The method of claim 13 plus adding voltages re- -
presenting background for the figure and blanking out
those background voltages that overlap the resultant volt- -
ages. A S | |
17, The system of claim 13 including means for modu-

lating the intensity of the visual display in response to

a predetermined intensity modulation program. | |
18. The system: of claim 17 wherein the intensity modu-
lation program includes means for generating voltages

‘which are derivatives of the vector voltages, and for mod-

ulating the intensity of the visual display.

19. A device for generating voltages for representing a
physical body and voltages for amimating the physical
a plurality of length
voltages, a characteristic of each being proportional to
the length of a different part of the body, means for gern-
erating a plurality of position voltages representing angu-

lar position parameters of the length voltages with re-
spect to reference coordinates, and means for. selectively
‘varying the position, and further including means to trans-

pose the voltages into a display on the face of a display
tube and means to change the position of the reference
voltage to move the body across the face of the tube

- 26. The _de?icé' of claim 19 iﬁcmdirjg ﬁrst' means for |

~adding voltages representing a skin surface to the length
voltages, second means for adding voltages representing.

a skin outline to the length voltages, and
lectively operating the first or second means. .
- 21. The device of claim 19 inclading means for record-

means for se-

- ing selected ones of the length voltages for playback and

40

fecting the

65

ing voltage components of each first voltage such that

- each first voltage is the _vectqr_resmtant gf._its components,” :
generating a plurality of vector voltages the magnitudes.
of which are proportional to the thickness of the various

physical members of a figure to be displayed, deriving

70

~ positioning voltages.

combination with selected others of the
when the latter are generated.

22. A method of creating voliages for representing a

length voltages

~movable figure comprising the steps of generating a plu-

rality of voltages each representing

the length of a physi-
cal part of the figure,

generating a plurality of voltages

for each length voltage to position the length voltages

with reference to predetermined coordinates, resolving
the thus positioned length voltages into at least two geo-
metric components, generating a vector voltage, modulat-
ing the amplitude of the vector according to the distances

- of the physical surfaces from the unresolved lensth volt-

ages, resolving the vector voltages into at least two geo-

metric components, vectorially adding the vector com-
‘ponents to the length voltage components. | S

- 23. The method of claim: 22 wherein the length -.Vﬂltu:
ages and the vector voltages are resolved into three com-

- ponents . for three-dimensional representation, plus the - |
step -of selectively resolving the three components of the
‘added length and vector components into two components

for transmission to the horizontal and vertical deflection

controls of a display device for display: of the figure.

24. The method of claim 22 wherein the step of resolv- -

“Ing the voltages into at least two geometric components
1acludes the steps of sampling sine and cosine wave volt-
ages at such times that the sampled sine and cosine volt-

_ ages represent the sine and cosine of selected ones of the

25. A system for producing an animated display on a -

~display scope comprising means for generating in phase,

a continuous sine wave and a continuous square wave

. at relatively ‘high frequency, means for reducing the fre-

~voltage components of each vector voltage, adding the

vector voltage components to the first voltage compo-
nents, resolving the added components into resultant volt-

~quency of the square wave to produce a low frequency

frame pulse at a Irequency which is a whole fraction of

- the square wave frequency, counter means for counting a

75 selective number of pulses generated by the square wave as
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periodic inputs to the counter means, the counter means
being triggered to count pulses, a plurality of gates each
connected to the output from the counier means, means
for programming the gates open while the counter means
is counting pulses, each gate having a variable input and
an output, the input to some gates representing a first
angular position parameter and the input to other gates
representing a second angular position parameter, each
cate passing its input to 1ts output while the gate 1s open,
the outputs of all gates representing the first parameter
being connected together and the outputs of all gates rep-
resenting the second parameter being connected together
whereby the first parameter voltages are transmitted 1n
one series and the second parameter voltages in another
series as the counter means operate, and means to resolve
the first and second parameter voltage series into corre-
sponding series of horizontal and vertical deflection volt-
ages for serially positioning a display beam on the display
scope at frame pulse intervals.

56. The system of claim 25 wherein the resolving means
includes means to produce three component voltage series
representing three dimensions of the subject for display,
and a camera angle network for resolving the three-dimen-
sional voltage series into two-dimensional voltage SeTies,
the camera angle network comprising means for generat-
ing sine and cosine values of predetermined combinations
of the three component voltage series.

27. The system of claim 25 including a gross position
network for superposing gross horizontal and vertical de-
flection voltages upon the foregoing horizontal and ver-
tical deflection voltages to vary the gross position of the
display. |

28. The system of claim 25 with means to generate a
vector voltage, means to modulate the amplitude of the
vector voltage, means to resolve the vector voltage mto
horizontal and vertical deflection voltages, and means for
adding the vector horizontal and vertical defiection volt-
ages to the parameter horizontal and vertical deflection
voltages.

29. The system of claim 28 wherein the means to gen-
erate the vector voltage comprises a scanning beam for
scanning a film of variable density according to variations
in distance of the surface from the skeleton of the figure,
means synchronized with the operation of the counter
means for causing the scanning beam to scan the film,
and means for transducing variations in the intensity of
the scanning beam into a voltage signal of proportionately
variable amplitude representing the vector voltage.

30. In an animating device, means {0 generate a serics of
a plurality of parameter regulators, means to feed the
senerated pulses to the regulators in a series of timed
sequences, the times of sequences being proportional to
the lengths of axial reference lines of particular parts of a
fisure to be animated, a variable voltage input to each
parameter regulator, a first parameter voltage input being
proportional to the angular displacement of the axial ref-
erence line from first reference coordinates, a second
parameter voltage input being proportional to the angular
displacement of the axial reference line from second ref-
erence coordinates normal to the first reference coordinate,
a display tube having horizontal and vertical deflection
amplifiers for controlling the position of its scanning beam,
and means to generate signals to the horizontal and ver-
tical deflection amplifiers as functions of the said first and
second parameter voltages to control the display on the
display tube. -

31. The animating device of claim 30 including means
to add additional voltages to the horizontal and vertical
defiection amplifiers corresponding to changing gross po-
sitions of the ficure being displayed.

32. The animating device of claim 3¢ including a record-
ing network for selectively recording the parameter voli-
ages in timed sequence, and means to transmit the record-
ed information to the parameter regulators.
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33. The device of claim 38 including means to prevent
overlap comprising an overlap readout source, means for
reading overlap readout source and for generating output
voltages in response thereto, and means for modulating the
beam of the display tube in response to the output voltages
from the overlap readout source.

34. In an animating device having means to generate
first parameter voltages proportional to and for represent-
ing angular displacements of a reference line from first
predetermined reference coordinates, means 1o generate
second parameter voltages proportional to and for repre-
senting angular displacements of the reference line from
second predetermined reference coordinates, means to time
the generation of the first parameter voltages in propor-
tion to the lengths of members of a figure to be displayed,
and means to generate variable vector voltages represent-
ing the distances of points on the surfaces of members of
the figure from their reference lines in sequence with the
ceneration of their parameter voltages: a network for
combining the parameter voltages with the vector voit-
ages 1o produce voltages representing the members in three
dimensions comprising means to generate position volt-
ages, means to generate vector voltages, and means to com-
bine predetermined ones of the generated position volt-
ages with predetermined ones of the generated vector volt-
ages to produce voltages representing the three dimen-
sional coordinates of the figure.

35. The combination of claim 34 together with means
to resolve the voltages representing three dimensional
components into voltages representing selected two dimen-
sional projections, and means for causing the scanning
beam of a display tube to be deflected in horizonta] and
vertical directions according to the selected two dimen-
sional projection voltages.

36. The ccmbination of claim 35 including an overlap
prevention network comprising an overlap scanning de-
vice having a scanning beam for scanning a surface, the
scanning device having means to produce a first output
voltage during scanning of the surface over areas not
previously scanned and means to produce a second out-
put voltage different from the first voltage during scan-
ning of the surface over areas previously scanned, means
to cause the scanning beam of the scanning device to
parallel the movements of the scanning beam of the dis-
play tube, and means to moderate the scanning beam of
the display tube when the scanning device produces the
second voltage output.

37. The combination of claim 36 together with a back-
oround reading device for reading a source of background
information, the background reading device having a volt-
age output proportional to the variations in the source of
backeround information, means to produce modulations
of the scanning beam of the display device according to
the output from the background reading device to display
background behind the displayed figure, and means io
cause the overlap scanning device to scan its surface par-
allel to the reading by the background reading device to
prevent overlap of background with the displayed figure.

38. A device for producing an animated display com-
prising means to generate a square wave, means {0 gen-
erate a sine wave synchronized with the generated square
wave, a plurality of timing devices, means to generate a
cosine wave synchronized with the generated sine wave,
means to feed the generated square wave in series with
the timing devices, means to vary the time interval of
each timing device during which such timing device pro-

duces a voltage output proportional to the length of a

member of a figure to be dispiayed, a plurality of param-
eter regulators associated with each timing device, means
to produce a selectively variable voltage output from each
parameter regulator during the production of a voltage
output from its associated timing device, the voltage out-
put from two parameter regulators associated with each
timing device representing the position of a member of
the figure with reference to three dimensional coordinate
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axes, an angle function generator, means to transmit the
lest named two parameter regulator output voltages, the
generated sine wave and the generated cosine wave to the
angle function generator, the angle function generator
baving means to combine the voltages transmitted to it to
produce voltages which are the instantaneous values of

the two parameter regulator output voltages, means to

sample instantaneous values of the generated sine wave
and the generated cosine wave voltages in accordance with
“the function voltages, means to combine the generated
function voltages and the sampled sine and cosine volt-
ages, means to integrate the last named function voltages
- to produce voltages representing the three dimensional co-
ordinates of the figure to be displayed, means to resolve
the three dimensional coordinate voltages into two dimen-
sional horizontal and vertical deflection. voltages, a dis-
play tube having a scanning beam and horizontal and ver-
tical deflection amplifiers to control the position of the

scanning beam, and means to transmit the horizontal and

vertical deflection voltages to the deflection amplifiers.

39. The device of claim 38 including a film having areas

assigned to different members of the figure to be displayed,
each area having variations in density proportional to dis-
tances of points on the surface of the member from a
reference line of the member as defined by the three dimen-
- sional coordinate voltages, means to scan the film in syn-
- chronization with the passage of voltages through the tim-

ing devices for members corresponding to the areas on the

- film being scanned, a variable output vector voltage from
the film scanner having an instantaneous value propor-
tional to the density of the film area instantaneously
scanned, and means to combine the vector voltage with
the three dimensional coordinate voltages.

40. A method of producing an animated display on a
35

~display tube comprising the steps of generating a- series
of voltages, transmitting the generated voltages to a series
of parameter regulators, timing the operation of the param-
eter regulators for intervals proportional to the lengths of
reference lines of particular parts of a figure to be ani-
mated, generating variable parameter voltages for periods

‘corresponding to the aforesaid time intervals, one of the
- parameter voltages being proportional to the angular dis-
placement of a given reference line from a reference co-
ordinate, another of the parameter voltages being propor-

tional to the angular displacement of the reference line |
- from another reference coordinate orthogonal to the first-

named reference coordinate, and controlling the amount
~ of horizontal and vertical deflection of the scanning beam
of a display tube as functions of the parameter voltages..

41. The methoed of claim 49 including the step of adding

~ additional voltages to the horizontal and vertical deflec.

tion controls of the scanning beam to provide changes in
gross positions of the figure being displayed. -~

42. The method of claim 46 1ncluding _the_éteps o-f-ré-;

- cording and selectively re-recording the parameter volt-
ages, and transmitting the recorded information for sub-
~stitution for the first named parameter voltages.

43. A method of producing voltages usable to establish

~an animated display comprising the steps of generating

first parameter voltages representing angular displace-
- ments of a reference line from a first coordinate reference,

-generating second parameter voltages representing angular

- displacements of the reference line from ‘a second co-
ordinate reference, orthogonal to the first named refer- - )
65

 ence plane, timing the generation of parameter voltages

“1n proportion to the lengths of members of a figure to be
| displayed, generating variable vector voltages represent-
. Ing the distances of points on the surfaces of members

 of the figure from: their axial reference lines in sequence
with the generation of their parameter voltages, combin-

ing the parameter voltages with the vector voltages to

produce voltages representing the members in three di-
niensions. | | |
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ponents into voltages representing selected two dimen-
sions, and causing the scanning beam of a display tube
to be deflected in horizontal and vertical directions ac-
cording to the selected two dimensional voltages.

-45. The method of claim 44 including the steps of caus-

-Ing a scanning beam of an overlap scanning device to scan

a surface with scanning movements parallel to those of
the scanning beam of a display tube, producing output
voltages from the overlap scanning device according to
whether or not the surface scanned by the overlap scan-
ning device has been previously scanned, and modulating

the intensity of the scanning beam of the display tube ac-

cording to the output from the scanning device.

- 46. A method of producing an animated display which

comprises the steps of generating a high frequency square
wave, generating a sine wave synchronized with the gen-

- erated square wave, generating a cosine wave synchro-

20

nized with the generated sine wave, passing the generated
square wave signal through a series of timing devices,

varying the time interval of each timing device during
which it is governed by the square wave signal with the
variable time interval being proportional to the length of

~a member of the figure to be displayed, generating a plu-

25

30

rality of parameter voltages during the time interval for
each timing device, varying each parameter voltage selec-
tively according to selected positions of the member with
reference to three dimensional coordinate axes, combin-

- ing the parameter voltages and generated sine and cosine
voltages to produce voltages representing trigonometric
functions, sampling instantaneous values of the generated

- sine wave and generated cosine wave voltages according

40

to the function voltages, combining the generated function

‘voltages and the sampled sine and cosine voltages to pro-

duce voltages representing other trigonometric functions,

integrating the said other trigonometric function voltages

to produce voltages presenting the three dimensional co-
ordinate components of the fisure to be displayed, re-

~ solving the three dimensional coordinate component volt-

ages 1nto two dimensional horizontal and vertical deflec-
tion voltages, and controlling the amount of horizontal

and vertical deflection of the scanning beam of a display

~ tube according to the horizontal and wvertical deflection

50

voltages. o | !

47. In an apnimating device, means to generate first
parameter voltages proportional to and for representing
angular displacements of a reference line from a first
reference coordinate, means to generate second parameter
voltages proportional to and for representing angular dis-
placements of the reference line from a second reference

coordinate orthogonal to the first reference coordinate,

means to time the generation of the first parameter volt~

- ages In proportion to the lengths of members of a figure

09

to be displayed, and means to generate variable vector
voitages representing the distances of points on the sur-
faces of members of the figure from their axial reference
lines in sequence with the generation of their parameter

- voltages, and a network for combining the parameter

~ voltages with the vector voltages to produce voltages

-representing the members in three dimensions.
60

- 48. The combination of claim 47 together with means
to resolve the voltages representing three dimensional

~components into voltages representing selected two di-

- mensions, and means for causing the scanning beam of

‘a display tube to be deflected in horizontal and vertical

directions according to the selected two dimensional volt-
ages. - - SRR

49. The "cOmbinatioﬁ of CI'aim'43 iﬂchiding an ovérlap

- prevention network comprising an overlap scanning de-

vice having a scanning beam for scanning a surface, the
70

scanning device having means to produce a first output

- voltage during scanning of the surface over areas not

44. The method of claim'43-including_the steps lﬁfre—.

solving the voltages representing three dimensional com-

previously scanned and means to produce a second out-
put voltage different from the first voltage during scanning
of the surface over areas previously scanned, means to

75 cause the scanning beam of the scanning device to paral-
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lel the movements of the scanming beam of the display
tube, and means to blank out the scanning beam of the
display tube when the scanning device produces the sec-
ond voltage output,

59. The combination of claim 49 together with a back-
oround reading device for reading a source of hackground
information, the background scanning device having a
voltage output proportional to variations in the source
of backeround information, means to produce modula-
tions of the scanning beam of the display device accord-
ing to the output from the background reading device tO
display background behind the displayed figure, and means
to cause the overlap scanning device to scan its surface
parallel to the reading by the background reading device
to prevent overlap of background with the displayed
figure.

"51. A device for producing an animated display com-
prising means to generate a square wave, means to gen-
erate 2 sine wave synchronized with the generated square

wave, a plurality of timing devices, means to generate a .

cosine wave synchronized with the generated sine wave,
means to feed the generated square wave in series with
the timing devices, means to vary the time interval of
each timing device during which such timing device pro-
duces a voltage output proportional to the length of a
member of a figure to be displayed, a plurality of para-
meter regulators associated with each timing device, means
to produce a selectively variable voltage output from
each parameter regulator during the production of a volt-
age output from its associated timing device, the voltage
output from two parameter regulators associated with
each timing device representing the position of a member
of the figure with reference to three dimensional coordi-
nate axes, an angle function generator, means to transmit
the last named two parameter regulator output voltages,
the generated sine wave and the generated cosine wave
to the angle function generator, the angie function gen-
erator having means to combine the voltages transmitted
to it, means to sample instantaneous values of the gen-
erated sine wave and the generated cosine wave voltages,
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means to combine the voltages combined in the angle
function generator with the sampled sine and cosine volt-
ages, means tc integrate the last three named function
voltages to produce voltages representing the three di-
mensional coordinates of the figure to be displayed, means
to resolve the three dimensional coordinate voltages 1nto
two dimensional horizontal and vertical deflection volt-
ages, a display tube having a scanning beam and hori-
zontal and vertical deflection amplifiers to control the
position of the scanning beam, and means to transmit the
horizontal and vertical deflection voltages to the deflection
amplifiers.

52. The device of claim 51 including a film having
areas assigned to different members of the figure to be
displayed, each area having variations in density propor-
tional to distances of points on the surface of the member
from. an axial reference line of the member as defined by
the three dimensional coordinate voltages, means 1o scan
the film in sequence with the passage of voltages through
the timing devices for members corresponding to the
areas on the film being scanned, a variable output vector

voltage from the film scanner having an instantaneous
value proporiional to the density of the film area in-
stantaneously scanned, and means to combine the vector

voltage with the three dimensional coordinate voltages.
53. A system for establishing voltages representing
animated figures comprising means to generate a sequence
of electrical signals, means triggered by the signals for
generating a sequence of positioning voltages, means for
generating a series of vector voltages at a rate propor-
tional to the generation of the said electrical signals,
means for combining the vector voltages with the posi-

tioning voltages, and means for varying the positioning

voltages.
No references cited.
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