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PRANTTING TATMER 

William E. Evans, Menlo Park, and Wadsworth E. Pohl 
and Thomas P. Dixon, Los Angeles, and Edgar Warner 
Hopi, deceased, late of Palo Aito, Calif, by Maria isa 
bel Hopf, adnninistratrix, Palo Alto, Calif., assignors to 
Technicolor Motion Picture Corporation, Heliywood, 
Calif., a corporation of Maine 

Application June 16, 1954, Serial No. 437,258 
2 Claimas. (C. 78-5.4) 

This invention relates to apparatus for reproducing 
images on one medium which are recorded on another. 
More particularly, the invention relates to apparatus 
which employs electronic control and monitoring devices 
for determining printing parameters when it is desired 
to reproduce an image on a recording medium and such 
medium differs in its characteristics from the medium 
from which the image is obtained. 
A specific adaptation of the invention is in the field of 

color motion picture photography wherein the imbibition 
printing method is employed. In such a method, as more 
fully described in United States Patent No 1,707,699, 
issued to W. E. Whitney on April 2, 1929, the original 
photographic record of a scene consists of three silver 
separation negatives, each corresponding to one of the 
three primary image aspects of a color scene. From these 
three negatives are printed three corresponding matrices; 
these matrices, each of which carries a dye of proper 
color, are employed to print, in sequence, and in proper 
registration, three-color, subtractive primary components 
of the image upon a film to form the final positive print. 

In Such process it is essential that the three image 
aspects be balanced properly. Thus, in order that a final 
print be obtained, it is necessary that each matrix balance 
each of the other two matrices. This requirement makes 
the step of printing matrices from separation negatives 
difficult and time consuming. Since not only may the 
Separation negatives themselves be unbalanced with re 
spect to each other, but also the density characteristics 
of the negatives and matrices may differ, the result is 
that, in the conventional practice of the imbibition proc 
ess, proper exposure for matrix printing is in large meas 
lure determined empirically. Thus, the operator can only 
examine the three negatives and, from past experience, 
Select what he believes to be an appropriate exposure for 
printing each of the three matrices. Next, the proper 
dyes are applied to each matrix and an actual positive 
print is made. This print is then examined for color 
deficiencies; based upon Such examination, the exposures 
of the printers are corrected and the entire process is 
repeated. This trial and error method is continued until 
a satisfactory print is obtained. While the experience 
of the operator will determine, in large measure, the 
number of corrections which must be made, even the 
most skilled of operators will normally be required to 
make several corrections to the original printing times 
chosen. The result is that the determination of the 
proper exposure for matrix printing is a time-consuming 
and expensive operation. 

In accordance with the present invention, means are 
provided whereby a visual image in color, corresponding 
to the final print, is obtained electronically from the pho 
tographic negatives. Various circuits having the proper 
characteristics are employed, such that the operator may 
balance the three-color components at the desired dens 
ity levels to obtain a visual picture on a cathode-ray 
monitor of the desired quality. From the position of 
the control elements for the various circuits employed, 
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the exposure for each of the three matrix printers may 
be obtained directly, with the result that the trial-and 
error method heretofore employed may be avoided. 
The response characteristics of the various circuits in 

corporated are such as to compensate for the different 
characteristics of the various media employed, in order 
that information as to the photographic parameters 
sought can be obtained directly from the electronic 
equipment employed. 

Accordingly, it is the general object of the invention 
to provide an electronic device for obtaining transfer 
parameters when it is desired to record on a particular 
medium a record contained on a different medium having 
different characteristics. 

It is a further object of the present invention to pro 
vide such a device wherein several components of a com 
posite image must be balanced each with respect to the 
other and wherein an optical presentation of the com 
posite image is produced. 

It is a more specific object of the invention to provide 
a device for color photography whereby the image aspects 
of the component colors can be balanced and adjusted 
by visual inspection of an electronically obtained optical 
image. 

Another object of the present invention is to provide 
apparatus to simulate electronically the photographic 
process of printing to provide thereby data on param 
eters involved in the performance of the photographic 
process. 

Still another object of the present invention is to pro 
vide an electronic system wherein a positive picture in 
color is presented from silver separation negatives or 
integral tripack color negatives... 
These and other objects of this invention are achieved 

by providing a system wherein signals representative of 
the optical transmission of discrete areas of a color 
record are generated and applied to separate channels, 
each of which is associated with a different color image 
aspect. In each channel the signals are converted to 
density representative signals. The average level of the 
density representative signals is then established by a 
controllable peak-clipping circuit. The peak-clipping 
circuit output is applied to a linear contrast control am 
plifier whose gain is controllable. The output of the 
linear amplifier is applied to a photo-curve amplifier, 
which modifies the signals applied to it in accordance 
with a desired relationship between density and cathode 
ray tube screen brightness and also to compensate for 
nonlinearities in the brightness transfer characteristics of 
a cathode-ray tube employed at the output. In one em 
bodiment the signals from each of the photo-curve am 
plifiers are respectively applied to a cathode-ray tube at 
the output of each channel. Each of these has a screen 
phosphor which provides an additive color corresponding 
to the color represented by the color image aspect asso 
ciated with the channel. 
The images on the cathode-ray tube screens are super 

inposed to present a composite picture in color. The 
contrast of each color and, thereby, that of the com 
posite picture is controlled by varying the gain of the 
linear amplifier. The brightness of each color and, 
thereby, the color balance of the picture may be con 
trolled by clipping the signals in each channel at dif 
ferent levels with the peak-clipping circuit. Calibrated 
controls are associated with each of these circuits, so 
that, after varying these controls to establish a picture 
having a desired color balance and contrast, the cali 
brations may be read to provide information as to the 
proper contrast and printer-light illumination required to 
provide a positive photographic print having substantial 
ly the same contrast and color balance. In the event 
that there is overlap in the color characteristics of the 
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dyes used to make the positive print, circuit means are 
provided between and in each channel to simulate the 
same type of overlap reproduction in the electronically 
presented positive picture. 
The novel features that are considered characteristic 

of this invention are set forth with particularity in the 
appended claims. The invention itself, both as to its 
organization and method of operation, as well as addi 
tional objects and advantages thereof, will best be under 
stood from the following description when read in con 
nection with the accompanying drawings, in which: 

Figure 1 is a schematic diagram of one embodiment 
of the invention; 

Figures 2 through 2G are curves representative of the 
transfer characteristic of the apparatus used in the em 
bodiment of the invention shown in Figure 1; 

Figures 3 through 3H are curves of the transfer char 
acteristics of the system at various points in a channel; 

Figure 4 is a test negative; 
Figures 4A through 4E are video waveforms taken at 

various points in a channel when the test negative is 
scanned; 

Figure 4F shows the positive, corresponding to the 
negative shown in Figure 4, presented on a cathode-ray 
tube at the output of a channel; 

Figure 5 is a circuit diagram of a logarithmic ampli 
fier, peak clipper, and clamp used in the embodiment of 
the invention; 

Figure 6 is a circuit diagram of the printer-light control 
used in the embodiment of the invention; 

Figure 7 is a circuit diagram of a variable linear am 
plifier and contrast control used in the embodiment of 
the invention; 

Figure 8 is a circuit diagram of a corrective network; 
Figure 9 shows curves of density versus wavelength 

for typical dyes used in color photography; and 
Figure 10 is a circuit diagram of another and preferred 

embodiment of a corrective network. 
Reference is now made to Figure 1, which shows in 

schematic form an embodiment of this invention. A 
flying-spot scanner tube 10 is used to provide a scanning 
light beam. This is split into three scanning beams by 
three objective lenses 12, 12', 12'. The three beams 
are directed onto corresponding areas of three separa 
tion negatives 14, 14, 14'', respectively representing 
red, green, and blue. These separation negatives are 
made by well-known photographic techniques and need 
not be described here. The three scanning beams of 
light scan the three negatives in such manner that the 
discrete area covered by each beam at any one time on 
each negative corresponds to that on the other negatives. 
The output from each negative is collected by means 

of a lens 16, 16', 16" and directed to fall upon a separate 
phototube 18, 18", 18'. Each phototube generates a 
signal whose amplitude is representative of the transmis 
sion of the light beam through the negative of the dis 
crete area upon which the light impinges. Each photo 
tube output is then applied to a video preamplifier 20, 
20, 20' which amplifies the signal and provides a nega 
tive-going signal at its output. 
A flying-spot scanner tube, phototube pickup, and 

preamplifier of a suitable type are well known in the 
television field and may be found described, for example, 
in Television Engineering, page 91, et seq., by Fink, 
published by the McGraw-Hill Book Company. These 
are referred to as a "flying spot camera.' The flying 
spot scanner tube may have its beam deflected in ac 
cordance with the United States commercial television 
standards; namely, 525 lines in 60 fields or 30 frames 
per second, although these scanning ratics are by no 
means critical. 

Since the flying-spot scanner is being deflected in ac 
cordance with standard television practice, the signal 
obtained at the output of the viedo preamplifier will be, 
for each line, a video signal accompanied by a pedestal 
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signal. The type of signal obtained is shown in Figure 
4A. The pedestal signal occurs during the retrace in 
erval required between the time the beam of the Scan 
ner tubc reaches th: end cf one line aid is Irned of until 
it is positioned at the beginning of the next line. It 
should be noted here that each color inlage aspect has 
asscciated there with a separate channel which includes 
the phototube pickup for that aspect, a cathode-ray tube 
at the end of the channel, and intervening apparatus, 
Each chan nei contains Substantially similar apparatis, 
and, accordingly, only one will be describeci. However, 
it should be understood that the description of one ap 
plies to each channel except where otherwise noted. A 
clailip 22, 22", 22' is used to restore the peak level of the 
pedesta to a desired value, which, in this instance, is 
Zeru Voltage. 
The video preamplifier output, after being clamped, 

is ther applied to a logarithmic amplifier 24, 24, 24'. 
This consists of an amplifier whose output is propor 
tional to the logarithm of its input over the major portion 
of its range, as may be seen by a plot of its transfer 
characteristic in Figure 2C. 

Referring now to Figure 2, the curve shown is a plot 
of the transfer characteristic of a negative. It shows 
how much light is transmitted to a phototube through 
a negative of varying density. Figure 2A is a curve of 
the transfer characteristic of the phototube 8, 18, 18'. 
This shows that the output is linearly related to the 
input, or the output voltage is linearly related to the 
phototube illumination. Similarly, the video preampli 
fier 20, 29, 20' has linear characteristics as shown by 
the curve in Figure 2B, which consists of a plot of the 
input versus the output voltage. The curve in Figure 
2C is the plot of the transfer characteristics of the 
logarithmic amplifier 24, 24, 24' and shows that the 
output voltage is substantially proportional to the log 
arithm of the input voltage. 
The output of the logarithmic amplifier is applied to 

a pedestal clipper 26, 26', 26'. This circuit enables 
clipping of the pedestal of a video signal at a desired 
D. C. level, and the fact that the level is variable can 
be seen fronn the rectangle shown coupled thereto which 
is called the printer-light control 28, 28, 28'. The 
printer-light control includes a calibratcd indicator vari 
able there with. The reason for the name "printer-light 
control” will be explained subsequently. The transfer 
characteristic is shown in the curve in Figure 2D. Three 
different clipping level curves are shown, and it will be 
seen that for a given setting of the pedestal clipper no 
voltage output is provided until the level Set is exceeded. 
After this the output varies linearly with the input for 
the signal in excess of the clipping level. AS may be 
obscrwcd fro; the curve, the pedestal clipper enables 
lateral translation of the characteristic curve. The ped 
estal clipper output is then applied to a variable-gain 
linear amplifier 30, 38', 30'. Its gain is variable and 
controllable, as may be seen from the rectangle con 
nected thereto, which is designated as a contrast control 
32, 32° 32'. The contrast control includes a calibrated 
indicator coupled to the amplifier-gain control. The 
reason for designating it as a contrast control will be 
subsequently explained. The amplifier output is linearly 
related to its input, as may be seen by the transfer char 
acteristic curve shown in Figure 2E. The three different 
cirves shown are for three different settings for the Con 
trast control, just as the three different curves shown in 
Figure 2D are for three different settings of the printer 
light control. it will be seen that the slope of the input 
versus output curve varies with each setting of the con 
trast control. 
The output of the variable-gain linear amplifier is again 

clamped by means of a clamping circuit 34, 34' 34". 
The champing level selected is zero volts. The signal 
from the linear amplifier is then applied to a photo 
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the desired photographic exposure. It will also be under 
stood that a fixed level of illumination may be used for a 
positive print and the time of exposure may be varied. 
For such a situation, the printer-light control may 
be calibrated in terms of time of exposure for a predeter 
mined level of illumination. P 

Figure 3C is representative, for the three clipping 
levels shown in Figure 3B, of the output of the variable: 
gain linear amplifier for the input to a channel obtained 
from a negative whose density varies, as previously indi 
cated. Figure 3D shows the three different curves ob 
tained when the clipping level is held constant and the 
gain of the amplifier is varied. Figure 3E shows the 
channel transfer characteristic at the output of the photo 
curve amplifier for three different clipping levels. Figure 
3F shows the output of the photo-curve amplifier for 
one clipping level with three different gain positions 
chosen for the variable-gain amplifier. Figure 3? and 
Figure 3H, respectively, show curves of the logarithm of 
of the screen brightness with respect to the negative 
density for three different levels of the pedestal clippe 
and for three different positions of the gain control of 
the variable-gain amplifier when the pedestal clipper 
level is maintained constant. These last curves then 
represent the transfer characteristics of the channel 
for three different pedestal levels and for three different 
settings of the variable amplifier. It can be appreciated 
from the curves of Figure 3G how, for each different Set 
ting of the pedestal clipper, the same picture brightness 
range is provided although the negative density provid 
ing that range is greater or lesser—the same effect that 
may be obtained by increasing or decreasing the level 
of illumination of a printing light. The log Screen 
brightness versus negative density curves of Figures 3G 
and 3H represent the characteristics of each channel. 
From Figure 3H it should be appreciated that, as the 
gain of the variable-gain linear amplifier is increased, 
the greater the brightness range with which a given nega 
tive density range is reproduced as a positive, and in 
versely a decrease in amplifier gain provides a decrease 
in brightness range for the reproduction as a positive 
of the same negative density range. This is indicated 
by the different curve slopes in Figure 3H. In effect, 
therefore, the variable-gain amplifier provides a means 
for controlling or determining the contrast of the positive 
picture shown on the face of the cathode-ray tube. Ac 
cordingly, the amplifier-gain control maybe calied a con 
trast control and may be calibrated in terms of contrast. 
A further appreciation of the operation of this inven 

tion may be obtained by seeing what happens at various 
points in a channel to a video waveform obtained by 
scanning a line of a negative having the test pattern 
densities shown in Figure 4. The signals are shown 
against a scale of relative video voltage values with white 
or maximum screen brightness being obtained with zero 
volts applied to the grid and black or minimum screen 
brightness being obtained with a relative video voltage 
value of -1.00. Figure 4A shows the video waveform 
obtained at the output of the video preamplifier. Fig 
ure 4B is illustrative of the video waveform obtained at 
the output of the logarithmic amplifier. This curve then 
has its pedestal clipped at a level determined by the 
printer-light control. The resulting signal is shown in 
Figure 4C. The output of the variable-gain anaplifier 
is shown in Figure 4D for three different gain-control 
settings corresponding to the three settings shown in 
curves of Figure 3D. The output of the photo-curve 
amplifier for only one of the settings is shown in Figure 
4E. Figure 4F shows the positive picture which is seen 
on the cathode-ray tube screen at the output of the 
channel. 

It will be appreciated that the system described in 
using electronic techniques presents a positive picture 
from a photographic negative. The positive picture re 
produces the colors of the original when signals, corre 

20 

2 5 

30 

35 

40 

50 

5 5 

60 

5 

8 
sponding to those obtained by scanning three color image 
aspect negatives with the flying-spot Scanner, are respec 
tively applied to the three channels. By adjusting the 
printer-light control and the contrast control in each chan 
nel, the color brightness and contrast of the positive 
picture presented, and thereby the overall color balance, 
may be determined. In accordance with known photo 
graphic techniques, contrast may be determined from a 
knowledge of the characteristics of the material on which 
a positive print is to be made together with the develop 
ment procedure used with it. Thus, different types of 
positive stock may have different contrasts, or a given 
type of positive stock may be developed in different ways 
to yield different contrasts. These may be given different 
numbers and these numbers can be used for calibration 
of the contrast control. With the printer-light control 
and the contrast control calibrations established, the cor 
rect exposure and contrast may be obtained readily for 
any set of negatives by scanning them and adjusting the 
controls in each channel until a positive picture is pre 
sented having the desired color balance and contrast. 
The control Settings in each channel are then read and 
employed in the actual printing of the positives. 
A preferred manner of employing this system for pro 

viding printer exposure data for photographic printing 
of motion pictures is as follows: Motion pictures of a par 
ticular setting and action are taken. Separation nega 
tives of the motion pictures taken at the set are then 
developed and Scanned by the flying-spot scanner, and 
the resulting signals are applied to the respective color 
channels. The picture presented by the cathode-ray tube 
apparatus is viewed alongside of an optically projected 
reference of previously processd film of like character. 
The printer-light controls and contrast controls may then 
be varied until the picture seen on the cathode-ray tube 
apparatuS has the desired color balance and contrast sub 
stantially as shown in the optically projected reference, 
The printer-light and contrast control Settings for each 
channel may then be read or recorded and then used in 
processing, and the finished prints will have all the 
qualities of the reference print. 

Although the embodiment of the invention has been 
thus far described as providing printer exposure data for 
photographic printing when three separate black and white 
color Separation negatives are scanned by the flying-spot 
Scanner, this is not to be construed as a limitation on 
the use of the apparatus. Actually, any means for de 
riving signals of the type obtained when the color Sep 
aration negatives are Scanned can be employed, and 
these signals may be applied to the respective channels 
to produce a color positive picture. The signals may 
also be obtained from any of the multilayer negatives 
used in color photography such as integral tripack stock 
of the color negative type by scanning the signal nega 
tive with a flying-spot scanner and splitting the resultant 
beam into three with a beam splitter and then using a dif 
ferent filter in front of each phototube so that only the 
signals representative of the color components which each 
channel is designed to control are applied to that chan 
nel. If preferred, dichroic mirrors may be uscd, in the 
manner well known in the art, to split the light beam after 
it has been passed through the negative being scanned into 
three beams each, representative of the color component 
Which each of the channels is to contro. Accordingly, 
when reference is made herein to separate negatives, the 
Sarine is intended to include multiple emulsion negatives 
on a single base. 

Without any modifications this invention may be used 
to provide exposure data for the three separate black and 
white negatives obtained from multilayer stripping film. 
It should be obvious that a single channel may be used 
for providing data and also that two channels may be 
used for providing data from bipack film, the cathode 
ray tube Screen phosphors being selected to provide the 
proper color, or white cathode-ray tube screens being used 
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with proper color filters being positioned in front there 
of. It should be appreciated, therefore, that the inven 
tion is useful to provide printer exposure data from sig 
nals of the proper type regardless of the source of said 
signals or the original recording medium from which the 
signals of the proper type are generated. These signals, 
for example, may be recorded on magnetic tape. These 
signals may also be obtained by scanning color paper 
negatives, using reflection techniques to derive the signals. 
The above are just a few of the uses of this invention in 
both still and motion picture photography. The fact that 
only these are recited should not be construed as a limita 
tion since many other uses, such as in lithography, wiil oc 
cur to those skilled in these arts and may still be within 
the spirit and scope of this invention. 
As previously stated, circuits for the flying-spot scanner 

tube and the respective phototubes and video preampli 
fiers are well known in the television field and may be 
found described under the name flying-spot camera. 

Figure 5 is a circuit diagram of the logarithmic am 
plifier, pedestal clamp, and pedestal clipper which are em 
ployed in the embodiment of the invention. As previously 
stated, the logarithmic amplifier has a transfer function 
wherein its output is substantially proportional to the log 
arithm of its input. To achieve this, "curve-fitting” tech 
niques are employed of the general type described in 
Waveforms by Chance et al., page 315, and published by 

, the McGraw-Hill Book Company. The video output from 
the preamplifier 20 is applied to the logarithmic amplifier 
input which consists of two stages of video amplification 
60, 62 including two amplifier tubes with feedback be 
tween the plate of the second and the cathode of the 
first, in order to assure linearity. The output from the 
second of these two video amplification stages is applied 
to a first curve-fitting section 63. The first section con 
sists of a cathode follower 64 having its cathode coupled 
to the grid of a succeeding cathode stage follower 66 via 
two resistors 68, 70 in series. A first diode 72 has its 
cathode connected to the junction of the two resistors 68, 
70 through a third resistor 74 and its anode connected 
to the cathode of a cathode follower tube 76. A second 
diode 78 has its diode 78 has its cathode connected 
through a resistor 30 to the connection with the grid of 
the succeeding cathode follower stage 66. This diode 
also has bias applied to its anode by means of a cathode 
follower stage 84. The output of the first curve-fitting 
section 63 is applied to a second curve-fitting section 
86 which is similar to the first. The output of the sec 
ond curve-fitting section 86 is applied to two stages 88, 
90 of video amplification which have the same circuit 
as the first two stages 60, 62. The output is applied to 
another curve-fitting section 92 in similar to the first 
and again consisting of a cathode follower 94 whose out 
put is coupled to a succeeding stage 96 via two series 
resistors 98, 100. Two diodes 102, 104 are coupled 
through other resistors to these two resistors and are 
biased by means of cathode followers 106, 108. One 
more “curve-fitting diode 110 is employed at the output 
of the third section so that, in all, seven "curve-fitting” 
diodes are employed. These diodes are biased to provide 
a transfer characteristic as shown in Figure 2C. This is 
obtained by biasing the diodes increasingly negative so 
that, instead of a linear input versus output curve, the 
input versus output curve is bent by reason of the diodes 
permitting amplification of increases in signals in a non 
linear incremental fashion. The output of the last curve 
fitting section is applied to the pedestal clipping Section 
26, which will be described in greater detail later. Cath 
ode followers are used to bias the respective curve-fitting 
diodes in order to provide the utmost in stability of said 
biasing and to preserve the D. C. component. 
The circuit shown below the logarithmic amplifier 

consists of two clamping or D. C. restoring circuits. 
These are represented by the rectangle 22 in Figure 1. 
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pending on average signal value, but is active and is ob 
tained using the horizontal Sync signal. Clamps of this 
type may be found described in Television Engineering 
by Fink, pages 298–299, and published by the McGraw 
Hill Book Company. This clamp uses four diode recti 
fiers 10, 112, 4, ii.6 connected in bridge fashion. The 
horizontal sync signal which is used to defect the flying 
spot scanner beam is amplified by two stages of amplifi 
cation 120, 22. The output is applied to two separate 
phase-splitting stages 24, 26 whose output is respectively 
applied to two opposite terminals 28, 130 of each rec 
tifier bridge. A bias is applied to a third one 132 of the 
remaining diagonal terminals of each bridge from a fixed 
ly biased cathode follower stage 34. The output from 
the remaining diagonal 36 of one of the bridges is cou 
pled to the grid of the first cathode follower 64 employed 
in the first curve-fitting section. The output from the 
remaining diagonal 36 of the other bridge is coupled to 
the grid of the cathode follower 94 following the second 
video amplifier section of the logarithmic amplifier. This 
assures that the signals being applied to the curve-fitting 
portions of the logarithmic amplifier are at all times 
clamped to the desired D. C. level since the clamping 
signal is renewed with each line. 

Figure 6 is a circuit diagram of the printer-light control 
for one channel. It consists of two voltage divider net 
works 140, 42 followed by a cathode follower tube 144. 
The first voltage divider is connected across a source of 
bias potential. It includes two fixed resistors 46, 148 in 
series with a potentiometer 50. The potentiometer tap 
is connected in series with the second voltage divider con 
sisting of two fixed resistors 52, 54 and two potentiom 
eters 156, 158 in series. The potentiometer 150 in the 
first voltage divider is used to adjust roughly the current 
flowing through the second voltage divider. The poten 
tiometers 156, 58 in the second voltage divider have 
their values selected to provide, respectively, coarse and 
fine controls for setting up the bias provided to the grid 
of a cathode follower tube to which the fine control po 
tentiometer arm is connected. All the potentiometers are 
in the printer-light control but, in practice, once the two 
coarse controls are set, they are rarely adjusted further. 
Thus the rotation of the arm of the potentiometer 58 
connected to the grid of the tube may be calibrated in 
well-known fashion by means of a dial (not shown) either 
in exposure time or in printer-light illumination level. 
The cathode follower 144 is used to bias the three diodes 
160, 62, 64 in Figure 6, representative of the three 
diodes coupled between the last "curve-fitting' diode in 
the logarithmic amplifier and an output cathode follower 
tube 66. These three diodes may be considered as the 
pedestal clipper. The cathode of the cathode follower 
tube 144 in the printer-light control is coupled to the cath 
odes of three diodes 60, 62, 164 shown in the logarith 
mic amplifier of Figure 5. Thus it sets the level which 
a signal is required to exceed in order to be applied to 
the grid of the output stage 166. It should be noted that 
the bias diodes used in connection with the printer-light 
control and pedestal clipper are reversed from those used 
in the curve-fitting sections. The clipper control diodes 
are biased and connected so that if the signals applied are 
more positive than the bias, the diodes will conduct and 
thus clip off the more positive peaks of the pedestal of the 
video signal. This action is illustrated in Figures 4B and 
4C. 
The photo-curve amplifier circuit is substantially iden 

tical with the logarithmic amplifier circuit shown in Fig 
ure 5. The bias applied to the various diodes employed 
in the curve-fitting sections in this instance, however, is 
such as to provide a transfer characteristic in accordance 
with the curve shown in Figure 2F. Of course. no clip 
ping section is needed for the photo-curve amplifier. 

Figure 7 is a circuit diagram of the variable-gain linear 
amplifier 30 and also shows the contrast control 32. The 

The clamping action in this instance is not passive, de- 75 amplifier consists of two stages of video amplification 170, 
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172 and an output cathode follower stage 74. The gain 
of the amplifier is carefully controlled by controlling the 
feedback between the anode of the second video stage and 
the cathode of the first video stage. This controlled feed 
back is obtained by connecting the anode of the Second 
video stage 72 through two series-connected resistors 
176, 78 to a potentiometer 30. The potentiometer 
resistance has one end connected to the cathode of the 
first stage 70 and the other end connected to a resistance 
182 which in turn is connected to ground. The variable 
arm of the contrast contro potentiometer 180 is coupled 
to an indicator (not shown) in well-known fashion. This 
is then calibrated in terms of contrast verSuS amount 
of potentiometer arrin rotation. 
A circuit diagram for a fixed-gain linear amplifier is not 

shown since video annp:ifiers having the required quali 
ties of linearity are well known. The variable-gain linear 
annplifier, the circuit of which is shown in Figure 7, can 
be and has been used for this purpose. Once its controls 
are set at the proper gain level, they are not adjusted 
further. The pedestal ciamp 34 associated with the linear 
amplifier finay be of the same type shown in the circuit 
diagram in Figure 5. 
Power supplies, defection circuits, and blanking circuits 

for the flying-spot scanner and the three cathode-ray tubes 
represented by rectangles are not shown in detail since 
these are well known in the television art and are com 
nicircially purchasable. 
Any system using negatives from which color positives 

are to be made can employ the embodiment of the inven 
tion shown here. It is required merely that electrical 
signals be generated representative of either the optical 
transmission or cptical density of the negatives from which 
a colored positive picture is to be made. These optical 
transmission signals can then be employed in the nanner 
taught herein to produce a positive color picture. Op 
tical density signals can be applied to the system after the 
logarithmic amplifier to achieve the desired results. 

Another feature of this invention can be seen by re 
ferring to Figure S. Figure 8 shows a resistance net 
work which, if required, may be cont12cted between and 
in channels at the output of the variable-gain linear all 
plifier. This network broadly serves the purpose of ef 
fectively modifying the pcsitive picture obtained with 
this system so that it more accurately represents either 
the picture with which it is being compared or the re 
sults to be obtained with the finished positive picture. 
An analysis of color prints indicates that colors, es 

pecially saturated colors form2d by dyes used in a sub 
tractive System, tenei to be diagraded in purity and 
reduced from their proper relative brightness because the 
dyes of one primary color have residial absorption within 
the wavelength region of the other primaries. Figure 
9 shows typical spectral absorption curves of three Sub 
tractive dyes used in making positive pictures. The 
curves i'cy reseti pictographic density vers US the Wave 
length in millinicions and the regions of overlan of thi 
curves are cite apparent. It can be seen therefore how 
nuch density or darkening each dye of a typical Sub 
tractive system produces within the wavelength region 
of the other dyes. To compensate for the darkening 
effect of the dyes within each other's wavelength region, 
the circuit shown in Figure 8 may be employed to simu 
late the cross-channel subtractions found in the dye sys 
tem. The circuit permits feeding controlled amounts 
of signal where the voltage crossfeed is proportional to 
negative density from one channel to each of the others. 
It will be recalled that each channel derives its original 
signa fin, Qiu laticin ficri a photographic negative; that 
is to say, where the negative has low density the corre 
sponding signal is large, and this must drive the cathode 
ray tube dark in order to correctly produce a positive 
picture. Accordingly, increasing a signal by adding 
thereto goes in the direction of darkness, and the cross 
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channel exchange of signals works in the desired direc 
tion to simulate dye overlaps in the subtractive print. 

It will be noted that each channel is connected to every 
other channel through two resistive circuits, each con 
sisting of a resistor 23-26 in series with a potenti 
ometer 201-206. If it is assumed that the first channel 
will present the color red at its output, the second channel 
the color green, and the third channel the color blue, 
then the crossfeeds from one channel to the other con 
trol the simulation of the absorption effects as follows: 
potenticmeter 20 i-blue absorption by magenta dye; 
potentionmeter 202-blue absorption by cyan dye; poten 
tiometer 203-green absorption by cyan dye; potenti 
ometer 204-red absorption by magenta dye; potenti 
ometer 205-green absorption by yellow diye; potentiom 
eter 206-red absorption by yellowy dye. 
The curves in Figure 9 bear similar reference numerals 

to the potentiometers which are used to correct for the 
overlap effect which tincy repiscnt. 
The potentiometers in the cross-channel connections 

are adjusted in accordance with the information derived 
from the Spectral-absorption curves to provide the proper 
amount of cross-channel signal for a given amplitude 
channel signal and confirmed by visual appraisal of color 
qualities. In addition, adjustable attenuators 207, 208, 
289 are in Sericci in series in each channel. The purpose 
of these is to adjust the over-ai signal voltage of each 
channel to the same level it would have if there were 
no crossfeed. These are substantially the samc as con 
trast controls. If one of then should be set to zero 
(i. e., no attenuation) and the signal level of that chan 
nel & Culd be incrcaSed by the contributici from an 
other channel, the electronic color picture would be 
found to exhibit increased contrast since tie brightness 
Swing would be greater because of the other contributed 
signals. It is necessary, therefore, to adjust these con 
trols to compensate for the voltage built up by cross 
feed. Once all of the controls, both crossfeed and at 
tenuation, are adjusted, these settings remain fixed so 
long as the equipment is required to reproduce pictures 
made by a given subtractive dye system. New settings 
Etre required to F11 atch picti es of a different color pro 
ceSS. If a number of different color processes are em 
ployed, these networks may be made up as separate 
items which are preset and either piugged or switched in, 
in accordance with the systems in use. 

Figure 10 is a circuit diagram of a preferred resistance 
network arrangement which achieves the same results as 
are achieved with the network shown in Figure 8 but 
does not produce the variations in contrast which require 
the use of the attenuators 207, 268, and 209. The po 
tentiometers in Figure 10, which function to control the 
Same respective crossfeeds, bear the game reference num 
erals as the potentiometers shown in Figure 8. The ad 
justment of these potentiometers is accomplished in the 
Samme manner as is described for the adjustament cf the 
crossfeed potentiometers in Figure 8. However, in view 
of the cascade connections of the crossfeed potentiom 
efers in Figure 10, i. e., each potentiometer 202, 264, 205 
is connected between a different two channels and the 
respective third Cteiniie ficter's 23 i. 233, 25 are each 
connected between the remaining channel and the poten 
ticmetric arm of a potentiometer connected across two 
channels, from the Series connection shown in Figure 8, 
no contrast changes cccur and the channel signal levels 
need not be attentuated by a separate set of attenuators. 
Sets of plug-in units of this potentiometer arrangement 
Inay also be made up for each different color process, if 
desired. 

Accordingly, there has been shown and described a 
novel and useful Sytem for reproducing electronically, in 
color, positive pictures from information derived from 
signals corresponding to the transfission of color separa 
tion negatives. By employing the novel principles and 
structure described and shown herein, it will be apparent 
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that information for timing and processing the chemical 
development of color pictures, both for still and motion 
picture photography, may be obtained. 
What is claimed is: 
1. An image translating system comprising means to 

generate electrical signals representative of the light trans 
mission of discrete areas of a photographic negative, 
electronic means responsive to said electrical signals to 
present the corresponding positive picture of said image, 
means to control the contrast of said positive picture, and 
means to control the brightness of said positive picture. 

2. An image translating system as recited in claim 1 
wherein said means to control the brightness of said posi 
tive picture includes an indicator variable therewith and 
calibrated in terms of exposure. 

3. An image translating system comprising means to 
generate electrical signals representative of the light trans 
mission of discrete areas of color image aspect negatives 
of said image, electronic means responsive to said signals 
to present a corresponding positive picture in color of 
said image, means to control the positive contrast of each 
primary color in said picture, and means to control the 
color balance of said picture. 

4. An image translating system as recited in claim 3 
wherein said means to control the color balance of said 
picture includes an indicator controlled by said means 
and calibrated in terms of exposure. 

5. An image translating system comprising means to 
generate electrical signals representative of the optical 
density of discrete areas of different color image aspect 
negatives, and electronic means to convert said signals 
to point-by-point variations of colored light sources cor 
responding to the colors represented by the different color 
image aspect negatives to present a colored positive pic 
ture of said image, said last named means including 
means to control the contrast of each color of said col 
ored positive picture, and means to control the bright 
ness of each color in said colored positive picture. 

6. A system for presenting a positive picture of an 
object with cathode-ray tube apparatus from signals repre 
sentative of the optical density of discrete areas of a pho 
tographic negative of said object comprising means to 
modify said signals in accordance with a desired relation 
ship between negative density and screen brightness of 
said cathode-ray tube apparatus, and means to apply said. 
modified signals to said cathode-ray tube appartus to pre 
sent a picture of said object. 

7. A system for presenting a positive colored picture 
of an object with cathode-ray tube apparatus from signals 
representative of the optical density of discrete areas of 
color image aspect negatives of said object comprising 
means to modify said signals in accordance with a desired 
relationship between negative density and screen bright 
ness of said cathode-ray tube apparatus, and means to 
apply said modified signals to said cathode-ray tube ap 
paratus to present a positive picture of said object in color. 

8. A system for presenting a positive picture of an 
object with cathode-ray tube apparatus from signals repre 
sentative of the optical transmission of discrete areas of 
a photographic negative comprising means to modify said 
signals to be representative of the density of said nega 
tive, means to modify said density representative signals 
in accordance with a desired relationship between nega 
tive density and screen brightness of said cathode-ray 
tube apparatus, and means to apply the output of said 
last named means to said cathode-ray tube apparatus to 
present said positive picture. 

9. A system for presenting a positive picture of a col 
ored object with cathode-ray tube apparatus from signals 
representative of the point-by-point optical transmission 
of discrete areas of photographic separation negatives 
made from the colored object comprising means to modi 
fy said signals to be representative of the density of said 
negative, means to modify said density representa 
tive signals in accordance with a desired relation 
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ship between negative density and screen brightness of 
said cathode-ray tube apparatus, and means to apply.the 
output of said last named means to said cathode-ray 
tube apparatus to present said positive picture in color. 

10. A system for presenting a positive picture of a 
colored object with cathode-ray tube apparatus from sig 
nals representative of the optical transmission of dis 
crete areas of color image aspect negatives made from 
the colored object comprising an image translating chan 
nel for each different color image aspect each of which 
includes means to modify said signals to signals repre 
sentative of the density of said negative, means to modify 
said density representative signals in accordance with a 
desired relationship between negative density and screen 
brightness of said cathode-ray tube apparatus, said cath 
ode-ray tube apparatus including a cathode-ray tube for 
each channel, each tube having a screen providing illumi 
nation having the color associated with the negative pro 
viding signals for the channel, means in each channel to 
apply said modified density representative signals to the 
cathode-ray tube in the channel, and means to Super 
impose the light outputs from all the cathode-ray tubes 
to provide a positive colored picture of said object. 

11. A system for presenting a positive picture of an 
object with cathode-ray tube apparatus from signals rep 
resentative of the light transmission of discrete areas of 
a negative of said object comprising means to apply a log 
arithmic correction to said signals to obtain signals repre 
sentative of the optical density of said negative, means to 
control the average value of said density representative 
signals to determine the brightness of the positive picture, 
means to amplify the output of said average value control 
ling means, means to control the gain of said means to 
amplify, to determine the contrast of said positive picture, 
means to modify the output of said means to amplify in 
accordance with a desired negative density to cathode 
ray tube screen brightness characteristic and to com 
pensate for the transfer characteristic of said cathode-ray 
tube apparatus, and means to apply the output of said 
means to modify to said cathode-ray tube apparatus to 
present a positive picture of said object. 

12. A system as recited in claim 11 wherein said 
means to control the average value of Said density repre 
sentative signals includes an indicator coupled to said 
means to be variable therewith, said indicator being cali 
brated in terms of printing exposure required for said 
negative. 

13. A system for presenting a positive colored picture 
of an object with cathode-ray tube apparatus from sig 
inals, representative of the light transmission of discrete 
areas of color image aspect negatives of said object com 
prising a separate channel for the signals from each 
negative, each channel having a logarithmic network to 
which said signals are applied, means to clip at a desired 
level the pedestal of the output signals from said logarith 
mic network to control the color brightness of the output 
from a channel, an amplifier to which the output of said 
means to clip is applied, means to control the gain of 
said amplifier to control the contrast of the output from 
said channel, and means to modify the output of said 
means to amplify in accordance with a desired negative 
density to cathode-ray tube screen brightness character 
istic and to compensate for the transfer characteristics 
of said cathode-ray tube apparatus; and means to apply 
said modified signals from each channel to said cathode 
ray tube apparatus to present a positive colored picture. 

14. A system as recited in claim 13 wherein said 
means to clip at a desired level includes an indicator 
coupled to vary with the desired clipping level, said in 
dicator being calibrated in accordance with printer-light 
illumination units required to provide a positive print 
having Substantially the same color brightness. 

15. In a system for electronically presenting a posi 
tive colored picture of an object from signals representa 
tive of the light transmission of discrete areas of three 
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color image aspect negatives where the signals for each 
color are translated in a separate channel to control 
cathode-ray tube apparatus to provide an additive picture 
presentation, means to modify said additive picture pres 
entation to resemble a desired subtractive color picture 
presentation comprising network means coupled between 
channels to feed signals therebetween to simulate the 
overlap effects on one another of primary color dyes used 
in said desired subtractive color picture, said network 
means including a first potentiometer means coupled be 
tween a first and Second of said signals, a second poten 
tioneter means coupled between said first and a third of 
Said separate channels, and a third potentiometer means 
coupled between said second and third of said channels. 

16. A system for presenting a positive colored picture 
of an object with cathode-ray tube apparatus from sig 
nals representative of the optical density of discrete 
areas of color image aspect negatives of said object com 
prising a separate channel for the signals for each dif 
ferent color image aspect negative, network means coupled 
between channels to feed signals therebetween having 
an amplitude to achieve effects on the signals in the 
channels representative of the overlap effects of primary 
color dyes used in a desired subtractive system on one 
another, means in each channel to modify the signals 
in said channel in accordance wtih a desired relation 
ship between negative density and screen brightness of 
Said cathode-ray tube apparatus, means to modify the 
signals in each channel to compensate for the transfer 
characteristics of said cathode-ray tube apparatus, and 
means to apply said doubly modified signals of all the 
channels to Said cathode-ray tube apparatus to present a 
positive picture of said object in color. 

17. A System as recited in claim 16 wherein each 
channel includes means to attenuate the signal levels 
in each channel to compensate for the signals fed be 
tween said channels. 

18. A System for presenting electronically a positive 
colored picture of an object with cathode-ray tube ap 
paratus from signals representative of the light trans 
mission of discrete areas of color image aspect negatives 
comprising a separate channel for the signals from each 
color image aspect negative, each of Said channels in 
cluding a logarithmic circuit to which said signals are 
applied, a peak clipping circuit coupled to the output of 
Said logarithmic amplifier, means to control the clipping 
level of said peak clipping circuit to determine the color 
balance of the picture finally presented, an amplifier, 
means to control the gain of said amplifier to control 
the contrast of the picture finally presented, network 
means coupled between said three channels at the output 
of Said amplifier in each channel to feed signals there 
between representative of the overlap effects of primary 
color dyes to be used for a subtractive representation 
of Said colored picture, attenuator means in each channel 
to compensate the signal levels for the effects of said 
network means, means in each channel to modify the 
output of Said attenuator in accordance with a desired 
negative density to cathode-ray tube screen brightness 
characteristic; and means to apply the output of each 
said means to modify circuit means to said cathode-ray 
tube apparatus to present a positive colored picture. 

19. A System for presenting electronically on cathode 
ray tube apparatus a positive colored picture of an ob 
ject from color image aspect negatives made from said 

5 

O 

25 

30 

40 

5 5 

60 

16 
object comprising a separate channel for each color image 
aspect negative each including means to generate signals 
representative of the light transmission of corresponding 
discrete areas of each negative, a logarithmic amplifier, 
means to apply said signals to said logarithmic amplificr 
to obtain signals representative of the density of said dis 
crete areas, a pedestal clipper, means to apply said 
density representative signals to said pedestal clipper, 
means to control the clipping level of said pedestal clip 
per to determine the color balance of the picture finally 
presented, calibrated means controlled by said means to 
control the clipping level and calibrated in terms of ill 
lumination intensity required for obtaining a positive print 
of similar color brightness from the negative associated 
with said channel, a variable-gain linear amplifier coupled 
to receive output from said pedestal clipper, means to 
control the gain of said linear amplifier to determine the 
contrast of the picture finally presented, photo-curve am 
plifier means to provide an input to output characteristic 
representative of a desired relationship between negative 
density to cathode-ray tube Screen brightness and the 
compensation required for a cathode-ray tube transfer 
characteristic, means to couple the output of said linear 
amplifier to said photo-curve amplifier means, and a 
cathode-ray tube coupled to receive output from said 
photo-curve amplifier means, Said cathode-ray tube hav 
ing a Screen providing a color corresponding to the pri 
mary color represented by the color image aspect nega 
tive associated with said channel, and means to combine 
the images displayed on each cathode-ray tube screen 
into a single colored picture of said object. 

20. A system as recited in claim 19 wherein said means 
to apply the output of said variable-gain linear amplifier 
to said photo-curve amplifier means includes a resistance 
network coupled between each of said channels to feed 
signals therebetween representative of the overlap effects 
of primary color dyes to be used for a subtractive repre 
sentation of said colored picture. 

21. A system as recited in claim 20 wherein said resist 
ance network includes a different first potentiometer con 
nected across a diferent two of Said channes and a dif 
ferent Second potentiometer connected between one of 
said channels and the potentiometric arm of a different 
one of Said first potentiometers which is not connected to 
said one channel. 
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