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Developed as a computer graphics research tool, this experimental vldEUgraphil:S system
got nationwide tv exposure with its live, and Il\re!y animation of NASA's Venus mission.
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the encounter with Venus, for ~h|>u.r[:au.-
tivities of the scientific on

and Mexibility

buffer

than the typecal fram

baard and for illustration of early results
obiained. A live video feed from the sys-
tem was provided during the mission for
closed-circuil viewing by the press at
wAsA Ames Research Center. Graphics
and animation created on the system were
alo used in numerous network and local
television news broadcasts
The system consisis of a digital im-
age menary (frame bulfer) which holds
480640 pixels or picture elements (8 bits
T pinel). a d tablet and pen, a mini-
compuater and several digital disk drives
for picture storage. Fig, | shows an over-
all block diagram. When viewed at this
level, the system is quite similar to more
recent frame buffer drawing systems.
However, a novel image memory archi-
tecture and weer-oriented soflware pro.
vide considernbly more graphical power

Output from the system is via sep-
te red, green and blue (RGB)
components, encoded in standard broad-
t video form, Hard copy outpat on or-
dinary paper is alin available via o Inser-
driven xcrographic color printer
drawing, editing and anima-
tion are done and oll commands are given
1o the system vin the pem and tablet. The
operator {ofien, bul not necessarily, a
graphic artist) need not have any pro-
gramming or computer experience. On a
standard rGE eolor monitor direcily in
Front of him, the upcrator sces the pictuse
an which he is currently working (the
“canvas”). On another monitor 10 his left,
the operator sees a second picture (the
“control panel”) showing a palette of
available colors, n variety of brush shapes
and sizes, and icons representing varicus
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picture ediling operations he can invake
(Fig. 2). Colors and brushes are selected
and operations are initiated by pressing
down lightly on the pen when it is posi-
tioned over the desired ilem—much like
pressing a button. A1 the top of the con-
1 nre three slider se; indicat-
aturation, and brighiness of
currcntly sclocted color

O an adjacent computer terminal
screen 10 his right, the operator s ocea-
rally prompied or advised with
sape \u\h as “'Please specify a win-
" or "Touch color to be replaced
" By u>m§: these messages, e
operator can safely explore the system
and easily discover many of its features
for himself. There are no other buttons or
keys and the operator i required 10 type
on the terminal keyboard only when a
name is needed 1o reference o stored pie-
ture
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Fig 1. Cverall system block diagram

Graphics and animations may be
composed in a variety of ways. ltems may
be drawn (“videopainted ™) by the user di-
rectly inte the canvas picture. Prepared
art work or other materinl may be input 1o
the system via a conventional vidicon
camera of ather video source. The incom-
ing video can be masked with a rectangu-
Iar window and automatically reduced 10
two-colors for a high-contrast version.
The resulting subimage can
||m as if it had been drawn, Text can be
ded using digitally-stored fonts. Parts
o previovaly crenisd preures s be o
called and inserted, as can computed or
synthetic imagery from other computer
programs.

Objects or nreas in the picture may
be scaled up or dawn in size. moved, coj
ied, overlaid, combined or changed in col-
or, and saved on disk for future use or
erased (see Fig, ). Also provided arc au-
tomatic drawing of straight lines of varia-
ble width and filling in of closed outlines
with a sclected color. Line endpoints and
positions af moved or copied objects may
be automatically constrained 10 grid
points af a specified spacing. This allows
easy creation of charts and graphs, etc.,
and alig of items in a picture,

Each of the 16 available colors in
the paletie may be independently adjust-
ed in terms af iis hue, saturation, and
brighiness using the slider scales al the
top of the control panel. As the operator
adjusts o color, the paletie amd all areas in
the canvas picture comaining that color
change simul Iy on the displays.

b

Fig. 2 Control panel
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By selecting the Inbel 10 the left of the
aliders, the opcralor can change the
meaning of the scales 1o represent the red,
green, and blue componcnts of the color,

HOWIT The image memory is

arranged in two identical
WORKS banks (corrcsponding 1o the

contred panel and the canvas
pictures), cach 480x640 pixcls by 4 bits
per pixel. MOS shift registers are used and
the memory continually recirculates in
synchrany with the scanning of the raster.
Fig. 4 shows ane of these two banks with
the recircnlation path highlighted. Every
memaory eyele is o rend-modify-write cy-
ele. Thus, the cantents of the memory are
changed by switching multiplexor 1 at an
appropriatc time during scanning of the
image.

In addition to controlling the disks,
the tablet and other peripherals, the epu
{presently & Data General Nova 800 16-
bit minicomputer) can also provide a data
stream 10 the image memory. This stream
is supplied in synchrony with the raster
scanning and usually represents n paint-
brush image or a cursor. Data from the



cpuis run-length encoded in X (1long the
scan line) and is expanded by hardware in
the image memary. This enables the rela-
tively slow cpu 1o provide this stream in
real time for simple brush shapes and cur-
sors. Overlaying the brush image on the
canvas picture is accomplished by simply
switching only multiplexor 2 2t the appro-
priate pixel nes, Mote that since an
averlaid cursor is never stored in the
mEmory, no rewriting i necessary when
the cursor moves.

Storing (painting) inte the piciare
is done similarly by switching multiplexor
I. In order to accomplish the real-time
brush overlay and painting functions, the
multiplexer switching must be controlled
at every pixel time by the value of the
brush pixel. If the incoming brush pixel
vlue is 0 (the background or “transpar-
ent” valuc), then the canvas pixel value is
taken, IT nod, the brush pixel value itsell is
used, Thus a brush or cursor can have ar-
bitrary shape and will appear correctly
over any background.

Digitized incoming video can be
entered into the memory by switching

iy 1w input 2. This i
pixel-by-pixel control via the cpu data
path, s that & brush or wiler image from
the epu can be used 10 “paint” parts of the
incoming videa into the canvas picture

When a picture is loaded from a
disk file into memory, i1 is transferred
similarly by the cpu at a rate of about one
runcode per scan line ench frame time,
with {opticnally) aaly nenzero pixels be-
ing stored. Thus simple cartoon pictures.
«<an be brought inta memary in anly a few
frame times, while very complex ores can
take more than 30 seconds,

In the design of the software, con-
sidernble attention has been paid 1o mak-
ing the system natural and comfortable
for the user. Note, for example, that fully
half of the image memory is uscd solely 1o
hold the control picture, thus giving it a
similar visual appearance 1o, and equal
stature with, the image being created. A
symbolic visual interface is more appro-
priate 10 this graphical medium than giv-
ing commands by text item selection or by
1yping or button pushing. The control
panel is, of course, itsell a picture created
and edited on the system. The “buttons™
an the control panel can therefore be casi-
Iy changed 1o accommedate improve-
ments.

Also, the control picture dims to
ane half brightness whenever the aperator
is expected to be directing his attention to
the canvas. When selection of a control
panel item is expected, a cursar appears
and the control picture returns 1o full
brightness as an added cue to the opera-
tor. If the operator changes his mind or
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Fig 4. Image memory block diagram

MAY 1975 1853



Fig 5. Color table animation

Fig & Pioneer Vienus vi

acts inadvertently, any operation which
has been invoked can be aborted and con-
trol returned immediately 1o the contral
panel by & single tablet stroke.

The value of movement in visual
communications is great. Fortunntely,
«even very simple motion in an image can
produce a vastly more effective visunl
communication than a still image. If we
do not require elaborate or complex mo-
tion in our images, then a simple, highly
interactive form of animation can be ef-
Fected using the color table hardware of-
ten included 1n frame bulfer systems.

The color table s o small fast
memory {usually a bipolar Ram) that
holds the red, green and blue values asso-
ciated with ench possible pixel value (Fig.
1). During scanning, each pixel value is
used 10 address the color table and the
resulling color component values are
passed to the digital fanalog conveniers.
The cpu can change the calor definitions
stared in the color table during vertical or
horizontal blanking times.

In the present system, @ form of
limited but very effective animation is
provided which relies on changing the col-
wrs of objects hidden within a single pic-
ture. Several views of an object are placed
al successive pasitions along its path of
mation, each in a different calor number
or pixel value (see Fig. 5). Initially, all the
wviews nre hidden by setting the color table
s that each of these pisel values displays
a color identical to the background color.
The animation cffect is then created by
manipulating the color table definitions
50 a3 1o turn on or reveal the hidden ob-
jects one at a time in sequence, Notice
1hat successive images can be different in
shape und size so that much more than
just simple translation of the object is pos-
sible. Furthermore, several abjects or
arcas can be in apparent motion simulza-
neously. Successive images cannot over-
lap, however.

The operator can manually step
through the anrimation or he can set a
speed via the tablet and allow the cycling
10 proceed continuously. Instead of sud-
denly changing from background to fore-
ground color, smooth iransitions are
made between steps in the animation by
interpolating in RGB color space aver sev-
eral frame times. The degree of interpoln-
tion depends on the speed of the anima-
tion. This softening is essemtinl for a
pleasing visual effect at all but the fastest

7 software also makes it possi-
ble to paint inta the picture while the ani-
mation is running.

Currently, only 10 calors are used
for cycling and animation and 6 are static
or background colors. (It is worth noting
1hat 10 animating colors are quite suffi-
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