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[57] ABSTRACT

Process and apparatus by which numerical values or
image elements represented in graph form on paper or
other similar material are converted into electric im-
pulses. In a preliminary stage, the graphic numerical
values can be successively analyzed and modified,
readjusting them to the requirements of the case, in
relation to the electric impulses they generate. The
graphic numerical values are converted into variable
electrical voltages in order to program processes con-
trolled by voltage or intensity, but they can also be
utilized in the programming of processes controlled by
pulses of variable duration or by counting the pulses.

2 Claims, 2 Drawing Figures
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PROCESS AND APPARATUS FOR CONVERTING
IMAGE ELEMENTS TO ELECTRIC IMPULSES
The invention relates to a programming system, em-

bodied in a process and two exemplary embodiments of
an apparatus, corrigible through a closed-circuit televi-
sion camera, and is destined to the study and operation
of processes controlled by electric impulses.

For the new corrigible programming system of the in-
vention a closed-circuit TV camera is used without
modifications. The graphic numerical values take the
shape of one or more curves, each formed by succes-
sive points or image elements, which follow the
distance of each curve up to their respective axes of ab-
scissae and which represent the numerical values point
by point, that will be converted into correlating electric
impulses in an analogous form.

The graphic representation can then be explored
point by point or by scanning at a uniform or variable
speed. In the latter case the variations in each section
of the explored curve may be regulated by a comple-
mentary curve, also represented on the graph, which
corresponds with the explored curve.

A digital circuit takes the information furnished by
the video signal delivered by the camera, converting it
directly into control signals. Normally the camera ex-
plores the entire graph at a rate of 50 frames per
second. The graph is placed before the closed-circuit
TV camera in such a way that its axis of ordinates is
parallel to the horizontal exploring lines.

A system of known electronic gates is used to select
from each frame one of these lines, or several adjacent
lines. This selection consists in the exploration of the
graph since, even though on a monitor screen the
whole frame can be seen as the camera transmits it, the
points of the curve (and of its abscissa axis) that are
being explored will appear more brilliant. Because of
this the exploration can be followed visually.

When the electric impulse, obtained as a result of the
conversion of a numerical value represented by a given
point on the curve, is not the right one, such impulse
can be modified by way of a corresponding modifica-
tion of the curve. This operation is very simple; when
for example a curve has been drawn with pencil on a
piece of paper, any section of the curve can be erased
or drawn again correctly.

The new corrigible programming system according
to the invention has many applications but more inten-
sive experiments have been made with optimum results
in the field of music synthesizers (laboratories). The
new devices of this kind, known under the names of
Moog and Buchla-type synthesizers, are voltage con-
trolled. Employing the present invention, the function-
ing of these instruments will be as follows:

Generators: One curve controls the frequency and
another the amplitude of the signal. It is possible to ac-
tivate several generators at the same time. Examples: a
horizontal straight line produces a determined frequen-
cy whose pitch depends on its distance from the abscis-
sa axis or reference line. An inclined line however
produces a glissando. If the line is drawn free-hand,
aleatoric fluctuations are produced, subject to a certain
degree of control, which are similar to those produced
by a performer on a traditional instrument, e.g., a
violin.

Filters: Similarly, the form and width of the spectrum
(substractive synthesis) are controlled and also the
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variation in relation to time. For example: band-pass
tremolos and vibratos in controlled form and in perfect
synchronization with the other voices.

Modulation: The invention allows the control of
dynamic envelopes, the production of very complex at-
tacks and decays, all this with exact synchronism. By al-
lowing partial expansion of the time scale (using
another curve which determines the speed of explora-
tion) it greatly reduces the length of the sheet of paper
or draft score. The latter bears a strong resemblance to
one of the electronic music scores of Stockhausen and
also carries indications necessary for the automatic
connection of the required circuits.

Other objects and many of the attendant advantages
of the invention will be readily appreciated as the same
becomes better understood by reference to the follow-
ing detailed description, when considered with the ac-
companying drawings, wherein

FIG. 1 illustrates the basic circuit according to the in-
vention, in a somewhat simplified embodiment of the
novel apparatus, aiming at exploring only one curve of
a graph; and

FIG. 2 shows the electronic circuit, partly in a sim-
plified form, of a second exemplary embodiment of the
inventive apparatus, also for practising the inventive
method, for the simultaneous exploration of several
curves.

In relation with the circuit illustrated in FIG. 1, a
graph 1 to be explored is placed in front of a closed-cir-
cuit TV camera 2 which is preferably set on one of its
sides, i.e., turned 90° about its horizontal axis so that
the abscissa axis becomes vertical, that is in a position
parallel with respect to the ordinate axis of graph 1.

This arrangement makes possible that the horizontal
exploration of the camera intercepts the curve, thus ex-
ploring the graph parallel to the axis of ordinates. A TV
monitor 3, similarly supported on one side, can also
give the correct picture. A curve 4 to be explored as to
its image points is accompanied by a straight horizontal
reference line S5 forming its abscissa axis or reference
line.

Video pulses or signals 7 from camera 2 reach one of
the inputs of AND gates 11, 12 which let them pass
provided that their other inputs are activated. A signal
is obtained from a vertical restoring pulse 17, i.e., from
each change of frame which is delayed in a circuit, e.g.,
a delaying multivibrator 13, so that is is always included
in the time within one frame.

The first video pulse 7 therefore opens gate 11, al-
lowing the signal to reach a flip-flop 14. The latter, and
a flip-flop 15 are initially turned ‘“‘high” (to the upper
part) due to restoring pulse 17 coming from the vertical
synchronizing circuit. Pulses crossing gate 11 turn flip-
flop 14 “low” (to the lower part), thus allowing gate 12
to pass pulses coming from video signal 7 and, there-
fore, turning low flip-flop 15. ;

At the moment determined by delay multivibrator 13
the first video pulse 7 actuates flip-flop 14, and the
second pulse actuates flip-flop 15. The time elapsed
from one pulse to another is that in which a scanning
line 9 intercepts reference line § and curve 4. As this
line 9 has been selected for the purpose of extracting
the visual information provided by the score, which
later will have to be transformed into voltages, it shall
be referred to hereinafter as the reading scanning line.
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manually controlled by a variable resistor 57, and it is
externally voltage controlled through its input 58. This
input could be connected to output 6’ of control 56
(again in both integrating stages 52, 53). The scanning
speed obtained through this connection is proportional
to the drawn curve being read.

Additional marks can be included on the upper part
of the graph to indicate the connection and/or route
the destination to which the information of the follow-
ing curve is sent.

After the first curve it is possible to omit the next
reference line if the amplifiers and gates of the integrat-
ing stages are reconnected so that inputs of gate 50 and
of an amplifier 59 are tied to the output of flip-flop 44,
and the other input of a gate 60 is tied to the output of
flip-flop 45, and so on.

In this way, the system is used with a maximum of ef-
ficiency, but programming becomes more complex;
since each curve uses the former curve as a reference
line, they must be measured point by point while draw-
ing. A single scan is obtained by pushing a button 62
while repetitive scan is obtained through a switch 61,
both being associated with generator 27.

Since Schmitt trigger 20 clips off the horizontal and
vertical synchronizing pulses of video signal 7, these
pulses are obtained from the standard monitor 3’ in
order to avoid building a synchronization circuit to ob-
tain the synchronization pulses from composite video
signal 7'. Horizontal synchronization 64, obtained from
monitor 3’, is fed to the monitor 3 through line 63, and
also to pulse input 33. Similarly, vertical synchroniza-
tion 47 goes an to input 48 and to vertical pulse input
23.

The process and apparatus according to the inven-
tion may also be applied by using a flying-spot scanner
instead of a closed-circuit TV camera. This demands
only minor modifications and is not illustrated herein
but will be readily understood by those skilled in the
art. As it is well known, the flying-spot scanner consists
of a cathode-ray projection or display tube which, by
means of projection optics, casts a non-modulated pic-
ture onto a sheet of paper. This image consists of nor-
mal scanning lines. The light which is reflected by or
goes through the paper is then received by a photo-
multiplier tube from which, after being amplified, a
video signal is obtained (similar to the video pulses of
signals 7 described for both exemplary embodiments).
The signal of change of frame or vertical restoring
signal (such as pulse or signal 17 described before) is
obtained from the vertical synchronization on the pro-
jection tube.

The advantage of a flying-spot scanner system lies in
the possibility of transferring the graph at a higher
speed, avoiding troubles caused by the retention time
of vidicon or orthicon-type camera tubes. The disad-
vantage of having possibly to work in a darkened room
may be overcome by using a laser beam with a suitable
deflection system instead of the normal cathode-ray
type projection tube.

It should be understood of course that the foregoing
disclosu-z relates only to preferred embodiments of the
invention and that it is intended to cover all changes
and modifications of the examples described, and of
the inventive method, which do not constitute depar-
tures from the spirit and scope of the invention.

What I claim is:
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1. A process for converting multi-channel analog
graphs into DC voltages, and also for translating analog
drawn scores into electronically generated sound, by
the aid of an integrated system, a closed TV circuit, and
an electronic music synthesizer operated by voltage
control, the process comprising the steps of providing a
TV camera and a TV monitor, and rotating the same
about 90°, placing a graph, containing at least one vari-
able in at least one curve, before said camera, so that
the horizontal deflection of the latter crosses said graph
from its bottom to its top, converting said variables into
video signals in said camera, so that said signals contain
one pulse for each intersection with said graph, includ-
ing differentiating, gating and subsequently shaping
and then counting said pulses, and producing from suc-
cessive pulses, that represent successive intersections
on said graph, output pulses directly proportional to
the distance of said variables on said graph, rectifying
and integrating said output pulses into DC voltages pro-
portional to each magnitude for a desired coincidence
point of different curves on said graph, selecting thus at
least one adjacent line, and selecting said lines in each
frame, optionally positioning said lines along said
frames, by controlling the pulse width of a variable
multivibrator, said pulse width determining what posi-
tion said lines will have on said monitor, directly con-
verting said video signals into electric control signals,
including adjusting a low-frequency saw-tooth genera-
tor so as to scan slowly at least a part of the whole
image field, determining which line one after the other
is being selected, synchronizing horizontal and vertical
pulses, determining that only said one line is selected at
a given time for each frame, displaying said lines on
said monitor, superimposing said lines onto an image
which shows the outlines of said graph, visually follow-
ing the entire process of taking voltages from said vari-
ables of the curves in real time, aurally following said
output pulses, and making corrections in said variables
until the desired effect is obtained.

2. An apparatus for converting multi-channel analog
graphs into DC voltages, and also for translating analog
drawn scores into electronically generated sound, in-
cluding an integrated system, a closed TV circuit, and
an electronic music synthesizer operated by voltage
control, comprising, in combination, a TV camera and
a TV monitor, both being rotated about 90°, a graph
being placed before said camera, said graph containing
at least one variable in at least one curve, so that the
horizontal deflection of said camera crosses said graph
from its bottom to its top, electronic means for convert-
ing said variables into video signals in said camera, so
that said signals contain one pulse for each intersection
with said graph, means for differentiating and gating
said pulses, means for shaping and counting the same,
means for producing from successive pulses, that
represent successive intersections on said graph, output
pulses directly proportional to the distance of said vari-
ables on said graph, means for rectifying and integrat-
ing said output pulses into DC voltages proportional to
each magnitude for a desired coincidence point of dif-
ferent curves on said graph, means for selecting at least
one adjacent line in each frame, electronic means for
directly converting said video signals into electric con-
trol signals, means for synchronizing horizontal and
vertical pulses, means for selecting only said one line at
a given time for each frame, means for displaying said
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