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S.R Levine
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I nany disciplinewhere the desired results of
expended effort can be pictorial innature, we
find conputer graphics. Inthose particul ar
cases where the results can be displayed as a
sequence of pictures so as to give the illusion
of notion, we find conputer ani mation. The
uses of animation made by any discipline are
as varied as the disciplinesthensel ves.

At the Lawrence Livernore Labor at ory, we
have been producing conputer animated filns for
vell over 10 years. These filns have been used
both as ameans to aid researcherswith their
work and as a nmeans to communicate to others
the results of their calcul ations.

Until a fewyears ago, the only means of
direct computer filmoutput was 35nm bl ack and
white microfilm This filmuwas either viewed
directly on a 35nmprojector or else reduced
to 16mmon an in-house optical printer. The
use of 35mm proved unsatisfactoryfor the obvious
reason that 35mmprojectors are not conmonpl ace
like 16nmprojectors. Wereas we actuall Yy have
a 35m Eroj ector at LLL, itwas recognized that
most other |aboratories that we exchange film
with will not have a 35mm projector.

The 16mmnotion picture film i sthe nost
reasonabl e medi umi nwhich to exchange film
inthe scientific conmunity. The main reason
i sthe abundance of 16nmmnotion picture film
projectors. Also recognize the fact that there
Isasingle standard for 16mmfilm It isthis
standard that allows conputer animated filns
to enjoy the popularity they do.

The production of col or computer generated
filmisa sinple extensionto the optical re-
duction Brocess. The user produces a nunber
of 35mmblack and white filns each correspond-
ing to the particular color desired. These
film are then superinposed one upon anot her
onto 16mmcolor filmwith the appropriate
color filter inserted into the |ight path.

This technique i scurrently the nost popul ar
method for the production of scientific conputer
ani mation. The ngjor drawback i s the time
required to make the film The users general l'y
expect to see their results soon after running
their program It isfor this reason that
conputer films are nore often used to show

final results rather than as an alternative

to other forms of conmputer output.

These are however, a few advantages t o
production of filminthis manner. The quality
of the finished product i s better than by any
other technique.  This isbecause high resol ution
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color print filmcan be used instead of hi gh
speed Ektachrone used i nnost direct color film
recorders (describedbelow). There are col or
print films that have a resolution inexcess
of 200 line pairs/mminany color. That contrasts
sharply with the 20-50 |ine pairs/nmobtai nabl e
with high speed Ektachrome. This becomes i npor t ant
when we recogni ze the fact that a hi gh quality
filmrecorder i s capable of i magi ng over 150
line pairs/mmon 16mmfilm Thus, it isclear
that the indirect approach can potentially
produce a far superior product.

A second point isthat during the optical
reduction, it ispossibleto use the printer
for special effects that are not easily pr ogr ammed.
For exanpl e, fades and dissol ves can be added
for essentiallyno additional effort. A far
better control over color can be expected. |f
the user isunhappy with the choice of colors,
the filmcan be reprintedwith different colors.
This involves no additional conputer runs.

There i sone special effect we have used
at Livermore on a number of occasions that .
Erovi des a result that isnot easily acconplished
y programmng. As a sinple exanple, consider
two distorted grids that overlay one anot her.
Let the one to be infront colored red and the
one to be inback colored green. Suppose furt her
that these grids move with respect to one anot her.
At all those points that the grids cross the
filmwill showyellow (red + green =vyell ow).
This array of yellowdots gives an undesi rable
effect that can distract fromthe information
the programer was trying to convey. Itis,
ineffect, atype of optical noise.

To elimnate this effect by programing
neans conmputing all of the intersections of
the two grids, breaking the green lines into
seé;mantswith the proper spaces |eft for the
red lines. This isa very tine-consum ng process
and not atrivial one to be done efficiently.

Afar sinpler solutionisto first mke
a negative copy of the black and white film
that isto be colored red. W call this a negative
mask.  This filmisclear except for the black
lines. Nowthe filmto be coloredred is printed
onto color filmwith the red filter. After
the color filmisbacked up inthe printer,
the filmto be colored green i s printed t hrough
the negative red nask. "This i s acconplished
by loading both films into the opti cal printer
wth the mask closest to the color print film
The bl ack lines fromthe negative red mask
prevent |ight from passing through the "green”



filmat exactly those places where the two cross.
Thus, the red lines will be unbroken and appear
infront of the green lines. Since the negative
red mask was made fromthe original filmto be
colored red, there i sno registrationproblem
These techni ques are used by Hol | ywood to insert
a scene into adifferent background.

W al so use our optical printer for the pro-
duction of color stereo movies. The printer is
used to place the images side by side as required
by the Bol ex stereo systemwe use at LLL. It
i'sclear that the cal culation of the stereo
pair isonly a time-consumngextension to the
cal cul ation of a single perspective view. The
optical reductionisno moredifficult then
the 35mmto 16mmreduction. The lack of popular-
ity of color stereo novies i nthe scientific
comunity i s not because of the lack of interest
i nsuch filmnor the ability to produce them
but rather because of the great difficulty of
showi ng them Gven that we can produce the film
there i s the problemof a special lens for
proj ection, poloroid glasses for viewingon a

special type screen that i s probably not available.

I'naddition there i snot a standardfor a 16mm
stereo format.

The advantages are not all on the side of
the optical printingmethod. A nunber of instal-
lations enploy a fil'mrecorder with direct color
recording capability. The essential differences
are i nthe CRT phospor, |enses, and use of a
filter changer.

The white phosgor CRT is usual\l/\ﬁ/ a P4, P24,
P4A8 or other braod band phosghor. at i s inpor-
tant i sthat the CRT be capable of enmitting
rel atively equal amounts of red, green and blue
l'ight. T?lle I'ens nust be correctedfor this
light. Mst high qualitK bl ack and white film
recorders enploy a P11 [) ospor and use a lens
corrected for the blue light this phosphor
enits.

There are two systens for generatjon of
color film The first i scalled additive color
and i s general I? inplementedwith afilter changer
that consists of a single disk containing at
| east a red, green and blue filter.

I'tisclear that any color can be generated
by the proper conbination of red, green and blue
|ight. However only three colors; nanely,
red, green and blue can be generated by a single
exposure. Generationof the secondary colors
require two exposures for each element to be
colored, with other colors requiringup to
three exposures. For the reproduction of
conti nuous tone images, this triple exposure
per element i srequired i nany case and a col or
disk i sgenerallysatisfactory. Here each
i mage i s recorded sequentiallyand only three
filter changes are required per frame. However
where the conputer filmconsists of col ored
lines and points, the color disk has sone serious
di sadvant ages. ,

The maj or drawback i s the multiple exposures
required for all but the primary colors. I f we
choose to mninizethe filter change time (between
100-250 ns for nost disks), this requires process-
ing the data three times to_conpute the red,
green and bl ue conponent. The drift i nthe CRT
def | ection systemwill cause some nis-registration
resulting i na loss of resolutionwhich I'svery
?Qti ceabl e i npictures consisting of many fine

i nes.
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I f we choose to avoid the drift by changing
the filter for each el ement as required, then
the tinme to generate a franme becones excessive.

The second systemused by filmrecorders
consi sts of nmovable arns attached to rotary
sol enoi ds or stepping notors. These arnms are
arranged so that more than one filter at atine
can be inserted into the optical path. _This
al l ows the use of subtractive color. The advantage
here i sthat seven colors (white, red, green,
bl ue, yell ow, cyan, nmagent a? can be produced
wi t hout the need for multiple exposures. For
|oi ctures that containa collectionof colored

ines and characters, this can be a tinmesaving
device. W have found that five or six colors
i sgeneral |'y sufficient for nost of our work.
The loss i nresolution due to nore than one
filter inthe optical path i snore than nade
up for by the poor resolution inherent i nhigh
speed Ektachrone.

The maj or advantage of the direct color
recording systems i s one of fast turn around
time. After the filmisrecordedand processed,
the user has a color film Evenwith our in-house
optical printer, acolor film isat least 24
hours away (nore typical isone week). The quick
turn around time means color filmcan be used
as another formof output and for many users,
this far outweighs the advantage of added quality
obt ai nabl e by the indirect procedure.

There i's, on the horizon, a new technique
that promises us the best of both worlds. The
techni que i s direct color recording using |asers.
The |aser has enough |ight output to directly
eX|oose sl ow speed high resol ution color print
film Use of HeNe, Argon, HeCd give red, green
and bl ue light sources eliminatingthe need for
filters. Lasers can be focused down to spot
sizes less than 1 micron. This conparesto a
ni ni numof 20 microns on a white phospor CRT
and can provide all the resolution the color
print filmcan handle.

The color laser filmrecorder i sinsome
sense, a far sinpler device than the color
CRT filmrecorder. The three | aser beans are
passed through i ntensity nodul ators and fol ded
into a singleoptical path. Using the nodul ators,
the three lasers can produce a |ight beam of
any color. Thereisno need for miltiple
exposur es.

A col or | aser recorder has been built by
CBS and i soperating i na production environment
at their studioinNew York Gty. ltwas
desi gned to transfer videotapeto filmand is
t heref ore adj usted to record approxi mat el y 500
lines on 16 or 35nmfilminreal time (30 frames
per second).

This particul ar recorder i s capable of over
1000 Iines resol ution. Because of the real tine
recording requirenent, the device becones
bandwi dth | imtedbefore it isresolution
limted. |fone were to slowthe frane rate
down, CBS assures us resol ution of 4000 pi xel s
presents no maj or problem Qur only problem
woul d be i nconputingall those points.

The |aser recorder has the fundanental
advantage i nthat it isnuch faster than a
conparabl e CRT system There i s apparently no
probl emi nbuil ding a mechine that can record
colored spots with varying intensity at a rate
exceeding 7.5 million points per second. This
i stwo orders of magnitude faster than conventional



hi gh resol ution color filmrecorders.

The maj or drawback to Laser recording today
i sdeflectionof the Laser beam The CBS system
sol ves the probl emby deflectingthe beam
horizontal lywith a rotating minor and vertically
with a gal vanoneter. This works well for videotape
but |eaves nmuch to be desired for nost conputer
generated data. Forcing the data to be organi zed
I'naraster means that vector and character data
nust be scan converted to a raster format. This
means either special purpose hardware or timne-
consumng software. |naddition, there i sthe
probl emof "jaggies."

Wien a vector i s broken into a string of
points on a finite raster, there will be dis-
continuities. For astill picture, this my or
may not be objectionable. For novies, the
discontinuitiesalong the |ine move and appear
as stair steps noving along the lines and are
extrenmely distracting. This i sanother form of
optical noise.

These effects can be suppressed i nseveral
ways. The nost straightforwardapproachisto
use a raster finer than the resolution of the
film The only problemi s increased conputation
and storage costs which rise as the square of
the raster. W have found that for black and
white 16mmmicrofilm a raster of 4096 x 4096
isrequiredto remove the "jaggies".

A second technique that has been used requires
a recorder with gray scale capability. The screen
i sconsidered to be a grid that isintersected
by a straight line. Each cell that the line
passes through i s assignedan intensity propor-
tional to the area subtended by the line. More
sophi sti cat ed approaches take into account
slope and adjacent cells. This produces a
snoot h apﬁeari ng line. However, the line
appears thicker and hence, resolutionisreduced.

RCA, anobng others, i s devel oping asolid
state deflector for |aser beams hased upon a
TeO, crystal. The anount of deflectionis
small but can be opticly amplified. Current
crystals have a resol ution of 512 points which
i snot enough for high quality film Deflectors
with 2048 point resolutionare operatingina
[ aboratory environnent and will be available
soon.

The solid state deflector has the obvi ous
advant ages over a rotating mrror deflector.
Arecorder built with these crystals will neces-
sarily be more a conplex device. This isdue
inthe min to the fact that the deflection
i sa function of the wavel ength of the incident
light. \e believe that these problens can be
solved and a high quality color |aser recorder
will be built soon: Its only amtter of noney.
W believe that the color laser filmrecorder
will provide aquantumjump i nthe production
and quality of color conputer generated film

LLL i snow i nthe process of building a
conpl ete systemfor the generation of col or
conputer generated film The objectiveswere
to provide the user both fast turn around tine
and high quality color filmoutput. Since a
color [aser recorder was not within our budget,
a dual systemhas been designed. Itwll consist
of a high quality direct color filmrecorder
and a video subsystem The filmrecorder will
use the subtractive col or technique to provide
for seven separate colors wthout the need
for multipleexposure. Itwill be fast enough to
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record a 200 x 200 grid conposed of 40, 000 short
vectors inless then 10 seconds. It will also
be capabl e of recording continuous tone type
imges with up to 4096 x 4096 points. W have
found however, that 1024 x 1024 i snore then
adequate for any conputer novies we have made.
I naddition, since the device will not record
on print film we end up resolutionlinited

by the Ektachromefilm The resolutionon the
CRT will be at |east 1500 line pairs across the
i mge area.

The major limtationto quality isthe
filmitself. W expect to use the high resolution
capabilityof the CRT with large format film
such as 70mmor 4" x 5". W have found in
talking to users and vendors, a lack of under-
standing of the interplay of CRT phospher,
lens design and filmresponse. W were advised
by a vendor that if we purchased their color
recorder we woul d be undertakinga |arge in-house
Rand Dproject just to learn to use it.

Anmajor concern was the elapsed tinme from
running the programuntil the filmwas processed.
For novies, the major portion of that timeis
the recording itself. For continuous tone,
three color 1024 x 1024 pictures, at |east 30
seconds recording time wll be required for
each frame. That comes out to 12 hours per
mnute of film W felt that a good preview
capabilitywas essential to prevent recording
filmgenerated by a programwith a bug. Note
that alaser recorder could record the sane
filminreal tine.

The video subsystemi s designed to preview
nmovi es before commtting themto film Itis
attached to the same miniconputer as the film
recorder. The prinary el enent isa video disk
such as those used by the television networks
for the instant replay. Itwill have at |east
three independent channel s each capabl e of
recording 300 frames. The three channel s can
be used to record an R&B picture to be viewed
on an R&B monitor for the highest quality
pictures. This allows us to look at anovie 10
seconds at a time. W can select frames at
randomfor checking or certain whol e sequences
to exanine tinng.

Ifitisrequiredto look at a |onger
sequence, we can encode the RGB picture into
NTSC format and record it on videotape. | norder
to do this with standard tel evision equi pment
means the picture can contain only 480 scan |ines
instead of the expected 512. The comercially
avail abl e digital color television systens use
a 512 x 512 picture which i spot conpatible
with standard television. 1t cannot be encoded
and recorded with standard tel evisi on equi pment .
Ve have given up those nystical 32 lines for the
sake of conpatibility. There are many people
here who woul d willingly trade the ability to
record their material incolor for those 32 |ines.
Some habits are just hard to break.

Itisinportant to note that the NTSC
recordi ng does not have the resol ution of the

RGB image. This isdue to the bandwidth linitation
of the 1" video tape and the NTSC si ?nal. W do
not envision this to be amaj or problemsince

the video i sfor a quick check only with the
quality image to be recorded on film W do,
however, expect to' find a class of user for whom
color_video i s adequate for their needs.

The recent advent of the digital tine base



corrector gives us one new di mensi on not possible

a fewyears ago with a 1" video recorder.

e

can record our RGB picture as three separate

i mges and using the tine base corrector, dunp

the three imges onto the video disk i nperfect
o
course only ten seconds at a tine can be viewed.
As far as we have deternined, this isthe first

time registrationfor high quality view ng.

time this wll

have been tried.

This entire

system (video di sk, video tape, video switches,
i s under conputer control.

etc.)

we w il

t hat
have a nost advanced systemfor the

productionand editing of conputer generated

tilm,
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