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INTRODUCTION

This invention rohtu to an alectronie device for the prodnotion,

ani-uon, and display of pictures (drawings) and v:lmul -ynbolu.

It is an object of this invention to pradde‘jln apparatus for use by
artists, film directors, or producers uhich.vﬂl a) :‘.igemate and display
images and visual gymbols, and B) allow, by means of proper controls, for the

aniution (movement) of these images. It is aleo m objoct of the i.nvention to

1‘(
p.

provide a means by which the actions of the images qndlyubolc nay be recorded
in part or in whole by either film or ngnet:l.; tu.pe' A‘or othcr suitable recording
neans. .It h‘allo an object of ﬂﬁl mentinh that c)‘nce thodu:lrod image
information has been properly stored in the devicé by,:__muna of" photographic

film, or other suitable memory storage medium, that fhe generation of the picture
x w

on a displey device is automatic. : '

]

i

Another object of the invention is to display the imahes being generated
8] ‘\.

ulmhlmntomwmiuuonpportbetwem@nmtormdthe device
(feedback) and simultaneously (in parallsl) to dilphw in euch & mamer vann ,
thodwicoutodlwforwtugecmu‘aiontmhniqmnwhhhwhemplay-
ed for the superposition of characters or parts o! m;« and backgrounds, md

(

for the final recording of the oupput images. It is ai.p an object of this



PheE 2
2

invention to give to the oper;tor‘a maans by which he may control ( by manie
palation of various ecntral potontimhrl) the movement nnd/m' distartion and

oii:tmce of visual images such as characters, Aobjotj':»tc, prépo‘, w,
ocolors, or special effeots in & mamner uhic_h ie cmMnt w:lth human eontrol
capabﬂ;tio-.

A more opoéiﬁc object of the 1nvontion is to provide a f;:t, lower cost

‘ :

means of picture animation with such a brcagl range oi: control and automaticity
that t;m u't_iltic_ ondeavor’.»u'g limited only by the operator'a inagination.

It is also an object of this invention that eertdn proportions of the
spparatus may be used for the immediate generation o: vilml syabols in & suit-

| \

able or significant arrsy or position as to eonvey rriphiclne#hing to imsoming

intelligence which requires immediate display and dit;animﬁ.on u nay be re-
' !

quired in military control centers, or in television Ebrondcuti.ng, or in adver-
tising displays, or is any situation where inediate display of timely, visual
information is desirable. |

It is another object of this invention that cmtrol need not be lmj.ted
to the physical manipulation of the controls, but that control may be effected
by electronic signals of a source other that the ones generated by control

| manipulation by an operator,

[N
H AN

It 1s also and odbject of this invention that m&mtion (concerning

!
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pro-u-ungod olasses of vuual ob;hcta or tynbola of rnthu- oenplcx um)

nay be sent via -uitahle oam.mieatm means batmn mﬁm vhich lun ‘these

| ‘d;vioo; having the ldvmtnge of emeedingly low, t;u-bnndvi.dth prodnct requi.ro
untl 1n the ecmn!.cation chlnntl (L unique feature of this device is that
Mt information which must be necessarily prodnoed to adhere to the re-
quirement;l of the hnmn vision eye (ie. pei'tistance}_ of ﬂ.sion) is gemerated
'mmtiodly by the device and only htomtion rogarding gross, 1ovw-rrequoncy
changes 4in the postion or mm-or the mgea h mui.rod.) It .'u also an
objoct of the invention that it be used in gonornt;.ng lnd displaying information
concerning status and/or postion of certain obju::tl.-\v\dﬂx @tion to fixed re-
. » S N

ferencesas may be WESdAE mdéd in conjotion with migntional atds (as show-

ing satelite or aircmaft status or position) or for the generation of up-to-

4
\
i

the-minute weather maps. .
Another object of this invention is that 1tbe used in copjunction with
computers for input and putput purposes, whers eex;t;‘%n tupet:lonl nay be proe-
p'modvithvilual mm-mmhwummmihy both omtorand-oono
0

puter.nndmtmtmbeintmaotnomingmlvuuqlmboh,mﬂymd

|
quickly interpreted by human operators. __ I
‘ '
{
5

1
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SIDE AWAY FROM
VIEWER IS BLANKED -
ouT

© 15 THE ANGLE THAT —THE
PRITELTION OF THUL Bont VESTORQ
ON TUE X, 4 PLANT MAKES WITH
THE X AX15,
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X = ASM»‘ (°,9k,:t + L',
43': A Sin k’:.t 1 2
z'z AcwsK.t + o

X%’: L{ .
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GENERAL DESCRIPTION

In gengral, the device con;ﬂn of a means of autcutiod.h_‘ presenting to

. | 'ﬁ‘.‘x, y pum and the s {or brightness control grid) axis of an oscilloscope-
mocj.octronic display, simmltanecus sontimous c;pd-rmmtingthcuand

y components of the motiong oif the beanm 'h;ch cause the beam of the oscilloscope
to drgv a 2-dimensional projection 9!32 or }dﬂmmioml visual ﬁage- in repre-
sentative fashion on the tube face; and a means of controling the position, inter-
relation, color, artisiic texture and brightness of the visual inages in whole
snd/ in part by means of mamual or automatically generated electronis oontrol

A
3

inputs.

¥

N\

The images to be generated and controlled Iv be thoné:t of as having,
tr being composed of, "bones® and %gkihk", A %bone" in this eontext is a spa-

cial vector, a line in three dimensional space which has a determined length, a
‘ [
determined starting point, and a determined direction, a direction§ which may

(O 15 THE ARSTE THAT HE PRITECTION OF THT VECTOR on TRE XY PLANE MAKES
WITRTRE X AxY$)

be described by the angles @ and F which the bone or vecﬁor nakes with the fa-
miliag standard xs and xy planes respecﬁively of }diucnsiond geometry. (F16 2 ).
On the other hand, the %sidn® of the image as herein ;eocribod, may be thought

of af the thickness or shape (3-dimensional or otheruiiie)ot the visual image, and
may be described as the locus of all points dencribod% by the end or tip of a

variable-length siin vegyor which exinates fram the bone and teminates at the

i



pace T
-~ | | .

surface of the lki.n of the obJoct,y it (the mtu') rotntec or spins urthl-
gonally around the bone as its root travels along the length of the bone from
' one end to the other. For elarity £1g. _) shows this representaticn.

The bone vectors and skin vectors are generated separatsly, btut syne
chronoudly or parallel in time and then added togather so as to produce & spas
cially 3-dimensional electromic represcntasion of the figure, a mwud. A=die
_penaioul projection of which is drawn on the face 62 the display scope. Com-
binations of bome and skin vectors repu-oienting different parts of the total
visual image are generated in a logical sequence (as to be descrived),

The image drawn on the face of the scope is the z-dinenlirmal projection
(on a selected plane) of the end or tip of the skin vector as it rotates along
the bone or merely a projection of the bone itself (if no skin is added). Vec-
torial time-components of the computed projection (vertical and horisontal) are
eontw generated lndl these pesitional -igmll are fed into tfu xad y
channels of the display devic$ to create the image,

Motion of the image is effected by drawing the inage in repetative, se-
quentially-changing manner, and presenting to the eyt.; series of ®"still® pic-
tures, but, if motion #e desired, esch plcture slightly changed from the begine
ning picture, taking sdvantage of the familiar parmtlme of vision.

Motion of the image is effected Ly moving or changing the position of the

t
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bone vecotrs (attitude motionm), Apd/or changing the m the
giin vector lemgike (plastis motion), and/or orthoganality to bone vector and/or
- by changing the selected projection plans {camera angle moti.on) . ‘

In genaral, color, textural, and shading of the visuzl image are effected
by proper modulation of the signal presented to the brightness control grid
(seoviammbbemeguddd) of the display #cope thereby modulating the Qtenlity of
the bemm. S8pecifically color may be effected by using a color display apparatus
(a0 a §olor IV receiver) or a eombimtioxi of ncopes} using different colored
filters, or phosphors, and super-imposing the images by optical means (semi-

transparent mirrors).
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In blooking cut our patent area there are eertain basiec

P
A

v fdou which, 4f we eould e¢laim as owr own, would give us the room

ﬁé need to work in, The patenting of gombinptiorsg of ccmponents

rether then specific circults would seem to be the anawer, for
CIRCULT
the cirouits wurelcarerso common that there are many poseible pNle-

signe, PERHAPS WE SHOULD TWINK 1N TERMS OF THE Flowd AND PRXCESING OF SINAS

Some beglc 1deas to keop in mind however aret

3%
A, The vector addition of the tkin vector to the

bone vector,

(Y

“Kin VECTOR Sin VESTOR
t
\:ho 59 l" “'\,&N;;
Fasw, : vEcToR

8, Full Bopje Formeg ©.OUT-LINE FORMAT

B, The baric idea of ueing a scenner ovtrut to mo-
dulete the length of the kkin vector,

C. ‘I‘né fden thet ths skin veotor is orthagonal (et
right angles) gp at any particuler aﬁglé to the

bone vector, We mey want to change tiuis angle

X ske GLoSSARY OF FoRMATS (\’ "53
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Phch \D

briefly in oe:tain places in order to produce
plnatii’orfocts {n the ?Qin - a8 in 1lip or eye
motion,

The method of generating the skin film of orthe-
gonal information whioh may So scanned, Right now
we are sontemplating using the rllm-deﬁcity as the
storage medium which holds the iInformation of the
skin-thickness, Tﬁore ere other w~ys t0o hold this
information ( as in s mewmory device), Rather than
heve the informatl on contrined 4n the £1lm density
(with density varistione from black to whits, the
informet!on could be encoded in a digitesl fashion
with black end white dots,

We also need leswey in the methode we unge for secane
ning the skin-film, Rignt now we gontemplate using
8 normal reotangulsr raster

for the full basic format,

SKiIn
Foam

KN
FLm
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vhere the output of the scamner 1s used merely
to displece the bone vestor to one side and/or
the other 80 th"t we draw a bone twiee, thereby

drawing on the 4ispley only the outlind of the

partieular object being drawm,
D15 PLAY CRT

DRrAWN BY
DSPLAY REAM,
DISPLACED  FromM
THE BONE BY
THE SCARNER
ouTPUT WHEN
SCANNER 1S USED
AS DESCRIBED

\l\ 5¢ AN”]\)A‘

PATTERN

We call this "Outline Format",



g

Fe

&

We also need leowey in cireuit design in such

& way thnt we may a) ‘mciltorlso or b) digi-
telize the synchronizing and multiplexing tech.
nigues,

We need lots of room in the sontrol or}d of the
device, At prerent we oreats electronic inputs
to the bone gates by the hand-mrnipulation of 4
potentiometery EHowever, we have meny $dess for
improvements, and es we get more experience with
the operetion of the cdevieo, we will add new eir-
eulits anéd develop new techniques to make control

ag avtometic as poeridle,

POGE |



PRGE I3

GLOSSARY OP PORMATS

<¢‘g§§& BASIC zggggga I want this to be a term wvhioch diseribes one

L ’ . method (or format) we use to "draw" an objest; namely: the
simultensoux generation of skin and bone veotors and the
vector addition of these and the application of these to

the verticsl end horirontal shannels of e dirplay scope so

that the CRT beam sweeps out a projection on the CRT faoce
of the srirsling tip of the sum of the vectors,

OUT-LINE FORMAT: This term 1s used to déecribe tue object-draw-

— ing format wtich uree the partioculsr sesnning pasttern and
device operstion desoribed in "E" of "Summary", Eegentiale
ly 4t refers to the teehnigue of drawing outlines of objects

or figures,

ANOTEER PORHATs 2IG ZAG In the zig zag formet the ekin vector

15 cauced to webble back and forth, (not epin) in a 180°

'@ann
3006
erc as it travels along the bone, {
N k\;‘ﬁm VELTOR
SK'M F'LM
N
Z\e 2A0 \ ‘iw. s
“_ RPSTER ‘ |
\___./‘ 'l £
|

T
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MogEe DETNIED DESCRIPTIONS ‘
MASTER OSCILLATOR (ELOCK")(I)
RED SUmMmerls REFER fo LOCATIONS ON Biotik DIAGRAM

, FoLd-ouT PasGt 50 : :
The clock or master oncuh'.o@- a ztabls, variable-

frequency waveform gemarator; WHOYE FREQUENUM MAU BE COWTROLED BY

AN EXTERNAL D.CU. WILTAGE
There are two signal outputs of the clock or master

oscillater. Ofte is a square nn@n?uv, the other, <n sine un/v\/\@
The outputs are at the sxact same frequency.

The function of the clock is to fwurnish the "driving-
signals® to the device. Ithn;enmbyuhichthoimr
workings of the device are "time-synchromised.”

We refer to the ocutput of the clock as "high tnquoncy,"@@
becauss we count down (by means of a countu:rn;.o be described later)
to the "frame frequency,” thus establishing a frame vate. Frame
utahthoutoatﬁichndruomompl‘teﬁmorpictnm
on the display scope.

Because the counter performs a fixed-ratio-countdown,
the low frequency is always a lower multiple of the high frequency.
Thus, by varying the high frequency, we sutomatically vary the low
frequsncy or frams rate.

During this developmental period, we have besen operating



at frams rates b&m 2 and 30 eycles per second (CPS). 36 ope
is desirable at this time becsuse |
a) The lighting in our workshop is such that at a lower
mm,um-b&thmmchr,m
b) It 4s very easy to synchronise thes frequencies to the
60-cycle un@uqmncyl (just twice the frame rate)
with a band sdjustment and thereby eliminate what is
knowa as "hun® or line noiss, whieh if not synchronised
causes & slow wobble of the picture.

In the futurs, nwmmm.tudhckw)
in the counter Qucm wvhich will stomatically synchronise all
frequenciss to the lum@ (60 CPS) and thus eliminate the necessity
of hand adjustments and alsoc assure an exact 2 CPS frame rate.

The oqunmn output 4s fed directly into the cauntcr(—ﬂf)
It 4is also fed imto and is the driving signal for the horisontal

deflection generator of the skin scanmer (to be described later).
The sine vave ontpu@u fed into two of the umpm- D
(samiler gatss to be described later), also into a 90 degree phase

shifter whose output now becomes a cosine wave (in relation to the

Pact |5
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original sine wvave which is subsequently fed into the other

ntofobotham-md oosmvmlmfod‘im

uerieliens :
g'v.m (to be described later).

ﬁnfmctimdtbchc@nyht“mwmupo
X
m.mmm-mmnmdmmum
®

channels_ and used as driving signals of the device, thus

synchronizing all recorded signals with the “tape clock."



counTER 1L TIMING cauaox.jﬂ

e m(—.i-‘fu . cbain of Wistanls melbivabeators. The
mttbthltlrltl!s@n‘tb chintnthomm:qun
v hron the alock, mm@rmtunnﬂuamm
which is exactly } uumquuy of the input. Thus each BSMV
in the chain halves its input frequemcy.

At the present time we have 9 BSMVis in the counter chain.
This gives a countdown ratio of 512:1, Thus for a frame rate of

& w2
2l frames/sec., the high frequency mmst be 12,288 CPS:

There is nothing magic about this selected ratio .of 512
to 1. The choioak of 4t at this time was governed by the ease with
vhich we are able to use the high frequency in the function (sine-
cosine) genent%otvork. If the frequencies used in that network
got too high, the penerator does mot perform as well as we'd like
it to., We have not had tims to redesign the network. However,
it works well wup %o 16 or 17 KC, easily allowing a 30 FPS frame rate.

Of course, thnhuhlrthomcyv‘om,vﬂ'n greater
*bone skin" resolution we may have. (This will be explained

later.)

paceE 17



The cutput of the first BSMY, besides being fed into the
2nd > i also fed into the delay miltivibrators im the afore~
mentioned sine-cosine function generator metwork, and acts as a
driving signal for those delsy MV's. In other words, it causes
th.domm'atomovn-upnuotthosm-mdmm.mh

Q)

the saxplers at 4 the frequency of the sine-§) cosine waves in the sam-
Plars; i.e., there are 2 cyclss to saxpls from. The significance
of this is that we can get more than a 360° rotation of a done.
(To be described more fully.)

I

The timing control is a feedback network which automatically

>D®
synchronises all of the driving frequencies (i.e. High and Lew) to
the 60 ¢Ps line-troqum@thu assuring am exact 2l FPS frame rate.

There are 2 inputs to the timing control: ome is the 2

® ©)
CPS from the counter, the other is 60 CPS from the power lingd. The
2li CPS frame rate s fed into a BSXV whose output is therefore 12

(©

CPS. mnnornqchy@(&c?s) is fed utoaSzlemu@ "
(binary feedback type) and its output is 12 CFS. These 2
frequencies are then fed into a phase-comparator, The output of the

phase comparitor (a D.C. voltage) is fed into a D.C.-comntrolled

PAGE (8
2
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ucnummnuammmwuuumduwm
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mwﬁi&MhdmﬁeM‘ddWM®ml
m«mer@uumwummmqﬂéocrs)

at the bLack end of the counter. roruovithaupoucordor

’

the oscillator would be replaced by a motor speed nnmo@vduch

would accurately regulate the tape lpn@nd thus: the

oID)

frequenciss cmnina off the tape.

3
PAGE S

©,
“THE RicH FREQUENCY SINE WAVE RECORDED ON THE CLOCK- CHANNEL

oF THE TADE RECORDER, 15 OF CONSTANT AMPLITUDE BXCEPT FOR THE FRAME

¥ ctequ'u\\m

, WHICH (5 OF GREATER AMOLITUDE , THIS

Feame Maaker” D
AME MARKER 14  CL1PPED OFF AND SEPARNTED FROWM

TUE BEST OoF THE SIGPAL, BoTH SIcNALS ARE SPUARED "W“@@

BRFORE BE(NG- USED AS DRIVING SIGNAL

OR “TWE DEVICE,
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ELECTRONIC GATE-COMMUTATOR OR MONOSTABLE MULTIVIBRATOR CHAIN TV
ustd AS
The nhain of monostables multivibrators (MSMV) uAn
slectronic commutator wvhich opens and closes a series of "bon"
:ato‘yln a ssquential manner. In other words, the MSMV's
furnish the driving (opsnimg oclosing) signals to the gates.
The input to the first MSMV in the chain is a frame-
rate frequency pulg-@(sq 2l CPS) which comes from the m,,]]:
When the pulse arrives, it causes the MSMV to flip into its other
(unstable) state, for a length of time as determined by ite
integral RC network. By varying H, the langth of time during
which the MSMV is in its unstables state may be varied. During
this "opsn" time, a change in voltage ococurs on one of its utpm@
X
This voltage is used to open a nuxer of gates comnected to it.
When the "open" tims has lapsed, the MSMV sutomatically flips back
into its original state (stable) and changes back the output &5)
voltage driving the gates, thus closing them. During the f1ip"-

CRANGE (N VoLTAGE
back, tﬁpahe similar to the ons that caused the original flip is

PALEID
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mum.tmmmwm@mwumtummmo

in the chain where & similar operation occurs, thus openiu the

pext group of associsted gates for a time described by the R®

sssociated vith that 2nd MSMV. This commutating action eontinuss
| ar '

wntil all the MSMV's in ¢the chain have gone thru their imdividual
cycles.

D) ' BLoG DIAGRNM
- The "driving output® of the MSMV's (shown !.n,\M)
15 used to perform a mmber of tasks. For example, this output
nay bs used to close the elsctronic switches across the integrating
capacitors, thus causing the display beam to "ni back” to its
starting point. These signals are used therefore as inputs to the

fm a8

flyback sircuit, and this action will be descriked later in more
detail. Another use of the MSMV output is to dim or blank-ocut
the display beam. By applying the MSMV output to the grid of the

display CRT, the beam is "turned-otZ" during the “open" time of

the MSMV so engaged. In tais manner, flyback retraces, and

certain bone-placing msm where the beam

MWHEN DRAWING A RUMAN FiouRE

mst move from the starting point, up to the shoulder and thenoce

procesd to draw the arm, and during that "placement” bone

-
drawing, ths beam is blanked ont).nq be blanked out as desired,



As mantioned before, the length of tims that an MSMV
remains in its open position is determined by @of the integral

RC metwork. Thus by varying each of the resistances associated

“with each MSMV.RC-ratwork, sn operator is able to "set-up” a

figure or character to have the desired "bome" lengths, and
overall structure. He also, in this setup procedure,
determines the sequence in vhich the particnlsr bones will be
drawn. In determining this sequence he makes the necessary
connections between the MSMV's and the flyback and blanking
AT S
circuits, in addition to detarmining and "setting-up® the
desired boms lengths.
o

The MSMV ghain is a switching, commutsting network
vhich regulates the opening and closing of the "bone" gates.
The various tasks which 1t performs could be done in other
weys, such as (a) mschanical systems (b) binary counter gystems

with quiddeg, diode networks e.) other electronic arrangements

d.) elactro mechanical systems.\top CREATER STABILITY WE MAy

EVENTUALLL USE TAits SHsTEM |

PACE 33
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BONE GATES Y

Associated with sach bone, and being drivem by a

I ¢
VoI of the MSMV chain, are a number of electronic gates. The
gates are normally closed, but are cpened by the rectangular wave

2 &),
form raceived from their driving rultivibrator. There is an cutput
fronm the gate only during the “open" period, and the na tture or
€,
character of this output is governed by the input signal. If the
@

input is a D.C. signal, then the output will be a corresponding
D.C. signal (similarly 4f ths input 1is a sine-wave or other
shaped signal, the output will lcok like the input). In other
words, the gatd passes or allows to pass thru it any signal that

y\' (4
is prasent at its input during the "open-period of the gate.

Cokmpol VOITACES OF THE ol @@@E
The Agates for each bone are in parallel, and operate tHt gkr

simltansously, and send signals to different parts of the cevice
AENCRTE

in order to :mhe“ bones and con®rol their vectorial positions in
space. A gated D.C. waveform (as will be shown later) makes a

straight bone. A gated "shaped” wave form will make a bone whose
exis is not straight, but hes the integrated, vectorial directar

&)

(or shape) prescribed by the shaped input.



Phat o

By varying the D.C. voltage applisd to the first uto:, : .
the angle () thatthobonemkeavithmx-uiaoftbdhplu
is varisd. A variable potentiomst=6X may be used to vary this
input voltage (other means may be used, of courss). The secand

SO,
gate is used to control the angle that the bome makes with the
X-Y plane (k), in sixilar fashion by varying that D.C. imput.
s

The third gate is used to control the angular poaition (or

may be callsd "rotational position”) of the skin on the bome.
Additional gates may be used in similar fashion to

Dk,

control other paramsters of the bon¢_ - such as intensity,

texture, stc.

The first two gates called "e" and "¢" send their

D) @ T
output s 8 similar, angle-producing nstworks. These

and other gate signals may also be sent to corresponiing

X1l i
channels of the tape recorder, so that during playback these
multiplexed signals will drive the bone and skin producing

mechanisms of the device, thus automatically producing the

previously recorded movemsnts of the bones and associsted parts.



The outputs of consecutive @ gstes are all fed into

ths '@ - sine-cosine function-gensrator and similarly the

outputs of ﬁ)gatos into e q sine-cosine function gen.

PIE 25
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SINE - COSINE FUNCTION OENERATCR V1 .
DD
There are two sine-cosine function generators. One
receives its input from the © gated, the other from the ‘)I.
Each generator has two outputs for each input. e range of
voltages at the input represent any desired angular position
of the bone, and the two voltage outputs have the relation
of the sine and cosine respectively. (See General Theory)
In order to produce the relative values of the sine

SIMUETAN vy ol Yy

and cosine, samples of sine and cosine waves are taken /\at

A ERES
regular intervals, and these samples are fed into capacitors

which hold the sampled voltagesd to produce D.C. voltages
across the capacitors which are at the levels being sampled.
A sine-cosine function generator has in its net-

&

work a delay multivibrator; a narrow-output monostable multi-
vibra 2 wave-sampling gate a holding capacitor on
the output of each sampling gate. The delay mltivibntor@
has two inputs. One input comes from the 2nd stage of the

co\mta@at 4 the high frequency and is of the square wave

type. Thi-‘ input causes the delay multivibrator to change states
L{to flip). It will remain in this state until it flips back
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automatically into its ariginal state. The length of time
that 1t remains in the unstable state is determined by the

2nd upnf@ This 2nd input (vhich comes from the gates) is
a D.C. voltage whose valus determines the length of time the

(A
delayd M.V, will "delay". The “driving" 1@@1‘0‘ the count-

15

ex@u stated before, is at 4 the high froquenc@ This means
that the delay M.V, performs its function once for every 2
cycles of the high frequency. This allows a sampling of the

NC

sine and cos waves to be taken over 2 cycles of the waves,
which allows for a bone-angle swing of more thaf 360° contim-
uous,

Zhe output of the delay M.V. is differentiated and
clipped, so that only a narrow pulse representing the trailing
edge of the change-of-states is sent on to the narrow-pulse
nay (29

The input to the narrow pulse HSH@. a narrow, trig-

H&N@
ger pulse coming from the delay MV. The output of the
is a very narrow, straight sided pulse which is used to drive

)

(or open) 2 sampling gates. The gates are very fast acting.

&

Apother input to the gates is a eine wave (to one) and a
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@

¢o
cosine wave (to the othe@oling from the sinewave generator
(clock) and from the phase-shifter respectively; Thus the
e et
output of the gates is a very narrow pulse whose height (or
value of voltage) is determined by the time at which the sine
and cosine \nvm sampled, which time was determined by
the trailing edge of the delay l.@uhich time was deter-
mined by the D.C, voltags impressed upon it, this voltage hav-
ing been determined by the output of the bone gates. The mnm-

ber of such pulses for any given D.C, value impressed upon

the delay M,Y. is determjded by thgalangth of any given bone, AND THE oburrimé F,@m

OF THE DEWY M HICH 1S 4 THE HIGH FAEQY Thus | BOPE-LENETR RESOLUTION 15 PIGHER of
CEINER” WETR MERBIR. DRIVING FREQUENCTIES,

Because of the holding upuc’%aochted with
the output of each sampling gate, there appears across each
sapatitor:aiD,Cirwolitagecrepresenting a particular value of
sine or cosine., For a noml-len‘gth bone, the holding ca-
pacitor may receive 15 or 20 sampling pulses during the time
the bone is being generated.

There are other ways of generating this sine-cosine
function. One simple way would be to let the output of the

bone gates supply voltage to associated sine-cosine potentio-



meters, but thewe pots are expensive and it would be requised
that there be one for each &-:)cte and controling inputs lrohld

have to be exclusively mechanical,

. pNeed



BOME INTEGRATORS YT

";“"Lv

~ The mtegratarv is @ high gain smplifier which has

a feedback uptoito@ its impus, Its function is to per-

form contimious mathematical intemration of the signals present-

®© D

ed to its input;~ There are three integrators in the bone
generator, one for each gemetric goordinate (ie, x, y, 8) of
three dimensional space.
(A

If the inpu an integrator is a D.C. vRltage, the
output is a ramp functio a v The imitial conditions (starting
voltages on the out which determine the starting point of
each bone on the display) are detertined by the voltage actioss
the feedback upccito@ If there is no discharge of that caps-

(su«.tsswt 6ONES)

citor between succussgive 1.ntagz~o.1‘.$.onl,2 then the bones generated
by the integration of a sequence of D.C. voltages will be

"joined together® Vhenever the capacito@l discharged or

"ghorted out®, the initial condition voltages are made sero,

and the display beam rsturns to a "sero® or "starting® position,

—VIr
(The flyback cirouit to be described performs the function of

shorting out and discharging the upacito@c desired or re-

pact 30
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quired to draw & figure or image.)

The 'ninc of voltage presented to the mpu’of an
integrator determines the rate of change of voltage at thc
output (dop@ If the input D.C, voltages to the x and y
integrators npéennt the cos 6 and 8in © respectively, then
the output of the integrators when fed into the homonﬁal
and vertical amplifiers on a display scope will cause the
beam to draw a line on the scope whose angle to the horison-

. DULATES THE PROTECTED AENGTW OF TRE BONE, THUY THE
tal g 6, DALY, $ moDutare

MuULTIPLERS T COMBINE THESE Fumﬁl°&5.<¢ @) &'L
1(% /
The outputd of the compination of any two of the

integrators when presented cne to each of the verticle and
horizontal deflection chamnels of the display CRT will give
the projection of the figure (or image to be drawn) on the
plane determined by the combination, For example, if the
(&g
x and y integratord outputs are used, then the display will
be a view which is the projection of the figure of the x, y
plane, Similarly, if the y and s outputs are used, the view

will be a projection of the figure on the y, s plane. Inter-

mediate views may be obtained by combining all three integra~
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tor outpu proper amounts; thus allowing an operator of

the device to view the object or figure from any poéition.

e ootion of ombtnng @,

fhe function of combining these integrator outpu & proper
: =T

fashion is carried out by the "camera angle network® to be dis-

cussed later.
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The function of the flyback network is to short-

‘out or discharge the capacitors (tS@u»cuud with the in-

)Xy
tegrators at desired times during the sequence of bones and

at the end of each cycle of bone generation., Discharging of
the capacitors causes the beam of the display CRT to fly back
to the starting position.

An electronic switch discharges the capacitor.Pulses

%
which close the switch come from an amplifier which is in
turn fed by phlses (which are selec desired) coming
from selected nmltivi&;tox@f the MSMV chain., Also, a pulse
whose duration is determined by the time of the closing of the
last KSWV %o the beginning of & new cycle of the first MSMYAL)
RE)

is generated by a bistable multivibratod. This flyback bi-
stable MV receives a pulse from the last MSMV as it closes.

@ .@@

This pulse flips the BSMV and its output causes the switch
to close, This BSMV stays in the ®closed® state until 4t re-
ceives another input pulse which this time comes from the

counter, the smue pulse which starts the chain of MSMV's,
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Diodes connect all of the pulse imputs to the ampli-

@ POD

fier which activatesy the switched 80 a3 to prevent pulses from
téedinghckintothenh@nndt&luqmgthntqmu
out of sequence. J

The elestronic switches rémain %looed during the dure

ation of a pulse, be it long or short. \
T7¢
) N

oA

I B
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ConTe=o WG & L g
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SKIN GENERATOR 1Y Pe

The mmmw%amwmcmummw
conveys in proper sequence and synchronization the thickness information which
is retained in a convicnicnt form of information storage device of medium¥,

The function of the skin generator is to generate a video cignd;@ba
magnitude of which represents the orthogonal distance (or thickness) between
the bone vector and the surface (of the skin) of the object or figure being
drawn,

n!.'he Skin Uensrator is a kigk flying spot me@vhichmllpoohny
prepared photogra the density of which contains the desired thickness
information.,

The flying spot scanner is a special (short persistance phosphor) eathode
ray tub@cm) in vhich the beam is caused to sweep out a perscribed raster
(patern of 1ines). The beam produces a short-persistant spot of light an th#
face of the tube., This spot of light is optically eondnete@nd foocused on the
photographic trmpnren@mich transmits varying amounts of light according to.
the film density. Thus the photographig transparency modulates the intensity of
the 1ight as the spot sweeps or scans across it. This modulated light is collected
by a condensing lens and roughly focused on a plm‘bomlt:l.p].i«éx-E tulle which converts

the modulated 1light into a voltage signal (video). (In general, this system acts

as & high speed commutator, camtaunﬁ many pieces of information in a desired
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;trm or sequence, A IV camera uin'mther example of a device which performs
this continuous c@uﬁtﬁn). - o |
The video -1@.1 then added (v.§ to tho bone sig-
ml, giﬂng the positional mémﬁtion to ﬁe display ben. ﬂ'xich represents
the thickness of the object or figure bcing drm._ |

The navéent of the tly.lng‘ spot is controled by deflection amplifie; ®®

in scamner. The eontrolmg deflection wave forms are generated in the hori.
@) .

sontal and vertical deflection generators (saw tooth generators)y which are

synchronigzed and driven by an input from the clock.@

The raster (pattern of sovement of the spot) of the scarmer is basically
rectangular, with some localiged modifications in the pattern for special, skin-
distortion effects as in lip, eye, and other facial and plnf.ic-type movements.
(such as wrinkle effects which i?mnd be sutomatically dwa1§m as a function
of associated bone angles).

The skin generator may also be used to develope other skin information

such as color, texture, and shading, (This will be discussed later,)



bl i

pet 37
SKIN mmoan

The function of the skin network is to algebraically

combine the variocus voltage representations of sin §, oos 6,‘2

ain% %’?K)‘@ K@, @, lin!®2t, m@zhnd the video

-

s to give the proper formulamatic representations

of the geometric projections of the figure or object being gen-

erated. For quick reference, a tabular explanation of these

° B ma)
b B o)

@ gin k,t
@coulk‘gtz

‘}

various signals is given below,

D.C. values of voltage whose relationship is
assthe sine and cosine of the angle ©

D.C, values of voltage whose relationship is
as the sine and cosine of the angle ©

Ramp functions of voltage, the outputs of the -
integrators x, y and s respectively, where the

constant K is a scaling factor which is a device
funtion; a lumped constant which takes into asopunt

the gains of the horizontal and vertical amplifiemss

of the display, the gains of the integrating amplifiers,
and the amplitude of the input sine and cosine high-
frequency waves.

Sine and cosine wave functions whose frequency
(the high frequency) is determined by kp, and
whose amplitude is considered to be qqual to one
unit, (Normal mathematical representation would be:
a sin kyt, but for btrevity we let a & 1 (unit)
which may be about ten volts, peak to peak.(p-p).

Capital A is used to denote the video signal which
comes from the skin-scammer. This is a typical
wide band video signal whose upper frequencies are

very high.
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' To show the inter-relationships of the various signals as a
funotion of time, a signal plot is given below,
Sieh Al BONE \ Bowl ‘ Nt .L.I.a‘ BomE i%owa S onE le Bt | BTC
oescrirnion | ! (3 3 i S 6 7 ) 9 {
€ ¢ :
t <, t, t 0t s . t,t, t,
'ﬁ”v # ' < o EE\ l
wsmvwa oL G5 ”
A I
Mﬁf"\v ol 4' ¢ ‘_‘r‘—‘ iL
}
msMy #5 o . l E
pomyv G _ - J | S N ,.__';E;_;_M__WA_.______.
? L8] U ,___,-..J : | Q. R
pomve Y X -
MMV K G 4 g; M
N R E % .
= 4 7 & w & S, O
OUTPUT OF (™33 _______1-9};”— 3, £ o _
2 GATE 5 Jetwed) 3 -
- Y < HE LT Wi ELD [
TOLETHER (g o Y BN EBORE T LOrTLS R
cr B 'g POTS {Tw 2t LL) i
it S e W el NN S °
wreurs = | VEP ‘
ks s #eid .. conle By

THE ¢ -BONE

ARND ASS

SLATED SILRNALS pRT SiM LA

L TO D -BONE SIENALS Showyn

Swin) VIDES
:Al- q

FYRIR L R VNN, N w1 o e

[ LA LM %~ T PR L ==

vk o
|

W*t%mcg p

VAT e

. c gt
“ e - ﬁ&‘_:j';!h"ﬁ !

MAGMIFIED YVIEWS

o
-

sink, t

cos Kyt



PAGE 39
3

Two algebraic functions are perfomed by that portion of the device

we call the skin netvork, namely multiplication and addition. Associated with

7 TR 5
each mul ti&ier are 1npu d out ifiers, which are electronically

iy (T
‘ioi

nocnury to allow an annlogne nultipl:l.or to perform its tast of multiplication,
Multipliers also require a'center-tap@put; thus there are three inputs to
the multipliers. The important thing here is not how we perform the particular
R
task, but that we do perform it. are merely resistor netwosks which add
the various signals presented to it. If mxm the signals are of opposite pohr:lty@
the the added aétually performs a subtraction.
Algebraically speaking, the Skin Network takes the previously mentioned
signals and combimes them so that:
@xuxltxcoaecoad - Acoaeziniooskzt-AsinOOinkgt
y-xltysinecoo# + Asinlsmﬁconkzt*}coaeainkgt
s = Kyt; sin g + A cos ¢ cos kot
Here, x, y and s represent the X,y, and s vectorial components of the
,thrce .di.nonaion;l figure. By presenting any two of these signals to the X and Y
channels of a display CRT, the resulting drawing will be a projection of the
ﬂ:z;ee dimentional figure on the plane determined by the components selected.

By the geometric selection and combination of all three of these components,

any view or projection of the three dimensional figure may be showm.
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CAMERA-ANGLE METWORK X (™

, AT
The function of the Gamera-Angle Network is to algebraically ecombine

@EED

(and thus geometrically and vectorially combine) the x, y and s components of

the three-dimensional figure in such a mamer as to sllow for the selection and
presentation of any 2-dimensional projection or view of the figure when the 2
outputs of this network are presented to the g Y (horsontal and vertical)
channels of a display CRT,

Two algebraic functions are performed. The first is multiplication by
a constant, the second is addition.

Multiplication by a constant is, in effect, the ® taking of the sine
and cosine of the vector®s and is accomplished by a network of variable, sine-
cosine potentiometditi;m it performed by uming a fixed-resistance netvor

Angles @' (theta prime) and #' (phi prime) represent the rotation of
the xy plane about the x axis and xs plane about the s axis, respectively.

a-bo

Two Sine-Cosine pots ganged together (ie; wAth wipers on a common
is the mechanism for performing the properly-related multiplication by
constants, iej; taking the sines md cosines in their proper relationship.

~ “Fhere are two such mec s. Rotati.on of the shaft of one controls
a-b

(d‘
the viewing angle 0!, The other controls the viewing angle ¢!, Amplifiers @

associated with the network of sine-cosine pots are an electronic necessity.
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OO, OND, 2
The two outputf thés network are fed into the andu

of the display CRT, and represent the ‘beu-po.itional" information necessary
to draw the figure, Controlling,servo-motGr# will be used to position

the shafts of 6' and g', so that the servo driving signals may be recorded

on the control tape (magnetic) along with other control signals, thus record-
ing the cmera angles . In other words, by recording the servo ﬁput 8, ®
the servos '\d.ll sutomatically position the 'h the sine-cosine pots to

give the desired viewing or camera angles on playbuck.
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OVERLAP PREVENTION AND SCAN CONVERSION X (]

Because the display beam is drawing a 2-dimensional wojwﬁon of a
}diﬁomioml image in a contimious manner it is necessary to .pra;ide a means
of preventing the beam from drawing over a portion of the image which has al-
ready been drawn. Thus a special device for “overlap pu-snnti.on'r the funo-
tion of doing away with ®"ghost" image or overlap.

Overlap may be classified into two types. One type occurs when the
"back pa=t® or part of the image on the side away from the viewer is drawn.
This overlap is prevented by turning off the intensity of the beam according
to the vectorial position of the skin bector which is a function of 1) phase of

@ X

the high frequency, and 2) the camera angle (which governs the position of the
plane of projection).

The 2nd type of overlap occurs when one part of an object or figure over-
laps another part, or where one figure is in front of another, By using a
special display tube h has in 1t, two or more electron guns, one of whish
i3 a "write® gun, another of which is an "erase® gun, (having selective erasure
capability) and having the erase gun predede the write gun by employing a slight
delay in the *write" signals (both guns getting the same pogitional dilplay sig-

nals, however) overlap may be prevented, as long as the object or part of the
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object which is to be displayed is drawn in sequence compatible with this
PARTS DRAWN -

method (namely, '}ut)wllshsw)

A mlti-gun sco employed will contain the image thus drawn for

i):’a)

8 length of time necessary for photographing or scan converting. A scan con-
verﬁontub@umwmwmthedrmmgemmammtummw
h compatible with television transmission or a close-line raster which would be
compstible for the superposition of figures on a background,

A4 this point in the generation of animsted pictures it is necessary to
consider picture quality in terms of resolution., The problem of resolttion be-

S22 *
conmes acute when high scanning necessitates high bandwidth requirements.
Thus it is contemplated that the specisl picture techniques ( superimpositio
R

overlap prevention-scan oconversiomn) will be carried on at a relatively slow
rate -~ ie, not at the sane apeed at which we animate. An operator mgy do his
animation in real time (Were te device puts the control signals into s
2l/frame/sec farmat) but the eventual film-recording of the animated sequences
will be at a slower rate, and of course all autometically controled by the
pre-prograrmed animation.

With low, reproduction-scanning rates, high resolution cathode ray tube

display, (compatible with 35mm film grain) may be attained.
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~ (Tape Recorder)

The funotion of the recording network is to record the joined-together
ae)
gate-cutput signals (multiplexed anglo—tigmls@m the bone-gates) and allow
for the play-back of @en signale. The recorder is a multi-channeled record-
' (&
er. On one channel is recorded the clock signals and frame- for syn-
chronitation, Sound is recorded on another.

. 8elective recording of individual gate-cutpuiz or groups of gate-out-

puts 1s sccomplished with recording gates which are activated (opened) by the

(;}\—\@

M.S. mltivibrators associated with the bone gates desired to be recorded. A
e RE

swi may be employed to hold these recording gates opened if it is desired
to record all of the bones. (as an operator may do at the beginming of an

animation run,)

é 13 ’
The Purite® (record) heads are situated ®upstrean® from the "read®

Zpb)
(playback) head@ far as tape motion is concerned. The signals which are

passed by the recording gates are thence recorded on the tape by the *write®

hoadu.q e signals thus recorded are almost immediately read by the ®read*
i3

heads from which the signals are amplified and sent into the bone generation

network,

The tape format is shown below:
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The clock c recorded on it the high frequency sine n@plu
@ 2
the intermittant frame pulbe. These signals are electronically separa after

reading,mdtholineme:arecen;tothebonegenmtormdtherrmepuluo

Fow

are sent to the counter chain.

After the @ md* tape channsls are filled with becorded signals, selece

(‘:i: As)
tive re-recording is accomplished by making connections between selected MSMV's

and thedh recording gates so that these gates are opened only during the times

D B

of occurrence of the opening of the 6 and ‘7 gates associated with the lalecte@ @
AT Tmé‘\’iwﬁ
NEMV's, (The initial recording switch is ope

For example, suppose an operator wished ¢to re-record the angular actions
6o )
of the L4th and Sth bones. He'd connect the pulsed output of MSMV's #; and &

( i!S)
to the actuating input terminal of the recording gate. Thus the only time re-

cording would take place would be at the exact spots on the tape that corres-
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pondedtotleprwimlyiecordedwtiomofbonenkmds. mouritehe@

being activated at those ti.ma)would obliterate the previously recorded signals
and leave themlydsdredligmlﬂbnthetnpe. The rest of the frame time the

20
recording gated are closed. The read heads up the old as well as the new

@ &2 &9 erc.

gignals and transmit them through the device to stimulate the desired action
on the display.

Other tape channels are used in gimilar fashion to record and control
other parameters of the bone, | !for example, the (rho) channel is used to

control the rotational position (or twist) of the siin relative to the bone axis.
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SUDIN (AWD COLOR) NETWORK (o7 5HOWN)

The electronic ng out of the camera angle network are

beam-positioning signalss k(mut as fingers control the msitibn of a pencil

on pcﬁu'). The muon é: the shading (and color) network is to govern the
5@ intensity as 4t draws the figure or object, fe. (high frequency) varia-
uoni in intensity associated with gkin shades and shadows, textures sto.
which“;ri‘ae from the surface variations in the skin, (Color variations in
this sense are thought of in terms of a two or thres-color (mlti-color)
process where,r for example, the images of three display scopes (images #den-
tical on each) are optically superimposed, and each scope has a color filter on
its face. By varying the intensities of the 3 beams, the optical image has
full spectrum color capability, Thus this topic is called "shading (and)

color network",)

The ®gkin® video -i@a@conuim the information about the orthogonal

distance between bone and skin (thickness). In the Mull Basic Format, the

rate-of-change of the video signal is used to control the brightness (shading)

of high-frequency skin variations to accentuate skin features which occur between

the edges of the object being drawn in this format by differentiating the skin
(wor SHowa)

video a rate-of-change signal is obtained., A threshold network detects all

rates of change above a prescribed absolute value. The clipped cutput of the
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threshold network is npl#ied and scaled, thence used to modulate beam intensity,

Rmmding,. o&go efﬁctc (odée shadows, etc.) are producod i.n @orMe with
ﬁe ak.‘m vector position 'hich‘ u 8 function of the phase of the high troquency®
alock, |

In addition, a high frequency wobble or a focus-flare may bs employed
to heavy-up or thicken the edges, this action also being ;ymhronauﬁ with phase
of the high frequency sine me.@

l'!at’ éolor effects, or grays, or textures which so not vary with bone
position may be produced by gating-in these intensity-modulating signals using

L

the bone gates desighed for that purpose, The input to the gates may be a
high frequency of a certain pattern which when applied to modulate the beam
intensity during the drawing of a particular bone will give a textured pattern.
More specifically, video signals of prescribed desighs may be applied in this
mamnsr to give the dewired exterior appearance of an object as a soap box or
other consummer product, or a shirt pattern (on a human figure) or a fur pate
tern ( on an animal character). (To generate this intensity video, another
scanner technique where optical means (2-way mirrors) are used to have the
skin-scanning raster of the flying spot focused on two (or more) films - where

one film contains thickness information and another contains surface color,

pattern or texture information.
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CONTROL OF MOTION AND OTHER PARAMETERS

@En ¥rc

W controlmg the voltage mpu@o the bone gstu, the hr:lghtneu
politionl, attitudes, plastic distort’ and other spacial pu'nom are con-
troled, The finction of the comtrols 1s to generate the desired signals for
T ‘ the various not;om, pto. In general the controlling signals are
very low frequency and in some ‘dases practically D.C. (The smmpling rate for
each bone signal to be multiplexed is 2l times per w. In one second,
unleaﬁ the action of a bone h very wwift, the voltage mariation from the bee
ginning to the end of one drawing cycle (1/2 sec.) of one bone (S 1/30(1/2L)

WHICH
or 1/720 lec.)/&‘s very alight. That is to say, suppose the voltage varies
o5 volts in one second due to the turning of a potentiometer in order to change
the angle of the bone, fhen the variation fram the beginning to the end of a
bone is about 1/140 volts which is such a small change that the bone appears
straight.)

Networks of variable resistors and very low-frequency generators may be
used to generate m bone-group actions or motions. As the manipulation
of the potentiometer inputs is Aimplified, it may be considered that the "con-

trols" may became more and more computer-like, where many bone-motion functions

are generated automatically.
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Shaped waveforms in place of D.C. inputs into the bone gates will give
gensrate : : :

bones ,other that straight. For example, a saw-tooth control input will make a
wiggly / V'V bone; A sinosoidal input ( 4f at the proper phase and frequency)
will make & circular bone fe. & circle; a square (type) wave imput will make a
sig sag /V N\ or sawtooth thpe bone; a ramp input to the bone gates will make
.eurvedorarehédbone/ ,/

Special controlling waveforms may also be inserted either before or after

— S

the integrator, without passing through the bone-gatizféu' and sampling mtworka;é

in order to produce desired mutations on the bones. (Techniques such as these
have been discussed on nuv occasions and will be executed when time allows.)
Joy-sticks and finger controls have been designed for easy, mechanical
manipulation of the controls and may be the subjects of later patents. Special
=
controlling inpu or facial expressions may be tranduced from actual facial

and lip motions using a network of strain gages.



PaAcE 5|

OVERKLL OPERATION

As is contemplated at this time, operation of the device will be in

sccordance with the various modes described here,

¥ode X3 Character Information Imput
Specially prepared photographic transparencies containing
information necessary for character and backgroung generation
are put into the device. Corresponding bone lengths are set,
elther by hand mamipulation of *length pota’i' or by the inser

%shcwﬂ’)
ms
tion of a prepared "resistor cl.rdg. Bone sequence is "pro-

P e

grammed® (including flybacks) by making the desired intercon-

nections of the )ﬂgg)

Mode II: Set EE <0”€ £ EACH gﬂEj

The primary set-up-control potontiome@u  are manipulated to

M put the character or sharacters in a desired, neutral position. The pr.tury
recording gate is closed and the recorder is activated
to record a length of time corresponding to the scene-length
(shich is governed by the pre-recarded sound track). The tape
is then retwmed to its starting position. (This may 'be called

%the initial tape pass®.)
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Mode ITI1 Animation
With the initial recording gate cpen, but with the desired
' —

bones in the record -odg%e. vigh KNy h&ok-np to record-

" ing gate) @tim is effected by manipulation (either
electronicdflf, electro mechanically, or hand mechanically)
~of the bone gate inputs of the bones being animated, (This
may be called "animation pass®".) Subsequent animation passes
are made until the desired sequence of action is obtained.

(Skin may or may not be in place at this times)

Mode IV: Full Animation Check

In this mode, the device is run at a slower speed to allow
the complete fabrication of the scene, including skin draw-
ing, shading, background superposition, stc., so as to allow

inspection of the completed scene.

Mode V3 Photographic Recording

The device is run at the slower, photographic-recording speed

while the individual frames of film are exposed to the se-

quence of pictures generated automatically by the device,

having previously ﬁeen programmed in Mode g'.
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GENERAL THEORY OF BONE GENERATION

A display scope or standard, electrostatically-deflected cathode ray
tube acts as s vector-component-adder 4f the proper time-vmm signals are
presented to the x and y plates, Mg I shows a vectcfdf of length } which makes

an angle O with the X axis. 'Z 1~
Y,

- r— —

FIG. | 37

e e o DL T

> b o
¥
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1
One representation of this function in the x, ¥y coordinate system is

y =12(t) (function of time)
p 4 :f(t)

Wwhich is a parametric reprfsentation of that line which starts at 4

and goes to ty. The functions of time £(t) are ramp functions and may be

plotted as shown in fig 2,

t

';

!

(

+> -’ - ‘
E 5'( t

' FI& . 2
Pigznhmthatinthetimtato%,xandymcmletranxotoxl,mdyoto



Paee 54

0 respectively. n, and my represent the slopes of the x and y functions, An al-
gebrai;: representation of these ramp t'unetioﬁ. ares

xXs —.xt. and y= -yt
where m, and n, are constants which represent the slopes of the lines in fig. 2,
aﬁd t is the time variabdble.

These slopes are the same as the tangents of the angles Oxr and Oy and

- N1 ~-Yo
'ban(),::lmx-‘-,"1 o 3 tanoyzny-
n-% W=t
Figure 1 shows that
t = t,= B (L ® length of vector from t, to )
Figure 1 also shows that
2 Thuth / Xy - X
8in 6 = 1!.0 and co-0=—}-f—2

Then by substituting equals we see that

h-% _N1-7%

s s
sin @ T ‘% -1 nyn tanOy; and
] 0
X T% n =%
cogd e o T o = tan .
L th-t, ™ Oy

Therefore the algebraic representations of the functions in figure 2 ave::
et )

xzbon0t7

and y=sinot

o5

vhere cos © and sin 0 are constants which represent the slopes of the
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é

ramp funotions of figure 2, which are aleo the time-variant, parametaio
representations (simultanecus equations) of the vector components of figure 1.
We know that the indefinite integral of a constant (K) in the time

domain is given by

X = [r(t)] -fxat = Kt +C

where C represents the initial condition criteria.

If for K we substitute sin 0, cos O, we get

x = [f(t)] cjcoiedt = 0680 t + Oy

and

y:[l‘(t)] =/;madt_unetoo,

In order to produce the desired signals slectronically which will give

ramp functions which represent the vectorial components of figure 1, we must
perform two simultanecus integrations of two constant (D.C.) signals vhose

relationship to one another is as the sine and cosine of the given angle,
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