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The present invention is concerned with a method of
and apparatus for electronic color correction in the repro-
duction of color copies.

In the reproduction art, three or core color extractions
of a copy to be reproduced are made for multi-color re-
productions. These color extractions may be in different
forms, for example, in the form of photographic plates
(“color extractions” in the narrow sense of the reproduc-
tion technique) taken from the copy to be reproduced by
the use of predetermined color filters, in which case corre-
sponding photographic opacities (blackening) or trans-
parencies belong to each picture or copy point (in three
color extractions); or in the form of three photocell cur-
rents produced in synchronous pointwise and linewise
scanning of such photographic extractions by means of
moving light spots and respectively associated photocells;
or, finally, in the form of three photocell currents obtained
in pointwise and linewise scanning of the color original
(copy to be reproduced) by means of a moving light spot
and three photocells, whereby the light reflected from or
passed through the picture (copy) point is by means of a
prism spectrally separated into three basic colors or into
three beam paths in which are interposed color filters.

The term “uncorrected color extractions,” used in the
following explanations, is intended to mean the trio of
three-color measuring values, each belonging to a picture
point of the original (copy to be reproduced). The color
measuring values are obtained by optical evaluation of the
copy to be reproduced, by means of a light exposure ele-
ment of predetermined spectral sensitivity distribution (for
example, a photographic plate, photocell and the like),
with the use of three color filters of predetermined spectral
permeability and illumination with a light source of pre-
determined spectral energy distribution. The evaluation
may be effected simultaneously for the entire copy to be
reproduced (for example, a photograph) or for the indi-
vidual picture points of the copy in succession as to time
(for example, picture scanning with moving light spot and
photocell).

It is known that these originally so called “uncorrected
color extractions” must be corrected before they are used
for the etching of three or more color extraction printing
forms, which in turn are, after coloring with correspond-
ingly different printing colors, employed to obtain the
color reproduction by aligned printing thereof upon a
desired medium such, for example, as paper.

The color correction is necessary because, in the produc-
tion of uncorrected color extractions—by photographic
methods or by electro-optical scanning by means of photo-
cells, etc.—color measurement values are always obtained
which are determined by the light sources and the filters
employed and by the spectral sensitivity of the exposure
devices, and on the other hand, because the contents of the
so called “corrected color extractions” do not consist of
color measurement values but of color or pigment dosings
which depend largely upon the colors used for reproduc-
tion as well as upon the paper used for printing and also
upon the printing method. Accordingly, different matters
and concepts are brought into mutual relationship.

The coloring matter dosings may be present in diverse
form, for example, in relief printing and in offset printing
as “relative screen point values” or in intaglio printing as
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relative depths of cups or as “opacities” or “transparen-
cies” of three photographic plates (“corrected color ex-
tractions™ in narrow sense of the reproduction technique),
by means of which the printing forms for the relief print-
ing, the offset printing and the intaglio printing are etched;
or as “relative absorptions” of the prints produced upen
standard printing paper by means of reproduction printing
forms using black printing color; or as electrical voltages
controlling three light sources which are variable as to
brightness, by means of which three photographic plates
are as corrected color extractions illuminated pointwise
and linewise, as is known in picture telegraphy; or, finally,
as electrical voltages for controlling the drive systems of
three engraving tools by means of which three color ex-
traction printing forms are electromechanically directly
engraved. _

The expression “corrected color exiractions” used in
the following explanations is intended to mean the trio of
the three dosings of coloring matter, each dosing belong-
ing to the picture point of the reproduction which corre-
sponds to a similar picture point of the copy to be repro-
duced.

Whether the relationships between the coloring matter
dosings and the color measurement values are ascertained
empirically or theoretically, the coloring matter dosings x,
v, w are in each case predetermined characteristic, definite
and continuous or steady functions of the coloring meas-
urement values x, y, z:

u=>bh(x,y,z) (Blue)
v=r(x,¥,z) (Red)
w=g(x, ¥, z) (Yellow)

wherein the functions b, r, g depend upon the choice of
the color measuring values x, y, z, the coloring matter
dosings u, v, w, the coloring matter for the reproduction,
and also upon the printing paper and the printing method.

In the socalled ”color samplers,” the conversion or re-
calculation of the color measuring values into the color-
ing matter dosings, that is, the color correction, is effected
automatically and electronically with high speed. Such a
color correction machine, which consists essentially of
three electronic calculating machines, has three inputs and
three outputs. To the three inputs are conducted volt-
ages Ux, Uy, Uz which are proportional to the coelor
measurement values x, ¥, z, and at the three outputs are
obtained electrical voltages Uu, Uv, Uw which are pro-
portional to the coloring matter dosings #, v, w. The
speed at which the function values are taken off corre-
sponds in general to the speed at which the variables are
supplied, such speed corresponding to the speed of scan-
ning of the picture or copy points,

Several devices are known for electrically or electron-
ically representing a steady function of three variables,
all such devices being very complicated and involved,
and it is, therefore, desirable to replace these devices by
a simpler and economically more advantageous device.
While the expenditure in the electrical representation of
steady functions of two variables is within tolerable lim-
its, difficulties of a fundamental nature appear at the
transition from two to three variables, with retention of
the steadiness of the functions, which can in known man-
ner be overcome only with great expenditure.

The invention lessens these difficulties by the use of a
method in accordance with which, first, the three steadily
variable color measurement values x, y, z of the color
picture points of the copy to be reproduced are respec-
tively substituted by a sufficient number of different dis-
crete values; second, in which the three constantly vari-
able coloring matter dosings 4, v, w (for example, the rel-
ative screen point sizes or depth of cutouts) for the color
picture points of the reproduction, which are correlated
with the color measurement values x, y, z by three em-
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pirically or theoretically ascertained functions u=b (x, y,
z), v=r (x,y, 2), w=g (x, ¥, z), are likewise substituted
by a sufficiently great number of discrete values; third,
in which the color measurement values represented by
proportional electrical signals are continuously fed to an
electronic storage device in accordance with the scanning
speed; and fourth, in which the coloring matter dosings
represented by proportional electrical signals are continu-
ously taken from an electronic storage device in-time
intervals which are equal to or shorter than the time re-
quired for the scanning of a picture point.

Experiments have shown that it is in the color correc-
tion operation unnecessary to consider all steadily vari-
able color measuring values x, y, z and -all steadily vari-
able coloring matter dosings u, v, w, but that it is suffi-
cient to consider only the finite number-of discrete values
thereof, the number lying in the order of magnitude of
about 50, and which are selected in suitable and riot neces-
sarily identical intervals., It has also been found that the
multiplicity of the function values u, v, w is of the same
order of magnitude as the multiplicity of the values of
the variables x, y, z. The meaning of this will be appre-
ciated upon considering the following:

It shall be assumed that each of the variables x, v, z
can assume £ different values. There will then be exactly
k3 different trios of variables (x, y, z) to which can be
allotted for each function b, r, g at the most 43 different
function values #, v, w. However, if each function b, r,
g can respectively assume only A different function values,
and assuming further that each function value u, v, w
occurs on the average with the same frequency, it follows
that on the average h3:h=h? different trios of variables
(x, y, z) will lead for each of these functions to the same
function value u, v, w.

In accordance with a feature of the invention, the dis-
crete color measuring values x, y, z are prior to the cor-
rection subjected to a logarithmic compression and the
discrete color dosing values , v, w are after correction
subjected to anti-logarithmic expansion. It shall be con-
sidered in this connection that, if the color measuring
values x, y, z are in particular correction problems rela-
tively far apart, it will be advantageous to crowd these
values together by substituting therefor their logarithms.
The color dosing values thus resulting accordingly appear
likewise crowded together and must subsequently be ex-
panded. : .

In accordance with another feature of the invention,
the electronic storage devices for the stored value amounts
of the three color correction functioms b, r, g are for
carrying out the. different color correction requirements
altered by means of an exchangeable wiring associated
therewith.

According to a further feature of the invention, the new
method is carried out by a device comprising for each
color measuring value x, y, z, an electronic channel to the
input of which is continuously conducted the color meas-
uring value which is variable as to time and represented
by proportiorial electrical signals, such value being con-
tinuously fed to the input in accordance with the scanning
speed, such channel comprising respectively a switch for
brief periodic reading of the signals; a quantisizing de-
vice for the conversion of the discrete signals obtained in
the reading into a finite number of signal quanta, and a
converter for the indication of the individual quantum
numbers, such converter having a number of outputs
which is equal to the number of stages in the quantisizing
operation, a potential variation appearing in each read-
ing period only at the outlet to which is allotted the signal
quantum which occurs incident to the reading.

In accordance with another feature of the invention,
means are provided in each electronic channel for the
color measuring values x, y, z for representing the signal
quanta either by impulse number corresponding thereto
or in coded manner. )

In accordance with another feature of the invention,
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the new method is carried out by the use of a further de-
vice comprising a three-dimensional matrix provided with
coincidence switches having respectively three inputs and
one output, the inputs being respectively connected with
the outputs of the x-, y- and z-channels, each coincidence
switch switching through to its output the output voltages
which are present from the three channels in a reading
period, then and only then when all three are simul-
taneously present. ]

Another feature of the invention contemplates the pro-
vision of a further device providing for each of the dis-
crete color dosing values #, v, w a switch and a voltage
source, the voltage of which is proportional to the respec-
tive color dosing value, each coincidence switch of the
matrix being connected on the output side with the three
inputs of a switch group consisting respectively of a u-,
a v- and a w-switch in accordance with the functional
allocation, means for connecting all z-, all v- and all w-
switches on the output side mutuaily to a common output
line, and control means which are effective for causing
those of the three #-, v- and w-switches forming a group,
which are in a reading period closed by an impulse given
off at the output of a coincidence switch, to release the
three respectively associated color dosing voltages u, v, w
for an interval to the common output lines, until all u-,
v- and w-switches are again opened by the control impulse.

Still another feature of the invention resides in a fur-
ther device providing a timing generator and an impulse
generator for the timing, synchronizing and control of the
individual switching operations in the electronic equip-
ment, the impulse frequency of the impulse generator ex-
ceeding the timing frequency delivered by the timing gen-
erator by an amount which is as many times higher as the
highest possible quanta stage number or basic number of
the code employed, increased by the number of control
impulses required in each reading pericd for switching
purposes, also providing a counter for periodically count-
ing the impulses delivered by the impulse generator during
a reading period, and further providing a converter for
supplying at the output side, always in the form of one
impulse, partial counting results required for the control
of switching operations.

The various features and objects of the invention will
appear from the description of examples which will be
rendered below with reference to the accompanying draw-
ings. In the drawings,

FIG. 1 represents the fundamental operation of the
apparatus;

FIG. 2 shows a wiring device for changing the func-
tional relationships;

FIGS. 3 and 4 indicate the entire apparatus in block
diagram manner;

FIGS. 5a to 5¢ show the timing plan of the apparatus;

FIG. 6 illustrates in block diagram manner the quanti-
sizing and the coding;

FIGS. 7a to 7h represent the timing plan for the coding
device;

FIG. 8 shows a quantisizing and coding tube;

FIG. 9 illustrates a punched code plate for the tube
shown in FIG. 8;

FIG. 10 represents an electronic sampler;

FIG. 11 shows a coincidence switch for the matrix; and

FIG. 12 illustrates a binary counter and a dicde matrix
for the decoder.

FIG. 1 shows in schematic manner the basic operation
of the electronic calculating apparatus. In order to avoid
obscuring the clarity of the representation, it is assumed
that the color measurement values x, y, z are quantisized
in only four stages. The steadily changing variabie values
x, ¥, z are accordingly substituted respectively by four
discrete value xy . .. X4 Y1 .- . Va3 21 - . . Zg €ach
succeeding value being greater than the respectively pre-
ceding value; however, the successive values need not
have a constant difference. . i

The multiplicity of allotted function values (coloring
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matter dosings) u, v, w corresponds in the illustrated ex-
ample to that of the values of the variables x, y, x. The
steadily changing function values u, v, w are accordingly
likewise substituted each by four discrete values

Uy oo s Usy V1o oo Vs Wi oo o Wy

The number of function values of each of the functions
u, v, w may be greater or smaller than the number of the
values of the variables of each variable x, y, z, however, in
the case of the illustrated example not exceeding at the
most 43=64.

Numerals 1, 2, 3 indicate electronic devices to which
are continuously conducted the steadily changing measur-
ing values x, y, z, at a speed which corresponds to the
speed at which these variables are being scanned. The
steadily changing variable values x, y, z are in these de-
vices first periodically briefly read and the momentary
values obtained in such reading are thereupon quantisized,
that is, they are substituted by respectively nearest whole-
number fixed values x;, y3, 2z i=1 ... 4. To each
quantum of variables x;, y;, z; is allotted an outlet which
gives off an impulse or assumes a changed potential then
and only then when the respectively associated quantum
of variables is during the reading ascertained.

Numeral 4 indicates a spatial matrix of electronic co-
incidence switches, in the illustrated example 43=64
electronic coincidence switches 5, the structure of which
will be presently explained. The expression “spatial
matrix” is not to be taken in the literal sense; the matrix
elements in the form of the coincidence switches 5 may
also be arranged in a single plane. At each crossing
point with the coordinates x, y, z is disposed a coincidence
switch 5. The coincidence switches are arranged in dis-
crete parallel planes x=x;, y=y;, z==2;, i=1 . . . 4, and
form in each of these planes a rectangular network. The
three plane arrangements intersect perpendicularly and
form a three-fold orthogonal system. In each of the
planes x=x;, y=y;, =2, there is a line which extends to
all of the switches 5 disposed in the corresponding plane.
The starts of all these 3.4=12 lines are connected to the
outputs or outlets x; . . . Xg Y1 - . . Y& 21 - . . 24 Of
the switching devices 1, 2, 3. Accordingly, three lines ex-
tending from the outputs x, y, z of the devices 1, 2, 3,
pass through each matrix point § with the coordinates
X, ¥, 2.

In FIG. 1, the x-lines are shown full, the y-lines by
long dashes, and the z-lines by short dashes.

The matrix switches constitute And-switches, that is,
they deliver a voltage or assume changed potential then
and only then when they are simultaneously put under
voltage from all three coordinate lines or when these
three coordinate lines assume a changed potential simul-
taneously.

Numerals 6, 7, 8 indicate three further electronic de-
vices adapted to effect operations which are the reverse
of the operations effected by the devices 1, 2, 3. From
the outlets u, v, w are taken the discrete function values—
the coloring matter dosings—u; . . . Uy Vi« . - Vg
w; . . . ws from local voltage sources. From each ma-
trix switch 5 extend three lines 9, 10, 11, the first line 9
extending to one of the inputs 1y . . . Uy, the second line
10 extending to one of the inputs v; . . . v and a third
line 11 extending to one of the inputs w; . . . ws. When
the And-condition is satisfied in one of the matrix switch-
es, that is, when the corresponding switch gives off volt-
age or assumes a changed potential, the function values
allotted to the devices 6, 7, 8 are in such devices simul-
taneously released and such values are taken off at the
outputs or outlets #, v, w.

Two different matrix switches, that is, two different
variable trios (x, y, z) need not necessarily have to ex-
tend to different function value trios (u#, v, w). Nor
does each matrix point have to be equipped with a coin-
cidence switch; those of the matrix points may be left
free which belong to trios of variables that are not need-
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6
ed. The three lines 9, 10, 11 extending from the matrix
switches 5 to the inlets of the devices 6, 7, 8 are mutually
uncoupled by means of rectifiers (not shown).

The manner in which the matrix switches 5 are allotted
to the inputs u, v, w, defines the three functions b, r, g.
The functions b, r, g can be changed by changing the
allotment, that is, by changing the wiring. This is import-
ant when it becomes necessary, due to changes in the re-
production printing colors, the printing paper or the print-
ing method, to change over to other functions b, r, g
which express the changed functional relationship be-
tween the coloring matter dosings and the color measur-
ing values. FIG, 2 shows an example of a wiring change
device.

Referring now to FIG. 2 the switch matrix 4 is for the
sake of clarity shown as a plane mafrix and a few matrix
switches 5 are schematically indicated therein. From
each matrix switch 5 extend three lines 9, 10, 11 which
are in some but invariable sequence connected with ter-
minals of three terminal strips 12, 13, 14, Next to these
terminal strips are disposed terminal strips 15, 16, 17 con-
taining the input terminals 2y .. . g Vi ... Vg
wy . . . wg of the devices 6, 7, 8 discussed in connection
with FIG. 1.

Numerals 18, 19, 20 indicate three exchangeable ter-
minal strips which can be respectively plugged to the ter-
minal strips 12 and 15, 13 and 16, 14 and 17. The termi-
nal strips 18, 19, 20 contain different fixed wiring for
effecting the different allotting of the values of the vari-
ables x, y, z to the function values u, v, w. A supply of
such exchangeable terminal strips will make is possible to
satisfy in simple manner the different correction require-
ments that may result from a change of printing colors,
printing paper or the printing method.

FIG. 3 shows in block diagram manner an example for
the devices 1, 2, 3 explained in connection with FIG. 1.

It shall be assumed that the values x, y, z of the cor-
responding variables are respectively quantisized in I
stages x; . . . X, in m stages y1 . . . Y, and in n stages
Z1 . - . 2, and that ISm=n. Accordingly, if l£ms4n,
n will be the highest possible number of stages. It shall
also be assumed for the sake of simplicity that n-2=2k
is a power of 2, which however is not absolutely required.

In FIG. 3, numeral 21 indicates a timing generator
(IG) which supplies an alternating voltage with the
frequency f and the period T=1/f. Numeral 22 indi-
cates an impulse generator (PG) which supplies approxi-
mately rectangular impulses at a frequency (n+2)f with
a period r=1/(n42)f. The two gemerators 21 and 22
are mutually synchronized and the phase position of their
frequencies is such that an impulse peak from 22 coin-
cides with a maximum from 21. Numeral 23 indicates
an electronic counter which may be termed the main
counter (HZ). This counter may, for example, be a
binary counter consisting of k=2log(n+-2) serially con-
nected flip-flop circuits. However, it may also be repre-
sented by serially connected current gates (thyratrons) or
by counting tubes. The main counter 23 counts continu-
ously and periodically the impulses delivered from 22
up to the (n-42) impulse. At the.(n+43) impulse which
corresponds to the first impulse of the next reading period
T, it begins to count anew. Two more counting steps are
required over and above the highest quantum number 7,
which will be presently explained more in detail. Numer-
al 24 indicates an electronic decoder (DC)—in the pres-
ent case especially a binary-ternary-converter-~which is
provided with three output terminals at which will suc-
cessively appear an impulse or a potential change, then
and only then, when the nth, (n+1)th, (n+2)th im-
pulse is being counted. This converter serves respectively
for the reading and the indication of the counting results
which are, however, limited to only three numbers. The
signalling terminals for the remaining counting steps
1, .. . n—1 are not required and therefore have been

omitted,
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Numerals 25, 25, 25" indicate three signal generators
which supply the three steadily variable color measuring
values x, 'y, z. . Numerals 26, 26’, 26" indicate three
synchronously and cophasally operating samplers, for
example, rotating or electronic switches, -which are
synchronized by the timing generator 21 and which serve
for the brief and impulse-wise reading of the color meas-
uring values x, ¥, x with the frequency f. This serves for
ascertaining in periodic time intervals T the discrete

momentary values of the variables x, y, z arriving at the
timing points O, T, 2T. Among these discrete momentary
values may be all kinds of possible values. Numerals
27, 27°, 277 indicate three pulse-length modulators
(PLM) by means of which the amplitude modulated
reading impulses of constant length are converted into
time-modulated impulses of constant amplitude, the
length (duration) being proportional to the amplitude of
the reading impulses. The proportionality factor is there-
by such that the highest possible reading impulses ampli-
tude corresponds to a duration nr of n counting periods of
the length-modulated impulse. Such a- pulse-length
modulator consists essentially of a capacitor which is
quickly charged by the reading impulse to a voltage pro-
portional to the amplitude thereof and which is over a
resistor immediately slowly discharged to a constant
residual voltage. A pentode for constant discharge cur-
rent takes care of the linearizing of the occurring saw-
tooth voltage. The longest discharge time corresponds
thereby to the highest impulse amplitude and amounts to
nr. The discharge time for the variable capacitor voltage
to drop to the constant residual voltage is proportional to
the charging voltage applied, that is, proportional to the
impulse amplitude. The variable sawtooth voltage thus
obtained is thereupon cut to the residual voltage, by
means of a top value limiter, thereby obtaining the
time modulated impulses of constant amplitude.

The individual samples which are periodically taken
from the steady signal do mot detract from the informa-
tion content. It must be considered in this connection
that, in accordance with the scanning theory in the signal-
ling art, a steady signal can be completely replaced, that is,
without any information loss, by individual discrete
momentary values which are periodically obtained (read)
provided that the reading frequency is at least twice
as high as the highest possible signal frequency. -

The highest picture point frequency in the scanning of
color copies or of the photographic color extractions,
amounts to-about 1000 cycles. If the steady color informa-
tion signals are in accordance with the scanning proposi-
tion read with 2000 cycles, the steady signal will be
completely represented by the totality of the discrete
momentary values.

The next step resides in the quantisizing of the
momentary values of the signals, which may assume all
possible values. The time modulated impulses open for
their respective duration the gates (T) 28, 28’, 28" which
allow passage of a number of counting impulses from
22, such number being proportional to the duration of
the corresponding interval. Since the gates 28, 28’, 28"
can pass only a whole number of impulses, each signal
value obtained in the reading is substituted by the whole-
number value coming nearest to it. The quantisizing en-
tails a falsification of the momentary signal values which
is in the signalling technique known as quantisizing noise
or distortion. The greater the quantum number is, the
smaller will be the error caused by the substitution of
the reading value by a whole-number value which differs
by less than one unit from the value ascertained by the
reading.. The counting impulses passed by the gates 28,
287, 28" are counted in the coordinate counters (KZ)
29, 29°, 29" for the variables x, y, z. These counters stop
in a reading period T at the counting results which are
=n and transmit the counting results to the decoders
(DC) or converters 30, 39’, 30" which indicate the cotint-
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ing results by placing on one and only on one of the
terminals x; . . . X3 ¥1 . . - Ym) 21 - - - Zp VOltage or a
changed potential which is retained until the counters are
placed at normal by an impulse. In each of the output
lines of the decoders 39, 30°, 30"’ there are gates (T)
31; ... 31315, ... 31, 317, . .. 31", which bar
the voltages generally from the output terminals, freeing
them only during the (n--1)th counting step by an im-
pulse outgoing from decoder 24. During the (n4-2)th
counting step, the coordinate counters 29, 29’, 28" are
reset by an impulse from decoder 24. At the (n-4+3)th
counting step, which is equal to the first counting step of
the mew cycle, the coordinate counters begin to count
anew. The outputs of the coordinate decoders 39, 30/,
39" are connected to the coincidence switches 5 (FIGS.
1 and 2) in the individual matrix planes.

The explained reading and quantisizing device is known
from pulse modulation. Its use is recommended for the
present purpose if a moderate number of quantisizing
stages is involved which does not exceed approximately
50. The required pulse frequency amounts in this case to
50, 2000 cycles=100,000 cycles. This impulse number
per second can be counted by electronic counters built
up by flip-flop stages by the use of low frequency
transistors.

FIG. 4 shows in block diagram manner an example for
the devices 6, 7, 8 indicated in FIG. 1.

In FIG. 4, uy . . . up; v1 oo . Vg3 Wy . . . Wy, indi-
cate the inputs to these devices which are connected with
the matrix switches 5 of the matrix 4 (FIGS. 1, 2) accord-
ing to the desired functions. References 32, ... 32,
are p electronic switches for the u-inputs; 32’; . . . 32,
are g electronic switches for the v-inputs; and 32", . . .
32", are r electronic switches for the w-inputs. The
outlets of the w-switches 32, the v-switches 32’ and the
w-switches 32" are mutually connected in parallel and
conducted to the output terminals U, V, W. References
33; ... 33, are p voltage sources which deliver the
discrete voltages U; . . . Uj at the u-outlet of the switch-
ing arrangement 6 (FIG. 1);33; . . . 33, are g voltage
sources which deliver the discrete voltages V; . .. V,
at the v-output of the switching arrangement 7; and
33"”; . .. 33", are r voltage sources which deliver the
discrete voltages Wy . .. W, at the w-outlet of the
switching arrangement 8. All switches 32 are controlled
in dual manner. All switches 32 are opened by the nth
impulse of decoder 24, so that the discrete voltages U, V,
W lying until then on the output terminals x, v, w, are
disconnected from these terminals.

The (n-4-1)th impulse of decoder 24 is effective to open
all gates 31, 31’, 31"" in the output lines of the decoders
30, 30", 30", for the duration of such impulse, and these
gates release the three coordinate voltages that might at
that instant be present, impulsewise for the matrix 4.
The And-condition is thereby fulfilled for the activated
matrix switch 5. The actuated matrix switch 5 supplies
in this case simultaneously an impulse to the three inputs
u, v, w connected therewith, whereby the respectively as-
sociated switches 32, 32’, 32’ are closed, such switches
remaining closed, and whereby the associated voltages
U, V, W are released for the outputs U, V, W. The in-
volved switches remain closed for almost the duration of
the entire next reading period, that is, up to the nth
impulse of the next reading period when such next im-
pulse effects the opening of these switches. The corre-
sponding switches 32 accordingly remain closed for
(n+1) impulse periods. The output voltages U, V, W
are not released impulsewise but are retained for almost
an entire reading period, so that there is sufficient time
in which these output voltages U, V, W can control lamps
for the recording of the corrected photographic color ex-
tractions, such recording requiring a minimum illumina-
tion time for effecting sufficient opacity (blackening) of
the corrected color extraction plates.

FIGS. 5a to 5¢ show in diagram form the timing plan
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for the above described operations. The time course for
the individual operations is represented for two successive
reading periods T. The higi:est possible quantum num-
ber is in this example n=14 and the impulse number is
n4-2=16=24%,

In FIG. 54, the reading value is at the start of the read-
ing period approximately equal to 7 voltage units; at the
start of the second reading period it is approximately
equal to 5 voltage units. The saw-tooth operation in-
cident to the slow discharge of the capacitor, which had
been charged by the momentary reading value, is indi-
cated by the shaded portions. The discharge process up
to residual capacitor voltage accordingly requires at the
momentary signal value of the first reading period ap-
proximately 7 and at the momentary reading value of
the second reading period approximately 5 impulse
periods 7.

This pulse-length modulation (PLM) is represented in
FIG. 5b, the height of the cross hatched impulses indicat-
ing the capacitor residual voltage and the length indicat-
ing the number of impulse periods. .

In FIG. 5c, the impulses from the impulse generato
22 are indicated by short lines, such impulses being
periodically counted by the main counter 23 from 1-16.

FIG. 54 indicates respectively by 7 and 5 short vertical
lines the impulses passed by the gates 28 for the duration
of the length-modulated impulses according to FIG. 5b.
These impulse numbers are counted by the coordinate
counters 29, such counters stopping at the wrespective
counting result and being restored again by the 16th im-
pulse from the decoder 24, so that they begin to count
again from 1 with the 17th impulse.

FIG. Se represents the time relationship at the block-
ing and release of the u-, v-, w-values effected by the
matrix switch 5. The 14th impulse effects disconnection
of the function value remaining from the preceding read-
ing period. The 15th impulse effects release of the new
function value shortly before conclusion of the first read-
ing period and remains connected for 15 impulse periods,
that is, for almost the entire next reading period. The
14th impulse of the second reading period effects again
disconnection of this function value so as to make room
for a new function value incident to the 15th impulse.

In the case of a great number of quantisizing stages,
exceeding about 50, difficulties will appear in connection
with the impulse counting if low frequency transistors are
used as structural elements for the flip-flop binary counter.
At 64-128 quantum stages, impulse frequencies on the
order respectively of 128 and 256 kilocycles would be
reached, requiring for the counting the use of expensive
high frequency transistors or tubes. It is in such case
advisable not to represent the whole-number signal quanta
by impulse numbers corresponding to the quanta num-
bers, but to code the quanta numbers, for example, by
means of a binary code known in the teleprinter technique
and also from pulse-code modulation (PCM). The
quanta numbers are thereby represented by short se-
quences of impulses the positions of which are within an
impulse sequence period always the same, and which
characterize by the presence and absence the whole-
number amplitude value. The effect is similar as in a
teleprinter except that letters, ciphers and symbols are
coded in teleprinter operation. The representation of
whole numbers by binary impulse combinations corre-
sponds to the representation of whole numbers in the
binary (also in the dual or dyadic) printing if the absence
of an impulse is characterized by the cipher 0 and the
presence of an impulse by the cipher 1. It is possible
to express with all possible combinations of %k impulses
and impulse gaps exactly 2k different successive numbers,
for example, with 5 impulses 25=32, with 7 impulses
27=128 numbers.

FIG. 6 shows an example for the devices 1, 2, 3 of
FIG. 1, employing coding subsequent to the quantisizing,
Numeral 21 again indicates a timing generator for the
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frequency f and 22 is an impulse generator producing the
frequency (k-2)f, said generators being mutually syn-
chronized. It shall be assumed that the highest possible
quantum number is 2k, wherein k is the basis for the
binary code. "All possible impulse combinations are re-
quired for representing the different quanta stages 2k.
The counter 23 therefore nmeeds to count at the most &
impulses instead of 2% impulses. However, similar as
in the circuit according to FIG. 3, two further impulses
are in each reading period required for switching pur-
poses, so that the frequency of the impulse generator
must amount to (k4-2)f and that the counter 23 must
count from 1 to k-+-2. It is in the case of the example
further assumed that there are provided k=3, that is,
2k=23—8 quanta stages. Accordingly, k4-2=>5 and the
necessary impulse frequency amounts only to five times
the reading frequency f, as compared with the example
according to FIG. 3, requiring for eight quanta stages a
tenfold impulse frequency. The decoder 24 again has
three outputs and indicates only the kth, (k+41)th and
(k+-2)th counting steps. Numerals 25, 25%, 25" again
indicate the three signal generators for delivering the
steady color informations x, ¥, z which are to be cor-
rected.

Numerals 26, 26°, 26” are again three synchronously
and cophasally operating samplers, for example, rotating
or electronic switches, which are synchronized by the
timing generator 21 and briefly read the color measure-
ment signal values x, y, z impulsewise and periodically
with the frequency f. Numerals 34, 34’, 34"’ are three
holding circuits in the form of three capacitors, which
store the read momentary values for almost the entire
sampling period. The capacitors 34 are discharged again
by the kth impulse of the decoder 24. Numerals 35, 35',
35" indicate three quantisizing and coding devices, for ex-
ample, in the form of coding tubes, the nature of which
will presently be explained. Numeral 36 indicates a
sawtooth generator which delivers the periodic horizontal
deflection voltages for the coding tubes 35. The saw-
tooth generator 36 is synchronized by the timing gen-
erator 21 and is restored by the kth impulse of the de-
coder 24. Since the shape of the impulses from the
coding tubes 35 is unsuitable for further use, it must first
be changed to a standard impulse shape. It must be con-
sidered in this connection that, if there is a gap between
two impulses of an impulse combination, the impulse will
drop to zero, but if two impulses follow without gap, the
individual impulses will not completely drop to zero. The
amplitude filters (high- and low value limiter) 37, 37,
37’ are therefore provided for cutting from the impulses
flat portions in the neighborhood of the zero line. The
consequence is that these portions are interrupted if there
is a gap between two impulses, while these portions are
continuous if two or more impulses follow in succession
without gaps. The impulse portions are amplified in the
amplifiers 38, 38’, 38””. The amplified impulse portions
control the gates 39, 39’, 39" which pass from the im-
pulse generator 22 a number of impulses proportional to
the duration of the impulse portions, the passed impulses
being accurately defined as to shape and position thereof.
The conversion of the impulses coming from the coding
tubes into the impulse portion referred to constitute a
combined pulse-length and pulse-position modulation.
Numerals 40, 40’, 40"’ indicate three synchronously and
cophasally operating, rotating or electronic multiple
switches—in the example, due to the ternary code,
ternary switches—, which are synchronized by the timing
generator 21. The individual successive impulses of the
impulse sequences passed by the gates 39 during a reading
period are spatially distributed to % lines. In the ex-
ample, due to the ternary code, there are three such lines
having disposed therein the flip-flop circuits 41;, 41,,
413 41'y, 41y, 41’5; 417"y, 4175, 41'’;, These circuits,
responsive to each impulse conducted thereto, flip from
one to the other of their two possible conditions. Due to
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the alternating condition constellation of the flip-flop
groups 41, 41’, 41”, the impulse combinations will be
unambiguously defined at the end of each reading period.
The decoders or converters 42, 42’, 42’ for the signals
x, ¥y, z effect the decoding and signalling of the impulse
combinations connected thereto. This is accomplished
then and only then when voltage or a changed potential
appears at one and only one of the output terminals
X1, X2« . .7C2h; Y, Y2 - . - yzk; 21, L3« 4 . sz allotted
to the individual impulse combinations, when the associ-
ated impulse combination is present. At the end of each
reading period, the flip-flop circuits 41 are restored to
zero condition by the (k4-2)th impulse—in the example,
the 5th impulse— of the decoder 24, such condition being
defined by one of the two possible conditions. In the
output lines of the decoders 42, 42', 42" are moreover
disposed - the gates 43; ... 43:k; 43’y ... 43%k;
43" . . . 433k, These gates release the indicating volt-
ages only during the (k+-1)th impulse from the decoder
24 to the output terminals and to the matrix switch 5
(FIG. 1). The example illustrated in FIG. 6 is known
from pulse-code modulation (PCM). The devices 6, 7,
8 (FIG. 1) are upon utilizing the embodiment just de-
scribed for the devices 1, 2, 3 (FIG. 1) the same as
those represented in FIG. 4.

FIGS. 7a to 7h show in diagram form the timing plan
for the quantisizing and coding operations described
above with reference to FIG. 6. The time course of
the individual operations is again represented for two
successive reading periods T. The highest possible quan-
tum number is in the assumed example 2%=23=8 and the
impulse number is k--2=5.

In FIG. 7a, the momentary reading value at the be-
ginning of the first reading period is approximately equal
to 5 voltage units and at the beginning of the second read-
ing period, it is approximately equal to 3 voltage units.
FIG. 7b shows the two corresponding capacitor voltages
of the holding circuit, such voltages being stored each
for the duration of three impulse periods. FIG. 7c¢
shows the shape of the impulses of the impulse sequences
horizontal deflection of the cathode beam of the coding
tube. The sawtooth voltage drops in each reading period
at the end of the third impulse period to zero. FIG. 7d
shows the shape of the impulses of the impulse sequences
delivered from the punched plate of the coding tube.

In accordance with the quantum numbers 5 and 3,
assumed in the involved example, the number 5 is ac-
cording to the binary code represented by the combina-
tion 1—0—1 and the number 3 is represented by the
combination 1-—1—0, the symbol number 1 indicating
the presence and the symbol number 0 indicating the
absence of an impulse. In FIG. 7d, with the impulse
shape delivered by the coding tube, the voltage drops
to zero in the gap betwen the first and third impulse
of the first reading period, while dropping only by about
half of the impulse amplitude between the two succes-
sive impulses which follow without gap in the second
reading period. FIG. 7e shows the flat impulse portions
cut by the amplitude filter 37 in the neighborhood of the
zero line, such portions being interrupted when a gap is
present between two impulses, and being continuous when
two successive impulses are without gap. The positions
and lengths of these flat impulse portions unambiguously
define the corresponding impulse combination.

FIG. 7f shows the rectangular impulses delivered by
the impulse generator 22. FIG. 7g shows the impulse
combinations passed by the gates 3¢ which are opened
by the length- and position-modulated impulses accord-
ing to FIG. 7e. The impulses of these combinations are
accurately defined as to shape and position. FIG. 7k
shows the timing relationship incident to the blocking
and release of the u, v, w values released by the matrix
switch 5 (FIG. 1). The third impulse disconnects the
function value remaining from the preceding reading
period. The fourth impulse releases the new function
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value shortly before conclusion of the first reading period,
such impulse remaining connected for the duration of
four impulsé periods, that is, for almost the entire suc-
cessive reading period. The third impulse of the second
reading period disconnects this function value-again, so
as to make room for a new function value at the fourth
impulse.

FIG. 8 shows a known coding tube for simultaneously
effecting the quantisizing and coding. The tube consists
essentially of a cathode 44, a pair of plates 45 for the
vertical, a pair of plates 46 for the horizontal deflection
of the cathode beam, a trap grid 47, a quantisizing grid
48, a punched plate 49 for the coding, and an anode or
target plate 50. The binary combinations are represented
on the plate 49 by punched holes and intermediate spaces.
The signal voltages obtained by the reading, which are
being held by the holding circuits 34, are connected to
the plates 45, thereby upwardly deflecting the cathode
beam to the left of the perforated part of the puunched
plate 49, that is, by a distance which is proportional to
the voltage connected to the deflection plates. The beam
is thereupon, by the quantisizing grid 48, -accurately
guided into the row of punched holes which is nearest
to the deflected position of the cathode beam. The
cathode beam, which is now accurately at the height of
a wire of the quantisizing grid 48, is after the quantisizing
deflected horizontally by a voltage from the sawtooth
generator 36 which is placed on the plates 46. The beam
is thereupon made ineffective by darkening control and
flips into its initial position to the left of the punched
rows. . The capacitor of the holding circuit 34 is at
the same time discharged tipping the beam vertically
downwardly into its zero position. During the horizontal
deflection across the row of punched holes, electrons will
pass through the holes, such elecirons being caught by
the plate 5@ and thus delivering a binary impulse com-
bination. Since all possible values may appear in the
signal voltages obtained in the reading, and since the
cathode beam has a finite cross section, it may happen
that the beam impinges at a point between two rows of
punched holes, thereby simultaneously scanning both
rows, which would not effect release of a definite impulse
combination. Secondary electrons occurring when the
electron beam hits a wire of the quantisizing grid 48 are
drained off by the trapping grid 47. The grid current is
higher when the beam center impacts the wire directly
than when it lies betwen two neighboring wires. The
grid currents from 48 are fed back to the deflection am-
plifier for the vertical beam deflection with the result
that the electron beam is held by the grid wires and that
only the deflection paths along these grid wires are stable.
All signal voltages obtained in the reading, which differ
by less than one unit from a quantum stage, are in this
manner carried to this quantum stage and ‘effect an im-
pulse combination which is allotted to such -quantum
stage.

FIG. 9 represents the punched plate 49 of the coding
tube according to FIG. 8. In the example shown, it is
assumed that the signal values are quantisized in eight
stages and correspondingly used as a ternary-binary code.
The first punched row has four holes, the second has two
holes and the third has one hole, the holes of each suc-
ceeding row being twice as high than those of the pre-
ceding row. The vertical deflection path of the cathode
beam left of the first hole row is indicated by the vertically
extending dash line, and the stable horizontal quantisized
deflection paths of the cathode beam as well as the wires
of the quantisizing grid 48 are indicated by horizontal
dash lines. The eight possible impulse combinations of
the binary code are obtained in the scanning of the in-
dividual hole rows by the cathode beam, by the particular
arrangement of the hole shutters, For higher quantum
numbers, the punched plate will have correspondingly
more hole columns and hole rows. Exactly & hole col-



2,993,087

13

iimns and 2% hole rows will be required for the binary
representation of 2% quantum stages.

FIG. 10 shows a known example for the electronic
reading switches 26 indicated in FIGS. 3 and 6. The
reading frequency f of the timing generator 21 is con-
nected to the terminals 51 of the transformer 52, the
secondary side being in a resonance circuit comprising
the capacitor 53. The impulse frequency (n+-2)f sup-
plied by the impulse generator 22 is connected to the
terminals 54 and to the resistor 55 which is disposed in
series with the resonance circuit comprising the secondary
winding of transformer 52 and the capacitor 53. The
negative half waves of the timing frequency, on which is
superimposed the impulse frequency, are suppressed by
the diode 56 which is biased by the battery 57 at a voltage
which is equal to the amplitude of the timing frequency f.
The timing frequency f extracts from the counting im-
pulses of the frequency (n-+2)f each (n--2)th impulse
which coincides with a maximum of f, such impulse being
separated by way of the biased diode 56. The separated
impulse opens by way of the transformer 58 two further
diodes 61 and 62 which are biased by means of batteries
59 and 60, and releases for the duration of the impulse
the signal to be read which is connected at 63. The
scanned momentary signal value appears at the resistor
connected to terminals 65.

FIG. 11 shows a known example of a matrix switch 5
for use in the arrangement according to FIG. 1. As has
been explained before, the matrix switches constitute co-
incidence switches which energize only when the And-
condition is fulfilled. Characters x, y, z indicate coordi-
nate outpuis of the devices 1, 2, 3 indicated in FIG. 1.
These outputs extend respectively over coordinate lines by
way of diodes 66, 67, 68 to the resistor 69 one end 70
of which is connected to positive potential. If one or
two or all three coordinate outputs x, y, z carry a poten-
tial lower than the potential at 70, current will flow from
70 by way of 69 and one or two or all three diodes 66,
67, 68 to the terminals x, ¥, z. The resistance of the re-
sistor 69 is very high as compared with the pass re-
sistance of the diodes and the other end of the resistor,
at the point 71 will therefore assume a potential which
corresponds practically to that on the terminals x, y, z.
The point 71—the output of the coincidence switch—will
assume the potential corresponding to that on point 70,
then and only then, when all three terminals x, y, z are
due to three impulses or voltages conducted thereto at a
potential corresponding to that which is at point 70.

FIG. 12 illustrates a known embodiment for the bi-
nary counters 23, 29 and the decoders 24, 30, 42. A
binary counter comprises a plurality of serially connect-
ed flip-flop circuits 72, 73, 74 made in the form of bi-
stable multi vibrator circuits. A bistable flip stage consists
in general of two tubes or two fransistors connected
in Jordan-Eccles circuit. The number of required flip-
flop circuits is equal to the fundamental & of the binary
code—{flip-flop stages in case of the example shown—
thus allowing the counting of 2% impulses. A flip-flop
circuit can assume two different conditions, namely, the
first tube may be conductive with the second tube being
blocked, such condition being referred to the symbol 0;
or the first tube is blocked and the second tube is conduc-
tive, this latter condition being referred to the symbol
1. In the first case, the plate potential of the first tube
will drop and that of the second tube will increase; in the
second case, the plate potential of the first tube will in-
crease and that of the second tube will drop. Each posi-
tive impulse conducted to the input of the first tube causes
the circuit to flip from one to the other condition and to
remain in such condition until arrival of the next impulse
which causes reversal of the condition. In the series con-
nection of the flip-flop circuits, the output from 72 controls
the input of 73 the output of which controls the input of
74. Whenever the second tube of the respective flip-flop
circuits 72, 73 or 74 passes from the conductive to the
blocked condition, the input of the respectively next suc-
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cessive flip-flop circuit will receive a positive impulse which
causes flipping thereof to another condition. However,
when the second tube of the respective flip-flop circuits
72, 73 or 74 goes from the blocked to the conducting
condition, the input of the respectively next successive
flip-flop circuit will receive a negative impulse which will
not cause change of its condition. If the condition con-
stellation of the three flip-flop circuits 72, 73, 74 is at
the start 000, as indicated in FIG. 12, and if 8 impulses
are successively conducted to the input Z, the counter will
successively assume the condition constellations 100, 010,
110, 001, 101, 011, 111, 000. These are, however, the
dual (side reversed) expressions corresponding to the
octal numbers 1-8. The eighth impulse restores the
counter to the condition 000 which may be recognized oc-
tally with 0 or 8. A cancellation impulse may be con-
ducted to all flip-flop circuits, which are connected in
parallel to the cancellation line L, so as to restore the
counter to the condition 000 at any time desired.

The plates of the respective flip-flop circuits are con-
nected to pairs of terminals 75—76; 77-—78; 79—8¢.
The prevailing counting result may be read from the po-
tential constellations of these terminal pairs. The diode
maitrix 81 serves respectively for the indication or sig-
nalling of the counting result and the decoding of the
binary potential constellations, such diode matrix 81 rep-
resenting in the assumed example a dual-octal converter,
The output terminals of this converter are indicated by
numerals 0—7.

The operation of the diode matrix is similar to that
of the diode switch according to FIG. 11. From the
terminal 82, which carries the same potential as the ter-
minals 76. 78, 80, there extend by way of eight parallel
connected resistors 83 eight lines 84 to the output ter-
minals 0—7. BEach of these lines is by way of three
diodes 85 connected with one of the two terminals of
the terminal pairs 75, 76; 77, 78; 79, 86, in any possible
combination of which there are exactly eight. BHach of
these connection combinations corresponds only to one
and only one of the eight possible different condition
constellations of the flip-flop circuits 72, 73, 74, which
are noted in dual terms of writing at the right of the out-
put terminals 0-—7. Assuming a predetermined condi-
tion constellation of the flip-flop circuits, which corre-
sponds to a prevailing counting result, the respectively
associated output terminal-—in the assumed example the
terminal 0==8-— and only this terminal will have the po-
tential 82 while all other output termimals will carry the
Jower potential of the terminals 75, 77, 79.

The decoders described in connection with FIG. 6 cor-
respond structurally to the above described decoder ac-
cording to FIG. 12 with the only difference as compared
with FIG. 12, that the three flip-flop circuits 72, 73, 74
are not connected serially, that is, that they do not count,
but that their inputs are individually and mutually inde-
pendently connected to the contacts of the multiple
swiches 40 shown in FIG. 6.

Magnetic storage ring cores may be used equally well
in place of the diodes for the switching elements of the
two-dimensional converter and decoring matrix 81 shown
in FIG. 12 and also in place of the coincidence switches
5 of the three dimensional matrix 4 of FIG. 1.

Changes and meodifications may be made within the
scope and spirit of the appended claims.

I claim:

1. In the art of reproducing color copies, wherein a
color copy or three color extractions photographically
obtained therefrom are scanned pointwise in consecutive
lines, a method of color correction, comprising substitut-
ing a sufficiently great number of different discrete values
for each of the three variable color measurement values
x, v, z of the color picture points of the copy to be
reproduced, said color measurement values x, y, z con-
stituting a trio of values respectively characterizing a pig-
ment color as to shade and color saturation, likewise
substituting a sufficiently great number of discrete values
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for each of the three steadily variable color dosings u,
v, w for the color picture points of the reproduction,
said color dosings u, v, w constituting a trio of the
respective relative screen point values or of the respective
relative depths of cups of the color separation prints,
said color dosings functionally relating to the color meas-
urement values x, y, z by three functions u=—=b(x,y, z),
v=r(x, ¥, z), w=g(x, v, z), wherein the functions b, r
and g correspond to predetermined reproduction factors,
storing the trios of discrete color dosings, and releasing
them by offering to them the associated trios of discrete
color measurement values.

2. A method according to claim 1, comprising sub-
jecting the discrete color measurement values x, y, z prior
to correction to logarithmic compression and subject-
ing the discrete color dosing values u, v, w after the cor-
rection to anti-logarithmic expansion.

3. A method according to claim 1, comprising selec-
tively altering the three color correction functions to
satisfy different correction requirements.

4. In the art of reproducing color copies, wherein a
color copy or three color extractions photographically
obtained therefrom are scanned pointwise in consecutive
lines, apparatus for effecting color correction by substi-
tuting a sufficiently great number of different discrete
values for each of the three variable color measurement
values x, y, z of the color picture points of the copy to
be reproduced, said color measurement values x, ¥, z
constituting a trio of values respectively characterizing
a pigment color as to shade and color saturation, likewise
substituting a sufficiently great number of discrete values
for each of the three steadily variable color dosings u,
v, w for the color picture points of the reproduction,
said color dosings u, v, w constituting a trio of the respec-
tive relative depths of cups of three color separation prints,
said color dosings functionally relating to the color meas-
urement values x, y, z by three functions v—=b(x, y, z),
v=r(x, ¥, z), w—g(x, ¥, z), wherein the functions b, r
and g correspond to predetermined reproduction factors,
and by storing the trios of discrete color dosings, and
releasing them by offering to them the associated trios
of discrete color measurement values; said apparatus com-
prising means forming for each color measurement value
x, ¥, z an electronic channel, means for conducting to
the input of each channel, at a speed corresponding to
the speed of scanning, the corresponding color meas-
urement value which is variable as to time and which
is represented by proportional electric signals, each chan-
nel comprising a switch for brief periodic reading of the
signals, a quantisizing device for converting the discrete
signal values ascertained in the reading into a finite num-
ber of signal quanta, and a converter for indicating the
individual quantum mnumbers, said converter having a
number of outputs corresponding to the number of quan-
tisizing stages, a voltage alteration appearing in each
reading period only at the output to which is allotted the
signal quantum which is present in the reading.

5. Apparatus according to claim 4, comprising in each
electronic channel means for the color measurement val-
ues x, y, z which effect coding of the signal quanta.

6. Apparatus according to claim 4, comprising a three-
dimensional matrix provided with coincidence switches
having respectively three inputs and one output, each
coincidence switch being on the input side comnected
with one of the outputs of the x-, the y- and the z-chan-
nel, each coincidence switch extending at the output side
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the output voltages from the three channels connected
thereto in a reading period then and only then when
said three output voltages are simultaneously’ present.

7. Apparatus according to claim 6, comprising for
each discrete color dosing value u, v, w a switch and a
voltage source, the voltage of said source being propor-
tional to the corresponding color dosing value, each coin-
cidencé switch of said matrix being on the output side in
accordance with functional allocation connected with the
three inputs of a switching group comprising switches
for the values u, v, w, a common output line all said
switches being on the output side respectively mutually
interconnected and connected with said common output
line, and control means for causing those of three of said
switches which form a group and which are closed in a
reading period by an impulse from a coincidence SW1tch
to release to the common output lines the three corre-
sponding color dosing voltages z, v, w for such a time
until all involved switches are opened by a control im-
pulse from said control means.

8. Apparatus according to claim 7, comprising a tim-
ing generator and an impulse generator for respectively
effécting the timing and synchronization and control of
individual switching operations, said impulse generator
supplying impulses at a frequency which is as many times -
higher than the timing frequency supplied by said tim-
ing generator as the highest possible quanta stage number
of the fundamental number of the code employed in-
creased by the number of control impulses reqmred in
each reading period for switching purposes, a counter for
periodically counting the impulses delivered. during a
reading period by the impulse generator, and a converter
for supplying at the output side respectively in the form
of single impulses individual partial counting results re-
quired for the control of switching operations.

9. Apparatus according to claim 6, comprising three
identical contact strips to the contacts of which are con-
nected the outputs of all ‘coincidence switches of the
matrix, three further contact strips to the contacts of
which are respectively connected the inputs of the re-
specive u- and v- and w-switches, and a supply of addi-
tional contact strips containing wiring respectively repre~
sentative of different allocations of color dosing values
u, v, w to the color measurement values x, y, 2z, said
additional contact strips serving for interconnecting the
contacts of the three contact strips for the outputs of
the coincidence switches with the contacts of the re-
spectively associated further contact strips.

10. Apparatus according to claim 5, comprising a cath-
ode ray tube for simultaneously effecting the quantisizing
and the coding, said tube comprising a trapping grid, a
quantisizing grid and a punched coding plate. )

11. Apparatus according to claim 5, comprising a two-
dimensional diode matrix constituting the converter for
the indication of individual quantum numbers and for
the decoding of the coded signal quanta.

12. Apparatus according to claim 6, wherein each co-
incidence switch. of the matrix comprises three diodeés.

13. Apparatus according to claim 4, comprising means
for representing the signal quanta by impulse numbers
corresponding to the quantum numbers. thereof.
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