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This invention relates to a svstera for generating one

_or more figures, animating the figures, ~nd displaying the

animated figures as a series of high frequency displays.
The general object of the inventicn is to provide a system
whereby an operator can regulate a small nnmber of in-
puts to generate one or more animated three dimensional
figures which are thereafter resolved into two dimensions
to nroduce an animated display on a display tube.

Broadly specking, this invention prevides a system for
generating and displaying a seguence of picture frames at
a frame rale which is compatible with thLe 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 pizture photography.
At any rate, the ultimate scquence-of display can ac-
commodate any motion of the display subjects including
moations of human fizures, cartoons and moving objzcis.

he subject maiter to be displayed is stered informa-
tion available to th2 system. This subject matter is ani-
mated by operation of the variable inputs to the machine,
these iaputs 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 diTerent parts of the subject mat’er in
three dimensions. As such, the variable inpuis may be
band 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
propcrtion to angular movements of thc movable mem-
bers. Whatever the input, animation can be created by
an operator and the displayed figure can be made to go
through a'l inovements imaginable. In the case of live
figure input, the system can be made to reproduce move-
ments of the figure even though the ficure be many miles
distant from the system.

The principal components of this system include a
master oscillator or clock, circuitry for generating voltages
representing the axes of the different members of the
ficures and/or objects to be animuted, hereinafter re-
ferred to as a bone generator network, and circuitry for
generating voltages representing the radial distances of
points on the surface” of the figures and objects frem
their respective axes, hereinatfer referred to as 2 skin
generator network. The clock controls the operation of
the bone and skin generator networks. The bone gencra-
tor network includes a means for generating groups of
pulses for duraticns representing the lengths of various
axes of members of ficures and objects, conveniently
called bones. At thie 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 trigonomeiric functions of the volt-
ages which ars parts of different parametric cquations
which must be solved to determine the different posiiions
of different members being drawn. These trigonometric
functions are *hen transmitted to an integrator the output
of which procuces voliages representing the instantancous
value of the bone positions.
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The skin generator network has a means for scanning
stered information to modulate the magnitude of a varia-
ble skin vector according (o 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.
positicning voltages to relate the skin vector to the proper
bore, and thereafter the skin vector is added to the bone.

The three-dimensional figure thus generated is trans-
mitted to a camera angle network that can select any view-
ing angle and can transpose the three dimensions viewed

rom that angle into a two-dimensional display on the
face of the display tube. )

An important object of the invention is to provide a
system that permits an operator to estatlish the levels of
a plurality of variable inputs according to his desired
animation paitern and ithat provides for recording inputs
for autcmatic regulation of the sysiem upon rlayback of
the recorder to produce an automatic animated display on
the face of a display tube.

Ano:ter object of the invention is to provide a system
for generating and displaying animated sequences of one
or more fizures with provisions for controlling the varia-
ble inputs to generate and animate the figures automati-
cally by stored infermation,

With the forecoing objects in mind, it is an object of
this invention to provide a fast, lower cosi 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 is @noiher object of the invention to previde auto-
matic display of the mo.on of a figure wherein the gen-
eration of miction in the system is produced by changes in
low freguency, tow bandwidth inputs so that the informa-
tion dictzting changes in these low bandwidth iaputs can
be transmitted over communications means of low band-
width capabilities.

A more specific object of the invention is to provide a
system having a network for generating the bones of a
figure, a retwork for generating the skin associated with
those bones, znd a network for zdding the skin to the
bones to produce a three-dimensional figure, «nd also
having a nctwork for viewing the three-dimensional figure
from :ny angle and displaying the figure as thus viewed.
An additional object is to provide means for animating
the figure.

Ancther srecific object of the invention is to provide
means for generating and animating a figure for display
by the siczessive gencration of the physical members of
the figure with means to prevent overlap of the disp'ay
when the generation of mcre than one of the physical
meinbers takes place at least in part over the same area
of the display.

Siill another specific object of (he invention is to pro-
vide a =ystem for generating and displaying animazted
figures and for modulating the intensity of the dispiay to
incorporate the minute physical characteristics of the fig-
ure and to provide shading for the figure.

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

In the drawing: o

FIGURE 1 is a block and schematic diagram of the
clock. integrator, and flyback nstworks;

FIGURE 2 15 a block diagram of the step counters and
bone gates;

FIGURE 3 is a block ard schematic diagram of the
sine-cosire function generator;

FIGURE 4 is a block and schematic diagram of the
equation sclving network;

FIGURE 5 is a block and schematic diagram of the
camers anele network and tie gross positics network;
~ FIGUKE & is a block and schemaiic diagrain of the
program network for the skin scanning network;
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FIGURE 7 is a block and schematic diagram of the
skin scanning network;

FIGURT 8 is a block and schematic diagram of the
display tube, the overlap prevention network, and the
background informzition gencratorn;

FIGURE 9 is a plan view of a typical skia film:

FIGURES 10-14 are geomeiric diagrams illustraii
ihe general theory of bone and <kin generation;

FIGURE 15 is a geometric dizgram illustrating the
theory of gencration of borcs ang skin for Mode Two

operation;

FIGURES 16-18 are. gcomeétric diagrams illustrating
the general theory of the camera angle network;

FIGURE 19 shows a typical fizure display in Mode.One
operation; :

FIGURE 20 shows a hpxc.l figure display in Mode
Two operation; and

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

ng

General theory and analviical geometry of bone and skin
generation for Mode One or full figuie operaion

For purposes of illustration,- the emphasis throughout

the description of this inventjon centers vpon the druwing'

of a human figure or animated figure having physical
limbs and members. The text describes how the fizure is
generated for display on the face of a display tube, ex-
plaining the genceration of each series ol tones for the
various parts of che figure, the neneration of skin added to
these bones, and the animation of the figure. The im-
mediate investigation concerns the genera! theery of bone
and skin generation, and for this consideration a typical
bone and the skin for that bone ure analyzed geometrical-
Ty. as illustraied in FIGURES 10-14,

A t)pxm] bone is designated L in HGLI\F 10, The
bone is drawn at a constant rate or speed so that iis
length depends upon the rate that the drawing beam
moves in drawing the bone ard the pur‘nd of time during
which the arawing occurs. The rate is a constant for a
civen mode of operation and may be desiznaied k. The
time is variable and is designated 1. Therefore, the lengih
of the bone L is ky2.

The bone L is a <ingl- straight line as shown in FIG-
URE 10. Skin is. addc 1 1o the bone by what may be re-
carded as a twiling .cctor A that continues to rotate
abcut 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 ir-
cremental portion of the time 7, the vector A rotates 260°
about the bone L. (These increments of time r will be
more readily understood herdinafter.) A typical revolu-
tion of the end of the vector A is indicated in dotited lines
P on FIGURE 10. The drawirg ultiinately 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 clockwisz direction. It ro-
tates at a constant angular speed the rate of which may
te designated K,. Therefore, the angular position of the
vector A depends upon the product Kot.

The generation of the bone L will be considered first.
Since the informaticn available for display consists of
voltages representing a three-dimensional figure, FIG-
URE 10 shows the bone L in reference to thrce-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 is
designated 9. 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 und Z com-
ponents of the bone L.

The length of the projection of 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 xs kit, x=k;t cos 6
cos ¢.

It follows that Y_. kit sin 6 cos ¢ and Z—=k,t <in ¢.

In considering the generation of skin for the bone 1,
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it may be assumed that the vector A always rotates in
a plane perpendicular tc the bone, althovgh this angle
may be varied. In FIGURES 10-13, the plane of rotation
of the vector A is drawn perpendicular to the bore L.
/is already mentioned, the angular positio.r of the vecior
A depends upon the product kyr. FIGURE 11 shows this -
rlane of rotation of the vector A znd is drawn perpendicu-
lar to the bore L. As shown in FIGURE 11, the vector A

-always has twe components that vary with the cosine and”

sine of the angle k. The len:2th of thése components are
A cos kit and A sin kyt. These components are shown on
FIGURE !1 with the appropriate lezends.

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 a1 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 ¢ in
FIGURE 10. Since FIGURE 12 shows the bone L in its
true length. it views the plane of rotation of the vector
A from the side. Therefore, that plane, designated P,
appears as a straight lire in FIGURE 12, normal to the
bone L, and with the length above the bone L and the
Iength below the bone L each being equal to A cos k.
Since the angle betwean the plane P ard a vertical line
drawn from the end of the bone L is equal to ¢, a hor-
izontal line conrecting that verticul line with the end of
the plane P is equal to A4 sin ¢ cos kat. In other words,
the prejection of the 4 cos kyt vector en the XY plane
zhscissa of FIGURE 12 equals 4 sin ¢ cos kat. The pro-
jection of this A cos Lyt vector on hte Z axis equals A
cos ¢ cos kof, which is the Z component of the A vec-
tor, since in FIGURE 12, 4 sin /21_0.

FIGURE 123 is o plane throuch the X and Y coordi-
nates projecied from FIGURE 12. In this view, the maxi-
mum length of a line drawn froem the end of the L cos ¢
projection (o the outer extremity of the plune P is equal
to the A4 sin kyt component of the vector A. Since the
angle between the L cos ¢ projection and the X axis is 6,
the component A sin kot can be resolved into its X and
Y compornents as indicated, whereby the X component is
A sin 6 sin kgt and the Y component is A4 cos 6 sia kat.

In FIGURE 13, the projection 4 sin ¢ cos k7 is also
shewn, and as illustrated in FIGURE 14 this component
nay be resolved into X and Y components whereby the
X component is A4 cos 8 sin ¢ cos kot, and the Y cempo-
nentis A sin @ sin ¢ cos kot.

Since the vector A rotates 360° about the bone L, its
X, Y and Z coniponents wiil vary betwcen positive 'md
negative volues. However, from an examination of the
Cirection of the vectors illustrated in FIGURES 13 and -
14, it can be seen that the net X component of the vector
A is always equal to the difference between the quantities
A <os 6 sin ¢ cos kot and A sin @ sin kyt, and the Y com-
ponent of the vector A is always equal to the sum of the
components A sin 8 sin ¢ cos kyf and A cos 6 sin Lol

From the foregoing dsscription, it is evident that the
compornents for the generation of the bone L with skin
are as follows:

X=Xt cos 6 cos ¢p-+-A4 cos 8 sin ¢ cos kot—A sin 8 sin kot
Y=kt sin 9 cos ¢-+-A4 sin 0 sin ¢ cos kyt+A cos 6 sin kot
Z=kt sin ¢-+A cos ¢ cos kot

Bone and skin generation jor mode two or figure outline

As will be explained hereinafter, there are times, espe-
cially during rapid animaticn, 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 ths X, Y plane.

For Mode Two, an appropriaie constant is substituted
for the high frequency sinusoidal factors sin kot and cos
kst of the general equations for X, Y, and Z. These equa-
tions then rcpresent the geneintion of skin volume. In
other words the twirling vector A is no lenger twirling,
and the specific case cf iaterest is the solution to the
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ceneral equations when kyr=90° and ko,r=—90°, that is,
when the vector A is paraliel to the viewing plare, for
this czse the XY plane. (The selection of +=59° for angle
kot is in kezping with the phase coordinates of vector A
which were used to develop the general equations. In
other words (FIGURE 13) whea kyr=90°, 4 sin
I\'zsz}{ :A‘)

Therefore; by substituting the values ==90° for X7 in -

the X, Y and Z-eomponcnts of the general equations, the
resuliing equations are: 5
X=ktcos6cosp+Asing
Y =k;t sin 6 cos ¢=+=A cos 9
szﬂ sin ¢

In this particular case there is no Z component of A,

- and the figure being generated may be thought of as being

bat.

FIGURE 15 illustrates the thcory of skin and bone gen-
eration for Mode Two. In Mode Two, the gereration of
the X, Y and Z compoenents for the bonc L is the some
as was described in connection with FIGURES 10-14. To
add the X, Y and Z componcats of the skin cutline, it is
only necessary to determine the X, Y and Z components
of ihe circumference of the circle P gencraled by rota-
tion of the vector A. The radius of this circie P is A.
Refersing to FIGURE 135, it is evident that the projaction
of the vector A ia the XY plane does rct change the
lengih of the vector A. Since the angle that tais projection
A of the vector A makes with a line D drawn normal 1o
the axis 4 is 6, it follows that the X component of tie
vector A is A sin @ and the Y component -is A4 cos 6.

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

X==kit cos 0 cos $*A sin §
Y=Lkt sin 6 cos ¢4 cos @ -
Z=Kk;t sin ¢

In these ecuations, the A component may be positive
or negative.

Geometric theory of camera angle neiwork-resoiution into
two dimeinsions

The three-dimensional figure must be resolved into hori-
zontal H and vertical V components for disclay on the face
of the display tube. To do this, the three components X,
Y and Z of the thre:-dimensional figure must be resolved
into two components H and V.

To illustrate this resolution, it may be assumed 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
is rotatable about the Z axis. The angle through which
this rotation occurs is designated a ac indicated in FI1G-
URE 17. This rotation produces ncw coordinates X’ and
Y’ wherein X’=X cos a+4Y sin a and

Y'=Y cosa—X sina

The system also provides for rotation of the Y’ Z plane
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 produces the quan-
tities Y=Y’ cos b—Z sin b and

Z'=2Z cos b4-Y’sin b

From an analysis of FIGURES i7 and 18, it is apparent
that the quantities X” and Y” may be used to represent
two dimensional axes wherein variations cf the angles a
and b permit viewing of a three-dimensional figure from
any angle. Therefore, the components of the display s.ope
are as follows:

H=X cos a-+Y sin a
V=(Y cos a—X sina) cos b—Z sin b
Clock control

Referring to FIGURE 1, the entire system is regulated
and controlled by a high frequency master oscillator 19.
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A cathode ray display tube 11, shown in FIGURE 8, de-
velops a display that czn be photographed. The network
between the master oscillater or ciock 10 and the display
tube ‘1 deierininé the nature of the display. )

The clock 10 has two wave outputs 12 and 14. The fre-
guencies of the waves at ihe outputs 12 and 14 are the
same, but one of the outpuis 12 is a square wave and the
other one 14 is a conventional sine wave. The sine wave

* 14 generaied by the master oscillator is itself used in the

system, and this sine wave output is also fed through a
90° phase shifter 15 the cutput 16 of which is a cosine
wave 90° out of .phase with, but of the same frequency
as, the sinc wave output 14.The functions of the sine wave
outrut 14 and the cosine wave output 16 will be described
hereinafter. — .

The square wave oufput 12 is carried to the succassive

.inputs of a series of bistable multivibrators 18, 19, 20, 21,

22 ara 25N, each of which hales tle frequeacy of its
input. (Here and elsewhere in this description the suffix
N is used to indicate there may be a variztion in the num-
per of devices used.) Each of the bistable multivibrators
hes an output 24, 25, 26, 27, 28 and 29N, respectively,
which, except for the last cutput 29N, is cornected to the
input of the next succceding multivibrator. An appropriate
number of such multivibrators 18-22'V are used, so that
the frequency of the output of the lust ~ultivibrator 23N
is equal to an acceptable frame frequency ultimately used
for the display to be photographed. For example, an ac-
cepizblc and conventional frame fiequency 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 sinc wave 14)
generuted by the master cscillator is set at 1536 cycles per
second. Accordingly. changes in the output frequency of
the moster oscillator preduce changes in the frame fre-
quency unless additional muitivitraters 18-23N are used.
Since the master oscillator 10 regulates everything else in
the system, any such changz in its frequency also causes
other system operations te remain synchronized with the
frame frequency. As will be evident hereinafter, the high-
er the frequency of the master oscillator 10, the greater
will be the resolution of the final picture displaved. A
higher frequency oscillator merely requires the usc of
additional muitivibrators 18-23N.

The outputs 24-28N from them ultivibrators are also
delivered through cathode followers 20, 31, 32, 33, 34 and
35N, 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 4IN. respectively. It is possible that during operation
of the rystem not all of the bistatle multivibrator outputs’
24-29N will be used, except s an inrut to the next multi-
vibrator, but the last multivibrator 23N zlways feeds its
frame froquercy square wave output 26N through a con-
ductor 42 to the first of a series of storage counters or step
counters 46, 47, 45, 49 and 58N (sce FIGURE 2). The
frame pulse output 22N is also used for other purposes that
will be described.

2one generators

Thacre are a plurality of “and” gates, and “or” gates
associated with the storage counters 46-50N, but these
v.ill be described later. At present, the storage counters, at
least the storage counters 46-49, moy be thought of as
being directly connecied together in a series. The storage
counters 46, 47, 48, 49 and 59N are themselves conven-
tional devices normally comprising a storage circuit and a
bistable muitivibrator. The storags counters huve separate
inpu’s 52, 53, 54, 55 and 56N, respectively. Each of these
inpu:s is ccunected to one of the terminal plugs 36, 37, 38,
3%, 40 or 41IN. Although not always, the inputs 52-56N
are sometimes connected to a common terminal plug, such
s to the plug 37 as .ndicated by dotted lines on the draw-
ing. The length of th= bone being drawn, and the capacity
of the storage counter determines the choice of connections
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36-41IN. Each storage counter counts a varizble number

of pulses transmitted to its inputs £2, 53, 54, 55 or 56N

The duration of the “set” <iate of each storage counter
is conirolied by an intrinsic capacitive neiwork (not
shown) wherein the capacitor is variable to provide in-
dependent regi’:tion of the “set” staie for each cterace

- counter. Thesc - ariable ¢r-acitors may be controlled by

conveniicnal hand contre s 57, 58.-59, 69 and 6IN

associated with the storaze counters 46-50N, respective-

Iy. The setting of 2 variable capacitor, such as the con-
trol 87, deterinines the number of pulses presented 1o
the input 52 that the storage ccunter 46 will count.
Although only five stornge couniers 46-59N are illus-
trated, there are aciually a much larger number. The
sterage counters are in convenient groups of various
namber dependinz upon what object they are associated
with. For example, if a human ficure is to be drawn,
there may be four storage ccunters 46, 47, 48 and 49
for serially stepping off lengths of a placement bore,
the uprer arm bone, the lower arm bone. and the hand.
For purposes of illustration, the four sterage cocnters
46, 47, 48 and 49 constituie such an arm group and the
storage counter 50N may be thought of : s the first of
a series constituting another group. as a leg group.
The first <lorage counter 46 is trizzered by the frame
pulse 29N fsee FIGURE 1) transmitted through the
conductor 42 and flips to its “set” state for a duration
determined jointly by its input 52 and the coatrol 57.
e stornie counter 46 has an cuiput 67 ihe voltaze
level of which ch.nges wien the storage counter changes
stuiss. This change in the output voltaze 67 is fed through

10

- 125 and 126 to ike “and”

(=1
e

a cathode follower 68 (or buifer amplifier) and provides

a common toperating) inpt to a blank of cates 69, 793,
71 @nd 72 to opea the caiey four (he peried of time the
storage counter 46 is in its “set” or pulse ¢ unting state

The siep counter 46 automatically s back to ijts
“reset” or quiescent stute at the end of the period de-
termined by the input 52 and the centrol §7. At this
time, the storage counter 46 delivers a voltage te another
output 74, which veliage is of the correct value to fiip
the next storage counter 47 to its “sel” state. For the
duration of the “set” stute of the storage counter 47,
which is detcrinined by its irput 53 and the control 53,
a chance in voltage at an ouvtput 75 oceurs which is fed
through a cathode follower 76 and simultanzousiy opens
a bank of gutes 77, 78, 79 and £9. Upon il
to its “reset” state, the storage counter 47 gererates a
voltage at another outpnt 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 alrezdy described. Thus,
the storage ccunter 48 has an output 83 fed through a
cathode follower 84 that opens a bank of gaes 35, g6,
87 and 88 during the “set” state and an output $9 that
causes the next siorige counter 48 to flip to its “set™
‘ate. The storags counter 49 hus an output 91 that
£2es through a cathode follower 92 and opens a bank
of gates 93, 94, 95 and 96 and an output Y8 that flips
the next storage counter. Tiowever, the storage counter
49 is the Jast one of the arim group, which Teads to

the significance of the “and” gates and “or” gates.

In the precedinz description, it was assumed that the
storage counters 4649 were directly connected tegether
in a series chain. Actually, the input pulse 42 to the first
storage counter must Srst pass through an “or” gate
110. The ouiput 74 from the storage corater 46 must
pass through an “and” ga‘e 111 and an “or” gazie 112
before it con 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 trigeer the
storage counter 48. And the output 90 from the storage
counter 48 must pass ihrongh an “and” gate 115 and an
“or” gate 116 before it can trigger the storage counter
49. Also, the oufpui 98 from the last storage counter

50

60

5

«

-

382
=5 of the arm group is delivered as an input to an “and”
gaie 117. ) g

There is an “in-oui” bistable -multivibrator 120 hav-
ing an “out™ input conductor 121 connected to the out-
put conductor 42 frora the frame pulse multivibrator
23N. Thercfore, when a trigeer pulse is transmitted to
the “or” gate 110, ii is a'so delivered (o the muliivibrator
120 and flips the mulividrator to its “out” cordition.
The multivibrator 129 has an “out™ cutput 122 that
passes a veltage when the maltivibrator is in the “out”

condition. This output is delivered ac inputs 123, 124,
gates 111, 113, 115 and 117,

respectively. .
The “in-out” multivibrator 120 also has an “in” input
128 connected ‘o the output frem the “and” gate 117

on the output sids of the storuge counter 49. A signal
in the “in” input 128 flips the multivibrator 120. to its
“in” condition. There is an “in” output conductor 129
that receives u vo'tage when the multivibrator is in its
“in™ condition. This condnetor simultancously delivers
whatever voltage it carries to a group of “and” gates
120, 131, 132 and 133.

Another input conductor 134 to tire “and” gate 130
is conn=cted from the output side of the storage counter
42. An input conductor 135 to the “and” gate 131 is
connected from the output side of the step counter 48.
An input cornductor 136 1o the “andg” gate 132 is con-
nected from the output side of the step courter 47. And
an input’ conductir 137 to the “and” cate 133 is con-
neced from the ou'rut of the siep counter 46.

The *“and™ aute §17 has an output conductor 138
connected us an input to the “or” cate 116 on the input
side of the step counter 49, The “and” gite 130 has
an ouiput conductor 39 cennected as an input to the-
“or” gate 114, The “and” sate 131 has an output con-
ductor 149 connccted to ‘the input side of the “or” gate
112, The “und” gate 132 has an output conductor 141
connected to the input side of the “op™ cate 110,

The “and” gate £33 has an output conductor 142 con-
nected to the input side of another “or” gate 143 leading
t0 the first st2p counter 60N of the next (leg group of
step counters. This siep counter 50N has an ouiput 145
that is conneced throuch a catiode follower 146 to a
bark of gates 147N, 148N, 149N and 150N.

The several “and” gales and “or” gates just deseribed
are of convertional constructicn. Each “and” gate trans-
mits an output sigral oniy when there are simultancous
inputs at both its inputs. Each “or” eate acts as a valve
that will pass a voltaze at either of its inputs to its output,
but not to the other input.

With the bistable multivibrator 1206 hooked up as de-
scribed, it is flipped to its “out” conditicn whenever a
frame pulse from the last multivibrator 23N passes
through the conductor 121. While the multivibrator 120
is in its “cut” condition, it passes a voltage through the
“out” output 122. At this time, there is no signal in the
“in” output conductor 129, Hcnece the “and” gates 130,
131, 132 and 133 PAass no signal through thir output
conductors 139, 140. 141 and 142 to the “or” gates 114,
172 and 110 and 733. Under these conditions, the signal
from the <>nductor 42 can pass through the “or” gate
319 to the step counter < 5. Since the “out” conductor 122
is delivering a voltage to the “and” gate 111, when an
output voitage from the step counter 45 reaches the “and”
gate 111 it passes through to the “or” gate 112 and thence
to the step counter 47. Likewise, the output 82 from the
step counter 47 passes through the “and” cate 113 and
the “or” cate 114 to the step counter 48, and the output
96 from the step counter 48 passes through the “and”
gate 115 and the “or” gate 116 to the step counter 49.

When the storage counter 48 delivers a voltage to its
output 98, that voltaze passes through the “and” gate 117
to its output conductor 738 and also through the “jn™
input condictor 128 to the “In-out” bistable multivibrator
129. This flirs the moltivibrator 120 to its “in” condition,
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blocking off the “out” output 122 and causing the trans-
mission of a voltage through the “in” output conductor
127. Now the conductor 122 is delivering no input voltaze
io the “and” gates 111, 113, 115 and 117 0 these gates
cannot pass any voltages from the storage counters; but
the conductor 129 transmits its veltage as inputs to the
“and” gates 139, 131, 122 and 133.
Under these conditions, the output voltage 138 passes
through the “cr” gute 116 and {lips the storage counter 49
to its “set” stete. When the s worage counter 49 flips back
to 1ts reset state, its ot utput voitage 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
to the “'ur” gate 114. The “or” gate 114 passes this voltage
and triggers ‘ne storage counter 48.

The output 90 from the storage ‘counter 43 cannot pass
through the “and” gate 115, but does pass through the
“and” gate 131, the conductor 140, and the “or” gate 112
to frigger the storage counter 47. The output 82 from the
storage counter 47 passes through the “and” gate 132 and
the “or” gate 110 to trigger the first storage counter a6,
Then the output 74 from the storage counter 46 paues

through the “and” gate 133 and. the conductor 142 to the

“or”?

gate 143 and the first step counter 50N of the next
(1cv) croup.

Of course each fime thes" storage counters are flipped
to their “set” states, they causz those gates which are
connected o their outptus to orei. as has been described.
Therefore, during the “in” condi‘ion of the “in-out” bi-
stable multivibrator 129, there is an exact reversal in the
order of operation of ti:z storage counters and their as-
sociaied gates.

The first gate of each bankisa ¢ g
69, 77, 85,

gate. Thus, the gates
93 and 147N are ¢ ga:es connected to the

‘successive oulpuls of the storage counters 46, 47, 48, 49

and 56N as has been described. These 6 gates have variable
DC (or otker) inputs 160, 161, 162, 163 and 164N, the
ma"ri!uUes of which may be independently regulated by

hand controlled potentiometers or any number of ofher
means. These DC voltage inputs are passed to the respec-
tive 6 gate outputs 166, 167, 163. 169 and 170N, all of
which outputs are connecied to a common conductor 171.

The next gates 79, 78; €6, 94 and 148N arc the ¢ gates.
These gates have variable BC voltage or other inputs 373,
174, 175, 176, and 77N, which may also be regulated
by hand controlled potentiometers. These ¢ gates have
outputs 178, 179, 189. ¥21, and 182N which are con-
nectad to a common con oiar 183,

The gates 71, 79, 87,
tablishing certain rotational conditiors, and the gates 72,
89, 88, 96, and 158N are i gates for regulating the in-
tensity of the ¢ 'splay beam. These gates and this func ion
wiil be deseribed in detail hercinafter.

Sine-cosine function gencraior

The conducicr 171 which carries a voltage representing
the magnitude of the angle ¢ for whatever bone is being
drawn is connected thiough a res’sior 186 to the input
side of an opcrational amplifier 187 (see FIGURE 3).
Another input conductor 188 through a resis tov- 189 to
the operational amplifier 187 comes from the “in-cut”
bistable multivibrator 120. A pulse in the cc . uctor 188
operates to shift the =ngle § 180° during the “in™ condition
of the muitivibrator 128. Therefore, the output 1%§ from
the operational amplifier 187 represents either th- sngle 6
(during the “out” condition of the mu.tivibmtor 120) cra
180° inversion of the angle ¢ (during the “in” condluon
cof the mualtivibrator 120).

The coaductar 183 that carries the outputs from the ¢
U‘xLS 173 through 177N is connected through a resistor
192 to an opcrational amplifier 193. These is another input
c¢orducicr i34 to the operationa: amplifier 193 that is
connected from the bistable multivibrator 129 to shifi the
angle ¢ by 180° when th multivibrator 129 is in its “in”
condition. Hence the operaticnal amplifier 193 has an

$5 and 149N are r gates for es-
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output 195 of a volinge representing either the angle ¢ or
a 180° inversion of the angic ¢.

A sine-cosine function generator performs dxﬁ'erent
gecmetrical ope:ations upon these vcliages rep'esentmg
the angles ¢ and ¢ or their 180° counterparts. The sine-
cosine function generator 1akes advantage of ceriain geo-
metric facis:

€COs 0 COs = V2 5ia (6 +9)-+Y2 cos-(6—o)
cos 6 sin p==1% sin (604¢)—22 sin (6—9p)
sin 6.c0s =12 sin {¢--¢) -+ sin (6—¢) s
sin ¢ sin =% cos (6—¢)—V2 cos (8+¢)

It is practical to perform operations on the quantity 8-+¢
and 6 —e, thereby eliminating various multiplication steps
which are more expensive to do electronically.

To obtain the quantity ¢3¢, the outputs 190 and 195
from the operational amplifiers 187 and 193 are delivered
through a peir of conductors 197 and 198, respeciively, to

-an operational amplifier 199 hooled up as an adder. The

voltage at the output 200 from the operational amplifier
129 represents the quantity 6-4¢.

These same voliages 190 and 195 are delivered through
another pair of conductors 282 and 203 to another opera-
ticnal amplifier 264 connected as a subtractor and having
an ouiput 2¢8 represeniing the quantity §-—e.

The output 203 {rom the operational amplifier 199 is a
constant DC voliage (during the generation of a straight
bone) that is fed through a menostuble delay multiviorator
267. The delay multivibrator 207 has unother input 268
which is connected to the output of the first bistable mul-
tivibrater 18 cn the output side of the master oscillator
10. Therefore, the input 208 to the delay multivibrator is
a square wave synchrenized with, but at one-ha'f, the fre-
queacy of the cuiput of the master oscillator 10.

The start of the square wave pulse at the input 208 flips
the delay multivibrator 2067 to its quasi-stable state. The
duration of this quasi-stuble state is determined by the
DC voltage at the input 200 and is therefore determined
by the magnitude of the quantity 6-+¢.

Since the input 208 is taken at the ou‘pet of the first
bistable multivibrater 13 which is one-half the frequency
of the master osciilator 19, a single square vwave pulse
occurs at the input 268 during the period of two complete
sine waves at the output of the master osciilator 10. There-
fore, during this period of time, the sine wave output 14
frem the master oscillutor 18 goes thrcugh the cycle of
represeating the sine of the angles 0° through 360° twige.
This multiple may vary if greater range is desired. The
voltage in the conductor 2€9 representing the quantity
8-+ deteimines the duration that the monostable mul-
tivibrater 287 i in its quasi-stable state. The output 209
from the delay multivibrator is differentiated and clipped
to produce a narrow pulse repiesenting the change of
state fiom quasi-stasie to siable conditicn. When the mul-
tivibrator 2¢7 flips back to its stable state, its output 2¢9
which is connected (o the input of 2 monostuble multivi-
brator 210 causes the muitivibrator 210 to generate an
extremely narrow pulse at its
pulse at the output 211 thus occurs at a time reference to
the clock sine wave that ic d'rcc:Iy relat:-d to the magni-
tude of the guantity 9+go put into the d¢ 1y multivibrator
207.

The narrow-pulse-corrying conductor 211 is connected
to open two sampler gutes 714 and 215 for the very short

period of time corresponding to the length of the narrow

ul(e The input to the uank:r gate 214 is the conductor
14 carrying the sine wave cuipui from the master oscil-
lator 18, :md the input to the sampler gate 215 is the con-
ductor 16 carrving the co-ine wave output from the $9°
phase shifter 15 on: the output side of the master oscillator
19. Therefore, each time the narrow pulse occurs in the
conduc.or Z11, a small porticn of the sine wave is sampled
by the gate 214, and a small portion of the cosine wave is
sampled by the gate 215. Since the siie and cosine waves
14 and 16, respectively, are synchronized with the square

output 211. This narrow -
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wave input 208 io the delay multivibrator 207, =nd the
delay voltage 289 is proporiional to 9-1¢, the sine and
cosine waves sampled represent the sine and cosine, re-
spectively, of the quantity 6-Le. .

The output conducior 216 from the sampler gate 214
delivers its veliage to a holding capacitor 217 and the
output cornducior 218 from ths sumpler gate 215 delivers
ils outout to a holding capacitor 219, ‘

The coarse of the voltage in the conductor 225 repre-
senting the quantity 0—¢ will now bte apparent. This
voltage is delivered to a delay monosiable mulivibraior
222 having the same square wave input 298 thai is the in-
put to the previcusly discuszed delay muliivibrator 267.
The magnitude of the voitage 265 representing the auan-
tity 0—¢ dctermines the duration of the urstable state
of the delay multivibrator 222 and the output 223 frcm
the delay muliivibrator 222, which oczurs when the mul-
tivibrator flips from its unstable state back to its stable
state, triggers a narrow pulse generator 224, The narrow
pulse cutput 225 from the multivibrator 224 opens a pair

of sampler gates 226 and 227, the inputs to which are ths

sine wave 14 und the cosinz wvave 16 frem the master
oscillator 19. The quick sampling of these .ine and cosine
waves in the samplers 226 and 227 produces voitage cut-
puts 228 and 229 representing the sine of 6—¢ and the
cosine of 6—¢, respectivelv. These voltages are delivered
to holding capacitors 233 and 231, respectively.

The equaticns set forth in the generul theory of bone
gencration indicate that voltages representing the sine and
cosine of ¢ and the sine and cosine of ¢ are alco needed.
To cbtain these voltages, a conductor 233 connecled 10
the output 130 of the operativnal amplifier 157 carries the
voltage representing the angle ¢ {or its 180° counterparl)
to an operational amplifier 236, 1he output 237 of which
is is fed to a deluy mionosta®ic multivibrator 238. The
input to the multivibrator 238 is the square wave input
208 which flips the multivibrator o its quasi-stzbie state,
and the magnitude of the input voltage 237 determines
the duration of the unstable siate. The output 239 from
the delay multivibrator 238 trigeers a narrow pulse gen-
erator 240, the narrow puls: 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 narrovww pulse 241 opens
the gates 242 and 243 they sample the sine and cosine
waves and deliver their cutputs 244 and 245 to holding
capacitors 246 and 247, respectively The voltages stored
in these capaciters 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 239 tc an operutional am-
plifier 251, the output 252 of which is delivered to a de-
lay monostable multivibrator 253. The mulivibrator 253
has the square wave input 208 and has an output 254 oc-
curring at a time determined by the magnitude of the
DC input 252. The pulse 254 tricgers a narrow puise gen-
crator 255. The output 256 from the narrow pulse gan-
erator is delivered to a pair of samgpler gates 257 and
258 one of which has the sine wave input 14 and the
other of which has the cesine wave input 16. The output
259 from the sampler gate 257 is a voltage representing
e sine ¢ and is delivered to a holding capacitor 260.
The cutput 261 from the sampler gate 258 is a voltage
representing the cosire ¢ and is delivered to a holding
capacitor 262.

From the foregeing it is evident that the holding ca-
pacitors 217, 219, 230, 231, 246, 247, 269 and 252 siore
voltages representing the sine (6-+-¢), cosine (0-L¢) sire
(6—¢, cosine (8—¢), sine 6, cosine 6, sine ¢, and cosiie
¢. These holding capacitors actually receive a number of
samplied voliages each representing the appropriate «'ne
or cosine function, because each sampler gate is ope. cd
a number of times during the genération of a bone. For
example, the delay multivibrator 267 is flipped each time
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it receives a sguare wave input ‘and thercfore delivers suc-
cessive narrow pulss
erator 210, The series of parrow straizht sided pulses at
the cutput of the generator 219 cause successive sam-
rlings of the sine and cosine waves in the sampler. gates
214 and 215 with these sample voltages being delivered
13 the holding capacitors 217 and 219. Normally, tlese
holding capacitors may rcceive about 15 to 20 sampled
pulses during the géreration of a bone. i

There is a buffer amplifier 263 on the ocutput side of

" cach helding capacitor 217, 219, 220, 231, 248, 247, 260
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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 cesine functions could be generated in
other ways. For example, the inputs to the 0 gates 69, 77,
cte,, could be DC values previously resoived intoc sine-

-cosine values by potentiometers, requiring, however, an-

other row of ¢ gates. Similarly the ¢ gutes 78, 78 ctc,,
could have sine und cosine inputs. Any appropriate sine-
cosine function generator muy be used.

Bone integrators

To get quantities represeniing the X, Y and Z com-
penents 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 intezrator 265 comprises a hich gain
amplifier 268 with a feed bock capacitor 269 connected
across it. The Y irtegrator 266 comprises a high gain
amplificr 273 with a feed back capacitor 271 connected
across it. The Z integrator at 267 comprises a Lich gain
amplifier 272 with a feed back capacitor 273 cennected
across it. The input to the X intecrator 265 includes the
voitage representing the quantity cos (0+¢) 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 (6—) from the holding capacitor 231 carried by a
conductor 278 thrcugh a resistor 279 to the input con-
ductor 277. The quantities cos (84-¢) and cos (6—9)
are halved @nd added by the resistors 276 and 279, and
the sum is presented to the input 277 of the integrator
265. From the cquations sct forih in the gencral theery
of tone generation, the trigonometric eguivalent to this
sum is the quantity cos 6 cos &. Since the input 277 to the
integrator 265 is a DC voltage, the output 280 from the
integrator 265 is a ramp function representing the guan-
tity k37 cos 6 cos ¢ wherein £y is a constart determined
by the resistors 276 and 279 and the capacitor 269 and ¢
is the time variable. The charge on the feed back ca-
pacitor 289 determines the starting peint of the ramp
function k,f cos 8 cos ¢, which starting point will be co-
incident with the ending point of the previous output 280
so long as the capacitor 269 is not discharged. Thus, un-
less the capacitor 269 is discharged, successive bones are
joined together end {0 end as they are drawn or gen-
erated.

The input to the Y integrator 266 includes the voltage
representing the quantity sin (8-1-¢) celivered from the
holding capacitor 217 by a conductor 285 through a re-
sistor 286 to an input conductor 237 of the amplifier 270;
ard the voltagz representing the quantity sin (6—¢) de-
livered from the holding copacitor 230 by a conductor
288 through a resistor 289 to the input conducter 287.
Thus, the quantitics sin (6+¢) znd sin (—¢) are halved
and added together and presen'ed to the integrator 266,
but this irput is eguivalent to the quantity sin 6 cos ¢.

The ouput 229 from the integrator is a ramp fanction -

represeniing the quantity %y sin 8 ccs ¢. The stariing
point of the output 230 is deteririned by the presence or
absence of 2 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
helding canacitor 268 by a cornductor 292 through a re-
sistor 293 to the integrator amplifier 272. The output

ocutputs to the narrow pulse gen- -
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294 from the integrator 267 is 2 ramp function represent-
ing the quantity kyf sin ¢, and its starting peint is deter-
mired by the charge on the capacitor 273.

Flyback retwork

As has been meniioned, tte feed back capacitors 269,
271 and 273 zssociated with the integrator amplifiers 268,
270 and 272 determine the siarting point of any bene
being dre vn, 2nd as long as these capacitors are not dis-
charged, the s‘arting point of successive bones will occur
at the ending point of the previous bone. However, when
discharged, these capacitors establish the starting poiat
of a bone at the so-calied navel of a figure being drawn.
For example, when the bones of an arm have been drawn
it is obviously undesirable to have the leg bones bezin at
the tip of an arm. But, if the capacitors 269, 271 and 273
are discharged pefore the first of these leg bones is drawn,
the first leg bone will start at the navel point. If this first
leg bone is a placement bone drawn frem 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 beaes, which
are successivelv connected end-to-end from the leg place-
ment bone, will be properly positioned.

Thus, the fiyback network, which is the neiwork that
discharges the capacitors 269. 271 and 273, is incorporated
into the system. Another function of the flybuck network
is to assure that the starting point for each series of bones
will Le ot a single point, the navel point, thcreby cbviat-
ing any slight deviations that might occur during the
“out” and “in” scanning of a previous set of bones, such
as the am bones. Primurily, however, the flyback net-
work is rut 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 flyback network includes un electrenic switch 389
connected across the capacitor 269, an electronic switch
301 connected across the capacitor 271, and an electionic
switch 302 connected across the capaciter 273. These
switches, 306, 301 dnd 392 are normally open. A pair of
conductors 303 uand 304, connected to the cutput of zn
amplifier 305, are connected in parallel to the switches
309, 201 and 302, and when these conductors 303 ard
304 deliver a pulse to the switches 330, 301 and 332, the
switches close for the duration of the pulse and dis-
charge the capacitors 269, 271 and 272,

One source of pulses to the amplifier 365 is a {lyback
bistable multivibrator 3€6. This multivibrator 30§ has
an input conductor 207 connected to the output of the
frame pulse multivibrator 23N which flips the muliivi-
brator 386 to one state, delivering the voltage through
the output 308 of a maguitude that will cause the switches
300, 301 ard 392 to open.

Another input 309 tc the bistable multivibrator 306 is
cennected to the output of the last storage counter to op-
erate during any one frame and causes the multivibrator
to flip to its second state to close the switches 3¢9-3G2.
This last storage counter weould be the storage counter
that draws the last bone of « 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
209 to the flyback multivibrater 386 would be connected
to the output of the siorage counter 45 (rot the storage
counter 49 because the “in-out” multivibrator 120 causes
the storage counters to flip successively in and “out” direc-
tion and then back in an “in” direction). This connection
of the inpui 309 would be made to the conductor 142
at the ontput sid> of the “and” gate 133 to prevent trig-
gering the multivibrator 306 during the “out” condition
of the “in-out” multivibrator 320. :

From the foregding, it is evident that the flyback muiti-
vibrator 366 cavses the capaciters 263, 271 and 275 io
be discharged by ciosing the switches 3€0, 341 and 202
when the last storage counter counting off the length of
the last bone of a figure being drawn has closed, and the
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scanning beam of the display cathode ray tube flys back
to the zero or navel point. Thesc switches 309, 301 and
202 remain closed until the multivibrator flips to its first
condition at the time a pulsz is transmitted to the input
conductor 367, and this occurs when another frame pulse
is generated at the output of the list bisiabic multivi-
brator 23N. TowE

There are additional inputs 319, 311, 312, 313, 314 and |
315 to ihe ampiifier 305, each cof which may be consected
to the output of a selected starage counier 46 through
50N as fiyback is needed. For example, following the |
drawing of the series of bones by the storage countzTs
46, 47, 48 and 49, and prior to drawing another series of
bones starting with a group including the storage counter
50N, the capacitors 269, 271 and 273 should ke dis
chargzd. Hence, one of the input cor.icciors 310 through
315 is plugged into the conductor 142 on the output side
of the “and” gate 133 to czuse the display beam to fly
back to the navel point prior to operation of the next
group of storzge counters. )

rhe switches 300, 301 and 302 remain closed for the
duration of any input pulse from the flyback multivi-
krator 326 or from the other inputs 310 through 315.
All of the inputs 308, 31C, 311, 312, 313, 314 and 315
to the amplifier 365 are connccted through diodes 316
to prevent voltages from feeding back and disruptirg the
normal operation of the storage countess. Thus, with the
plugs, as shown, flyback may be programed in a logical
manner to conform to the structure of the figure or ob-
jects to be displayed.

What has becn described thus far has led to the pro-
duction of ramp functions at the outputs of the integrators
265, 266 and 267, which ramp functions reprecent the
X, Y ard Z components of benes for any fguie to be
drawn on the display tube. If nothing else were added to
these ramp functions, they could be resolved info two
dimensioral quantities and transmiited to the horizontal
and vertical deflection plates of the display tube to draw
a complete stick figure. To bring the figure to life, how-
cver, voitages rapresenting what may be called “skin”
are added to these ramp functions.

scanning network—Horizontal
deflection

FIGURE 6 shows a group of blocks, 325, 326, 327,328,
329, 230, 331, 332, 333, 334, 335 and 326, 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
figure. For example, the block 325 represents the arm
step counters 46, 47, 48 and 49 for the “out” condition
of the “in-cut” bistable multivibrator 120. The block
326 represenis the same storage counters but in the re-
verse order, 49, 48, 47 and 46 for the “in” condition of
the multivibrator 120.

As indicated in thes blocks 325 and 326, oae repre-
cents 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
bleck 328 represents the same gioup of storage counters
for right leg in. The bleck 329 is left arm out, the block
330 is left urm in, the block 331 is left lez out, the block
332 is leit leg in, the block 333 is chest, neck and head
out, the block 334 is chest, neck and head in, the block
325 is hips out, and the block 336 is hips in. These grcups
of step couanters 325 through 236 are shown this way so
that the programming for tae scaner assembly 246 (FIG-
URE 7) may be iilustrated.

The “in-out” multivibrator 120 is shown again for con-
venience in FIGURE 6.

Recalling the geometric analysis of bone and skin gen-
eration, it wiil 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

Skin generator-skin
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FIGURE 7 and its purpose is to scan 2 film 241, shown
in FIGURE 9, to obtaix a varying voltage, the instan-
tancous value of which represents the magnitude of ths
vector A. Thus, the magnitude of the vecior A may be
continuausly changing as the vecter twirls arcurd a bone,
and the purpose of the scanner 240 is to produce an out-
put voliage that varies in propcrtion io the changes in
ength of the vector A. -

A typical film 341 to be scanned might be d]ered into
cecticns 342, 343. 344 and 345 as shown in FIGURE 9.
Fach seciion is characierized by variations in density
representing 360° or more of skin around the bones of
various parts of a fizure. These variztions in density are
propc"tonal to the incremental lengths of the vector A
for an arm in section 342, a Iég in section 343, the chest,
neck and head in section 344, and the hip in section 345.

Referring to FIGURE 7, the film 341 is placed ia a
film holder 347, positioned between a cathade ray tube
348 and a photomultiplier tube 349. There are appropri-
ate lenses inclulding an object lens 350 in front of the
cathode rcy tubs 348, and condensing lenses 321 in front
of the photomultiplier tube 349. When properly pro-
grammed, the beam of the cathode ray tube 348 scans
the film 341 and varying intensiiies 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 arc in
proportion to the varying density of the material being
scanned. The cutput 352 from the photomultiplier tube
349 is transmitted tc a video amplifier 353 whose ouiput
354 is a voltaze varying in amylitude in proportion to the

varying intensity of the bf." n focused on the photomulti-
plier tube 349.

To scan the entire filim 341, the beam of the cathode
ray tube 348 must be made to sweep in a horizontal di-
rection and move in a verticol direction, or vice versa.
Tn the example shown in the drawings, the beam is caused
to sweep in a horizontal direction by = horizontal de-
flection geuneruios 359 that includes a sawtooth generator
269. The sawtooth generator comprises an -perational
amplifer 261 with a capacitor 362 connected across it.
A switch 363 is connected in para:lel with the capacitor
3G2 to discharge the capacitor when the switch is closed.

The amplifier 281 has a positive or a negative D.C.
veltage input generated by a right-left bistable muliivi-
brator 364. The meagnitude of this voltage is variable ac-
cording to the setting of a potumometer 365. The func-
tion of
D.C. voltage from positive to negative or back to posi-
tive, according to whether the directicn 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 appendace is being drawn. This is important when
drawing the arms or the legs because the film 341 con-
tains only cre arm section 342 and ore leg section 343
used for both the right and left arms and legs of the
fizure. Therefore, when scanning the skin for the leit arm,
the scanner must scan in opposite direction that it scans
when <kin is b2ing applied to 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. Howaver, this
rmethod is usad to save film space. The film would have
separate sections of variable density for eack appendage
of a figure, as i.. the case of “Captain Hook” or “Peg Leg
Pete.” The-scanner. would be prozrammed accordingly.

The bistable multivibrator 364 has two inputs, 366

an
3¢6, is connected through a diode 368 to the conducter
42 which..in turn, is the input to the step counter group
225 for the right arm. Therefore. when a pulse is de-
livered to this storage counter greup 325, the multivi-
brator 364 is caused to flip to its first condition, say a
condition that generates a positive D.C, output. The multi-

the bictable muitivibrator 364 is to chan 1ge the.

d 367. As shown in FIGURE 6, one of these inpats,.
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nains in this first condition during the
stor croups 325, 326, 327
7 .here is no voltage in-
wever, when a voltage
is tran-mitted thro uctor 269 from the storage
couater crcup 328 {0 the ﬁ >t one of the storage counter
group 329 to draw the left arm. a vcltage is also trans-
mmed throuzh/#’ :Z(‘nd vctor 37@, a diode 371, and the
cnductor 367 to fiip thz muitivibrator 364 to its second
po~n cn. In this second condition, the cutput from the
multivibrater 364 is a D.C. voltaze of the opposile, or
negative, polarity. The muliivibrator 364 then remains in
that cendition during the period of oreration of the stor-
age counter groups 329,330, 231 and 332. B

The storage couater grcup 332 is connected to the
croup 233 by a conducter 374. This conducter 374 and
the conductor 369 between the storaze counter groups 328
and 329, are shown with rcleasable plug ¢.id's to indicate
that changes con be made in the sequence of operation
of the storage counier groups. Actually, the order of
cperaticn of these siorage counters should ordinarily
coincide with the positions of the bones, bones nearer the
viewer being drawn befere tones behind them.

Although the sweep of the. cathode ray beam in the
tubz 348 may be in cither horizontal direction when scan-
ning the clest, neck and head and the hips, the connec-
tion 374 illustrated causcs the sweep 10 te in the same
direction as the swecp fwr the “right™ storage counters
225, 326, 227 and 228 boeouse there is a conductor 375
connec from ilic input 266 of the right-left multivi-
brator 364 through a dicde 376 to the input side of the
storage counter greup 333, This conductor 375 delivers a
rulse to the multivibrator 364 to flip the multivibrator
back tc iis. Gist or positive output condition when the
siorage counier -'r\ up 333 receives a pulse.

The inrut to the sawtooth cencrator 360, which is
always either a ,ml" or a ncgative BC voltage of con-
staint o 'l'Lu.‘ coming from the multivibrator 364, causes
a graduai buildup of clmr' on the capacitor 362, thereby

vibrator 384 ren
operation of the
and 328 because

ut throuch the conx:

generating tie sloping portion of the sawtooth wave, as
is known in the art.

The
it receives
is conacct
and the ir
connected
brator 2383.

swiich 353 is normally oren, but closes every time
a signa! through its input 380. The input 380
d io the cutput cf a bistable multivibrator 381,
put 282 1o the bistable multivibrator 381 is
to the ouvtput of a delay monostable multivi-

The infut to the delay multivibrator 383 is connected
to the square wave output 12 from the master oscilla-
ter 8.

The beginning of each square wave pulse causes the
delry multivibrator 383 to ilip to its quasi-stable state.
The input 352 to the bistab’e multivibrator 381 occurs
at the ume that the delay multivibrater flips back from
its quasi-stable siate to its slable state. Therefore, the
time ti:at ‘he bisteble muliivibiator 281 changes its statc
depends upen the duay time of the delay muitivibrator
383. This delay time is cortrolled by another mput 334
to the delay multivibrator 383. The conductor 384 is con-
nected throuen an adder 385 1o the output side of an
intezrater ihat comprices an opcrationa]l amplifier 386
with a capacitor 387 connected acress it and a “ormally
oren sviich 283 connecied in par'ﬂlel with the capacnor
387 io discharge the capucitor when the switch 388 is
closed. The a ._u.rdﬁer 386 has an input 389, and to under-
stand the nature of that input, FIGURE 2 must be re-
cxamined.

Retirning to FIGURE 2 and referring particularly to
the cates 71, 79, 87, 95 and 14SN, these are r gates
wherein r is a symbol resresenting the angular position
of the skin about the bonz. In other woids, if a bone, like
an arm bcne, Is turned, the value of r changes.

These r gatés have variable inputs 3%0, 391,. 392, 393
and 334N for establishing different vehage values accord-
ing to the.diffcrent values of r for each bone. When the
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r cates are opened by their respective storage counters
4£6-36N, as has been described, these voltage values rep-
reseniing r are passed to the gate ouiputs 395, 396, 397,
398 and 399N, =zll of which are connecied t0 a common
conductor 429. This conductor 4@ is connected directly
to the adder 385. The input 389 to the operational am-
plifier 386 is connected to selective ones of the r gate
cutpnis 333-3%SN to provide twist to arm appendages
of the ficure being drawn. Therefore. the input 384 to
the delay muitivibrator 383, which determines the delay
timeé, or the period that the muitivibrator is in its quasi-
stable state, is proportional to the value of r scmetimes
add=d to the integrated valve of r. It follows that the
bistable muliivibrater 381 is trigcered by a pulss that
occurs at a time related to the rotational position of the
member being drawn.

Since the bisiable multivibrator 381 flips from one
siate to the other eich time the delay multivibrator 383
fiips from its quasi-siable state to ils stable state, the fre-
quency of the square wave output 383 from the multivi-
brator 381 is one-half the frequency of the square wave
input 12 to tle lelay multivibrator 333. Fach time the
multivibrator 381 flips to generate the relatively posi-
tive portinn of a sqnare wave, it opens the switch 362
and allcws the sloping portion cf the sawtooth. wave to
build up by the increase in charge on the capacitor 362.
When the multivitrator 381 again fiips to sturt the gen-
eration of the relatively negzative portien of the wave, the
switch 253 is closed to discharge the cupacitor 362. Thus,
the voltane from the r gates controls the time of hori-
zontal sweep, that 'ime heing relative to the phase of the
high freguency skin vector which generates the vector
lenzih A rotating at a constani rate arcund the bone.

The cutput 405 from the sawtooth generator 369 is
connected through a switch 406 to a summation amyplifier
207. Tie output 438 from the summation amyplifier 467
is connected to a defiection amplifier 4€9 which has an
output 410 cornected to the horizontal deflection plates
on the cathode ray tube 348.

Program network for skin scanner—
Hecrizonial deflection

The summation amplifier 467 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, 422, 423, 424, 425, and 426 (see
FIGURE 6). Fach of these multivibrators 420 through
426 has a DC voltage cutput in one condition and a zero

" voltage ouiput in the cther condition. Thus the multi-
vibrators operate as switches which are e'ther on or off,
depending upon the inputs to them. There are potentiom-
eters 427, 428, 429, 430, <71, 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 used to position the siari-
ing poim 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
arn. storage counter group 325. The pulse in this input
435 flips the multivibrator 420 to its switch-on condi-
tion to generale a DC voltagze output. Assuming that the
scanning beam sweeps from left to right when scanning
for a right arm, the magnitude of the DC voltage out-
put from the multivibrator 420, which is fed to the
suinmation 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
at ‘a point 436 on the left side of the arm section 342 of
the skin film 241.

The other input 437 to the multivibrator 429 is con-
nected tarough a buffer amplifier cathode foliower 438
to the output side of the storage counter grcup 326.
Therefore, when the “right arm in” storage counters 326
have completed their sequence of operation, 1 pulse is
transmitted to the input 437 to flip the multivib-ator 420
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to its switch-off condition, at which time no voltage is
delivered to the output 413. :

At the same time- that tl:c pulse is delivered through
the input 437 to the muliivibraior 429, a pulse is de-
livered through a conducior 445 io the “legs rigkt” bi-
siable muliivibraior 422. Ti's pulse flips the multivibra- -
tor 422 to its switch-on condition to zenerate a DC volt-
age in the output 415 that is transmitied through the
conductor 412 to the summation ampilifier 487. The
mazniiude of the ou'put voliage from the muliivibrator
422 is such as to"position the starting point of the scan-
ning béam at a point 441 on the left side of ilie leg sec-
tiont 243 of the skin film 341. ‘ . :

The other input 442 to the multivibrater 422 is con-
nected through a cathede follower 443 to the cutput side
of the leg-in siorage counter-group 328. When the storage
counters in the group 328 have all vperated in sequence,
a pulse is delivered through the input 442 to fiip the multi-
vibrator 422 to its switch-off .condition, at which time
no voltage is delivered to the output 415,

When a pulsz travels from the storage couater group
328 thrcugh the conductor 3569 to the storage counter
croup 319, that pulse is transmitted through the conduc-
tor 370 to =n input 445 to the bisiable multivibrator 423.
This pulse flips the multivibrator 423 to iis switch-on
conditicn to gcnerate a voliuge at the output 416. This
DC voltage is transmitted througnh the summation am-
piifier 407 onto the harizontal deflection amplifier and
thence to the plates of the cathede ray tube 348 io posi-
tion the starting point of the scanninz beam at a point
446 on the right side of the arm section 342 cf the skin
film 341. It will be rzcalled that at this same time the
pulse is delivered from the conductor 370 to the input
257 of ihe bistable multivibrator 364 to flip it for a nega-
tive voltage generation to the sawtooth generator 360,
thereby cuusing the scanning beam to sweep from right
to left. Therefore, looking at the skin film 241 the beam
starts at the point 446 and sweeps from right to left to
scan the arm section 342 for a it arm.

The other input 448 to the multivibrator 423 is con-
nected through a conductor 449 and through a cathnde
follower 450 to the output side of the left arm in z'orage
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 multivibrater 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 flips the multi-
vibrator 424 to its switch-on condiiion. At this time a
veltage is generated from the muliivibraior 424 to its
output 417 and through the conductor 412 to the summa-
tion amplifier 407 !o position the scanning beam at a
point 453 cn the right side of the leg section 343 of the
skin film 341. Since the saw ooth generator 363 is still
scanning from right to left, the leg seciion 343 will be
scanned from the peint 453 in a right to left direction for
a left leg.

The other input 454 to the multivibrator 424 is con-
nected through a buffer amplifier or cathode foilewer
455 to the ouiput side of the siorage counter group 332

1o flip the multivibrator 424 to its switch-off condition

when the “left leg in” group of storage counters 332
have completed their sequesnce of operation.

When a pulse is delivered by the conductor 374 from
the storage counter group 332 to the storage courter group
333, the pulse is also delivered through a conductor 457
to an input conductor 458 to the bistable multivibrator
421. This pulse (tips the bisiable multivibrator 421 to its
switch-on condition to generate a DC voltage to the cut-
put 414 and thence through the summaiion amplifier
497 to position the starting point of the scanning Beam
at a point 459 on the Icft side of the head, neck and chest’
secticn 344 of the skin film 341. At this time, the multi-
vibiator 364 on the input side of the sawtocih gcnerator
360 has been flipped by an input through the conductor



3,364,382

19

nerate a positive DC voltage and the beam sweeps
i to right staniing at the poi'lt 459, Sipce the
hip secticn 243 on the skin fiim 341 is in the same honi-
zontal p(xmon as the head, neck and chest fection 344,
the sturiing point 452 of the scanning beam remains con-
‘stant throuszhout the operation of ihe storage couater
groups 333, 234, 335 and 336. At the completion of
cperation of the storage counter group 33§, a pulse is
deiivered l‘]r(‘u'v‘] a cathode follower 461 to anoiher mrqt
conducter 462-of the muliivibrator 421 (¢ fiip tie mul u-
vibrator to its switch-off condition.

37510 ge
“from lef

Skin scanncr—Vertice! deflection

To move the scanniag beam in a vertical direction, there
is a vertical deflection generator 470 shown in FIGURE
7, comprising a sawicoth generator 471 having an opera
tional amplifier 472 with a capacitor 473 and a switch
474 connccied in parailel across the amplifier 472. There
are alternste inputs 475 and 476 to the sawloo:h genera-
tor 471, the input 475 including a variable resistor 477
and the input 476 ircluding a variable resistor 478. A
switch 479 permits aliernate connection of a conductor
459 with tite inputs 475 and 476.

The coaductor 480 is connected to the oulput side of an
vp-down tistable multivibrater 431, showa in FiGURE
6. VWhen the multiviorator 481 is in one condition, it
generates a positive DC veltage #nd, in the cther condi-
tior., it generaies a negative DC vollage.

The output 422 from the sawiooth generator 471 is con-
necied to a summation amplifier 483. The ouipnt 484
from. the amplificr 483 is connected to a defle: 'inn am-
plifier 485, the output 43p of which establishes the po-
tential on the vertical deflection plates of the cathods
ray tube 348 to cont'rol the vertical jposition of the scan-
ring beam. Vhen the bistable multivibrator 481 is gen-
erating a positive DC voltage to put a pesitive charge
on the capacitor 473, zcrerating a positive-going saw-
toocth wave, the beam of the cathode ray tube 343 moves
in an upward ditectien. When th\. output from the multi-
vibrator 481 is a negative DC voltage, generating a neza-
tive-going sawtooih wave, the beam moves in a down-
ward direction.

I’logr m network for skin scanner—Ve/tica! Jeflection

In connection with FIGURE 1, it has alicady been
explained hoew the step counters for a given group of
bones are first operated in an “cut” 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 some skin as the bones are generated in a reverse
direction.

One of the inputs 483 to the up-down bistatle multivi-
brator 481 is connected to receive a puise whenever the
peneration of a group of bones is in the “out” direction.
Ttus, the input 488 is connected to a conductor 435. The
conductor 489 in turn is connected through a conductor
490 which leads througn a diode 4%1 to the conductor 42
on the input side of the right arm storage counter group
325. Thus, whenever & 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 beum to scar in an upward
direction.

(It might be mentioned that the level of the DC volt-
age output from the multivibrator 481 as contirolled 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 c*erage counters 325.) -

The conauctor 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 diodc 495 to the input
side of the “left arm out” storage counter zroup 329;
through a conductor 426 and a diode 497 to the input
side of the “left leg out” stcp counter-group 331; through
a conductor 498 and a diode 499 to the input side of the
“chest, r.eck, head out” storage counter group 333; and
threugh a conductor 562 and a diede 591 to the input side
of the “hips out” storage ccunter group 335. Therefore,
the triggering of any of these storage counter groups which
generate bones in-an “out” direction, causes the multivi-
brater 481 to generate a positive DC veltage and the saw-
wooth generator 471 to effect an upward sweep of the cath-
ode ray beam.

The other input 505 to the multivibratcr 481 flips the
multivibrator to its other state in which condition it gen-
erates a negative DC voltage of the same ampiitude as
the positive DC voltage otherwise generated. In other
words, the multivibrator 481 operates as an adder of 180°
1o reverse the direction of sweep. The input 505 is con-
nected to a conductor 506. The conductor 506 is con-
nected through a conductor 507 and a diode 508 to the
input side of the “right arm in” storage counter group
326; through a cenducior 509 and a diode 510 to the
input side of the “right leg in” step counter group 328;
throuch a ceaductor 511 and a diode 512 to the input
side of the “left arm in™ storage counter group 330;
through 2 conductor 513 and a diode 514 to tte input side
of the “left leq in” sterage counter greup 332: through
a conductor 515 and a diode 316 ‘o the input side of the
“chest,” “neck, head in™ storage counter group 334; and
thirough a conducter 517 'md a diode 518 to the “hips in”
swerage counter group 336, Accnrunnly, whenever a
eronp of bones has been drawn in the “out” direction and -
the scanning beam hes 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 to 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 input 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 iricgrators 265, 266 and 267. a pulse is
transmitted {0 the a:nplifier 521 to clese the switch 474
and discharge the capacitor 473. This discharge of the
capacitor 473 czusss the scanning beam to flyback to its
vertical starting posmo"

Since the hip section 345 on the skin flm 341 is dis-
11.““. vertically upwardly, there must be a vertical posn-
1>n contiol to position the starting point of the scanning
beam when the hip section 345 is to be scanned. This
vertical position control includes a bistable multivibra-
tor 526 (FIGURE 6) having an output 527 connected
through a variable resistor 528 to 2o input 529 to the
summation amplifier 483. The multivibrator 526 has an
input 530 connected through a cathode follower or buffer
ainglificr 531 to the input side of the “hips out™ group of
storage counters 335. When a pulse is delivered to start
the “hips out” storage counters 335 operating, that pulse
is delivered to the input 539 to flip the mu]uwbrator 526
to a generating condition. In this condition, a DC voliage
is generated the magnitude of which is re!—:ulated by the
variable resistor 528. This voltage input to the deflection
ampiifier 485 is of proper magnitude to pesition the ver-
tical starting point of the scanner beam at the lower. edge
533 of the hips section 345 op the skin film 341.

The multivibrator 481 remains in its genera(mg condi-
tion until a pulse is received in its other input 534. This
input 534 is connected tc the conductor 462 from the
outpui side of the “hips in” group of storage counters 336.
Wken the muliivibrator 526 is flipped by a pulse in the
input 534, its generation of 2 DC voltage terminates.
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Skin scanner for figure outline

What hus been de:scribed is what may be called Mode

Cne scanning programming. In Mode Cne tke entire skia
film is scanned because the uliimate figure to be drawn
is to be a complete figure v ith all of its skin or surface.
There is also another programming condition for the skin
anning natwork which may be called Mode Two. The
purpcse of Mode Two programming is to cause the scan-
ring beam to scan only un cutline “of the skin, tut to
scan that outline in sequence with the generaticn of tones.
Op ration of the system in Mode Two permits frame rate
animution (e.g. 24 frames per second or more) with Jow
bandwidth components which can handle full skin Mode
Two information only at slow speeds. It should be under-
stood, howzver, that by the use of more expensive high
btandwidth cemporents, provisions for Mode Two opera-
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 certuin switches
must be operated. .

In Mode Two cpgmu(‘w there is no YL.orizonta! scanning
by the caihode ray tube 348 so the swirch 426 on the out-
put side cf the sawtooth gencrator 369 is n:oved to break
conneciion with the sawiooth generator outrut 403, This
swilch 406 is moved agzainst a contact 540 “which is con-
nected by a conducter 541 to the output side of the
operationzl amplifier 385. Accordingly, in Mode Two,
the summation amplifier 407 receives a voltage directly
from the adder 385 in propertion to the velue of r. The
nmpliﬁ:r 407 ulso receives an inpui from the conductor
432 penerated by one of the muhivibrutors 420 through
424 lo posiiion the starting pcint of the scanning beam
as has been described.

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 or rate of bore drawing is
cerrespondingly changed for Mode chanzes by an ap-
prepriate selection of resistance at the inputs {o the
integrators 268, 270 and 272. (These resistors are not
shown, but it will be understcod that for each integrator

268, 278 and 272, a switch and appropriate resistor, like

+he switch 479 and the resistors 477 and 478 (FIGURE
7) cquld be prondcd.)

Now, with these connections, the bistable multivibrators
420 throuch 424 will determine the starting position of
the beam in a horizontal direction with appropriate modifi-
cation according to the r input 400 tc the amplifier 38S.
With no input to the summation amplifiecr 407 from the
horizontal sweep sawtooth generator 289, the only mo-
tion of the beam (in scanning) is in a vertical direction
except as dictated by twist generated by the integrator 3285,

Thus, depending upon the sign (positive or negative)
of the cutput 488 from the multivibrator 431, the beam
would move upwardly and then downwardly with the
downward motion tehing place across the same area as
the upward moden. To draw the complete outline of the
skin for the group ©f hones, the beain is shifted 180°
laterally when the “istable multivibrator 129 shifts to its
“in” condition. This 180° shift is accomplished by the
—180° and +180° bistable multivibrators 425 and 426
connected to the input side of the summation amplifier
407.

As shown in FIGURE 6, the —18&0° bistable mulii-
vibrator 425 has two inputs 549 and 541 connected 10
ganged switches 542 and 543. During Mode One opera-
iion, these switches are open, but for Mode Two opera-
tion they are moved into contact with a pair of conductors
544 ond 545. In Modc One condition the bistable multi-
vibrator 425 generates no voltage at its output 418, but
when flipped to its other condition, the output is a DC
veitage of a magnitude to shift the starting point of the
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canning beam_ 180° to the left. Therefore, the muli-
vibrator 425 is used for drawing the left arm and leit
leg outlines for which the normal starting points cf the
scanning beam on the skin film 341 are at the right side
416 of the arm section 342 and the right side 453 of the
lez section 343.

The conductor 544 connected to the input 540 to the
bistable multivibrator 425 is connected thrcugh a cca-
ductor 546 to tke input side of the “left leg out” stcrage
counter group 331 and through a conductor 547 wo the
conductor 454 on the output side of the “left leg in”
storaze couater group 332. A pulse in the input 549
establishes a no voltage output condition of the bis:ablc
multivibrator 425. The other input 541 to the bistable
multivibrator 425 is connecied threugh the conductor 545
to a conductor £48 on the input side of the “left arm in”
stoi.ce counter zroup 330 and through a conductor 549
to the input side of the “left leg in™ sterage counter group
332. A pulse in the input 541 to the multivibrator 425
generates an output veltage 418 of a proper value to shift
the scann sing beun 180° to the left. Thus, since there are
no connections from the “left arm out™ storage counter
group 329 to the multivibrator 425, the scanner beam
moves upwardly across the arm secticn 342 of the skia
film 341 according to the setting of ¢ her paramicters al-
ready described. When a pulse reaches the “left arm in”
storage counter group 330, that pulse is delivered through
the conductor 548 to the input 541 of the multivibrator
425 to flip the muhnlhmtor to-its voltagz generating
conditicn. Thercafter, during the “in” counting of the left
arm by the storage counter group 339, the scanning beam

sLifts laterally 180° to the left from the starting pomt
446 (FIGURE 9) and thea moves do“r-.\axdly

This same- scquence can te traced for the operation of
the “left leg out” storage ccunter group 331 and the “left
lez in” storage counter group 332, When the latter stor-
age counter greup 332 hus completed iis operation, a
rulse is delivered through the conductor 454 and the
conductor 547 to the input 549 to flip the muliivitrator
425 to its no voliage output condition.

The 4-180° bistable multivibrator 426 Las inputs 553
and 554 connected to a pair of ganged switches 555 and
556. These switckes 555 and 556 are nermally open for
Mode Cne operation, but for Mode Two cperaiion they
are moved into contact with a pair of conducters 557 and
558. R

The conductor 557 is connected to a conductor 560
that in turn is connccted to a cenductor 561 on the input
side of the “right leg out” storage counter group 327; to
a conductor 562 on the output side of the “right leg in”
storage counter group 328; to a conductor 564 on the
input side of the “hips out” storzgze counter group 335,
and to a conducto: 565 on the output side of the “hips
in” storage count.r group 336. The other input 554 to
the muliivibrator 426 is connected through the conductor
558 to a conductor 568. The conductor 568 is connected
to a conducter 569 on the input side of the “right arm in”
storage counter group 326, to a conductor 570 on the
ir.out side of the “right ieg in” storage counter group 328,
to « coanductor 571 on the input side of the “chest,” “neck,
head in” storage counter group 334, and to a coaductor
572 on the input side of the “bips iz” storage counter
graup 33%. )

In tracing the vasious connections just descrivbed, it
can be seen that, during the opzration of the “right arm
out” storage counter group 325 (hcre is no inpui to the-
bistable multivibrator 426, and :hc beam scans in a vertical
position dictated by the other controlling parameiers on
the horizontal deflecticn plates of the cathode ray tube

48. At the start of the operation of the “right arm in”
storage counter group 326, a pulse is delivered through
the conducter 569 to the conductor 568 ard the input

554 of the multivibrator 42§ to generate an output voltage

419 that will shift the scanning beam 180° to the right.
Then at the start of operation of the “right leg cut” stor-
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agz counter group 327, a ptlse is delivered through the
conducter 551 and the conducter 369 to the input 553
to flip the muliivibrator 426 back to its no voltage cutput
condition. Wien the “right leg in” storcge ccunier group
328 starts to onerete, ine multivibrater 426 is flipped to
1ts voliage ~uv vondi ‘on for 2 180° shift to the right

fier fdippe. back to its no voltaze output
condition upon completion of operatien of the “right leg
‘a” storage counter grcup 328..

In the description of FIGURE 6, certoia catnode
followers 4138, 443, etc. and Jicdes 491, 3€8, cic. have
Eecn mentioned. Cthers appear on the druwing to which
no specific reference has beca made. It should be under-
stood that these components are used where necessary
10 stabilize back impedance and provide one way current
flow as they are conventionally used. More or less of
these comporents are used in this netwerk to perform
thkeir obvicus functions as required.

Skin arnd bone combining netwerk

Going Fack now to FIGURE 3 and the sine and cosine
furction zenerator netwourk, it will be recalled that the
sterage capacitors 217, 219, 236, 231, 246, 247. 260 and
262 ure storing voltages sampled by the verious sampler
cates and representing the sine or cosine of various com-
vinations of the angles 6 and ¢. The quantities represented
are indicaied on FIGURE 3 opposite the relative storage
capneitn,s, Theve voltage values are uscd as inputs to a
neiwo x shown in° FIGJURE 4 for solving the cquations
«ct forth in the General Theory of Bone and Skin Genera-

voltage representing the guantity sin (8-+¢) is
delivered by a conductor €60 to a subtractor and boester
comp ising a pair of resistors €01 and 602 and an opera-
tiona! emplider 663, Another conductor 604 transmits a
voltags representing the quentity sin (8—¢) from the
cioacitor 239 through a dividing resistor 665 to the
amplificr 603. The resistors 661 and 605 divide the input
quaniities by two after which they are subtracted by the
cubtracior £53. Thercfore, the cutput 606 from the sub-
tructor 663 is a voltuge representing the quantity
Vs[sin (94-¢)—sin (6—¢)] which is a trigonometric
cquivalent to the quantity cos ¢ sin ¢.

A conductur 693 transmits the voitage representing the
guantity cos (¢+¢) from the capacitor 219 through a
dividing resittor 657 to a subtractor and booster 610. An-
other conductor 611 transmits the voltage representing the
quantity cos (9—¢) from the capacitor 231 through a
dividing resistor 612 to the subtractor 610. The resistors
609 and 612 divide their inpit quantities by two following
which they 2:e subtracted in ihe subtractor 619. The out-
put €13 is a vollage representing the quantity Yz[cos
(0+¢)—cos (6—¢] which is trigonometrically equal to
the quantity sin 6 sin ¢.

A conductor 616 trunsmits the voltage representing the
quantily sin 6 frcm the capacilor 246 to an arnplifier and
bouster 617, the output 618 of which is an amplified volt-
age representing the valie sin 6. Another amplifier and
boosier 619 has its input 626 connected to the cos @
capacitor 247, ard its cutput 621 is an amplified voltage
reprezenting the quantity cos 6. Finally, a conductor 622
{ransinits the voltcge representing the quantity cos ¢
from the capacizor 262 to an amplifier and booster 623
havinz an output 624 representing the quantity cos ¢.

The quantities sia kot and coy Kot required in the egqua-
ticn set forth in Chart A are provided by a pair of trans-
formers 639 and 631. The input 632 to the transformer
2@ is connected to the ou'put 14 of the master oscillator
10, which is a sine wuve equivalent to sin Kot The trans-
former 633 has twc outputs 633 and 634 cne of which
is a negative image of the other, or -Lsin kgt .and —sin
Lo, for push-pull operation.

The inpiit 633 to the transformer 631 is connected to
the cosine wave cufput 16 from the master oscillater 16.
This cesine is equivalent 1o cos kyt. The trunsformer 631
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also has two outputs 636 and 627 cne of which represents
cos kot and the other of which represents —cos kot (push-
pull operation). .

The outputs 633 and 634 from the transfcrmer 635 are
transmitted as low impedance inputs to a pair of multi-
rliers €40 and 641. Another input 622 to the multiplier
€40 is conrected to the sin @ output 618 from the ampli-
fier 617. These guantitjes are muitiplied by the multiplier
540 to produce an output 643 representing the quantity.
sia @ sin kot. .

Another input 644 to the multiplier 641 is connected
tou the cos 6 cutpiut €21 frem the amplifier 619. The irputs
to the multiplicr 641 are multipiied together to produce
an ouiput 645 representing the quantity cos @ sin kof. “

The outpuis £36 and €37 frem the transfcrmer 631 are
transmitied as low impedence push-pull inputs to three .
multipliers €43, €49 and 659. Anoth<r input 651 to the
nultiplier 649 is con»eted to the cos 6 sin ¢ output 606
from the ampiificr 623, and the output 652 from the
multiplier 648 represents the quantity cos 6 <in ¢ cos kat.

Ancther input 653 to the multipiier €49 is connected
to the sin 0 sin ¢ output 613 from the amplificr 610. The
output 654 from the multiplier 649 represents the quantity
sin @ sin ¢ cos kot. :

Another input 655 *o the muliiplier 630 is connected
to the cos ¢ ouiput <24 from the amplifier §23. The out-
put 656 froin the n.iltiplier 839 represents the quantity
cOs ¢ cOs kyi.

The output §43 from the multiplier 649 is transmitted
through a switch 6£0 ard.a recistor 651 to an amplifier
and beooster §62. Another input to the amplifier 662 is the
cus @ sint ¢ COS cuiput 652 {rom the multiplier €48
which is transmiticd threugh a switch 543 ard a resistor
664 to the amplifiar 652. The resistor network associated
with the ampiifier 6§62 performs a subtruction of these
quantities to prcdice an oulput €C€S representing the
quantity cos @ sin ¢ cos kpt—sin 0 sin X1,

The cos 9 sin kor cuiput €42 from th2 multiplicr §41 is
transmi‘ted thrcugh a switch 668 and a resistor 65% to
an amplifier. and booster §76. Thz «in 6 sin ¢ cos kaof
cutput €54 from the muitiplier €49 is zlso delivered
through a switch €71 and a resistor 672 to the amplifier
670. The resistor network associated with the amplifier
670 performs an adgition of these input quantities to pro-
duce an cutput €73 represeniing the quantity sin 6 sin
¢ c0s Lgl—sin 6 sin kqt. .

The cos ¢ cos kgt output 656 from the multivlier 659
is transmitted through a swiich 675 to an amplifier 676
having an output 677 that siill recpresents the quantity
cos ¢ cos kot. .

The outputs 655, 673 and §77 from the amplificrs 662,
672 and 675 are delivercd as inputs respectively to three
multipliers €83, 651 and €82. The cther input to these
multipliers €88, £81 and €82 is a variable voitage 1epre-
senting the variable quantity A. This variable voltage is
fed from the output 342 of the video amplifier 348 through
a resistor 683 1o an adder 684. The output 635 from the,
wdder 684 (which for Mcde Cne represents +A, Mode
Two being described Jater) is delivered as inputs €85,
€87 and 688 to the m-iltipiiers €82, 681 and 622. An-
cther adder 69¢ has its input 651 connecied to the out-
nut from the adder €84. The adder 699 reverses the sign
of its input so that iis oculput €22 is the negative of its
input or equivalent to —A (in Mode One}. The cuiput
692 is delivered as inputs 693, 624 and 655 to the muiii-
pliers 680, 681 and 682. ‘

The multiplier €85 multiplies its input 685 by the
quantity A to produce an output 623 representing the
guantity A cos 6 sin ¢ cos kpr—A sin § sin kgt. The multi-
plier 681 multiplies its input €73 by the quantity A to
produce an output £99 representing the quantity 4 sin
8 sin ¢ cos ko'—.4 sin 4 sin Ay, The multiplier €32 mult-
rlies its input 677 Ly the guantity A to produce an outant
700 representing the guantity 4 cos ¢ ccs kaf.

ip
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As shown in FIGURE 5, the cutput 698 from the mulii-
plier 689 is coangcted through a resistor 7¢4 to an in-
pui 705 of an operational amplifier 75. The other in-
put 797 to the ampilifter 7€6 is connected throuzh a re-
cistor 768 to the cutput 280 from tle intcgrator 265.
These iaput quantities are added by the resister network
7G4 and 7¢8 to produce un cuiput 769 from the amplifier
796 representing the quaniity X or %yt cos 8 cos ¢-1-A cos
@ sin ¢ cos kof—A sin € sin kot
The cutput €39 from the multipiier 681 is trapsmitied
through a resistor 719 to an input 711 of ar cperaiional
amplifier 772. The other input 713 to the amplifier 712 is
conrected through a resistor 714 to the ouviput 220 of
the integrator 256. These input quantitics are added by
the :..istor networks 7i6 and 714 to produce zn output
715 representing the quaniity ki sin 6 cos ¢4-A sin 0

sin ¢ cos kpt+A cos 6 sin ko, and this quantity is equal

to Y.

The output 760 from the multiplier 682 is connected
through a 1esister 716 to an input 717 of an operaticnal
amplifier 718. The otker input T19 to the operational

_amplifier is connected through a resiztor 7260 o the out-

put 233 of the integrator 287. These input quantities
to the amaplifier 718 are added by the resistor network 716
and 720 to produce an oufput 721 rcpresenting the
quaatity kyf sin ¢4 cos ¢ cCs kyt, which is equal to Z.

Skin and bone combination—Mode Two

As shown, the quaniities nceded for the components X,
Y and Z during operation in Maode Two are different from
those described heretefo:e. To obtain the preper quan-
titiss for Moce Two opeiaiion, various switches must be
operated. First of all, the switches 6€0, 573 and
675 (FIGURE 4) must 58 moved
or outputs €43, 645, € and 638.
he switches 648 and €88 are connscted to ground con-
tacts 722 and 723. The switch §£3 is moved into cuntact
with a concucior 725 th N

of the sin 6 capacitor 248, the switch 871 is moved into
contact with a conductor 726 ihat s connecied to ine
cos 6 capacitor cutput 247, and the swiich €75 is moved
into coentact Y the conductor 727 that is connccied to
cutput 282.

Also, a switch 728 connecied to the conductor 349
carrying the A voitages, which is open during Mode
One operation, is closed info conlact with an input 729
to a gate 738. The gate 730 has input 721 connected
to the “in” output 128 fiom the inui: multivibrator 129.
When the multivibrator 1§ is in iis “cut” condition,
and the scanning beam of the cathode rey tube 348 is
moving up the skin film 341, the gate 739 is cloed and
no signal rasses through it. When the muitivibrator 129
flips to its “in” condition, a voltzge in the input 731
opens the gaic 739. Termination of the signal in the in-
put 731 agein closes she gate.

When there is a signal in the input 733, the gate 720
reverses and doubles the quantity A and tranzaits this
—2A output 733 to the adder §84. The output 885 from
the adder 684 is thercfore the sum of A4 (f:om the input
683)+(—24) (from the input 733) which is equal to
__A. This same ouiput 683 when delivered to the input
691 to the opcrational amiplifier 658 reverses the sign of
A to provie an cutput 652 of +A. These quantii.z: of
_A and +A are deiivered by the conductors 685 and
692 to the multipliers 68G, 681 and €82.

In Mode Two the other input to the multiplier 8§88
is a voltage representing the quantity is ¢ tiansmitted

connzcted 1o the ouiput

4

" frem-the conductor 725 through the switch 683, the sub-

tractor 662 and the :nput 655. The othier input to the
multinlier 661 is a voliage representing the quantity ccs 8
transmitted through the conductor 726, the switch 671,
the adder 670 and the input 673. The other input to
the multinlicr 682 is a voliaze representing the guaatity
cos ¢ transmitied through the con - uctor 727, the swiich
673, the amplifier 675 and the input 657. Thus, the out-
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put from the multiplier 680 transmit.ed to the adder 706
is a voliage rerresenting ihe guantity A4 sin 6 ar.d the out-
put from the adcer 7€6 represents thz X component for
Mode Two operation or ;7 cos § ces ¢ A sin 6. The
5 outpri from the multiplier 681 delivered to ihe added 712
is a voitage representing the quantity 4 cos 6 and the
output from ihe adder 712 represents the Y components
for Mode Two operation or &7 sin 9 cos ¢-+.4 ccs 6. The
ouvirui from (he muiiiplier §32 fransmitted to the adder
10 712 is w.volinge representing the qu.niity 4 cos ¢, and
the output frcin the adder 7i8 is a voltage representing
the Z component or kyf sin ¢--4 cos ¢. The quaniity cos
o for Mode Two cperaiion will be zero for normal opér-
ation in that meode as explained in the general theory of
v5 bone aad <kin generation. Therefore- the Z component
is k¢ sin ¢, e

Resolution from tlirce io twe Dimensions—
: Cumera angle network

ments X, Y and Z whicl position the figure
in three dimensions must bz resolved into two compo-
rents H—for Losizontal and V—fer verticzl, for the
two dimensional display tube. This re:olutica of com-
ponents is accomrlished in a camera angle network 739,
o5 Liustrated in FIGURE 5, that iacludes a group of sine-
coine potcatiometers or resolvers 749, 741, 742 and
742 The poteniiometer 749 has a pair of contact mem-
Lors 743 end 74 connestad together ot a $0° angle to
generate sine and cosine values, respectively, of iaputs
¢ cmeter 748. The potentiomcier 741 has
a pai and 743 to geaerate sine and co-
si-e funct'ons, resrectively, of the inputs to the roten-
toneler 748 I meter. 741 has a pair of con-
te s'ne and cosine functions,
. of the ingu.s to the potentiometer 741. The
atinmeters 740 end 741 are ganged together on a
L 749 which is rotated by a servomechanism
vely, the shafi 739 may be hund operated.
aeter 742 has a s<ivgle con-
te the cosine of the 1L il to
the peientiometer 742. The potentiometer 743 has 2
cortact member 753 to zencrate the sine of the input to
the poicntiomcter 743. The potentiometers 742 and 743
are controlled by ¢ comrmon shaft 755 which is controlled
45 by a servemechanisin 755 or by a coaventional hand
control.

Tha cuiput 709 from the amplifier 706, representing
the X component, is transmitted Lo an iaverter 758 having
po:itive and negutive ouiputs 759 and 760 which are’

50 coanected as inputs to the potentiometer 749. These posi-
tive and megative X inputs are provided so that the sine
and co-ine contocis 745 and 746 can. gencrate all sine
and cosine cutpuis from <4-1 to —1. One cf these out-
puis 761 is a veltage representing X sin a and is con-

. o .
Hhy acts e

55 rnected to a subtracior 762. The other output 783 is a voit-
ace representing X cos a and is delivered to an adder 764.

The Y output 715 from the amplifier 712 is connected

an inverter 767 having cuatputs 768 and 769 1epresent-

ng rlus Y «ad minus Y, the output cenductors 768 and

60 789 reing connected to the potentiometer 741 This po-
potentionieter 741 has an output 770 representing the
quantity Y sin @ whick is connected to the adder 764
and an outpui 771 representing the quantity Y cos a
which is connected to the subtractor 762. .

63 The cutpui 772 from the subtractor 762 is a voltage
representing the gquantity Y cos a—X sin a. This output
conductor 772 is connecied to an-inverter amplifier 773
which nas two output conductors 774 and 775 represent-
ing the positive and negadive compenants of the iaput

70 772. These conductors 774, and 775 are conrected as in-
puts to the potentiometer 742 which has an output 776

epresenting the quentity (Y cos a—X c<in @) cos b. The
conductor 776 is connected to a subtractor 779.
The Z output conductor 721 is connected to an inverter

75 amplificr 780 which has a plus Z output conductor 781



~which is connected to an input 7¢8 of the horizen
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and a minus Z output conductor 782, These conductors

781 and 732 arz cornecled to the pmerxtlo.;.ele‘ 743

which has an cutput conductor 734 representing the quan-
tity Z sin b. This conducter 782 is aiso cennecied to-the
sbtracior 779. The subtractor 779 subiracts the input
724 from the input 776 to produce an output 785 rep-
resenting the cuantity (Y cos a—UX sin ¢) cos b—Z sin b,
which as refersnce to the cquations in the preceding
Theory of Camera Angie Neivork shows, represenis the
verticai componet V of the beam on the dispiay tube.

This conductor 785 is ccnnected irto aa adder 738, the
output 789 from wkhich is connected to the inpit 790 of
thz herizonial and vertical deflection amip
{(FIGURE 8) "n out at 9’ frcm \\hun cn
tical deflecti

The ou'pu !l 7/:3 fro.rn .he ddUC!‘ ,C4 xe,m.‘cqu ﬁ.,
i ¥ sin a. This ocuiput conduc.or 7%3
provides an input to an.zdder 775, the output 797 of
tal and
vertical deflection amplifier 721, An ouiput 799 from

the horizontal  deflection ampiifier is connected to the
hou.,on al deflection plates of the display tube.

It is evident from (he foregoing description that the H
and V components transmitied to the deflection plates of
the display tube depend upon the setiing of the sine-cosine
potentiometers 740—/-.'4 These H and V' ocomponents
‘.;iil of course, vary with changes in the X, Y and Z

inputs 763, 715, and 721, but any viewing angle ciiccted

toward the three dimensionzl X, Y, Z ficure may se se-
iected by varying the sctiing of the potentiometers 740—
743.

Gross position network

What has been described zre the various mechanisms
inveived in producing voltage variations on the horizon-
tal and vertical defiection plates of the dispiay tnbe 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 8905.

The gross pesition mlwork 895 comprises a pair of
vates 806 and 807. The gute 8¢6 has a variable DC input
808, the voltage vzlue of which may be regulated by a
hand coatroiled potentiometer (not shown) or by previ-
ously rzcorded control signals. The gate 807 has an input
810 which also may be regulated by a hand controlied
poteniioineter (not shown) or by previously recorded con-
tiol signals.

The gotes 8§76 and €07 have additional inputs 8i3 and
814, respectively, which are connected to :hg ouiput of a
bistable multivibrator 16. The muliivibrator 816 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 ficure. The input
317 fiips the multivibrator 816 to a condition that opens
the gates 896 and 807, and the input 818 flips the mul:i-
vibrator 816 to close these gates.

The gute 836 bas an output 820 that delivers the input
control voltage to the adder 796 when the gate 805 is
open. This voltage is added to the voltage input delivered
by the conductor 795, adding a gross position to the hLori-
zontal deflection plates of the display tube 11. The gate
8§07 has an output §21 that delivers the input control volt-
wge to the adder 748 when the gate 807 is open. This
voitage is added to the veltage supplied by the. conductor
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785 to provide a gross positicn voltage to the veriical -

deflection plates of the display tube 11.
“Overlap prevention network

There is an overlap prevention network 845, shown

in FIGURE g, to prevent the overlap drawing of parts -

of the body where other paris have already bzen drawn.
The overlap prevention network 845 comprises a vidicon
tube, or similar funciioning storage iube 846, that has a

. 28
photo- coh;!;-c'i\'e layer 847 against which the light from
a fiash tute $i3 is directed. The fash tube 848 has wn input
49 co.mcci\.J to the output 28N from the frame pulse
bistable- mutivibrator 23N so that the photoconductive
layer 847 is charged by the ilash tube 848 at the bagin-
ring of the draving of each frame. fhe vidicon tube 846
has a signal elecirode output 853 that carties a voliage
whenever the vidicen scanning beam scans virgia terri-
tory on the phciocoaductive layer 847 There is much
Tess output vclinge when the Ecam scuns areas that have
been pn.wo.xﬂn scznnad. : )

A puir of conductors 851 and 832 are coanected to
the horizental and vertical "deflecticn veliage carrving
actors 727 ond 789, rsﬂp;:ti'vc!v which conirol the
rositicn of the dispiny beum. Therciore, the conducters
651 and S52 curry the same volinges thit prodace de-
fleciiors in the display tube 11. These conduciors 851
and 52 zrz connected (o the inputs 853 and 354 of the
horirontal and vertical defiection amplifiers for the vidi-
con lube, thereby causing the vidicon tube 846 to scan
in a manner exacily parciicl to the movement of the beam
of the displuy tube 11.

The ouiput conductor 835 from the vidicon tube 846
is connected to un amplifier and clipper 855, the output
856 of which is condecied througin a swiich 837 to an
“and™ gate $38. The “and” gite 8§53 has another input
859 that delivers 2 voitage when the informution being
delivered to the display tube actually represents some-
thing thut should e drawn. For examiple, placement bones
ure not to be druwn nor are bones (normatly) to be drawn
when the stzp-counters are counting of in the “out”
direciicn. .

The input 8-'~’) may cowcrﬁc;ﬂ:!y te connected-to an
: 2t has one i 362 connccied to the
65N, respectivety, of the
assecicted with the siorage
" e :‘..LS muy be uszd for irtensity
variation ‘.s..h pund controlied varie™e DC inputs 870,
871, 872, 873 und 874N for varying the voltage pussed
5y these gutes according.to the desired intersiv of the
displuy beum. Tor o placement bore, the irtensi.y sctting
for the gate associnted with the plocement bone cun be
et for rno voll‘mc output.

The "-‘rvd 2450 hos another input 878 connected
to the * u(pul conductor 129 of th_ in-out bisiable
muitivibrator 120, Thus, when the “and” gate 860 re-
ceives a voliage from the intensiiy gates throngh the input
8§82 os well as from the conductor £78, it transmits volt-
age to the “and” gute 638, If, at the time this vollage is
reccived by the sute S:’S, Khxre is a xcnl.’!gt. in ihe input
from the vidicsn tabe the “and” gatz d:clivers an
ocuiput 839 to a bl g"xd on the dnsrﬂ 1y tube to
turn the beam on vhenever theve is a voitage in the coa-
ductor 286. Similurly. the blanking grid blanks the display
beam whien there is no output from the “and” gate 858,
To accommodute those instances when it is desired to
draw during the “out™ condiiion of the system, another
input €83 to the “und” gaie §59 may be provided. This
input 833 is connected to the “out™ corducior 122 of the
in-out bistable multivibrator 120. A sv. nlgh 834 is pro-
vided to alow selection between the inputs 878 and 883.

The other position of the switch 837 puis it in contact
with an input conductor 881 to a bistable multivibrator
882. This conneciioa is made for Modz Two operation,
and its funciion will be described hereinafter.

When the display beam is blanked out because tha sub-
ject drawn inveolves a plicement bone or tecause the
sicrage counters ure operating in an “out™ seguence in-
stead of 2n “in” sequence, it would be undesirable to have
the vidicon tube sczn the photoconductive layer 847 and
prevent later dispiay of the same area by the display tube.
Consequently there is a conductor 335 connected from
the conductor 859 10 a blunking erid oa the vidicon tuhl
846, When there is no signzl in the conducts
beam of i:e vidicon tube 846 is tur- °

- “:crefore a
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voitage in the conductor 835 is present when the necessary
conditions for vidicoa scanning (drawing) are met, and
the vidicon beam is iurned on. Similarly, no voltage in
the conductor 885 indicates the conditions for drawing
have pot been met and the vidic >n beam is turned off.
Intensity mod.ddticn

To cause the beam of the display tube 11 to make
drawings having minute details on them and to intro-
duce shading into (ke drawing, there may be various ways
to modify the intensity of the display beam. The intensity
modulation is done rezarcless of the state of anima’don
of the figure and regardless of the positions of the dif-

“ferent bones. For full intensity modulation, as shown in

FIGURE 7, there is a video amplifier §38 conrected to
the ouiput 891 of a photomultiplier tube 892. The photo-

-muliiplier tube 892.is positioned at right angles to the

skin scanning cathode ray tube 348. A 45° 30-30 mirror
893 is positioned between the film holder 347 and the
object lens 350 to direct half the scanning beam upwardly
toward the p‘motomul.ipliq tube 892. Between l“e phot~
muliiplier tube 892 and the mirror 893 there is a film
holler 894 for receiving variable density film oa which
the density variation corresponds to desired variations
in the inteasity of the figure being drawn. The densitv
variaions on this intensity film are positioned accord-
ing to the sweep of the scanning beam of the cathode
ray tube 348 so as te <ynchronize with the uliimate draw-
ing of the ficure by tiie dispizy tube 11. The beam scans
the film in the sold.r 394 and whatever intensity of the
beam there is passing through the film is directed past
somﬂ condensiag len=cs 895 to (he photomultiplier tube
2. The video amplifier $90 has an output 8§36 that is
co:‘.nc;tcd to un intensity modulation control on the dis-
play tube. Since the scanning beam of the tube 348 is
svnchrorized with the generation of a given bore to pro-
vide three-dimens<ional stin for that boue, and the den-
sity veriations on the intensity film in the film helder
894 correspord to the minute detuils of zil poinis on
the surface of the <kin for that bone scguentially with
generation of that skin, this density variction may mod-
ulate the signal output from the video amplilter 890, re-
gardless of the and ¢ settings {or that and regardless of
hhdmr or noi tha bone is undergoing animation.
There are ways to provide a shiding effect by other

intensity controls. For example, the output 354 {from the

video tmplifier 353, which has voliages varying with
variztions in the skin vector A, may be delivered by a
conductor 897 to a differentiator 833. The differcntiated
output from the differentiator 898 is delivered by a con-
ductor 899 to 2 summation amplifier 908 (FIGURE 8)
havingz an output conductor 501 connected to a video
amplifier 962. The output 903 from the video umplificr
s conrected to a conductor 984 which is connecied to
a contrel on the display tube for modulating the intens-
ity of the display beam. )
Still arother way to modulate the intensity of the dis-
play beam is to coanect a conductor 9¢7 {sce FIGURE
&) to the sire wave output 14 of the master oscillator
1J and deiiver this sine wave through a variatle resisior
9"8 to a variable phase shifter $09. The output 919 from
the phase shifter may be fed inio the summatinn ampli-
fier 909 for combination with the diTcrentinted “A”
voltage or it may be fed direcily to the intensity mod-
ulation input €04 to the disploy tube. The variable phase
shifter 902 allows modulation cf the beam intensity at
any poiat or points of the sine wave input to provide
variations from light to dark of the display beam.
Background network

Background information is supplied by a background
nctwork 15 that includes a high resclution scanning
im.xce orthicon or other scanring device 9i6. The scan-
ning device 916 scans a film 9i7 througn an optic lens
218. The film 917 has density variations corresponding
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to the desizn 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
Lorizontal and vertical sweep sawtooih generator 912.

- The sawtooth genzrator 919 is started by zp input pulse

frcm a condu<tor 920 that is connecied to the output

_ from the last storage counter of the sterage ccunter chain
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336. Therefore, background informaution is not scanned
uniil everything else has been drawn. ‘
© The sawiocth generator has output voltages 921 and -

922 which are delivered to the horizontal ard vertical
deflection amplifiers 923, the outpuis 924 and 925 of

which are connected to the horizoatal and vertical de-

flection plates of the scanning device 916. -

The ouiput from the sawtooih generator 919 is also di-
rected to the vidicon tube 846 to cause it to sweep paral-
lel 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
922 are ulso connected through ihe conductors 851 and
852 to the deflection amplifiers 791 of the displa> tube 11,

The scanning device 916 has a video output 927 that
is transmitted to a video amplifier 928. The output 929
from the video amplifier is transmiited to the intensity
mo lulation input $04 to the di:play tube 11. Drawing of
the background, therefore, occurs by modulation of the
iriensity 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.

Recording network
The sysienu has basic variables that have thus far been

described as being manually controlled. There are, of-

course, miany variables in the over-all system, including
the anlO]‘ DC inputs 57-61N to the storage counters
3&--‘ to determine the kengihs of bones, the variable

C inpuis 169-164N and 173-177N to the ¢ and ¢ gates
to provide animated motion to the fizure being displayed,
the variable DC inputs 392-294N and §78-874N to the
r and i cates to accommedate rotation and twist of dif-
ferent appendages and to modulate intensity, variable
DC inputs to the servo contrels 759 and 755 that regulate
the camera ungle network and variable DC inputs to
the gates 808 and €07 in the gross position network.

That these controls can be varied manually is desirable
because an operatnr is 1hcrc‘oy enatled to <reate figures
znd to animate’ themi But it is highly Cesirable that at
least the motion paramcters be scmehow recorded and
that the racording system permit changes in the motion
of any singic 2opendage or part of an appendage of a
fizure without aitecting the rest of the recording. Conse-
q:'.emly, this system has a recording network that can
record any of the variables in the system and is especially
useful in recording the moiion parameters, including the
inputs to the 6, ¢, r and i gates.

The recordirg nctwork is shown in FIGURE 21. A
bank of gates 941-945N are associated with the bone
generator network of FIGURE 1. These gates 941-945SN
are represeriative of any of the m tion parameter gates,
such as the 6 gates 69, 77, 85, 93 and 147N.

The parameici gates $31-945N have iaputs 946, 947,
942, 249 and 950N that are respectively connected
through switches 251, 952, 933, 934 and 355N to a series
of manually controllable inpuis 95§, 957, 658, 959 and
960N. These inputs 956-$60N 1nay be conve:stional poten-
“emeters to provide a variable DC level input to the
gates 941-G45N.. If the gates 941-945N correspond to
the @ gates in the bone generator network, the variabie
iaputs 936-980N correspond to the 8 gate inputs 160
164N. When the switches $51-955N connect the variable
inputs 936-968N to the gates $41-945N, the control
is as was described in connection with FIGURE 2.

The switches $51-955N can be moved out of contact
with the manually controlled inputs 956-960N znd into

-t
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contact with a piurality of conductors 981, 9G2, 963,
964 and 965N. These conductors are cearected to the
outputs of a plurality of hLolding capaciiors 965, 957,
968, 969 and 970N. 1f nccessary, buffer amplificrs 274,
972, 973, 974 and 973N or similar davices, may be
connzcted on the cutput <ides of the bolding capacilors.
The holding capacitors 054-978N store DC voltzges the
magnitude of which represent the parameter iaruts to
tke gates 941-943N. These veltages on the helding

capacitors are supplied by a taps and de-muliipiexing

system to be described.

~ In the present description, the recorder has.two chan-
nels including tvo read or playback heads 280 and 231,
two write or record heads 082 and $93, and two erase

" heads 34 and $85. The tare moves across these heads

“wave 10 a square wave generator 987 that generdtes a-

’

moving first across {he read hecus 889 and 981, followed
by the erase heads, and last the write heads 982 and 523,
Channel two of the tape corresponding to the read head
981 and the write head 983 carries the sine wave gea-
erated by the masier oscillator 10. Therefors. an oaifut
conductor 986 from the read hezd $81 continuously
carries a ;e wave. This conductor %86 delivers the sine

square wave ouipul 058 in phase with the <inc wave §59.

The square wave output 988 is delivered through @
comn-on conductor 939 as individnzl inputs 992, 901,
992, 993, 994 and S¥5N to a bank of cates 997. ©98,
999, 1000, 1601 and 1042N. These gates ©67-1002N
open in serics when triguered and are sct to remcin open
for cqual lengths of time during the counting of a specific
number of square wave pulscs.

The gate 997 has on input 1083 that delivers a trig-
gering pulse 10 Open the cate 997. With a fully recorded
tape, this trizgering pulse or frome pulse is d=iby cied atto-
matically to the input 1305 as will be described. Initially,
however, some other conveniional means must be used
to transmit a very nairow trigger pule 0 the injut
1005. As a matier of convenience, this frame pultc may
constitute the framc pulse output from the multivibrator
23N (FIGURE 1). '

The gate 997 delivers an ourout pulse 1006 to cpen
the gate 598 at the time the gate 997 closes. There are
similar output conductors 1007, 1628, 1069 «nd 1010N
between the rest of the gaies <0 that the cates operate
in series.

The gatcs 697-1002N have outputs 1012, 1013 1014,
1015, 101€¢ and 1017N, @nd a plur iy of conduciors
1018, 1012, 1229, 1021, 1922 and 123N deliver pulces
from these outputs to 2 bank of muitiplexing gates 1024,
1025, 1026, 1027, 1028 and 1029N. Therefore, the gates
1024-1029N ure opened in scquence 2s the gates 37—
1002N are opened.

The cate 1624 bas an input 1032 connected to a gen-
erator 1033 for generating a low level narrow pulse DC
voltage below the range of the paramcter voliages. The
othe, gates 1025-1029N have infut CO!‘.»dU:!urS-".}-l,
1035, 1036, 1037 and 1933N. Thess cenductors 1034
1038N are connected 10 the input conducters 945-930N
leading to the parameter gates 941 _945N. Therefore, any
control signals that arz transmitted to the paramcier aates
are also transmitted to the multiplex'sg gates 1925-1029N.
These signals are passed by the gates 1625-1429N to
tbeir outputs 1041, 1042, 1043, 1934 and 1945N. As these
gates are opened in sequence with the opering of the
gates 998-1092N these outputs are transmiited by a
common condu.tor to the Channel one write head 982
for recording.

The output conductors 1012-1016 from the gates
997-1001 are also connecied as trigger inputs 1950, 1651,
1052, 1653 and 1054N to a bank of damultipiexing gaies
1055, 1056, 1057. 1058 2nd 1059N. The oiber inpuis to
the gates 1655-1659N originate from the channel cre
read head 980 that has an output conductor 1060 leading
to a pulse scparator 1861. The pulse separator 1¢61 has
an output 1062 that delivers the low level narrow frame
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or trigeer pulse io {he input 1005 to the gate 997. The
pulse separater 16561 has arcther cutput conductor 1€63
itat transmits the series of DC parameier voitages as in-
puis 1263, 1065, 1567, 1668 and 186IN 10 the demulii-
plexing gates 1055-1€32N. When the demuliiplexing gales
1£25-1059N are opsned ia series by the gates $97-1091,
they pass the reco-ded DC voltages 10 the storage capaci-
tors 966-97aN for uvltimate use by the bone generator.

A conductor 1970 connected from the sine wave rzad
head 921 to the chunncl two write head 933 ceuses con-
tinuous recerding of the sine wave (unless the spced of
the tape keeps the sine wave synchronized with the record-
inz of parameter voliazes making rereccrding unneces-
sarv). Another conducter 1671 makes the reccrded sine
wave available to the bone generaicr, and a con-h»;iof
1572 makes the square wave available to the bone: gen-
crator, both for use in licu of thz sine and square waves
cenoruted by the clock 10. Sii'l another concuctor 1073
makes the frame pulse available to the storage counter 46
of the bone zencralor.

Operation

At times during the preceding description of this inven-
tion, distinciions have been made between various connecs
1ians for Mode One operit n and Mode Two operation.
In Mode One operation, the picture drawn on the dispiay
tube has a1l of the ~Xin that would ultimately appear on
the pictire to be rhotozraphed o1 displayed, such as illus-
traced in FIGURE 19. For Mode Two operation, the only
<Lin added to the bones is a skin outline. The reason that
the systein incorporates provisions for Mode Two opera-
tion. or operation with enly an cutline of the skin, is to
allsw the machine o opcrate at full animation rate, for
. 24 framces per s=cond, cven thenzh the band-
\city of some of the compoacats of the system
makes them incapable of operating at such-a rate. FIG-
URE 20 illuctrates 2 Mode Two drawing corresponding
to the mun shown in FIGURE 19. Since in Mode One
cperation all of the components of the system are doing
what they normally do to draw a completed picture on
the disnlay seope, {his description of operation will begin
with Mode One under manual control. (The operation
with recording appears Lereinafier.) )

Rcfare Mode Cre operation becins, various switches are
<t in the Mede One positions. In the <kin scanner net-
work. these switches include the switches 542, 543, 535
and 556 on the input <ides of the —1580° and 1807 bi-
stobles multivibrators” 425 and 426 (sce FIGURE 6).
These switches are moved out of contact with their asso-.
cirted input conductors to disconnect the bistable multi-
vibrators 425 und 426. At the input to the summation am-
plider 497 (FIGURE 7) leading o the horizontal deflec-
tion amplifier 409, the switch 406 is moved to the Mode
One position in contact with the ouiput of the sawtooth
generator 260 to make the skin scanning cathode ray
tube 248 scan in its fuil rectangular sweep. The switch
479 coa the input side to the cawtcoth generater 471 con-
trolling the vertical deflection plules of tha scurning tube
348 is moved to the w{ode One position to connect in the
resistor 477 providing proper velocity for the vertical
sweep of the <canning beam.

In the vector combination network (FIGURE 4), the
swiches 669, 658, 663, 671 and 675 2re moved to their

More Ore positions, and the switch 728 is moved to its

viode One position. These switches connect in the proper
conductors carrying voltages representing those geometric
quantities necessary to solve the equaiions set forth io
The General Theory of Rone and Skin Generation.

The otier switches that are set in the AMode One posi--
tions are the switches zceociated with the overlap preven-
tion network €45 (FIGURE 8).

To opzratz the device, the clock or mastar esciilator 10
;s started. Thereafter, the clock 10 continues to generate
square wave, sine wave and cosine wave outputs 12, 14
and 16, respectively. The square wave output 12 is trans-
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mitted to the series of bistzble multivibrators 18-23N
which successively step down the frequency of ihe square
wave. . ) .

The ovtput 29N from the last bistzble multivibrater
23N is transmitted as a trizger pulse to the series of stor-
age counters 46-50N. There are as many storags counters
as there are bones in the one or more figures in a given
picture to bz drawn. These storage coualers may be
thought of as arranged in groups 325-336, as illustrated
in FIGURE 6. Each of tre groups 325-336 represents a

-connected scries of bones for a member of the body, such

as the bones for an arm, the bones for a leg, ctc.
Removable plugs 369 and 374 betweea certain ones of
these siorage counter groups permit selective connection
of the order in which the storace counters are to be oper-
ated. Although the drawing iilustrates only such storage
counter groups as are required for a single figure, it should
be understcod that the cutput from the last storage count-
er croup 36 may be connecied to another series of groups
associated with another fizure. It should also be under-
stood that these storage counters may be used to draw the
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skeletons of objects other than animal figures because the

programmed irformation to be added to the storage
counter outputs is infinitely variable.

FIGURE 2 illastrates a ceries of storage counters 46,
47. 48 and 49 comprising a group for generating a series
of connected bones. Thesc storage countsrs represeit the
rizht arm storage counter groups 225 and 326. The trig-
cer pulse from the bistable multivibrzior 23N fires the
first «toraze ~ounter 46 and then the next storage counters
47-49 in succession, after which the storage counter 49
is again operated, followed by the storage counter 48, the
storane counter 47, and the storage counter 456, This
sequence of operation I o~tab'ished by the in-out bistable
multivibrator 120 as hz- 2lready been described in detail.
(The arrancement of gat « 3 operate the storage counters
“in” or “out™ is a very ccrenient wiy to avoid additienal
storage ~ounicrs, but the sume operation could be
achieved, at greater expense, with storage counters for the
“out™ condition und separate storaze counters for the “in”
condition.)

Fach storage counter 46-49, once trigzered, counts off
pulses, the puniber of which is determired by the varisble
inputs 57, 53, §9 und €0. The number of pulues counted
by cach storage counter represents the Iength of a bone
The pulses counted are those fed from the output of one
of the bistzble multivibrators 18-23N. Thus, the variuble
inputs 57-69 determine the lenzih of time that the stor-
age counters remain ¢pen or taat e storage counters
count puises; and the lencih of each bone is a function
of time and of the frequency of the cutput from the par-
ticular bistnble multivitrator to which the steorage counter
is cornccicd. The cuatput from any one of tiese storage
counters thus determings the length of a bone, such as the
bone L in FIGURZ 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 185, arz estublished by a series of gates
connected to %4 outputs of the storzge counters. For ex-

ample, a theta gate 69 and a phi gate 7J are connected.

1o the cuiput from the storage counter 46.- Other theta
=nd phi gates arc connacted to the outputs from the other
storage count.Ts.

The theia and phi gates 62 and 70 are opencd for the
Jurasion that ihe storage counter 46 is counting puises.
The-e gates have varizble DC inruls 189 and 173, respec-
tively, that can be set for 2ny dasired values of the ang'zs
theta and phi. While the gates are oren, these DT voit-
azes are passed through the gates to a sine-cosine func-
tion gonerztor illusirated in FIGURE 3. %

The purpose of the sine-cosine funciion generator is
to develcp DC voltages representing the sine and cosine
of vailous combinations of the angles theta and phi.
Thase guantities are developed and stored in @ gioup of
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storage capacitors 217, 219, 230, 231, 246, 247, 260 and
262.

Various ones of these I voitages are combined and
iniegrated by an intecrator neiwork illustrated in FIG-
URE 1, and comprising the intezraters 265, 266 and 267.
The outputs 280, 293 and 254 from these intcgrators rep-
1esent, respactively, the ccmponents X, Y and Z for the
bone that is being counted off by any given storage
counter 46-30N. These outputs 233, 290 and 294 are

amp- functions that vary linearly with time according to
the length of the bone. - ) .
Successive bones are conrected together end to end so

jong as the capacitors 269, 271 and 273 associzted with ~

the intcgrators 265, 266 and 267 are not discharged. For
example, the bone generated by the storage counter 47
starts with the end of the bone gencrated by the storage
counter 46, although the angular position of the second
bone is independently determined by its theta and phi
gates 77 and 78. Of course, it is not the bones themselves
that are drawn, but rather the skin on the bene, the posi-
tions of the bores merely providing reference lines for
the skin vector A. 3

The conacctions between successive bones can be inter-
rupted if the capaciiors 269, 271 and 2/3 are discharged.
Discharge of hese capacitors occurs according to the
programming of a flyback network that includes normally
open swilches 303, 301 and 302 across the capacitors.
These switchss are closed whenever there is a pulse out-
rut from a flyback bistable multivibrator 3086, and such
a pulc docs occur following the operation of the last
storage counter drawing the lust bone in a single display
frame. There are also the sclective connections 310-315
that permit programming of flybuack at various points dur-
ing the display of the figure. The purposc of this selective
programming is to provide flyback of the display beam
to the navel or starting point after the last dispiay bone
of one bone group hus been drawn, to thereby establish
that starting point for the first bone of a succeeding bone
group.

To add skin to the bones, vaiivus equations are solved
to preduce X, Y and Z components of the magnitude and
position of the skin vector A. These cquations are indi-
cated in the section on General Theory of Bone and Skin
Generation. The cquations are solved by the nctwork illus-
trated in FIGURE 4.

As any bone i being counted out by its storage counter,
such as the storzee couster 46, the sine and cosine func-
tions of the various combinations of theta and phi are
being <:cred in the siorage capacitors 237, 219, 230, 231,
246, 247, 260 and 262, and the required oncs of these
stored DT voltacss are being trunsmitted to the netweork
illustrated in FIGURE 4. At the same time, additional in-
puts to the network of FIGURE 4 include the sine wave
14 from the masier oscillutor which is equivalent to sin
kot and the cosinz wave 16 which is cquivalent to cos
1. These sine and cosine waves are transmitted as inputs
632 and 635 to a pair of wransformers 639 and 631. These
several inputs are combined in various ways to produce
ceon:etric quantities 665, 673 and 677 that can be multi-
plied by the vector A to give the X, Y and Z compoaents
of the vector A.

The magnitude of the skin vector A is dependeat upon
the output from the skin scanning network 349, illustrated
in FIGURE 7. In the skin scanning network 340, a skin
film 341, as illusirated in FIGURE 9, is <canned by the
beam of the scanning tube 348. This scanning beam is pro-
grammed to scan parts of the film 341 that corrcspond
not oniy to the particular bone being drawn but to the
rote zt which that bsne is drawn. The beam is pro-
crammed to scan upwardly across a section of the skin
film when the orperation of the bone storage counters cor-
responding to that skia film section is in an “out” direc-
tivn, and to scan downwardly across the same szction
whan those storage counters are cperated in an “in” di-
rection. The programming also positions the stariiag peint
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nrning beam, the rate at which the scarzing
S rs horizoatally across the film, and the rate at
vhich the scanning beam moves vertizaily across the film.
All of this programming assures that the magniiudz of the
vecior A at any gziven time is the proper valve corre-
shonding to the peint of the relative bone that is being
drawn at that time and correspoading to the anguvlar posi-
tion of the skin vector A as 1t twirls arcund the bene.

The magznitude of the vector A.is synchrenized with
the angular position of the vector A by the cperztion of
the switch 363 in the horizorial deflection szwtooth gen-
erator 360 which is sct to cause the beam to make one
completz borizontzl sweep during the period of the mas-
ter oscillator 10. This horizontal sweep occurs as a charge
build-up on the caraciior 362, and the capacitor 362 is
discharged when the switch 363 closes. When the czpaci-
tor 362 is discharged, the scanning team flies back to iis
starting point, ‘except that it contintes to move vertically
according to the vertical deflection sawtocth gencratoer
471. )

The closing ¢f the switch 363 is controlied by the
square wave output 12 from the master cscillator, the
frequency of which is halved by the multivibrator 381, Ac-
cerdingly, the capacitor 362 reinnins discharced for a
comyplete period of the master oscillator output. This ex-
tended discharge time prevents desynchionizaticen of the
horizontal sweep with the angular position of the vector
A which would occur otherwise as a resclt of the fjyback
time fo- the scunning beam.

Since the switch 383 is reopened according to the squaie
wave 1nnut 12 frem the master oscillator 10 the start of

“the horizental sweep is always synchronized with the

anculer position of the vecter A taat in tura is dictated
by the sine and cosinz ouipuis 14 wad 16 fiem the master
oscillutor.

The wverticul movement of the sXin scunaiag heam is
svachrenized with the rate that the relutive bone is drawa
by the proper DC voltace input 475 to the hurirontal
sweep sawtooth generator 471, The muagnitude of this
input voltage 475 is determined by the operating input
488 or 205 to the up-down bistuble multivibrator 431,
and these inpnis 483 and 505 are connected to the input
to the bone storage countei being drawn. In addition,
the up-down bistable multivibrator 481 causes tire beam
to move up or down according to which inpot 438 or
565 carrics a pulse. As has alreidy been described, the
tnput <88 is conrected to appropriate peiats in the <torage
courter chain to generate a positive DC veltage output
when the storage couniers are operated in an “out™ di-
rection. Conncctions of the input 5065 to points in the
¢ ccunter chain produce a negative DC voltage out-
uring “in” drawiag .f the bone.

Wkhencver the gereraiion of bores ia connected se-
quence is inteirupted by the fiyback network, the switch
474 on the veriical deflecticn sawtooth generator 471 is
closed to discharge the capacitor 473 and couse the
shin scauning beam to llyback to its vertical sturiing pesi-
tren. The switch 474 is contrelled by an input 522 to an
ampiifer 821, the input 522 being programmed with the
flzpack retwork dilustrated in FIGURE 1.

In addition to the feregoing, the programming network
ij‘:s'.r::cd in FIGURE 6 provides appropriate positica-
ing voliaze inputs 412 and 529 to the horizontal and ver-
tical defleciion amplifiers 469 and 485, respectively, as
has alrexdy been described in detail.

The vaurizble voltages represeniing the skin vector A are
transmitted through the conductor 354 fiom the skin
scaaning network 340 to the equaticn solving ~etwork
illustratad in FIGURE 4. There the vector A is resolved
Into positive and negative components which are trans-
mitted as inputs to the multipliers 650, 631 and 652. The
?!hcr inputs to these multipliers are voltages represent-
ing the angular factor by which the vecior A must be
multiplied to produce its X, Y and Z components. The
combination in the adder amplifiers 786, 712 and 718
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(FIGURE 5) of the cutputs 628, €59 ard 700 frcm the
multinliers with the outputs 289, 290 and 293 represent-
ing the X, Y and Z compenents of ilic bene being drawn
produces the X, Y and Z components of ihe totel fizure.
These X, Y and Z components z:e the three-dimeasional
quantities that are always available as information to the
camera angle network 739.

The camera angle network generaies a two-dimensional
output that is rzlated to the three-dimensional figure ac-
cording to the angle from which the ficure is viewed. Here,
reference may be made to the earlier section on Theory
of Camera Angle Netwoerk. That discussion, and its refer-
ence to FIGURES 16, 17 and 18, shows how rotation
of the three-dimensional reference axes X, Y and Z
throngh angles 2 and b allows viewing of the figure from
cvery possible angle. .

The caiera angle network 739 performs these rota-
tions through the anglés a and b and solves the equations
sct forth in the section on camera angle nctwork theory
to produce two outputs H and 'V, the magnitcdes of
which, when transmiited through the horizontal and ver-
tical deilection pluates of the display tube 11, determine
the position of the display beam.

The H and V compoaent outputs 795 and 785 vary as
the figure displaved is animated. Animaiion is accom-
piished by simply varying the varizbie inputs to the theta
and phi gates connected to the outputs from the storage
ccunters. As the valuves of theta und phi vary with the
drawings made in successive frames, the positicns of the
bones are varied.

Animaticn alse often involves variation of the variable
inputs 390-394N to the - gates 71, 79, 87, 95, and 149N.
These gates produce a gross rotution of the skin about
their respective bones as is necessary vhen a bone, such
as a head bore or an arm bone, rotates relative to .the
oiher bones in its group. The outputs from these r gates
are fed through the conductor 400 to the skin scanning
netwerk 349 to previde 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 aie provided by the gross position net-
work 805 (FIGURE 3). This network 885 dcoces not effect
the values of the H and V components 785 and 785, an
therefore, does not effect the basic animaticn motion of
the fizure being drawn. The purpose of the gross posiiion
network 8905 i< tc allow the entire fizure to move horizon-
tally and vertically across the display tube. -

In the gross position network 8¢5, DT voltages 808
and 810 are fed into two gates 806 and 897. The magni-
tude of the voii.ge 808 determines the gross position of
the firore in a horizontal dirzction, and the magnitude
of the voltane 810 determines ithe gross position of the
figure in a vertical direction.

The gates 805 and 807 are opered by the output from
the storage counters 46-50N and transmit their DC volt-
age inputs 898 and 819 to t:e horizontal and vertical de-
flection plates of the display iube 11 when the gates 806
and 807 arc opened by the bistable multivibrator 816. The
multiviorator 816 opens these gates $€§ and 807 for the
duration of operation of all the storage counters 46-50N.

Cverlap is prevented by the overlap prevention net-
work 845 (FIGURE 8). The scanning beam of the vidicon
tute 846 is made to scan in parallel with the beam cf the
display tube 11 because the inputs to the deflection ampli-
fiers 791 for the tube 11 are also transmitted to the deflec-
tion amplifiers for the vidicon tube $46. Whenever the
scanning beam of the vidicon tube 845 moves across an
zrea that has already been drawn, there is nc signal in the
output 59 that ultimately leads to the input 880 to the
blanking grid of the displzy tube 11; and the display beam
is' blanked out.

The blonking grid input €86 is also influenced by the
“in-cut” bistable muliivibrator 120 and by the intensity
gates 72, 30, 88, 26 and 150N conaccted to the storage
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counter outputs. When the “in-out” bistable multivibra-
tor 120 indicates that the storage counters are being op-
erated in a direction for which there sheuld be no dis-
plzy, or when there is no outp.xt from the u\tens.uy gate
zssociated with the bone being drawn, the beam is blanked
out. When b‘;mkmg is caused by either of these latter two
conditions, the beam of the vidicon tube 846 is also
blanked out so that it will not conticue to scan w.nlc thc
display beam is off.

Aftcr all of the figures have been drawn on the display
tube, the background is added. Additicn of the back-
ground is under the controi of tie horizontal and verti-
cal sweep sawtooth generators 919 that cause a scanner
915 to scan a background fi'm 917 by a conventioral rec-
tangular raster sweeping motion. These same horizontal
and vertical sweep sawtocth generators 919 cause the
beam of the display tubz 11 and the beam of the vidicon
tube 846 to sweep parallel to the scanrer 916. As:the
beam of the d1splay tube 11 sweeps, its intensity is modu-

lated by the cutput 927 from the scanner 916, which out-

pot varies with the intensity on the background film 917.
At the same time, the vidicon tube €46 blanks out the
display beam whenever the area beiry scanned has al-
ready been drawn.

The operation which has just becn described is for
Mode One operation. With low bandwidth components,
operation in Mode One must take place at a slewer speed
than the normal frame rate. This slower speed is permis-
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 specded up to the
normal froimne rate, the pictures on the film wiil be pro-
jected at o rate that produccs the normal animation de-
sired. )

To enable an operator to produce znimation cn the
displ: ay tube 11 at frame rate speed, op&ration in Mode
Two is pm\,dLJ This Mode Two operation perinits pre-

liminary animaticn of characters on the display tube 11

permitting the operator to vary the animation inputs as
he watches the figure.

For Mode Two operation, the various switches that
were switched to positions for Mede One operation are
moved into their other pocitions for Mode Two operaticn.
In Mode Twe operation, generation of the bones occurs
in the same way s for Mode One opcration, but the X, Y
and Z components of the vector A added to the compo-
nents for the bone represent only an outiine of the skin.

To provide the skin ou:line, the horizontal sawtooth
generator 360 in the skin scanring network 3406 is dis-
connected and the only horizontal movemenrt of the beam
that occurs dzpends upon the positioning of the starting
point for scanning to the inptt 412 {o the summation
amplifier 407. (This positioning of the starting point is
urchanged from Mode One operation.) Thereafter, the
horizontal position ot the scanning bezm is zffected only
by the input 4C0 from the r gates 71, 7S, 87, 95 and 149N
and by the outputs from the —180° and 4 180° bistable
multivibrators 425 and 426.

The vertical sweep sawtooth generator 471 causes the
beam to move vertically upward]y as the storage counters
operate in an “out” dircction and move vertically down-
wardly as the storage counters operate in a2n “In” direc-
tion. Between the “out” and “in” operations of tke stor-
age counter, the multivibrators 425 and 426 shift the
scanning beam 180 to the right or tc the left depending
upon whether the bones being drawn are on the right side
or the left side of the figure.

For Mcde Two operation, the switch 857 (FIGURE 8)
is moved into contact with the input to the bistable mul-
tivibrator 882. Under these circumstances, the vidicon
tube $46 flips the bistable multivibrator 832 to blank cut
the display beam when the vidicon tube ccanning beam
crosses an cutline of skin ~nd then when the beam cross-
es the outlise of skin on the other side of the bone, the
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bistable multivibrator 882 is again flipped to turn the dns—
play beam back on.

"'l.c combination of the vector A with the various .
gecmetric q.r'mmes generated by the network in FIG-
LRF 4 occurs in the multiptiers 689, 681 and €82, and
the outputs from these mu‘upu*xs are combined with
the X, Y and Z components of the bone to produce
X, Y and Z components for the figure outlipe.; e opera-
ticn of the camera angle network upon beam XY and
Z composents is the sume as it was for Mode One opera-
tion.

e OCperaiion with recording

For purposes of Jescription, it may be 'supposed that
the device is being vced to generate ap animated se-
quence. A sine wave of desirable frequency has been
previcusly recorded on chanrel two of the tape (corre-
5ponuina to read hcad 981 and write head $83). The
operanon of channel twe is thereafter automatic. The
sine wave is transduced into a voltage signal by the read
head 631, fad-into the square wave generator $87 where
the square pulses are used by the timing section storage

" counters 997-1862N as a time ‘base for their action. The

sine wave is also seat through the conductor 1070 and re-

recorded threugh the chunnel two write head 983 in phase |
with the actions of the muliiplexing gate™ 1024-1929N.

If the distance between the read and the rite heads is

such that the re-recorded sine wave sigrul is in phase

with the previously recorded (or upstream) signal, then’

re-recording is unnecessary.

To iliustrate the operation, reférence may be made to
recording the acions of one bone in'terms of the 6 angle
as controlled b) the variable l";ut 955. Thes switch 951
is p'r ced ia its recording position, €2 it connects the
conlucter 946 to the control input 235, The DC voltage
output of the control is then presentzd to the gate 941,
and the variatiors in veltage cuuse the angular position
of that pziticuir bone to vary as would be evident on
the cisplay. At the <ame time, this control voltage is
teing presented to the input 1034 of the multiplexing gate
1025 where it is sampled in its turn as the gates 1024-
1029N are fired (onened) in the sequential order as pre-
scribed by the tining section outputs 1€13-1023N. One
“sample” of the voltage in conductor 1014 is taken for
cach frame. During the time that the mulliplexing gate
1025 is he!d open, the control BC voltage $36 is delivered
through the conductor 1646 to the channel one write head
682, vwhere is is recorded on magnetic tape zs an analogue
of the voltage. ®

The gate 1025 was held open by its control input 1019
in the sequence and for a time determirned by the opera-
tion of the storagce counter 958. The fixed time of dura-
tion of the connter output 1013 is determined by an in-
trinsic network which counts a fixed number of high
frequency pulses delivered to it from the square wave
generator 987. The time of orgnirw is determined by the
time the storage counier 998 receives a firing pulse from
the previcus counter $97, which pulse is generated upon
the closing of that counter $97. Thus it can be seen that
the sezquential order of firing of the counter chain 997-
1001 causes the outputs of the multiplexing gates 1024—
1092N eoca to ke recorded for a period of time, and in
a sequence determined by the timing section, that se-
quensz being iritizted by and thus synchronized with the
input frame pulse deliverzd to the timing zection by the
conductor 1662 coming from the pulse separator 1361,

Examination of FIGURE 21 shows, therefore, that
prior to the recording of the ov . sut of gate 1025 the
output of gate 1024 has been recot f2d in analogue fash-
ion on the tape. The input 1832 to this gate 1624 is a
DC voltage which is below the ncrmal rangs of control
voltages being presented to the other gates 1025-192SN
of the multiplexing section. It is therefore the recorded
cutput of the gate 1624 thai will be used 2s a synchro-
nizing frame pulse on playback of the recording tape.
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After mani;ula'i'ﬁg the ceairol Input 953 in the de
sired manner for the desiced time cver a rumber of
frames, the operater of the device is now ready tc play
back the tape and either view ageia the ﬂ".xg,ns ~hich he
has just recerded or ma:;i;u}g!e another parameter (con-
trol) input, such as ‘Lz conttel 957, while viewing the
presscusly recordec uaction. ..s will be shown,
viousiy recorded acticns of the “rua throwgh™
sciibed will bz performed zutematicaliy on ihe
cisplay.

This animation by manipulzfion of the centrels may
be dore ot any display frame rate because one or more

h.., pre-
just de-
viewing

controls may be maripulaied. for any dearce of aaimation .

and recording, followed by playback ef the recerded -
formation ard supesposition of additional signals frem
manipulation of diferent controls. :
The tape is reweound to its starting point. The switch
951 is positioned to the “playrack™ pesition to connect’
the conductors 946 and 261. If it is desired to record the
actions for the parameter gate €42, the switch ©52 is put
into recording position. connecting the output of the con-
trol 957 o the conductor 947. The o, cration of the cir-
cuits associcted with the switch 952 is exactly the seme
as previously described fer ‘the input to the parameter
gate 941, except that the campling that eccurs through ths
multiplexing gate 1026 of the ntu]llplcx.ng scciion occurs

immediately after the samplinz throuch the g;w!‘ 1025,
As the tape passes the rmd lLead 930, the vo! ces pre-

vioutly recorded by the channel ore write head 982 are

transduced into a scries voltage sirnal which is carried
b) the conductor 1060 to the pulse seperator 19510 The
rulse separator clips off the frome pulse previously re-

corded through the gate 1023 ond tranemits the re-
maining portion of the <eries veltace dienal to the> con-
ductor 1063 which mates this sional aveilakle to the

de-multiplexing gates 1€55-1639N. The ﬁ ame pulse. hav-
ing been scparated fr\n the rest of the dignal in the
pulse separator 1061, is cent thro the conauctor 1662
to the input 1005 of the first counter 997, crusinz that
ceunter to fire at such time as the DC « !':n.zl previously
recorded from the muitiplexing gate 1725 is present in
the conductor 1063. When the c¢ o 47 fires. an op-
erating voltage is sent throngh the conductor 12342 ‘o the
gate 1055 causing the gate 1955.to eren, thus allowing
the voitace prucnt in the conductor 1833 to be ok weed to
the holding aciter 868, The holding capacitor 965
holds the DC \0!132: thus prc“.“c"l until cuch time as
a new voltage is presented to it during the follewing
frame. This DC veltage is av: le during an entire
frame to the gate 941 and to the conductor 1934 for re-
recording, changing its value cnce ecach frame.

It is not decirable to have the actnal moment of chonge
of a DC parameter voltage occur at the time when that
volizge is being used ecither in the bone seneraior 941 or
for re-recording. Thercfore. the sequence of record-play-
bacl is staggered, e.z., while the stcroge counter 998
oprens the gate 1635 for playback of ihe second parameter
voltaze, it opens the gate 19825 for rezerding of rthe first
parameter vuliage.

It may be "encrnh) roted that the high frequency sig-
nals availabe! in ihe conductors 285 and $88 rre the
same hizh freqiency :ine and square waves as required
by the device ‘hrouchout iis entirety and ib~* the frame
pulse availzble in tire conductor 1852 riay also be lS':d
in the device, as 10 stimulaie *he frame sxque_‘:
the sto,age counter c¢huin 46-2CN. It niay also be
bore gates 241-545N always have avoi
f‘\rOLau the Inpius $46-955N, DC cortrol velizges
winich may be used 2t any time during the frame, wheiher
the voliages are being rm“.‘.ah::!ed by some conintous
control means $56-55GN or whether they have bezn pre-
viously recorded but «re being held in the capaciiors $46—
975N. Therefore, the orperation cf ilie bone gu:\s o011
¢43N may be completcly asynchionous with the timing
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sading and changiag of il
e capaciiers S§5-ST7ON.
ordinz nci iwork hus been descrited in.a rather
ia thal its inpuis comprise a sinzle paramic-
&3 e. Iz actial censiruction the recording net-
ce extended o incorporate as many paramcters
re are in the bas {ion systens. Is short, with
ional purameters, there would be parameter gates in
dition 10 the gates $41-945N, corresponding, for ex-
ample, rot on]y (o the theta gaies €3, 77, 85, 93, and
147N, hai, in addition, to the phi gotes 70,-78, <6, 94,
and 148N, the r gates 71, 79, 87, 3 and 142N, and the
cates 72, 82, €8, 96 und 159N. For that matter, other in-
puts can be recorded, inclucing information as to bone
lengta, backgreund, and any cther constant or variable in
the sysiem, o

sic anima

Summary

This invention thus provides a completcly automatic
system for producing ore or more unimated figures on
directly in the manner
of television or photographed for later showing as a mo-
tion pitture. It will work wiih any input whether it be
an i wry input or a real input. The imaginary input
provision cnables an opc-itor to create a subject and
animution for it. ThHe re«l input, which requires seiting
cf the-bone generator “ur bone lengths corresponding to
the physical ports of a real or live figure and creation of
sKin film for the skin of the reazl or live figure, allows
monitoiing of the cctions of the real or live figure. With
the a priori informiation availabl
tion of ihe real fig
paramelers represenad
i gases, (o“ Gt

requires variadons only in those
. wch as II e 6, ¢, r, and
ections

< rrovidc low
Li‘::lt cun bc trunsmiucd to e de-
distance for regulation of the appropriate

vice from uny
. conirol parameters. E
Verious charzes and modificrtions may be made with-

in the purview of his inveniion as will be readily appar-
ent to those skilled in the art. Such changes and niodifica-
tions ore within the scoze and teeching of this invention
as defined by the claims appended hereto.

What is claimed is: )

1. A mcthod of producinz on animated disp!ay com-
prising the steps of generuting a series of reference valt-
ages, each volls age havmﬂ a characteristic representing
lices on a display scope, each of predetermined lengih
according to the lenaths of paris of an object 1o be dis-
ph\d for each reference line voltage nnp]v'ing selected
voliagss to the defiection plates of the display scope cor-
responling to the positions of the referance lines, generat-
ing a vector voltaze, and continuously adding the vector
voli tage to the reference ling voltages as lhcy are drawn
on the display tube.

2. The method of cloim 1 rlus the step of modulating .

the emplitude of the vector voliaze in proporticn to the
distances of surfaces of the parts “of the object fron the
reference lines.

3. The meikod of claim 2 plus the step of rrcd.ﬂatmg
ihe intentity of the beam of the display tube ia response
to a predetermiced intensity modulation program.

4. The methed of claim 3 wherein the iniensity moedu-
lation prozrzm includes the gereration of voltazes which
are derivatives of the modulated vector voltages and mod-
vlating the intensity of the beam of the ~isplay tube in
response (0 variations in the derivative vol’aaes.

5. The methed of claim 1 whereia the chamctensuc
of each rcference voltage which represenis a lire on the
display scope ;o‘nrn,cs the time duration of the reference
voltages with the duration of each reference voltage being
preperiional {o thc length of 2 physical membe: of. the
fizvre, more voliages represerting the angilar po:i
of the members, the vector volioges keing added serially
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to the refereace voltages as the refercnce voltages are
generated. )

6. The method of claim 1 with overlap prevention
wkhich comprises the steps of synchronizing the reading of

an overlap readout sodrce withdrawing of parts of the’

figzure on the disrlay tube, the overlap readout source
having a menriory 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 sovrce which have alrealy tecn read,
whereby when parts of the object to be dispiayved which
are nearest the viewer are drawn first on the display tube,
those portions of other parts of the ctject 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-
~hronizing 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.

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,
cach for » nreselected time duration for generating first
voltages, ihe time duration of each first voltage being
proportioned to the length of a part of the figure, a plu-
rali'y of position p:rameter networks each operated by
a first voltage, ecach position parameter network having
means to gercraie 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 retwork including means to gen-

erate a vector voliage and means to modulate the ampli-

tude of the vecior voltage, a voltage combining network
for adding the modulated vector voltages to the first
veltages. '

9. The system of clzim 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 whercin the position param-
eter network comprises a plurality of gates, means for
providing a variable voltage inpat to each gate, and means
connecting each gate to a i voltage control to open
the gates while the first voliage conirels are operated.

11. A system: for establishing voltages for representing
animated figures comprising means to generate a seauence
of electrical signals, means triggered by the signals for
gcneraling a sequence of positicning voltages, meuns for
gencrating a series of vector voltzges at a rate proportional
o the zeneration of the said electrical signals, means for
combining the vector voltages with the positioning velt-
ages, means for varying the positioning voltages. and
means for recording selecied ones of the positioning and
vector vo:tages.

12. Thz ccmbination of claim 11 wherein the record-
ing means compriscs individral circuits for independent
record ard playback of eaen voltage whereby any volt-
age may be varied and recorded without affecting the
record of other veltages.

13. A rctho? for gonerating and displaying an ari-
mated ﬁgU'c comprising the steps of generating a riu-
rality of fi~st vcliages, varying the first voitages, deriv-
iag voliage cemponent: of cach first voltage such that
cach frst voltage is the vector resultant of its components,
generating . plurality of vector voltages the magnitudes
of which arc proportional to the thickness of the various
physical members of a figure to bhe dicplayed, deriving
voltage con.ponents of each vector voliage, adding the
vector voltage components 1> the first voitage compo-
nents, resolving the added componernis into resultant voit-
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ages, and establishing a visual display based upon the ~

resultant voltazes as a function of time. )

14. The meihod of clzim 13 plus transposing the re-
stltznt voiteges into selective coordirate voltages repre-
seniing a two dimensional projeciion of the figure.

15. The method of claim 14 plus the step of blarnking
out voliages representing parts of the figzure behind those
represented by the zforeszid two dimensional projection..

16. The method of clzim 13 plus adding voitages re-
presenting background for the figure aid blanking out
those background volizges that overlap the resuliant volt-
ages. . )

17, The sysizm of claim 13 including means for moda-
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--

laiicn program includes means for generating veltages
which are derivatives of the vector voltages, and for mod-
ulating the intensity of the visual display. R

19. A device fcr generaung veltages for representing a
physical body und voltuges for animating the physical
body comprising means for generating a plurality of length
voltages, a characteristic of each being proportional to
the length of a different part of the body, means for gen-
eratling a pluralily of posi.ion voltages representing angu-
lar position parameters of the ‘ength voliages with re-
spect to reference coordinates, and means for sclectively
varying the position, and further including means to trans-
pose the voliages inw a display on the face of a display
tube and means to change the posiiion of the reference
voltage to move the body ocross the face of the tube
voltages.

206. The device of claim 19 including first means for
adding voliages representing a skin surface to the length
voltages, second meuns for adding voltages representing
a skin outline to the lenath voltages, and n.eans for se-
lectively operating the first or sccond means.

21. The device of cl:im 19 including meuns for record-
ing selected ones of the 1:ngth voltages for playback and
combination with selected others of the length voltages
when the latier are generated.

22. A method of creating voltages for representing a
movable figure comprisirg the steps of generaiing a plu-
rality of voltaces cuch representing the length of a physi-
cal part of the figure, zencrating a plurality of voltages
for each length voliagze 10 position the lengih voltages
with reference to rredeiecrmined coordinates, resclving
the thus_positioned length voliages into at least Awo geo-
metric coniponents, generating a vector voltage, modulat-
ing the amplitude of tiie vecior according to the distances
of the paysical surfaces f-om the unresolved length volt-
ages, resolving the vecter voltages into at least two geo-
metric componern:s, vectorielly adding the vector com-
ponents fo the length voltaze components.

23. The method of claim 22 whercin the length volt-
ages and the vecter voltages are resolved into three com-
posents for three-diniensic—al 1epresentation, plus the
siep of selectively resolving the three components of the
added length and vector components inio two components
for transmission to the horizontal and ve-tical deflection
controls of a display device for display of the figure.

24. The method of claim 22 wherein tiie step of resolv-
ing the voltages into at least two geonetric components
includes the steps of sampling sine and covine wave volt-
ages at such times that the sampled sine and cosine volt-
ages represent the sine and cosine of celected ones of the
positioning voliages.

25. A system for produciag an animated display on a

display scope comprising means for generating in phase,
a continuons sine wave and a continuous square wave
at relatively high frequency, means for reducing the fre-
quency of the square wave to produce a low frequency
frame pulse at a frequency which is a whole fraction of
the square wave frequency, counter means for counting a
selcctive 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 ccunt pulses, a pluiality of gates each
cenrnected to the outpu: from the counter means, means
for programming the gates open while the counter means
is counting pulses, each gate having 2 varizble iaput and
an output, the input to some gates representing 2 first
angular position parameter and the input to other gates
rep.eicmmo a seccnd anzular p:smon parameter, ezch
catle passing iis input to its output while the gate is open,
the outputs oi all gales representing the first parameter
being connected tegether 2nd the outputs of a1l cates rep-
resenting the second parameter being connected together
whereby the first parameter voltages are transmitted in
one series and the second parzmeter voltages in another
series as the counier means operate, and means to resolve
the first and second purameter voltage series into corre-
sponding series of horizontal and vertical deflection volt-
ages for serially po\momng a dispiay beam on the display
scope at frame pulse intervals.

26. The system of claim 25 whercin the resolving means
includes means to produce threc component voliage series
representing three dimensions of the subject for usplav
2nd a camera angle network for resolving the three-dimen-
sional voltage series into two-dimensional voliage series,
the camera angle network comprising means for generat-
ing sine and ccsine values of predetermined combinations
of the three componcit veliage series.

27. The sysiem of ciaim 2§ including a gross position
netwerk for superposing gross horizontal and vertical de-
flection voltuges upon the foregoing horizontal und ver-

‘tical deflection voltuges to vary the gross position of the

display.

28. The sysicm of claim 25 with means to generate a
vector voltage, means to modulate the amplitude of the
vector voltage, means to resolve the vector veltage into
horizontal and vertical deflection voltages, and means for
adding the vecior horizontal ard vertical deflection volt-
ages to the parameter hLorizontal and vertical deflection
voltages.

29. The system of claim 28 wherein tiie 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 ccunter
means for causing the scanning beam to scan the film,
and means for transducing variations in the intensity of
the scanning beam into a voliage signal of proporticnately
var.able ampiitude er;escntm“ the vector voliage.

20. In ¢n animating device, means (o gencrate a series of
2 plurality of psrameter regulators, means to feed the
cencrated pulses to ihe regulators in a series of timed

quences, the tim=s of sequences being proportional to

¢ lengths of axial reference lines of pardcular parts of a
7 yure to be animated, a variable voltage input to each
pavameter regulator, a first parameter veitage input being
proportional 1» the angular displacemeat of the axial ref-
erznce line from first referesce coordirates, a second
parameter voltage input being proporticnal to the angular
displacement of the axial reference line from second ref-
erence ccordinates rormal to the first reference coordinate,
a display tube having horizeatal and vertical deflection
amplifiers for controlling the position of its scanning beam,
and means to generate signals to the liorizental and ver-
tical deflection amplifiers ¢s functions of the said first and
second parameter voltages to control the display on the
display tube.

. 31. The animating device cf claim 39 including means
to add additional vol:ages to the horizontal and vertical
deflection amglifiers correspending to changing gross po-
sitiens of the figure being dispiayed.

32. The animating device cf claim 39 including a record-
ing network for sclectively recording the parameter volt-
ages in timed sequence, and means to transmit the record-
ed information to the paranieter reguiators.
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33. The device of claim 30 including mezns to prevent
overlap comprising an overlap readout source, means for
reading oxer!ap readout scurce and for generating output

voliages 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 animeting device having mecans to generaie
first parameter voltages proportional to and for represent-
ing angular displacements of a reference line from first
predectermined reference coordinates, means to generaie
sccond parameter voltages proportionzl to and for repre-
senting angular displacements of the rcference line from
second predetermined reference coordirates, means to time
the gencration c¢f the first paraméter voltages in propor-
tion to the lengths of members of a figure to te displayed,
and means to generate variable vector voltages represent-
ing the distances of points cn the surfaces of members of
the figure from their reference lines in sequence with the
gencration of their parameter voltages: a network for
combining the parameter voltages with the vectar "volt-
ages 1o produce voltages representing the members in three
dimensions comprising means to generate position voli-
ages, means to generate vector valtages, and means to com-
bine predeterzained ones of the generated position volt-
ages with predetermined ones of the gensrated vector volt-
ages to producez voltages r«.prcscmmo the thrce dimen-
sional coordinates of the figure.

35. The combination of claim 34 together with means
to resolve the voltages representing three dimensional
camponents into voltages representing selected two dimen-
sional projections, and means for causing the scanning
beam of a displey tube to be deflected in horizontal and
vertical directions according to the sclected two dimen-
sionzal projection voltages. )

36. The combination of claim 35 mc:udm: an overlap
prevention network comprising 2n overlap scanning de-
vice "1:1\'ing a scanning beam for scanning a surface, the
scanning dcvice 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 arcus previously scanrned, means
to cause the scanning beam of the scanning device to
parallel the movements of ihe 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-
ground 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
background 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 to
cause the overlap scanniag device to scan iis surface par-
allel to the reading by the b:ckground reading device to
prevent overlap of background with the displayed figure.

38. A device for producing an animated display com-
prising means to generate & square wave, means {o gen-
eraie a sine wave synchronized with tue generated square
wave, a plurality of timing devices, mens to generate a
cosine wave synchronized with the generated sine wave,

“means to fced the generated square wave in series with

the timing Jevices, means to vary the time interval of
each timing device during which such timing device pro-
duces a voltage output proportional to .he length of a
member of a figure to be displayed, 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 represeating the position of a member of
the figure with reference to thres dimensional coordinate
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axes, an angle function generater, means to transmit the
Izst named two paramctler regulator cutput voitages, the
generated sine wave and the generated cosine wave to the
angle function generator, the angle function generator
Laving means to combine the voitages transmiited to it to
produce voltages which ure the instantaneous values of
the two parameter regulator output voliages, means i0
sample instantanecus valucs of the generated sine wav

and the generated cosine wave voltages in ac. ordance with -

the function voltages, means to combine the gencrated
function voltages and ‘he sampled sine aad cosine volt-
ages, means tc integrate the last named function voltages
to produce voltages representing the three dimensional co-

" ordinates of the figure to te dispiayed, mears to resolve

the three dimensional coorainate voltages into two dimen-
sional horizontal and vertical deflection voltages, a dis-
play tube having a scanning bea n and horizontal and ver-
tical deflection amplifiers to co.:‘rol the position of the
scanning beam, and means to transmit the horizontzl and
vertical deflection voitages to the deflection ampiifiers.

39. The device of claim 38 including a film having areas
assigned to different members of the fizure to be displayed,
each area having variations in density properiional to dis-
tances of roints on the surface of the member from a
reference line of the member as defined by the three dimen-
sional coordinate voliages, means to scan the film in syi:-
chronization with the passage of voltages through the tim-
ing devices for membeérs corresponding to the areas on the
film being scanned, a variable outphut vector voltage from
the film scanner having an instantancous value propor-
tional to the density of the film. area instantancously
scanred, and means to combine the vector voltage with
the thrze dimensional-coordinate voltages.

46. A method of producing an animated display on a
display tube comprising the steps of gencraling a series
of voltages, traasmitting the gererated voliages to a series
of parametcr regulators, timing the operation of the param-
eter regulators for intervals proportional to the lengths of
referznce lines of particular rarts 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 ortiogonal to the first-
named reference coordinate, and controlling the amcunt

of horizontal ar.d vcertical deflection of the scanning baam’

of a display tube as functions of the paramcter voliazes.

41. The method of claim 49 including the step of adding
additionz] voltages to the horizontal and vertical dciec-
tion controls of the scanning beam to provide changes in
gross positions of the figure being displayved.

42. The method of claim 40 including the steps of re-
cording and sclectively re-rccording 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 estabiish
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 voitages rerresenting angular
displacements of the reference line from a second co-
ordinaze reference, orthogonal to the first named refer-
ence plane, timing the generaticn of parameter voltages
in 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
v.i:h the generation of their parameter voltages, combin-
ing the parameter voltages with the vector voltages to
produce voltages representing the members in threc di-
mensions.

44. The method of claim 43 including the steps of re-
solving-the voltages representing three dimensioral com-
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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 scanring movemenis 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 cverlap scan-
ning device has been previously scanned, and modulating
the infensity of the scanning beam of the display wube 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-
nized with the generated sine wave, passing the gererated
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 beine proportional to the length of
a member of the figure to be displayed, generating a plu-
rality of parameter voltages during the time interval for
each timing device, varying each paramerer voltage selec-
tively acccrding to selected positions of the meinber 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 value« of the generated
sine wave and gencrated cosine wave voltages according
to the function veiltages, combining the generated function
voltages and the sampled sine and cosine voltages to pro-
duce voliages representing other trigonometric functions,
integrating the said other trigoncmetric function voltages
to produce voltages presenting the three Jimensional co-
ordinate components of the figure to bc displayed, re-
solving the three dimensional coordinate component voli-
ages into two dimensional horizontal and vertical deflec-
tion voltages, and coniroliing the amount of horizontal
and vertical defiection of the scannisg beam of a display
tube according to the horizontal and vertical deflection
voltages.

47. In an animating 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 proporticnal to and for representing anguiar dis-
placements of the reference line from a second reference
coorcinate orthogonal to the first reference coordinate,
means to time the generaticn of the first parametcr volt-
ages in proportion to the lengths of members of a figure
to be displayed, and means to generate variable vector
voltages representing the distances of points on the sur-
faces of members of the figure from their axial reference
lires in sequence wiil: the generation of their parameter
voltages, and a network for combining the parameter
voltages with the vector vollases to produce voltages
representing the members in three dimensions.

48. The combination cf claim 47 together with means
to resolve the voltages represcating three dimensional
components into voltages representing selected two di-
mensions, and means for causing the scanring beam of
a display tube to be deflecied in horizontal! and vertical
directions according to the selected two dimeasional volt-
ages. :

49. The combination of claim 48 including an overlap
prevention network comprising an overlap scanning de-
vice havirg 2 scanning beam Ior scznning a surface, the
scanning device having means to produce a first cutput
voltage duiing scanning of the surface over areas not
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
cause the scanning beam of the scanning device to paral-



3,364,382

47

lel the movemenis of the scanning beam of the display
trbe, and means to blank out the scanning: beam cf the
display tube when the scanning device produces the sec-
ond voltage output. ‘

59. The combination of claim 42 toczther with a back-
ground reu ‘ing ¢evice for rcading @ source of nackground
information, 'he backeiournd .scanning device havirg 2
voltage Ovipet proportional to varialions in the scurce
of backgr¢ und information, means to produce modula-

tions of 132 scanring beam of the display device accord-

ing to the output from the backgrourd reading device 1€

Jisplay background behind the displayed fgure, and means

to cause the ‘pverlap scanning device to scan its surfacs
parallel t0 the Teading by the background reading device
to prerent overlap of backgrournd with the displayed
figure. .

51. A device for producing an animated. Jisplay com-
prisi.".g means to gcnerate a square wave, means to gen-
erate a sine wave synchronizcd with the ger.eratcd square

ave, a plurality of timing devices, means 10 generate a
cosine wave synchrbnized with the gef\era‘.cd sine wave,
means to fecd the genemted cquare wave in series with
the timing devices, means 10 vary the time interval of
each timing device during which such timing devise pro-
duces a voltagze output proporlional to the length of a
meraber o« 2 figure 10 be displayed. 2 plurality of para-
meter regulators associated with each 1iming device, means
to produce 2 selectively vatiable veliaze output from
cach parameter It gulator during the procinc\ian of a volt-
age output from its associated liming device, the voltage
output from two parameter regulators as.ociated with
each timing device chre)cn\ing the position ci a member
of the figure with reference 10 three dirionsional coordi-
nate axes, an angle function generatlor, e ans 1o {ransmit
the last named two parameter regulator ontput voltages,
the gencr:ﬂ.ed cine wave and the generaicG ccsine wave
10 the angle function generator, the ang'c function gen-
erator having means 0 combine the voltages transmitted
to it, means 1O sample instantancous values of the gen-
erated sine wave and the gcnemtcd cosine wave voltages,

18]
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means {0 combine the voltages combined in the angle
function generaio” with the sampled ine and cosine volt-
ages, means 10 intggrate the last three named function
voltages to produce voltages :ep'-'cseming the three di-
mensional ccerdinates of the figure 10 be displayed, means
to resolve the three d.mensional coordinate voltages into
two dimensional horizontal and verticat deflection volt-
ages, 2 display tube having 2 scanning team and hori-
zontal and vertical deflection amplifiers .lo control the
position of the scavnni.ﬂg,' beam, and means to transmit the
horizontal and vertical deflection voliages 10 the deflection
amplifiers. - .

52. The device of claim 51 inciuding a film having
areas aseigned 1O different members of the figure to be
displayed, each area having variations in dersity 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 to scan
the film in sequence with the passage of voltages through
the timing devices for members corresponding 10 the
areas on the film being scanned, a variable output vector
voltage from the film scannerl having an instantaneous
value proponional'.o :he density of the film area in-
s‘.anmncousl'y <canned, and means to combine the vector
voliage with the three dimensiona! coordinate voltages.

53, A system for establishing voltages reprcscming )
animated figures comprising means to generate a scquence
of electrical cignals, means trizgered by the signals for
gchcmﬁng a scquence of positioning voltages, means for
generaling a series of vector voltages at 1 Tate propor-
tional to the generation of the scid cloctrical signals,
means for combining the vector voltages with the posi-
{ioning VOIiages, aud means for varying the positioning
voltages. )

No references cited.

JOHN W. CALDWELL, primary Examiner.
R. L. leHARDSLON, Assistant Examiner.
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HMETHOD A\D APPARATUS FOR DIGITAL

DATA PROCESSING
Theodore Robert Folsom and Richard A. Cramer. La

Jolla, Calif., assignors, by mesne assignments, to the

United States of America as represented by the Secre-
1ary of the Navy
Filed Apr. 16, 1964, Ser. No. 360,366
1 Claim. (Cl. 340—146.1)

ABSTRACT OF THE DISCLOSURE

A signal processing system for recovering repetitive .

signals from noise. System synchronized to divide signal
interval into many segments, each ¢f which is associated
with a storage device that is scquentally connected into
the sysiem. Signal segments are digitalized by converter
:nd predetermined number of digitalized segments are
summed in -each storage device. Storage dcvices are
scanncd and contents displayed in analog form. Provi-
sions are also included to display change between present
display and prior displays.

e 5 AT 7 A

This invention rclates to method and apparatus for
anulyzing data and in particular to method and apparatus
for recovering signals from noise in électronic detection
systems.

In zny electronic detection system the cupability of
distinguishing between the desired signul and undesired
backzround roise is the limiting factor in the sensjtivity
of the system and is therefore of major importance. This
invention relates to a technique, and apparatus for prac-
ticing the technique, of separating the desired signal frem
undesired random background noise and thereby extending
the lower useful signal Iimit of the various detection ap-
paratuses which are capable of being used together with
the data analyzing features of this inventien. These vari-
ous compaiible apparatuses, while limited to those where-
in the desired signal occurs periodically, are well known
in such widely diversified fields as radar, sonar, ron-
destructive testing, radio astronomy, television, medicine,
fluid dow measuring and many others.

It is, therefore, an object of the present invention to
provide a method and apparatus for separating a recur-
ring sicnal from random backgzround noise.

Another object is to provide a method and apparatus
for increasing the sensitivity of electronic detection sys-
tems.

Still another object is to provide a method and apparatus
wherein data is accumulated in digital form in such a
manner that a recurring signal is emphasized by add:iticn
whereas random noise is not emphasized and beccnes
obscured.
~ Cther objects and features of the inverticn will become
appaient to those skilled in the art as the disclosure is
made in the fellowing description of an embodiment of
the inmvantion as illustrated in the accompanying sheet of
drawinz wh'_h is a block diagram of the invention.

According to the present invention, the incoming data
to be znalyzed, which ircludes both the pericdically recur-
ring ¢ :sired signal and random noise, is separated into in-
tervais such that the desired signal occurs at relatively ihe
same time posi‘.on in each irterval. or in other words, the
interval and signal frequencies are eiiker equal or rejated
by an integral factor. During e¢ach interval the amplitudz is
sensed at a plurality of time positions and converted from
analeg to digital form. The digiial information relating to
each of the plurality of iime positions in an interval is
combired with ihe digital information from cach of the
pluralit of time positions from other intervals. that is,
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the digital information relating to the f{irst, second, third.
etc. time positicns in a first interval is additively com-
bined with the digital information relating to the first,
second, third, etc. time positions ia followirg intervals.

fier the digital information hzs b2en combined for:
a predetermined number of intervals, the combired digital .
information for the plurulity of time positions is con-
verted to analog form and displayed in trace form rcpre-
sentative of a composite of the predetermined number of
intervals. Because of the random nature of the noise, the
noise will tend to be smothed out over the entire trace
of the composite interval, whereas the repetitive desired
signal will be emphasized. Thus, by combining a single
interval, whereia the desired signal may be indiscernibiy
buricd in the random noise, with a predetermined aum-.
ber of other intervals, the desired signal will become
apparent as the random noise is obscured.

Dcpending upon the purpose of the detecting system;
it may be desirable to include in the inveniion means
to record the trace of the composite interval and to com-
pare this trace with previous composite traces and to
provide a warning in the event of a significant difference
between the present and previous composite traces.

It is to be noted that the intermediate procuring of the
data in diz'tal, rather than analog. form advantageously -
provides for a system having high accuracy and drift-
free stability. )

Referring row to the drawing. wherein the invention
is illustrated in block diugram form, it is to be recognized
that the operation of the various components are syn-
chrosized by clectronic controls, which preferably func-
tion by means of short duratiop voltage pulses. Such
clectronic controls are well knowsn and, for the purpose
of simplifying the drawing, have been illustrated to only
a limited extent. '

Information to be 'mal) zed is received by component
11 and is displayed in the single interval form on de-
vice 12, such as a conventional CRG tube, which is under
the contro! of synchronizing oscillator 13. As is indicated
mn the drawing, synchronizing oscillator 13 also synchro-
nizes and contrc's the operation of other compornents.

When the intoming information is related to signals
which have theili orizin in periodically transmitted pulses,
as in a radar detection system, the synchronizing oscil-
Litor 13 conveniently can be the master oscillator of the
transmitter. If, however, the frequency of the desired in-
comring sigral varies, as may occur in the so-called “sing
around loop™ ultrasonic flowraeters, the frequency of the
trolled to be integrally rel:it.d to the frequency of the
desired signal. Such control would, of course, also result
in the desired single interval being displayed on device 12.

The Information signal to be analyzed, after any neces-
cary amplification in component 11, is connecied to an
analog-to-digital converter (ADC) 14 which is in turn
connected to mamory channel selector (MSC) 15. Both
the ADC and MCS are under the control of pulse genera-
tor 16 which functions to produce in control pulkes for
each pulse generated by synchronizing osciilator 13. The
ADC is energized by each control pulse from generator
16 to furnish a digital count, or series of pulses, related
to the ins:antancouns value of the information signzl to
be analyzed. Expressed in a different view, for a single
interval, the ADC 14. under the control of n pulses from
generator 16, divides the display on device 12 into n in-
crements or time positions and furnishes a digital out-
pui for each increment or time position.

The MCS 15, which is also energizéd by the pulses
from generator 16, sequentially enters each of the n in~
crementai counts into an z chann2! memory device 17
where the digital counts are accumulated for a predeter-
mined number of iniervals. Ai the end of the predeter-
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mined numler of intervals, each one of the n memory
channels will have accumulated a count equal to the sus
of a predetermined number f digital counts associated
wiih a particular time position. In other words, a memory
chanael in device 17, say the 23rd channel, will have ac-
crmulated a digital count equal to thie sum of the in-
cremental counts by ADC 14 reiatad to the 23rd time
position for a predetermined nv.nber of intervals.

After the predetermined numbter cof intervals, which
should be sufficient for a smoothinz out of the random
noise, the dizital counts in the n channel memory device
17 are rcad out by means of digital-.o-aralog converter
18 and the resultant, or composite, trace is displayed on
device 19, which conventiently can be a conventional
CRO tube. ’

It will be recognized that the composite trace dispiayed
on device 19 is such as to be compatidle with the single
interval trace on display device 12. In other words, if the
time positions 1, 2, 3 . . . n are sequentially arranged
from left to right on the trace displayed by device 12,

the digital count in the memory channels 1,2, 3 . .. n.

of device 17 are similarly displayzd in analog form from
left {o right in the display on dcvice 19.

It has been found rhat, because of the random nature
of the noise, in a composite trace of a predetermined
number of intervals, for instance 100 intervals, the ran-
dom noise effects will be averaged out or obscured where-
as the repetitive signals will be relatively emphasized.
Thus, while the desired signal may be obscured by noise
in the single interval trace displayed on device 12, the
composite trace displayed on device 19 will guite clearly
present the desired signal. Furiher, because of the stability
of the digital form of processing, the relationship between
the trace displayed on device 19'and the strength of the
desired signal will be guite lincar, even though the signal
strength would normally, when considered on 2 single
interval basis, be much below the operable threshold of
the detection system. In other werds, by using the com-
posite trace on device 19, an operator would be able to
recognize signals which would ordinarily be below the
seasilivity level of the detection system.

With certain detection systems, such as early warning
radar, it may be desirable to observe and record change
in the composite tracs displayed on device 19. This can
be accomplished if, in conjunction with the read out of
the predetermined interval count from memory device
17, the aocumulated counts are transferred from device 17
to a similar memory device 20, thereby clearing memory
device 17 preparatory of receiving the digital counts re-
lating to a next predetermined number of signal intervals.
Devize 20 will, of course, be cleared of previously stored
digital counis prior to ieceiving the current counts from
device 17.

The memory device 20 is ccnnected to a digital-to-
analog converter 21, which is in turn connected to a com-
mercially available CRO display device 22 that is char-
acterized by the ability to present 10 traces representative
of the 10 most recent read outs of memory device 20
by digital-te-analog converter 21. A recorder 23 is also
connected i the digital-to-analog cenverter 21 to provide
a permanent record of each of the composite traces.

‘A conventional anzlog difference amplifier 24 is con-
nected to the outprts of digital-to-analog converters 18
and 21. The output of : mplifier 24 is connected to CRO
display device 25, recorder 26 and warning device 27 to
thereby display and record a trace representative of the
difference betweer the present and the previous composite
traces and .o sound an alert in the event the difference
exceeds a predetermined amount. It is, of course, evident
that the comparator could take the form of a digital com-
parator and be connected to memory Jevices 17 and 29
to provide channel by channel comparison of the current
and previous composite counts. With such a comparator,
an additional digital-fc-analog converter would be re-
quired.
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All of the components above described are either so
well known as to require no further description or are
commercially available. For example, the memory
channel selector 15 amounis to no mocrz than an elec-
tronic switch and the analog-to-digital converter 14 is

widely known and utilized in such common devices as.

digital veltmeters. The ten trace display device 22 is com-
mercizlly availoble as a Huges Co. Memo-scope and
units suitasle for use as the n channel memory devices
17 and 20 and the digital-to-analog converters 18 and
21 are commercially marketed by Radiation Counter
Laboratories, Inc.

The operaticn of the invention in an early warning
radar detection system will now be described, aithcugh
as previously emphasized, the utility of the invention is
obviously not confined to stch a limited use.

In early warning radar, the most important furction
of the detection system is evaluating electromagnetic
wave reflections from distant objects. These reflections,
because of the distance of the target, are often so weak
as to be indiscernibly mixed with random, cr background,
noize. This invention, when used with early warning
radar, would extend the operable distance range of the
detection system by causing target signals, ordinarily ob-
scured, to be identifiable. }

In a radar detection system the component 11 would
be the radar atenna and receiver, the single interval dis-
play 12 would be the “A scan™ scope and the oscillator

3 would be the master oscillator of the radar set, so
that no adjustment of the frequency of synchronizing
ocsillator 13 would be necessary.

The incoming signals are processed in the desirable
digital form and <tored, as previously described, by com-
ponents 14-17. Excellent results were obtained in a
prototype wherein n was made equal to 256. The gen-

rater 16, therefore, gererated 256 pulses for each puise
from the cscillator 13 and energized ADC 14 to, in effect,
separate a sing's interval into 256 time positions and to
evaluate by digital signal the amplitude at each time posi-
tion. Generator 16 also controlled MCS 15 to sequential-
ly route the time position signals-into the 256 memory
channels in device 17. Each memory channel in the
prototype was capable of a 16 digit binary count, or of
a decimal count of 65,535.

Digital counts representing 100 signal intervals were
grouped in the composite trace displayed on display
device 19. Since in the protdtype a single interval “A
scan” sweep occurred 10 times a second, a ccmposite
trace on device 19 and a difference, or change, trace on
device 25, were displayed once every 10 seconds. The
10 traces shown on the Memo-scope 22, therefore,
presented to the cperator a visual 100 second history of
the incoming signal. Both the difference trace displayed
on device 25 and the 10 trace presentation on device 22
give the operator an indication of the movement of the
target.

It is apparent tha! a method and apparatus using digi-
tal processing has been disclosed for separating a recur-
ring signal from random background noise and thereby
increasing the sensitivity of electronic detection systems.

Obviously many modifications and variations of the
present invention are possible in the light of the above
teachings. It is therefore to be understood, that within the
scope of the appended claims, the invention may be prac-
ticed oiterwise than as specifically claimed.

What i: claimed is: i

1. Apparatus for analyzing data which includes a re-
petitive tignal obscured by random noise comprising:
data inpu‘ means; a synchronizing oscillator producing
pulses at a frequency related to the repetition rate of said
signal; a pulse generator producing pulses at n times the
frequency of the pulses produced by said synchronizing
oscillator where n is an integer greater than one; an
analog-to-digi‘al converter connected to said data input
means and encrgized by each pulse from said pulse gen-
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erator o produce a digital siznal related to the instan-
taneous amplitude of said data; a first n channel memory
device capable of adcitively stciing dJigital signals in each
of n channels; a selector device connected to szid analogz-
to-digital converter and energized by the pulses from said

pulse generator to sequentially connect szid ~nalog-to- .

digital converter to each of then channels in said first
memory device; read out means connected to said first
memory device to provide an output representative of the
digital signals stored in said first n channel memory
device, said read out means including a first dizital-to-
anulog converter connected to said first memory device
ana a first display device connected to said first digital-
to-analog converter for displaying said representative
output in trace form: change indicating means for indicat-
ing the change occurring in said representative output,
said change indicating means includirg a seccnd n
channel memory device. connecied to said first men:ory
device, a second digital-to-analog coriverter connected to
said second miemory device, comparator means which
indicates the diffe;ence between the output of said first
and second digit.!-to-analog converters, a second display
device connected to the output of said comparator .neans
for disp!l:ying said difference in trace form. and a warn-
ing device connected to the ouiput of said comparator
means to sound zn alert in event said difference €xceeds

10

20

6
a predetermined amount; 2nd a multiple trace display
device connected to said second digital-to-analog con-
verter for displaying a plurality of previous iraces from
representative outsuts.
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3,337,684
TELEVISION MONITORING APPARATUS HAVING
DUAL FUNCTION AS PICTURE MONITOR AND
OSCILLOSCOPE
William S. Sadler, St. Paul, Minn., assignor, by mesne as-
signments, to Ball Brothers Company Incorporated,
Mauncie, Ind., a corporation of Indiana
Filed Feb. 23, 1965, Ser. No. 434,367
8 Claims. (CI. 178—17.5)

The present invention is concerned with television moni-
toring apparatus and more particularly with apparatus in
which a single cathode ray tube is employed for both
monitoring the video picture and monitoring the wave
form of the video signal.

It has been the practice in connection with the moni-
toring of the video signal, particularly in connection with
television transmitting stations, to employ one cathode
ray tube designed to function as a kinescope to monitor
the vidco picture and another cathode ray tube designed
to function as an oscilloscope, to monitor the wave form
of the video signal. This has resulted in a very expensive
piece of apparatus since both the tube employed as the
kinescope to monitor the picture signal and that employed
as the oscilloscope, along with the circuit components
used, must be of very high quality.

It is the general object of the present invention to em-
pioy a single cathode ray tube for both monitoring the
video picture and also for monitoring the video signal.
Broadly, I accomplish this by providing apparatus in
which, when the picture is being monitored, the horizontal
and vertical deflection means are connected to the hori-
zontal and vertical deflection voltages derived from the
synchronizing pulses and when the wave form of the
video signal is being monitored, the incoming video signal
is connected to the vertical deflection means and a source
of voltage of predetermined frequency is connected to
the horizontal deflection means. More specifically, in one
form of my apparatus, I provide two vertical deflection
means, one an electromagnetic type to which the vertical
deflection voltage is applied when the picture is being
monitored and an electrostatic vertical deflection means
to which the video signal is applied when the wave form
of the video signal is being monitored.

In a still further version of my device, I employ electro-
magnetic deflection means for both vertical and horizon-
tal deflection when the video picture is being monitored
and clectrostatic deflection means for both horizontal
and vertical deflection when the wave form of the video
signal is being monitored.

It is a further object of my present invention to pro-
vide a monitor arrangement in which a cathode ray tube
of the kinescope type may be used not only for monitor-
ing a video picture but for also monitoring the wave form
of any desired signal.

A further object of the invention is to provide such
an arrangement in which there are scale lines visible
when the tube is being used as an oscilloscope but in-
visible when the tube is being used as a video monitor,

A still further object of the invention is to provide an
arrangement of the type discussed in which the voltage
applied to the screen of the cathode ray tube is automa-
tically reduced when a wave form is being analyzed in
order to avoid injuring the screen of the cathode ray tube
and to increase the sensitivity of the deflection means.

Further objects of the invention will be apparent from
a consideration of the accompanying specification, claims
and drawing of which:

FIGURE 1 is a schematic view of my improved tele-
vision monitoring apparatus;
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FIGURE 2 is a view of the screen of the cathode ray
tube when it is being used to monitor the video picture;

FIGURE 3 is a view of the same screen when it is
being used to monitor the wave form of the video signal;
and

FIGURE 4 is a view of the portion of a television
monitor apparatus of modified form.

Referring to FIGURE 1, a cathode ray tube is desig-
nated generally by the numeral 10. The cathode ray tube
10 has a tubular envelope 11 and a screen 12 having a
luminescent coating on the interior surface thereof. The
screen 12 which may be of rectangular form is connected
to the tubular portion 11 by a conical portion 13 which
is preferably coated on the inside with a conductive mate-
rial to provide an anode to which connection is made
at terminal 14. Since the tube is to be used as a video
picture monitor, the luminescent coating on the screen
12 is preferably of the type which gives a white light
rather than a green light, when exposed to a cathode
ray beam. A typical type of such a coating is that known
commercially as a P4 phosphor coating.

The cathode ray tube is provided with a conventional
means for producing a cathode ray beam. This includes
a cathode 15 which may be suitably heated to be electron
emissive. The electrons leaving the surface of cathode
15 are controlled by a control grid 16 through which
the stream of electrons passes. After leaving the control
grid 16, the electrons pass through an accelerating grid
17 which may be connected in a conventional manner
to a source of potential sufficiently high to cause accelera-
tion of the electron stream. The electron stream is then
concentrated by an electromagnetic focusing coil 18 which
is effective to concentrate the beam of electrons so that -
when it engages the screen 12, it is in the form of a point.
Before engaging the screen 12, the beam of electrous_is
subjected to the effect of horizontal deflection coils 19 and
20 and vertical deflection coils 21 and 22. These coils,
while shown as extending diagonally for purposes of
illustration, are actually mounted about the outer surface
of the tube 11, the horizontal deflection coils 21 and 22
being disposed above and below the tubes and the vertical
deflection coils 19 and 20 being disposed horizontally on
opposite sides of the tube. The effect of a current flowing
through the horizontal deflection coils 19 and 20 is to
tend to cause the beam to move to one side or the other
on the screen 12 depending upon the direction of the
current flow. When current flows through the vertical
deflection coils 21 and 22, the beam is deflected vertically
in a direction depending upon the direction of current flow.

The anode and screen are maintained at a relatively
high voltage with respect to the cathode by means of a
voltage derived from a high voltage power supply 55.
The power supply has a ground terminal 56, a high volt-
age terminal 57 which may, for example, be at 18,000
volts with respect to ground, and a lower voltage ter-
minal 58 which may be at approximately half the poten-
tial of high voltage terminal 57.

The structure of the tube described to date is relatively
conventional and need not be explained in further de-
tail. For example, as will be apparent from the subject
description, I have in each case shown only one con-
nection to the deflection coils and have not shown the
complete circuit therethrough, this being old and well
known.

In one form of my apparatus, I also employ electro-
static deflecting means for use when the cathode ray tube
is used for mintoring the wave form of the incoming sig-
nal. This electrostatic deflection means comprises a pair
of plates 23 and 24 disposed within the tube and closely
adjacent to the beam. The effect of these plates, when a
voltage is applied thereto, is to cause the beam to deflect
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Let it now be assumed that all of the movable switch
contacts of the various switches shown are moved to their
other switch controlling position. In other words, movable
switch contact members 40, 44, 48, 51, 61 and 88 are
moved so that movable contact members 40, 44, 48, 61
and 85 are in engagement with contacts 42, 46, 50, 63 and
86, respectively. At the same time, switch blades 40, 48,
51 and 61 are moved out of engagement with contacts
41, 49, 52 and 62, respectively.

The effect of moving switch blades 40 and 44 to their
new position is that the control grid 16 will no longer
be connected to the output of the video amplifier 27 but
rather will be connected to a fixed voltage point such as
ground. The cornection of grid 16 to ground can be
traced through conductors 54 and 67, fixed contact 46,
movable contact 44, and conductor 68 to ground at 69.

The movement of movable switch member 48 from en-
gagement with contact 49 into engagement with fixed con-
tact 50 results in the output of the sweep oscillator 65 be-
ing applied to the horizontal deflection coils 19 and 20.
It will be noted that upon movement of movable switch
member 48 into engagement with contact 50, a circuit
is established from the output terminal of the sweep
oscillator through conductors 83, contact 50, movable con-
tact member 48, and conductor 75 to the horizontal de-

ection coils 19 and 20. As previously pointed out, while
no connection is shown to the far end of coil 19, it is to be
understood that the remote end of this coil will either
be connected to ground or some point which varies in
potential with respect to the output terminal of the sweep
osciliator 65 so that the sweep voltage will appear across
coils 19 and 20. The movement of movable switch mem-
ber 40 from engagement with contact 41 to engagement
with contact 42 results in the output of the video ampli-
fier being transferred from the control grid 16 (as pre-
viously mentioned) to the electrostatic vertical deflection
plates 23 and 24. It will be noted that a circuit is estab-
lished from the output of video amplifier 27 through mov-
able contact member 40, fixed contact 42 and conductors
70 and 71 to the electrostatic plate 24. A circuit is also
established from conductor 70 through conductor 72, a
phase reversal amplifier 73, and conductor 74 to the other
electrostatic vertical deflection plate 23. The purpose of
the phase reversal amplifier 73 is to insure that the po-
tential applied to plate 23 will be 180 degrees out of
phase with the potential applied to plate 24.

By rcason of the connections just traced, the composite
video voltage is applied between the electrostatic plates
23 and 24 so that the beam is now deflected in accord-
ance with the variations in magnitude of the video signal.
It is desirable to employ the electrostatic plates 23 and 24
instead of the vertical deflection coils since the frequen-
cies now being applied to the vertical deflection means are
extremely high and it is very difficult to obtain electro-
magnetic deflection coils which would be capable of han-
dling the very high frequencies involved. The video signal
applied to plates 23 and 24 not only contains the vertical
synchronizing pulses which are of relatively low fre-
quency but also the horizontal synchronizing pulses which
are of much higher frequency and the picture informa-
tion itsclf which is of extremely high frequency. It is
possible to employ the horizontal electromagnetic deflec-
tion coils 19 and 20 because the frequency of the sweep
voltage from sweep oscillator 65 is relatively low as com-
pared with that of the video picture signal.

While the electromagnetic deflection coils 19 and 20
and 21 and 22, and the electrostatic deflection plates 23
and 24 have been shown as displaced a substantial dis-
tance from each other, this is only for purposes of the
schematic drawing. It is to be understood that in the usual
manner, the electromagnetic deflection coils 19 through 22
will be placed as close-as possible to the conical portion
13 of the tube 10. Furthermore, the electrostatic plates
23 and 24, while located within the tube, will normally be
located behind the coils. The reason for this is that other-
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wise, the beam when deflected by the electromaguetic de-
flection coils would tend to engage the platcs 23 and 24
and cause a “plate shadow.” Furthermore, by placing the
plates 23 and 24 slightly further away from the screen 12
than the electromagnetic deflecting coils 19 through 22,
it is possible to get an adequate amount of deflection with-
out the use of excessively high voltages. Normally, it is
necessary to apply extremely high voltages to electrostatic
deflection plates to get an appreciable amount of deflec-
tion of the beam. Because of the greater distance of the
electrostatic deflection plates 23 and 24 and the screen, the
same angular displacement of the beam by the electro-
static plates 23 and 24 will result in a greater movement
of the beam than if the electrostatic plates were closer to
the screen.

Another reason why it is possible to use electrostatic
plates 23 and 24 without the use of excessively high volt-
ages applied thereto is that only a portion of the screen
12 is utilized when the tube 10 is being used as an oscillo-
scope. This is shown in FIGURE 3, where there is de-
picted a composite video signal with the horizontal blank-
ing and synchronizing pulses shown as extending down-
wardly. It will be noted that the overall display occupies
only a small portion of the total area of the screen 12.
The horizontal synchronizing pulses are indicated by the
reference numerals 78 and 79. The white line 80 indicates
the blanking or pedestal level and the white areas 81 the
video picture information.

The movement of contact member 61 from engage-
ment with contact 63 to engagement with contact 62 re-
sults in a much smaller voltage being applied to the
anode 13 and the screen 12. The movement of movable
contact 61 into engagement with fixed contact 62 results
in the disconnection of the anode 14 from the high volt-
age terminal 57 and its connection to the low voltage ter-
minal 58. As pointed out above, whereas the potential of
terminal 57 may be 18,000 volts, for example, the poten-
tial of terminal 58 may be only half that. It is desirable
where the device is being used as an oscilloscope to mate-
rially reduce the voltage applied to the anode since the
beam is moving over a smaller portion of the screen 12.
If the same anode voltage were employed as is employed
when the video picture is being monitored, there would
be some tendency for the beam to burn the electrolumi-
nescent coating of screen 12. Furthermore, due to the
high voltage applied to the beam, it takes more deflecting
force to move it and the deflecting force available with
electrostatic plates is more limited. By reducing the anode
voltage at the same time as the tube is switched to per-
form the oscilloscope function, the danger of such burn-
ing occurring is eliminated and the deflection sensitivity
of the tube is increased.

The movement of contact member 85 into engagement
with contact 86 results in a circuit being established, as in-
dicated in FIGURE 1, from a suitable source of power
such as a battery 87, having one terminal connected to
ground at 88, through fixed contact 86, movable contact
85, and conductor 89 to one terminal of the electric lamps
34, the other terminals of which are grounded. The effect
of this, as shown in FIGURE 3, is to illuminate the panel
33. As will be noted in FIGURE 3, there are a plurality
of score lines 101 which may have percentage calibra-
tions to indicate the percentage of total video signal that
is occupied by the picture information, the synchronizing
signals and the black setup. As pointed out above, a lumi-
nescent coating is preferably employed which gives a
white light upon being subjected to a cathode ray beam.
Inasmuch as oscilloscopes commonly employ a coating
which gives a green light when illuminated, I contem-
plate for psychological reasons, providing for the electric
lamps 34 to give a green light so that the panel 33 gives a
greenish appearance to the presentation.

I have found that the wave form display obtained with
an apparatus such as I have described is extremely satis-
factory despite the fact that the same tube is being used
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from the screen than said electromagnetic vertical de-
flection means.
§. Television monitoring apparatus comprising a cath-
ode ray tube comprising a screen,
means for producing a cathode ray beam adapted to
impinge upon said screen,
control means for intensity modulating said beam,
horizontal and vertical electromagnetic deflection
means for deflecting said beam horizontally and
vertically, respectively, with respect to said screen,
horizontal and vertical electrostatic deflection means
for deflecting said beam horizontally and vertically,
respectively, with respect to said screen,

a source of video signal comprising video information
and horizontal and vertical synchronizing pulses,
means for deriving from said source of video signal a

signal voltage varying in magnitude with the video
signal, a horizontal deflection voltage derived from
the horizontal synchronizing pluses, and a vertical
deflection voltage derived from the vertical syn-
chronizing pluses,
a source of voltage of adjustable frequency,
switching means having a first picture monitoring po-
sition and a second wave form monitoring position,
and circuit connections including said switching means
effective
when said switching means is in said first picture
monitoring position to apply said video signal
voltage to said control means for intensity
modulating said beam, said horizontal deflection
voltage to said horizontal electromagnetic deflec-
tion means, and said vertical deflection voltage to
said vertical electromagnetic deflection means,
and
when said switching means is in said second wave
form monitoring position to connect said source
of voltage of adjustable frequency to said hori-
zontal electrostatic deflection means and said
video signal voltage to said vertical electro-
static deflection means.
6. Television monitoring apparatus comprising a cath-
ode ray tube comprising a screen,
means for producing a cathode ray beam adapted to
impinge upon said screen,
control means for intensity modulating said beam,
horizontal deflection means for deflecting said beam
horizontally with respect to said screen,
electromagnetic vertical deflection means for deflecting
said beam vertically with respect to said screen,
electrostatic vertical deflection plates for also deflect-
ing said beam vertically with respect to said screen,
a source of video signal comprising video information
and horizontal and vertical synchronizing pulses,
means for deriving from said source of video signal a
video signal voltage varying in magnitude with the
video signal, a horizontal deflection voltage derived
from the horizontal synchronizing pulses, and a ver-
tical deflection voltage derived from the vertical syn-
chronizing pulses,

a source of voltage of predetermined frequency,
switching means having a first picture monitoring posi-
tion and a second wave form monitoring position,
and circuit connections including said switching means

effective
when said switching means is in said first picture
monitoring position to apply said video signal
voltage to said control means for intensity mod-
ulating said beam, said horizontal deflection
voltage to said horizontal deflection means, and
said vertical deflection voltage to said electromag-
netic vertical deflection means, and
when said switching means is in said second wave
form monitoring position to connect said source of
voltage of adjustable frequency to said horizontal de-
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flection means and a voltage to be analyzed to said
electrostatic vertical deflection plates.

7. Television monitoring apparatus comprising a cath-

ode ray tube comprising a screen,

cathode means for producing a cathode ray beam
adapted to impinge upon said screen,

a source of screen voltage for applying a voltage be-
tween said screen and said cathode means,

control means for intensity modulating said beam,

horizontal deflection means for deflecting said beam
horizontally with respect to said screen,

vertical deflection means for deflecting said beam ver-
tically with respect to said screen,

a source of video signal comprising video information
and horizontal and vertical synchronizing pulses,
means for deriving from said source of video signal
a video signal voltage varying in magnitude with the
video signal, a horizontal deflection voltage derived
from the horizontal synchronizing pulses, and a verti-
cal deflection voltage derived from the vertical syn-

chronizing pulses,

a source of voltage of predetermined frequency,
switching means having a first picture monitoring posi-
tion and a second wave form monitoring position,
and circuit connections including said switching means

effective
when said switching means is in said first picture
monitoring position to apply said video signal
voltage to said control means for intensity mod-
ulating said beam, said horizontal deflection
voltage to said horizontal deflection means, said
vertical deflection voltage to said vertical deflec-
tion means, and a maximum voltage from said
source of screen voltage between said screen
and said cathode means, and
when said switching means is in said second wave
form monitoring position to connect said source
of voltage of .predetermined frequency to said
horizontal deflection means, a voltage to be
analyzed to said vertical deflection means, and a
lesser voltage from said source of screen voltage
between said screen and said cathode means.
8. Television monitoring apparatus comprising a cath-
ode ray tube comprising a screen,
means for producing a cathode ray beam adapted to
impinge upon said screen,
control means for intensity modulating said beam,
horizontal and vertical electromagnetic deflection means
for deflecting said beam horizontally and vertically,
respectively, with respect to said screen,
horizontal and vertical electrostatic deflection plates
for deflecting said beam horizontally and vertically,
respectively, with respect to said screen,
said electrostatic deflection plates being located imme-
diately adjacent to said electromagnetic deflection
means but further from said screen than said elecu'o-
magnetic deflection means,

a source of video signal comprising video information
and horizontal and vertical synchronizing pulses,
means for deriving from said sourc of video signal a

video signal voltage varying in magnitude with the
video signal, a horizontal deflection voltage derived
from the horizontal synchronizing pulses, and a ver-
tical deflection voltage derived from the vertical
synchronizing pulses,
a source of voltage of adjustable frequency,
switching means having a first picture monitoring posi-
tion and a second wave form monitoring position,
and circuit connections including said switching means
effective
when said switching means is in said first picture
monitoring position to apply said video signal
voltage to said control means for intensity mod-
ulating said beam, said horizontal deflection
voltage to said horizontal electromagnetic de-





