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57 ABSTRACT 

Control of ink supply in a printing press in accordance 
with sensing of the density of ink being printed on im 
print-receiving material, wherein sensing measure 
ments are made and smoothed by considering previ 
ous printing press cycles and wherein the smoothcd 
measurement is compared to a desired predetermined 
standard density and the ink feed is adjusted accord 
ingly. 
Erratic density measurements are automatically 
identified and disregarded. Interaction between 
adjacent ink adjustment keys of the ink feed 
mechanism is automatically taken into account, and 
lift-off of keys from an ink fountain blade of the 
mechanism is prevented. Proportional, derivative, and 
integral control signals are produced and combined to 
provide a composite control signal for the ink feed. 
The invention may be implemented by analog or 
digital embodiments. 

53 Claims, 19 Drawing Figures 
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3,835,777 

NK DENSITY CONTROL SYSTEM 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

Two co-pending U.S. applications which involve ink 
density control systems and that are related to the pres 
ent application are: application Ser. No. 73,319, of 
Jean R. Gaillochet, filed Sept. 18, 1970, and entitled 
"An Automatic Device for the Remote Adjustment of 
the Inking Blade of a Printing Machine" and a continu 
ation application Ser. No. 182,538 now U.S. Pat. No. 
3747524 of James N. Crum, filed Sept. 21, 1971, and 
entitled "Ink Fountain Key Control System." 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates primarily to a system for con 

trolling the printing occurring in a printing press, by 
constantly monitoring or sensing the resultant print 
placed on print-receiving material, comparing it with a 
desired predetermined standard, and varying the feed 
of ink to said material in accordance with deviations 
from said standard. 

2. Description of the Prior Art 
Attempts to accomplish this result have become in 

creasingly apparent in recent years. In an approach as 
shown and described in U.S. Pat. No. 3,353,484, issued 
to Koyak on Nov. 21, 1968, the thickness of ink on se 
lected lateral portions of a printing press inker is moni 
tored, and ink fountain keys aligned with the monitored 
section of the inker are adjusted correspondingly. Both 
the monitoring means and the adjusting means move 
laterally across the press inker and ink fountain and 
perform their monitoring and control function on a 
periodic basis. 
Another form of apparatus for performing the gen 

eral objectives of this invention is disclosed in U.S. Pat. 
No. 3,567,923, issued to Hutchison on Mar. 2, 1971. In 
this latter approach, the color density of ink on a 
printed web is sensed in a plurality of locations across 
the web and the speed of an ink fountain roll is in 
creased or decreased according to an average of the 
several density measurements. Slight variations in den 
sity within a certain "dead band' of a reference signal 
are ignored and do not effect a control function. At se 
lected periods controlled by a timer, sample measure 
ments are made, and if the control signal is outside the 
predetermined "dead band,' a control function occurs 
to increase or decrease the flow of ink across the entire 
width of the inkers. 
U.S. Pat. No. 2,969,016 for Colour Printing issued to 

J.F. Crosfield et al. on Jan. 24, 1961, describes appara 
tus for measuring ink density by scanning printed 
patches, and suggests that corrections to the ink flow 
could be made automatically. 

SUMMARY OF THE INVENTION 

An inker control suitable for closed-loop or open 
loop operation is provided with a plurality of ink den 
sity sensors located to monitor ink laid on print 
receiving material across its width. Keys of an ink foun 
tain are similarly located in line with the sensors and 
are individually or group responsive to the sensors to 
maintain ink feed from the fountain at a rate required 
to maintain the print density at the level of a predeter 
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2 
mined standard with which signals from the sensors are 
compared. 
Since various printing jobs are run at different press 

speeds, and since each printing job is normally run at 
a slower speed during a "make-ready' period as com 
pared to a production speed, periodic control signals 
are related to press cycles or revolutions instead of to 
time. In addition, in order to establish each control sig 
nal, a plurality of density measurements are made, and 
these measurements are combined to provide an error 
signal which is indicative of many samples taken during 
different press cycles. Especially in lithographic print 
ing, where the combined effects of ink and water may 
provide a large error in a single sample, this is impor 
tant to avoid overcompensating. This system provides 
a "smoothing' action in the response of the ink feed to 
the cyclical measurement, and is relatively non 
responsive to such occurrences as an ink-water imbal 
ance due to a press trip-off for only a few press cycles. 

Another aspect of the invention relates to control of 
neighboring or adjacent ink keys in a fashion which 
would prevent a tendency to destroy the effectiveness 
of the system resulting from certain of the keys moving 
out of contact relative to the ink fountain blade with 
which they cooperate. 

DESCRIPTION OF THE DRAWING 

Other aspects and features of the invention will be 
come more apparent upon consideration of the follow 
ing description taken in conjunction with the accompa 
nying drawings wherein: 
FIG. 1 shows one printing unit of a printing press hav 

ing an ink fountain and an ink density control system; 

FIG. 2 is a mechanical schematic view of an ink foun 
tain showin individual control elements such as keys for 
controlling the lateral distribution of ink; 
FIG. 3 shows a cylinder of the printing unit, several 

printed density test patches, and desitometer sensing 
heads for inspecting the test patches; 
FIG. 4 shows an edge view of a cylinder of the print 

ing unit and the placement of a densitometer head for 
reading optical densities from printed material; 
FIG. 5 is a block diagram of an electronic control cir 

cuit of an analog embodiment of the present invention; 

FIG. 6 is a graph of optical density of test patches as 
a function of the number of impression imprinted on 
material passing through the press, a first curve being 
shown for a prior art system and another for the present 
invention; 

FIG. 7 is a graph of ink key position for a typical ink 
key as a function of the number of impressions im 
printed on material passing through the press before 
and after a sudden change in optical density of printing 
is detected; 
FIG. 8 is a block diagram of a portion of an electronic 

control circuit for an alternate form of analog embodi 
ment of the present invention; 
FIG. 8A shows an analog embodiment switching cir 

cuit for associating each densitometer channel with a 
printing unit in a multiple-unit press; 
FIG.8B is a table of possible pairings of densitometer 

channels with printing units in a multiple-unit press; 
FIG. 9 is a block diagram of portions of the electronic 

control circuit for a digital computer embodiment of 
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the invention showing especially the optical density 
sensing portions of the equipment; 
FIG. 10 is a simplified block diagram of internal com 

ponents of a digital computer employed in the digital 
embodiment of the invention; 

Fig. 11 is a block diagram showing some details of 
the digital computer which relate to interfacing of the 
computer with external circuits; 
FIG. 12 is a flow chart of "interrupt' controls of the 

digital computer; 
FIG. 13 is a flow chart showing the utilization of press 

on-pressure signals and time-delay signals by the com 
puter when obtaining density data from the density sen 
Sors, 
FIG. 14 is a flow chart showing processing of sensed 

densitometer data in the digital computer embodiment 
of the invention; 
FIG. 15 is a graph illustrating the operation of a den 

sity reading validity test subroutine, by which erratic 
density readings are identified and rejected in both the 
analog and digital embodiments of the invention; 
FIG. 16 is a block diagram showing portions of a digi 

talembodiment which are related to actuators for oper 
ating ink keys of the ink fountains of the printing unit; 
and 
FIG. 17 is a flow chart showing steps in a process for 

preventing lift-off of keys from the fountain blade in 
presses in which a unitary fountain blade is employed. 

ANALOG COMPUTER EMBODIMENT 

Press Inking 
Referring now to the drawings, which are only for il 

lustrating the preferred embodiments and not for limit 
ing the invention, FIGS. 1, 2, 3 and 4 illustrate the in 
vention in conjunction with a conventional sheet-fed 
lithographic printing press. The press includes a plate 
cylinder 10, a blanket cylinder 12, an impression cylin 
der 14, and a transfer or delivery cylinder 16. The plate 
cylinder is inked by a conventional inker 18 comprising 
an ink fountain 20, an adjustable ducting mechanism 
22 including a duct roll 24, and a plurality of ink trans 
fer and vibrating rolls 26 and 28 located between the 
ducting mechanism 22 and the plate cylinder 10. 
The ink fountain 20 includes a fountain roll 30 which 

rotates in the ink fountain to form an ink film on the 
roll 30. The duct roll 24 is reciprocated between a posi 
tion in engagement with the fountain roll and a position 
in engagement with one of the vibrating rolls 28. While 
the duct roll 24 is in engagement with the fountain roll 
30, the latter is rotated an angular amount determined 
by the setting of an adjustable mask 32 of a pawl and 
ratchet drive 34 for the fountain roll. The extent of ro 
tation of the fountain roll 30 while in engagement with 
the duct roll determines, for a given film thickness on 
the fountain roll, the amount of ink transferred from 
the fountain roll to the duct roll and, in turn, the 
amount of ink transferred to the plate cylinder. 
The ink fountain 20 includes in addition to fountain 

roll 30, a fountain blade 36 which extends for substan 
tially the length of the fountain roll. The blade is flexi 
ble and is urged into engagement toward fountain roll 
30 by means of a plurality of ink keys in the form of 
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4 
such ink keys and motors at each ink fountain, only 
four are shown in the drawing, FIG. 2, for simplicity, 
For a more complete description of inker 18 and ink 
fountain 20, reference is made to U.S. Pat. No. 
3,185,088 to R.K. Norton, and assigned to the same as 
signee as the present invention. 
Each ink fountain key 38 can be moved to different 

positions by means of an actuator motor such as motor 
40 in order to admit more or less ink to the portion of 
the ink fountain which it controls. Changes in the posi 
tion of the ik fountain keys 38 are not apparent at a 
printed sheet 50 immediately; in inker train delay oc 
curs. Ink emitted to the ink fountain duct roll 24 must 
be transported around several inker rolls 26, 28 in suc 
cession to the printing plate 10, then to the blanket 12, 
and thence onto the printed sheet 50. Consequently, a 
delay of a number of impressions occurs before a 
change in ink fountain key setting can have any effect 
on the printed sheets 50. 
Even at the end of the inker train delay time, the 

thickness of ink deposited on an ink test patch printed 
on each sheet 50 does not rise immediately to a steady 
state value corresponding to the new ink key settings 
when, for example, the ink flow is increased. Some of 
the recently admitted ink is wiped back along the inker 
roll train, so there is a further delay in the increase of 
printed image density following a step change in the 
setting of an ink key. 
When no ink whatsoever is on the printed sheets 50, 

a small increase in amount of ink thereon makes a big 
difference in the printed density. On the other hand, 
when the density of ink being printed is already high, 
a similar small increase in ink film thickness makes very 
little difference. That is, the optical density of a test 
patch as a function of ink film thickness is, therefore, 
very nonlinear. The density nonlinearity becomes part 
of the transfer function of the principal loop of the ink 
control servomechanism. 
Control System, General 

In accordance with the present invention, a densi 
tometer head 41 is adjustably positioned on a support 
bar 48 as shown in FIGS. 1 and 4 so as to monitor sheet 
material 50 carried by the impression cylinder 14. On 
multi-unit sheet-fed presses, the densitometer head 41 
is preferably located at an impression cylinder 14 of the 
last color printing unit as illustrated herein. On web-fed 
presses the densitometer head 41 is preferably located 
after the dryer and the chill rolls, where the ink is dry. 

As will be described in detail hereinafter, the densi 
tometer head 41 includes a light source for transmitting 
light to sheet 50 to impinge simultaneously on at least 
one printed test patch surface area thereof and on an 
adjacent reference surface area, together with a pair of 
sensors for receiving light reflected from the two sur 
face areas and providing output signals indicative of the 
amount of reflected light received. These signals are 
applied to a gated densitometer circuit 51 which deter 
mines the optical reflection density of the ink on the 
test patch surface area and provides output signals for 
application to a control computer 53 for controlling 
motors 40, 42, 44 and 46 to operate the keys 38 to con 
trol the positioning of the fountain blade 36 in depen 

screws, such as key 38, shown in FIG. 1, by reversible 65 dence upon the measured ink density. Also, the gated 
motors 40, 42, 44 and 46 (FIG. 2) so as to control the 
flow of ink at various sections across the length of foun 
tain roll 30. Although the preferred embodiment has 46 

densitometer circuit 51 and control computer 53 may 
provide signals to a suitable visual display M to indicate 
to the pressman the density of ink reproduction. The 
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densitometer head 4 and circuit 5 are described in 
detail in the co-pending U.S. application of John M. 
Manring, Ser. No. 79,952, now U.S. Pat. No. 
3,756,725, filed Oct. 12, 1970, and entitled “Measure 
ment and Control of Ink Density.' 
The operation of the densitometer head 41, of gated 

densitometer circuit 51, and of control computer 53 
are synchronized with the movement of the sheet mem 
ber 50, as with a cam 52 provided with a lobe 54 for 
camming against a movable switch member 56 to 
contact electrically a stationary contact 58 so that an 
electrical signal, such as that taken from a DC voltage 
supply source B-, may be applied to gated densitome 
ter circuit 51 and control computer 53. 
Reference is now made to FIGS. 3 and 4 which are 

schematic illustrations of the impression cylinder 14 
carrying the sheet 50 past the densitometer head 41. As 
shown in FIG. 3, a transversely arranged colored ink 
test patch 60 is provided on the trailing edge of the 
sheet 50. Immediately adjacent the test patch 60 is the 
associated reference surface area 68. This surface are 
is an uninked area on sheet 50, although it may be 
printed in advance to provide a reference level of ink 
density if desired. The test and reference areas are each 
of small size, such as three-eighths inch by one-half 
inch. The test patch 60 printed on the paper is ordi 
narily solid printing but may be a half-tone. 
After being printed, the paper 50 bearing the test 

patch 60 travels through the press to the densitometer 
head 41. There the optical reflection density of the test 
patch 60 is measured and compared with the reference 
surface area 68 while the paper 50 is in motion. The 
gated densitometer circuit 51 is gated on for a short 
enough time so as to inspect only when the test patch 
is present at its field of view. A lamp 61, associated with 
and inside the densitometer head 41, is flashed to illu 
minate the test patch 60 and the reference area 68 at 
the time of measuring the density. The optical reflec 
tion density of the test patch 60 is ascertained by com 
paring light which is reflected from the test patch 60 
with light reflected from the unprinted reference area 
68, which is illuminated by the same flash of light from 
lamp 61. The ratio of the two reflected lights is used by 
the gated densitometer circuit 51 to determine the opti 
cal reflection density of the printed patch 60. The gated 
densitometer circuit 51 produces an analog output 
voltage 69 which is proportional to the logarithm to 
base 10 of that ratio, the lagarithm being called, in this 
art, the optical reflection density. 
Included in the gated densitometer circuit 51, near its 

output, is a holding circuit which holds the results of 
each density reading until the next succeeding density 
reading is made. Thus, the gated densitometer circuit 
always provides an output signal 69 indicative of the 
most recently completed density reading. 

In the analog circuit embodiment now being de 
scribed, a separate complete system is shown for each 
individual longitudinal stream of test patches such as 
test patch 60, to simplify the description. The separate 
systems can communicate with each other, as will be 
illustrated below. If desired, the equipment can easily 
be arranged to share circuits among several streams of 
test patches such as patches 62, 64 and 66 (FIG. 3), 
and to provide for a plurality of colors as will be shown 
in the description of the digital embodiment below. 
Filter and Reference Comparator 
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6 
The density signal voltages 69 produced by the gated 

densitometer circuit 51 are conducted to the control 
computer 53, a block diagram of which is shown in 
FIG. 5. In the analog embodiment, control computer 
53 is an analog circuit. At the input of control com 
puter 53 is a filter 71 for smoothing of the measured 
density data. The filter 71 is a one-pole low-pass type 
having a cutoff frequency above which the density sig 
nals are greatly attenuated and below which the signals 
are not attenuated appreciably. The low-pass filter 71 
prevents occasional erratic density readings 69 from 
excessively influencing the settings of the ink keys 38. 
Erratic readings may be caused by electrical noise and 
other factors. The filter 71 averages the density read 
ings 69 appearing at its input, and produces at its out 
put a voltage 73 which is influenced by previous read 
ings as well as the most recent density readings 69. If 
the press were always to be run at a constant speed so 
that successive density readings were produced at a 
constant rate, the cutoff frequency of the data smooth 
ing filter 71 could be constant. In the usual situation, 
however, in which variations in press speed occur, a 
different number of printing impressions and, there 
fore, a different number of density readings would 
occur within the time constant of the filter if the time 
constant were not adjustable. A low-pass filter with a 
controllable variable cutoff frequency is, therefore, 
employed, having a cutoff frequency that is propor 
tional to the press speed, and therefore proportional to 
the number of density readings per unit time that are 
being produced. A tachometer 76 on the press provides 
a control signal to relays 78 which connect and discon 
nect shunt capacitors in the filter to adjust the cutoff 
frequency, as is known in the prior art. 
An output voltage 73 from the low-pass filter 71 rep 

resents the filtered actual density; it is connected to one 
input of a comparator 75. There it is compared with a 
density reference signal 77' from a DC reference 
source 77 connected to a second input of the compara 
tor 75, whose signal value is manually adjustable. The 
density reference signal 77' minus the output voltage 
73 from the data smoothing filter 71, constitutes an 
error signal 79 which is sent out by the comparator 75. 
Error signal 79 represents a discrepancy between the 
desired density and the actual density. It serves as an 
input to the remainder of the system to control the set 
tings of the ink keys 38 so as to correct the density and 
thereby to reduce the error signal 79 to a negligible 
amount. 

The error signal 79 is amplified by an amplifier 81 
whose gain is not constant, but instead depends upon 
the magnitude of the error signal itself. For high magni 
tudes of input error signal 79, irrespective of their sign, 
the gain of the amplifier 81 is less than its gain for lower 
values of the error signal. Consequently, a final output 
voltage from the amplifier 81 is a nonlinear function of 
its input voltage 79. This characteristic reduces and 
controls the amount of ink key overshoot that would 
otherwise result from the delays in the press. The sign 
of the output signal of amplifier 81 is responsive to the 
sign of signal 79. The nonlinear gain characteristic of 
the amplifier 81 can be manually adjusted by increasing 
the attenuation setting of an attentiator 80 which pre 
cedes the amplifier and at the same time decreasing the 
attenuation setting of another attenuator 82 which foll 
lows the amplifier, or vice versa. The proper attenuator 
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settings for a job depend upon ink opacity, viscosity, 
and other factors. 
Integrating and Differentiating Circuits of the Control 
ler 
An error signal voltage 83, which is present at the 

output of the attenuator 82, is effectively transmitted 
to three essentially parallel circuit channels in each of 
which that signal is treated differently. In one channel 
92, the error signal 83 simply passes through, essen 
tially unmodified, to a summingjunction 94. In another 
of the channels 96 the signal is integrated with respect 
to press impressions, and connected to the same sum 
ming junction 94 as the essentially direct signal 92. The 
third parallel channel 100 has a differentiating circuit 
for anticipating future requirements for ink flow. An 
output voltage 102 of the differentiating circuit 100 is 
connected to the same summing junction 94 as are the 
other two channels 92 and 96. 
Further details of the three parallel circuit channels 

are as follows: 
Error signal 83 is connected to a first sample-and 

hold module 104 for storing temporarily the most re 
cent reading of the error signal. The first sample-and 
hold module 104 accepts the most recent value of the 
error signal 83 which is presented at its input and holds 
that value available at its output until such time as a 
new value of signal 83 is made available and is ac 
cepted. Acceptance by module 104 occurs upon issu 
ance of a pulse on a circuit 86 from a synchronizing cir 
cuit 84, as is conventional with sample-and-hold mod 
ules. The output of the first sample-and-hold module 
104 connects to the summing junction 94 and serves as 
a proportional signal or direct essentially unmodified 
error signal components into that summing junction. 
The output signal 83 of the potentiometer 82 is also 

connected to a sampling switch 85. Switch 85 closes 
and reopens once for each new reading 69 of density 
made for the inker keys being controlled. The functions 
of switch 85 can be performed by either a static or a 
mechanical switching device under indirect control of 
the synchronizer 52, which paces the synchronizing cir 
cuit 84. 
The length of time during which switch 85 remains 

closed is always the same irrespective of its frequency 
of closing because of the manner of operation of circuit 
84. While contacts 85 are closed, the voltage 83 de 
rived from the output of the nonlinear amplifier 81 is 
applied to an input of an integrating amplifier 98. Small 
errors in density will therefore accumulate and cause a 
correction in ink key position to be made after a time. 

A circuit 87 applies the output signal from the first 
sample-and-hold module 104 to a second sample-and 
hold module 106 which stores the error signal reading 
of the immediately preceding press impression. At the 
time of occurrence of a pulse on a strobe circuit 88, 
which is shortly before the pulse on circuit 86, the sec 
ond sample-and-hold module 106 accpets into its hold 
circuit the voltage that is standing on its input terminal 
at that time. This is the same voltage that was standing 
at the output terminal of the first sample-and-hold 
module 104 immediately prior to the most recent pulse 
mentioned above on circuit 86. Upon the pulse on cir 
cuit 88, the second sample-and-hold module 106 pro 
duces at its output terminal 108 a voltage equal to the 
previous press impression density error signal. Thus, 
upon each occurrence of pulse pair 88, 86, each sam 
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8 
ple-and-hold module 106, 104, respectively, produces 
at its output terminal a new value of voltage, the value 
appearing at the output of the second sample-and hold 
module 106 being the same value as that which was ap 
pearing previously at the output of the first sample-and 
hold module 104. In this way, two voltage readings are 
made available at any time. One reading represents the 
most recently produced error signal 83; the other rep 
resents the error signal from the immediately preceding 
reading. 
The output voltages of the two sample-and-hold 

modules 104, 106 are applied to a subtracting circuit 
110, with such polarity that the previous reading's error 
signal 83 is subtracted from the most recent error signal 
83 to produce a further signal representing the change 
which occurred between the most recent signal and the 
signal immediately preceding it. This change, which is 
of the nature of a derivative, is applied to an amplifier 
112. The output voltage 102 of amplifier 112 therefore 
represents a rate of change of error signal 83 with re 
spect to press impressions. Output signal 102 is applied 
to the summing junction 94 with the same polarity as 
were the proportional signal 92 and the integrated sig 
nal 96 described above. 
Without the differentiating channel 100, the density 

of the printed test patch 60 would recover to its desired 
steady state value rather slowly following a sudden 
change in density caused by an external disturbance. 
This is shown in FIG. 6, as curve A, for a sudden de 
crease of density caused by something other than ink 
key settings. The number N of printing pmpressions 
that must be made before the optical density has sub 
stantially returned to its initial and correct value is con 
siderably reduced by temporarily opening the inker 
keys extra far, in anticipation of the setting delay NA, 
when the sudden change of density occurs. The exag 
gerated opening of the ink key settings then causes a 
compensatory excess of ink to flow at the beginning of 
the correction period, which reduces the required num 
ber of settling impressions from N to N, as shown in 
curve B of FIG. 6. 
FIG. 7 shows a typical graph of ink key position ver 

sus impression count, which is carried out by the foun 
tain keys 38 in order to compensate to the extent possi 
ble for the settling phenomenon. After an appropriate 
amount of extra ink flow has occurred through the un 
usually enlarged ink gap opening, the gap opening is re 
duced by circuit 100 to its steady state value so that the 
density actually printed on the train of test patches 60 
will not overshoot its desired final value. As a result, 
the ink density patches 60 rises rapidly to a value close 
to its final value, and then tapers into its final value as 
ymptotically at a somewhat earlier number of impres 
sions N than it would have without the compensatory 
ink flow. This compensatory ink key behavoir is ac 
complished by the differentiating channel 100 of the 
three-channel signal-processing circuit in the manner 
just described. To summarize, differentiating circuit 

O 104, 106, 110, 112 produces a signal proportional to 

65 

the first derivative of the error signal present at its in 
put; the total signal that drives the ink keys therefore 
has a component which forces a rapid correction of 
density variations. 
Actuator Drive Circuit 
An output signal 114 from the summing junction 94 

connects to an input 116a of a driver amplifier 116 for 
producing a signal 117 driving a duty cycle modulator 
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118. The duty cycle modulator 118 converts the signal 
117 to a series to pulses or bursts of AC wave 120, to 
produce step changes in key positions. One group of 
the keys 38 are driven by key actuators 40, which are 
connected to modulator 118 in the simplified analog 
embodiment being described. Keys are selectively asso 
ciated with particular densitometer heads 41 by patch 
connections 121 at the inputs to the actuators 40. (The 
modulator 118 can instead be connected to control the 
inker pawl and ratchet 34 is desired, or several densi 
tometer heads can be multiplexed in an analog embodi 
ment to control several groups of keys 38 indepen 
dently, as described in the digital embodiment herein 
below.) 
A sample of the output signal 120 of the duty cycle 

modulator 118 is also rectified and smoothed by a 
diode and filter circuit 124 and applied to the input of 
an integrating amplifier 126, which serves as an accu 
mulator. This accumulator 126 is resettable to zero by 
means of a momentary-acting relay 89 which is con 
trolled by the synchronizing circuit 84. The accumula 
tor 126 is reset to zero when a pair of contacts 89' or 
relay 89 close briefly immediately before the time of 
the strobe pulse on circuit 88. Contacts 89' close only 
long enough to short-circuit a capacitor 128 connected 
from input to output of the accumulator amplifier 126 
so as to reset the accumulator amplifier's output signal 
130 to zero; thereafter, the accumulator amplifier 126 
accumulates a voltage at its output 130 which corre 
sponds to whatever changes in position of the actuator 
occur during the current press impression interval, 
which is an error-correction interval. The output signal 
130 from the accumulator 126 is connected as a feed 
back signal to a second input 116b of the driver ampli 
fier 116 so as to subtract from the principal input signal 
114 of the driver amplifier. During an error-correction 
interval, after the actuators 40 have been driven far 
enough for the signal 120 to build up a voltage 130 at 
the output of the accumulator 126 and at input 116b 
which is equal in magnitude but opposing the voltage 
114 at the input 116a of the driver amplifier 116, the 
output signal 117 of the driver amplifier 116 becomes 
zero. The amount of ink flow correction that was re 
quired during the subject correction interval has then 
been accomplished and no further correction will be 
made until the next correction interval. Ordinarily, the 
full correction that is called for by the signal 114 will 
be completed before the next density error reading is 
obtained. 
Alternative Actuator Drive Circuit 
FIG. 8 shows an alternative embodiment of portions 

of the control computer 53 related to the actuators 
140. This is an alternative to the portion of the afore 
described circuits which follow the summing junction 
94. The alternative actuator circuit of FIG. 8 differs 
from the first actuator circuit (FIG. 5) in that the alter 
native circuit has feedback from an actuator-driven po 
tentiometer 136, while the actuator circuit uses, in 
stead, an accumulator amplifier 126. Moreover, in the 
alternative circuit, duty cycle modulation is not em 
ployed. The alternative circuit of FIG. 8 has an inker 
ratchet-control feature also. 
A signal 114 for the alternative actuator circuit is ob 

tained from the summing junction 94, and is connected 
to a principal input 132a of an amplifier 132. 
Another input 132b of amplifier 132 receives a posi 

tive feedback signal 134 indicative of the present posi 
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tion of a key actuator 122. Voltage 134 is derived from 
the potentiometer 136 whose movable arm is driven by 
actuator 122. The signals 114 and 134 are added in am 
plifier 132. Their sum represents a desired new position 
of the actuator, because it represents an actual present 
key position as indicated by signal 134 plus a desired 
change as indicated by signal 14. An output signal 138 
of amplifier 132 connects to a third sample-and-hold 
module 140. A command pulse occurs on synchroniz 
ing circuit 89" shortly after occurrence of the pulse, 
mentioned above, on circuit 86. Thereupon, the third 
sample-and-hold module 140 accepts and provides at 
its output terminal a voltage 142 representative of a de 
sired new position of the actuator 122, and holds it es 
sentially throughout of the subject correction interval. 
The voltage 142 is maintained constant by the sample 
and-hold module 140 even though a correction is being 
carried out by the actuator 122 during the presenter 
ror-correction time interval. 
The output signal 142 of the third sample-and-hold 

module 140 connects to a combining junction 144 
where it is combined with the voltage 134 which repre 
sents the instantaneous position of the actuator 122. 
The voltage 134 is subtracted in the combining junc 
tion 144 from the desired position of the actuator 122, 
which is represented by the output signal 142, to pro 
duce a signal 146. 
The signal 146 is connected through a relay contact 

D to an amplifier 148 and is an error signal, which at 
all times corresponds to the amount of correction re 
maining to be made by the reversible actuator 122 dur 
ing the current error-correction interval. The actuator 
motor 122 receives a voltage output from amplifier 148 
which drives the actuator 122 to change the position of 
corresponding ink keys 38, and also to move the trans 
fer arm of the potentiometer 136, which affects the 
voltage 134 at the transfer arm. After key 38 and the 
transfer arm of the potentiometer 136 have been com 
pletely driven to a desired new position, the voltage 
134 equals the voltage 142 held by the third sample 
and-hold module 140; the error signal 146 is zero, and 
the actuator 122 does not operate any further during 
that correction interval. 
Where one densitometer and control circuit must ac 

tuate a plurality of keys 38, each key has an individual 
respective actuator, all actuators of the same group are 
driven in common by amplifier 148, and only one of the 
keys 38 is selected to have its potentiometer 136 pro 
vide the signal 134 for its group of keys. 
Ratchet Pullback, Analog 
A ratchet pull-back circuit is provided to sense when 

any ink key 38 (or key group) has approached too 
closely to either limit of its possible range of adjust 
ment. When any key has been adjusted to such a close 
position, the pawl and ratchet drive 34 for the ink foun 
tain 20 is automatically re-adjusted. Ratchet re 
adjustment changes the amount of ink provided, with 
out a change in ink key positions, and therefore 
changes the density of all of the test patches. The 
equipment of FIG. 8 thereupon automatically responds 
by actuating the keys to a more central position where 
no ink key is near a limit. The ratchet change is accom 
plished by sensing the position of the arm of the feed 
back potentiometer 136 and comparing the position 
signals 134 produced by potentiometer 136 with key 
limit reference voltages. 
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A high-low comparator 150 has a sensing input ter 
minal 151 connected to the actuator position 
indicating potentiometer 136. If the actuator position 
voltage 134 becomes too great or too small by compari 
son with high and low DC reference voltages 152, 153, 
which are put into the high-low comparator from a cir 
cuit 162a, the high-low comparator 150 produces an 
output signal which operates a relay 154. The high and 
low reference voltages 152, 153 are predetermined 
percentages of whatever voltage 162a exists over-all on 
the potentiometer 136. Contacts 154a of the relay 154 
are shown in a de-energized position D of the relay, in 
which the output 146 of summing junction 144 is con 
nected to the input of amplifier 148. This is the normal 
position of the relay 54 and is its position when the 
key 38 being controlled is not out of range in either di 
rection. When the relay 154 is actuated by the high-low 
comparator 150 as a result of the key's traveling too far 
in either direction, the output signal 146 from the com 
bining junction 144 is connected by means of a relay 
contact E to a summing resistor 155. The summing re 
sistor 155 and other summing resistors of the same type 
from other key groups on the same printing press 
(color) unit are connected to an input of a summing 
amplifier 156. The summing amplifier 156 is used in 
common by all of the key groups for one color unit. An 
output of the summing amplifier 156 drives a bi 
directional ratchet motor 158, which in turn moves the 
ratchet assembly 34, of which there is only one for each 
color unit. A ratchet position potentiometer 160 has its 
transfer arm controlled by the ratchet assembly 34 so 
as to produce a position signal 162. The ratchet posi 
tion signal 162 is connected to one extreme terminal of 
every actuator position potentiometer 136. As a result, 
the output signal 162 of the ratchet position potentiom 
eter 160 serves as a multiplying factor upon the posi 
tion of the transfer arm of every potentiometer 136 and 
therefore the ratchet position signal 162 is one factor 
of the voltage signal 134 produced at the transfer arm 
of each actuator potentiometer 136. Each group of 
keys is represented by a potentiometer 136 and a signal 
134. 
The operation of the ratchet pullback circuit is as foll 

lows. When no key 38 is near a limit, the high-low com 
parator 150 outputs a zero signal, and the relay 154 is 
de-energized. The control loops behave routinely as de 
scribed above. If, however, one key group's representa 
tive key 38 approaches too closely to a limit of its range 
of travel, the high-low comparator 150 puts out a signal 
to the relay 154, which energizes the relay, placing its 
contacts 154a in the position E. The amplifier 148 and 
the actuator 122 for the subject group of keys 39 there 
after receive a zero input signal and the actuator 122 
does not move for the remainder of the correction time 
interval which is currently in progress. Instead, the 
error signal 146 from the combining junction 144 is 
connected through the relay contact E to the summing 
register 155 and hence to the summing amplifier 156. 
The amplifier 156 and the motor 158 operate the 
ratchet 34 to a new position to provide the remaining 
correction signal required through the circuit consist 
ing of the potentiometer 160, its output signal 162, the 
potentiometer 136 and its output signal 134 for the 
subject group. The ratchet 34 operates during the cur 
rent correction interval until such time as the feedback 
signal 134 is equal in magnitude to the signal 142 from 
the sample-and-hold module 140. At that time, the 
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combining junction 144 puts out a zero signal 146 and 
the ratchet motor 158 stops. 
While the ratchet 34 is being operated to its new po 

sition, the ratchet position signal 162 is changing; that 
signal 162 is applied not only as a reference for the 
comparator 150, and to the actuator position potenti 
ometer 136 for the group of keys which has encoun 
tered a limit, but also to the corresponding actuator po 
sition potentiometer for other groups of keys through 
bus 157. Consequently, each of the other groups of 
keys experiences a change in its reference signal 134 
within the same current correction interval. The other 
groups of keys have not caused their comparator relays 
(corresponding to relay 154) to operate, so the error 
signal 146 produced by the combining junction 144 of 
each of the unlimiting key groups passes through the 
normal position D of respective relay contacts 154a to 
amplifier 148 in each such group. Amplifier 148 in 
each such unlimiting group operates its respective actu 
ator or actuators 122 until the feedback potentiometer 
136 representing each group has changed to such a new 
position as to cause its error signal 146 to be zero. Ac 
tuators 122 for the unlimiting groups then have zero 
signals, and stop moving. This circuit permits unlimit 
ing key groups to correct their actuator 122 positions 
in response to a change of ratchet 34 position without 
relying upon the principal feedback loop through the 
inker and the printed paper and the densitometers to 
perform the correction. The necessary changer are 
therefore made before the density readings are substan 
tially affected, and are made independently of the devi 
ations of the principal error signal 114. The term 
ratchet is used herein to represent any ink feed rate 
control technique other than keys, which simulta 
neously affects an entire fountain, such as the ratchet 
itself, speed of the fountain roll, or duct roll dwell time. 

In a similar manner, other changes in the printing 
process which are capable, in the absence of a change 
in the setting of the ink keys 38 of later affecting the 
density of ink deposited on the paper, can provide com 
pensatory signals to change the key settings to prevent 
changes in ink density, without waiting for a density 
error to occur. Another example of such a change is a 
change in the water feed rate. 

SEOUENCE OF OPERATION 
A time sequence of operation of the analog system of 

FIG. 5 is as follows. 
Usually the ink keys 38 have been set by the press op 

erator to provide approximately correct ink feed for 
the job layout which is to be produced, when a printing 
unit first goes on impression. The inker rolls 26, 28 
have ordinarily been pre-inked before a printing unit 
goes on impression. To illustrate the system's opera 
tion, a situation will be described in which the press 
goes on impression with some of the ink keys 38 ini 
tially too far closed and therefore with insufficient ink 
on the corresponding lateral portion of the inker 18. 
When the press goes on impression, auxiliary contacts 
164 (FIG. 5) of an impression on-off solenoid, which 
is part of the press' electrical controls, start a delay de 
vice 166, which counts to a predetermined number of 
impressions and then puts out a signal 168 to enable the 
densitometer 5 and the modulators 118. This activates 
the controller. 
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In the example presently being described, insufficient 
ink is deposited on the paper at first, so the area of a 
test patch 60 has a semi-blank appearance not much 
different from the appearance of the neighboring blank 
reference area of the paper. After passing the blanket 
cylinder 12, the lightly-printed test patch travels a dis 
tance to a place where it passes under the densitometer 
head 41. The densitometer head 41 and the gated den 
sitometer circuit 5i inspect the paper at the first test 
patch area 60 and find that not enough ink has been 
printed on it. The gated densitometer circuit therefore 
outputs a low voltage signal 69 corresponding to a low 
density reading. 
The low signal voltage 69 from the gated densitome 

ter 5 is conducted to the control computer 53, where 
it is filtered by the filter 71, which is storing zero volt 
age initially. The filter 71 averages the new low reading 
69 with the previous zero initial condition, and outputs 
a low voltage 73 to the comparator 75. If desired, an 
additional impression-count or time-delay relay may be 
employed to permit a number of density readings to be 
accumulated before any ink keys are moved to new po 
sitions. 
This low smoothed density reading is compared with 

the reference voltage 77 which has previously been ad 
justed to correspond to some non-zero desired value of 
density. Of course, a great error signal 79 results, which 
is applied to the non-linear amplifier 81. 
The non-linear characteristic of the non-linear ampli 

fier 81 has very little effect upon the servo operation 
unless there is a large error signal. For example, when 
there is almost no ink on the paper, a very large error 
occurs; because of the nonlinearity, signal 83 from am 
plifier81 is not large in the same proportion. On a basis 
of error size alone, the nonlinear amplifier therefore 
acts as a signal compression circuit for large error sig 
nals to prevent over-shoot of the density correction. 
A large signal 83 from the output of the nonlinear 

amplifier81 is stored in the first sample-and-hold mod 
ule 104. Because insufficient ink has been printed in 
this example, the proportional circuit channel 92 pro 
vides a large component of error signal to the summing 
junction 94. Also, a great rate-of-change-of-error signal 
102 is created by the derivative circuit 100 and applied 
to the summing junction 94 because the second sam 
ple-and-hold module 106 stores zero error signal at the 
start. The integrating channel 96 provides only a mod 
erate signal component. The three channel signals 92, 
96, 102 are summed at the junction 94 and applied to 
the driver amplifier 116 of FIG. 5, whose other input 
signal 130 is zero because the accumulator 126 was re 
cently reset to zero by relay contacts 89. The driver 
amplifier 116 puts out a large error signal to the duty 
cycle modulator 118, which starts to drive the ink keys 
38 open rapidly by means of the actuators 40. Ink flows 
to the inker rolls 24, 26, 28. 
More low density readings are made by the densitom 

eter while the increased ink flow is being transported 
through the series of inker rolls 26, 28 to the paper 50, 
and the ink keys are driven open relatively far. When 
the increased ink flow reaches the paper 50 the optical 
density of the test patch 60 increases. After a time, the 
optical density becomes great enough that the signal 69 
from the gated densitometer 51 is of such magnitude as 
to make the signal 79 become zero at the non-linear 
amplifier 81. Shortly thereafter, the key actuators 40 
cease to receive any significant correction signal 120 
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from the duty cycle modulator 118. The control system 
is in equilibrium and is automatically controlling the 
optical density of the printed test patch 60 by control 
ling the ink keys 38. 
Additional identical control systems are provided for 

other lateral portions of the fountain roll; the additional 
systems include densitometer heads 43, 45, and 47 of 
FIG. 3, more gated densitometer circuits for processing 
the signals, and actuator motors 42, 44, 46 (FIG. 2). 
Open Loop Operation 
The ink keys 38 can be controlled in open-loop fash 

ion by a press operator instead of by the closed-loop 
method described above. In open-loop operation, 
which is simpler, the operator may manually adjust DC 
signals and apply them through a manual-or-automatic 
selection switch 170 from a point 172 in the circuit of 
FIG. 8, in place of the automatic signals 142. The same 
manual input provisions serve for pre-adjustment of 
keys before starting. A digital embodiment to be de 
scribed below can also be operated either open-loop or 
closed-loop, with a press operator observing a display 
of density readings and making corresponding adjust 
ments in the open-loop mode of operation by holding 
a switch depressed. 
Associating Densitometer Channels with Printing Units 
& Displays 

In a printing press having a plurality of printing units, 
each unit ordinarily prints a different color of ink. It is 
sometimes desirable to change the assignments of col 
ors among the plurality of printing units so that, for ex 
ample, yellow images may be printed by unit no. 1 on 
one job and by unit 2 on a different job. 

It is convenient to associated a particular sensor 
channel in densitometer head 41 and a particular gated 
densitometer circuit of densitometer 51 always with the 
same color, regardless of the particular printing unit by 
which that color is printed. For example, the sensor 
channel A and the gated densitometer circuit channel 
A may always be associated with the color yellow. This 
is convenient because the location of the densitometer 
head 41 is usually fixed with respect to the press frame, 
the color filter used for each color is installed in a par 
ticular position of the densitometer head 41, and the 
test patch of that color is always printed in the same lat 
eral position on the paper irrespective of which printing 
unit is employed to print that particular color. Also, a 
calibration adjustment peculiar to each color is made 
in the gated densitometer channels. Consequently, to 
avoid having to relocate the color filters and to recali 
brate the densitometer channels, the electrical output 
of each measurement channel, consisting of a sensor 
and a channel of the gated densitometer circuit, is most 
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conveniently associated always with the same printed 
color. When changes are made in the printing unit 
upon which the colors are to be printed, therefore, the 
outputs of the various gated densitometer channels, 
which remain with the same color, must be switched so 
that they control the different printing unit. 

It is more convenient for the operator if each printing 
unit display be associated always with a particular 
printing unit rather than with a particular color. There 
fore, when colors are interchanged among the printing 
units, each display, M, remains with the same printing 
unit rather than follow any particular color. This situa 
tion requires that the various gated densitometer chan 
nels be switchable at their outputs so as to operate dif 

"... 
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ferent display units that are permanently associated 
with the printing units. 
FIG. 8A shows a switching circuit for associating col 

ors with printing units and displays. Three channels A, 
B and C are shown, each more or less permanently as 
sociated with a respective color A, B or C to be printed. 
Three printing units and displays M are shown, No. 1, 
No. 2 and No. 3. A six-position switch 174 is arranged 
so as to connect the outputs of the gated densitometer 
channels A, B and C in six different permutations to the 
three printing and display units No. 1, No. 2 and No. 
3, FIG. 8B. In switch position 2, for example, the out 
put of the dated densitometer circuit A is connected to 
control the printing unit and display No. 1, the output 
of gated densitometer circuit C is connected to control 
the printing unit and display No. 2, and the output of 
gated densitometer circuit B is connected to control 
the printing unit and display No. 3. Switch 174 has ad 
ditional poles, omitted to simplify the drawing. 

DIGITAL COMPUTER EMBODIMENT 
A second embodiment of the invention utilizes, as 

part of the control computer 53 of FIG. 1, a digital 
computer instead of an analog computer. FIG. 1 ap 
plied to both the analog and digital embodiments. In 
the latter, the output voltage 69 of the gated densitom 
eter circuit 51 passes through an analog-to-digital con 
verter (which is an input portion of control computer 
53), before being presented to the digital computer it 
self, which is also included in control computer 53. 
FIG. 3 shows an arrangement for controlling only one 

printing unit. Where several colors are printed, as in 
the present embodiment, additional test patches, not 
shown, similar to patch 60, and additional reference 
areas similar to area 68 are provided. Additional sen 
sors with color filters are incorporated in densitometer 
heads for measuring light reflected from the additional 
color patches, which should not be confused with 
patches 62, 70, etc., for other parts of the roll width. 
Only one lamp is provided in each densitometer head 
for serving all colors in common, but every printed sur 
face area and reference area to be measured requires 
an individual sensor to receive reflected light from the 
aca. 

Control equipment for the digital embodiment is 
shown in FIG. 9 for a three-color press having eleven 
densitometer heads arranged laterally across the width 
of the press. The purpose of the densitometer heads, 
the gated densitometer circuits, and the analog-to 
digital conversion equipment is to measure the optical 
reflection density of each test patch and to present the 
results to a digital computer 208 in the form of digital 
data. 
Densitometer Multiplexing 
Some components of the densitometer equipment 

are used in common for several measurement channels. 
They are time-shared by means of multiplexing equip 

ent. 

As shown in FIG. 9, eleven densitometer heads 180 
to 190 are provided. Each densitometer head includes 
one flash lamp 180L to 190L. 

In a three-color press, each flash lamp is positioned 
so as to illuminate three test patches of different colors 
and three unprinted reference areas near the test 
patches. (Instead, one unprinted reference area could 
serve three colors, if desired.) Each densitometer head 
180 to 190 receives reflected light from the three test 
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patches and from the three unprinted reference surface 
areas under it. In this way, each densitometer head ob 
tains data regarding three colors. Four densitometer 
heads 41, 43, 45, 57, each having one pair of light 
sensitive detectors for measuring the density of one 
color, were described above in connection with the an 
alog embodiment of the invention; the digital embodi 
ment is similar except that there are eleven densitome 
ter heads 180 to 190 distributed across the width of the 
press and each densitometer head has three pairs of 
light-sensitive detectors to accommodate the three col 
ors being printed. A synchronizing device 52' connects 
a lamp trigger signal to a trigger signal input 202L of 
a lamp multiplexer 191. Another set of input terminals 
for the lamp multiplexer 191 is connected to receive 
data on lines 194 from a ring counter 196 for selecting 
one lamp at a time. The multiplexer 191 has eleven out 
puts, each of which connects to and operates one of the 
eleven flash lamp units 180L to 190L. 
For each printed color A, B, C, the eleven sensors 

which receive light reflected from test patches are all 
connected to a multiplexer 192A, 192B, 1920, respec 
tively. Also connected to the multiplexers 192A, B, C, 
are digital data lines 194 from the ring counter 196, 
which is further described below, for selecting one of 
the eleven sensors. Only one output signal 193A, B, C 
is connected from each test signal multiplexer 192A, B, 
C, respectively, to each gated densitometer circuit 
198A, B, C. 
For each color A, B, C, the eleven sensors which re 

ceive light reflected from the unprinted reference areas 
are connected to another multiplexer 200A, B, C, re 
spectively. Only one selected output signal 195A, B, C, 
is connected at a time from each multiplexer 200A, B, 
C, to a second input of the gated densitometer circuits 
198A, B, C, respectively. Also connected to the gated 
densitometer circuits is a pulse signal 202 derived from 
the synchronizer 52' The synchronizing device 52' is of 
the type 52 described above in connection with the an 
alog embodiment. The output pulses 202 on a bus from 
the synchronizer 52' are conducted to gate inputs 
202A, B, C, of each gated densitometer circuit 198A, 
B, C, respectively, for gating purposes. 
An output of each gated densitometer circuit 198A, 

B, C, is an analog voltage signal representing the den 
sity of whichever one of the eleven heads 180 to 190 
was most recently sampled. Each analog density signal 
is connected to an analog-to-digital converter 204A, B, 
C, whose digital output lines are connected through 
switching gates 206A, B, C, respectively, to the digital 
computer 208. 
Thus, identical sets of density measuring equipment 

are provided for each of the color units of the printing 
press, except that the flash lamps, synchronizer, ring 
counter, and digital computer and some miscellaneous 
components are used in common by all of the color 
units. 

Forty-six ink keys 38 collectively span the width of 
the printing press, but only eleven densitometer heads 
180 to 190 are provided to span the same width. Conse 
quently, some of the densitometer heads 180 to 190 
must serve to control more than one fountain key 38. 
One approach to distributing the fountain keys among 
the densitometer heads is to have nine of the densitom 
eter heads each control four fountain keys and to have 
the other two densitometer heads each control five of 
the keys. It is more satisfactory, however, to group the 
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keys 38 in accordance with the form density of the im 
ages to be printed, form density being the dependence 
of required ink flow upon the form of the images cur 
rently being printed by the press at various positions 
across the width of the press. At portions of the press 
where the form density changes rapidly (laterally 
across the width), each densitometer head 180 to 190 
may control relatively fewer of the fountain keys 38. 
Sequence of Operation of Density Measuring Equip 
ment 
The density measuring equipment operates as fol 

lows. Let the ring counter 196 be assumed to have a 
count of 1 standing at its output terminals, before a syn 
chronizing pulse 202 occurs. The ring counter's output 
data 194, which is this count of , is connected to an 
input of the lamp multiplexer 191; it causes the trigger 
input 202 to the lamp multiplexer 191 to be connected 
internally in multiplexer 191 to lamp 180L and not to 
any of the other ten outputs of lamp multiplexer 191. 
Lamp 180L does not yet flash, however. When the 
press reaches a particular phase position, a cam 54' 
similar to cam 54, of the synchronizer 52' actuates a 
movable arm 56' similar to arm 56 and causes a voltage 
to be applied to the synchronizing line 202 which is 
connected to the trigger input of the lamp multiplexer 
191 and to the gate terminals 202A, B, C, of the gated 
densitometer circuits 198A, B, C, respectively. The 
synchronizing device 52' produces a pulse 202 once for 
each impression time interval of the press. The leading 
edge of the synchronizing pulse 202 is timed to cause 
a selected lamp, in this example lamp 180L, to flash 
when the corresponding printed test patches are in a 
proper position for measurement, under the density 
head 180. The leading edge of the synchronizing pulse 
202 triggers a flash unit of the lamp 180L, causing light 
to fall on three colored test patches and on three un 
printed reference areas adjacent to them. None of the 
other printed test patches or reference areas are illumi 
nated by their flash lamps during this particular meas 
urement interval, that is, at the time of this printing im 
pression. 
Light is reflected from the three colored test patches 

into three sensors of densitometer head 180. Each test 
multiplexer 192A, B, C, connects only this one input 
(from head 180) of its eleven inputs through to its sin 
gle data output 193A during the present measurement 
interval, the choice of input being under control of the 
ring counter 196 through data lines 194 connected 
from the ring counter's output to the test multiplexers 
192A, B, C. While the ring counter's count is 1, each 
of the three test multiplexers 192A, B, C, connects a 
density signal received from density head 180 to its out 
put and therefore to the test signal input 193A, B, C, 
of the gated densitometer circuits 198A, B, C, respec 
tively, for the color involved. 
Light is also reflected at the same time from the three 

unprinted reference areas into three reference sensors 
of density head 180. The three reference multiplexers 
200A, B, C, connect the three reference signals to the 
respective three reference data inputs 195A, B, C, of 
the three gated densitometer circuits 198A, B, C. The 
multiplexers 200A, B, C, are under the control, (via 
lines 194) of the ring counter 196, which has selected 
the signals from density head 180 in the present meas 
urement interval. Each of the three gated densitometer 
circuits 198A, B, C, receives a gating signal 202A, B, 
C, from the synchronizing device 52' which is the lead 
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ing edge of the same synchronizing pulse that triggered 
the flash lamp 180L. The gated densitometer circuits 
198A, B, C, thereupon accept both the test data and 
reference data into their circuits. 
Each gated densitometer circuit 198A, B, C, pro 

duces an analog output signal which represents the op 
tical reflection density of the test patch of its respective 
color. The three optical density signals, one for each 
color, are connected to the inputs of analog-to-digital 
converters (A/Ds) 204A, B, C, which convert them 
into binary data and apply them to output terminals of 
the three A/Ds. 
The trailing edge of the aforementioned synchroniz 

ing pulse 202 sets a device flag flip-flop. 210A, B, C, 
corresponding to each of the three A/D converters 
204A, B, C, respectively, the pulse 202 having per 
sisted long enough for the A/D converters to settle to 
steady output values. This digital information from the 
A/Ds is connectable to the computer 208 through the 
switching gates 206A, B, C. The data stand at the out 
put of each of the gated densitometer circuits and of 
the A/Ds throughout one full impression time interval, 
because each gated densitometer 198A, B, C, includes 
a sample-and-hold module near its output which holds 
the analog density signal until another density reading 
has been obtained to replace it. 
The computer 208 then reads the data sequentially 

from all three A/Ds 204A, B, C, within a single impres 
sion time interval. It does so by successively enabling 
only one at a time of the three sets of switching gates 
206A, B, C, as will be described in more detail herein 
below under the heading "Input Interfacing.' The com 
puter 208 also reads the status of the ring counter 196 
on lines 207, after which the computer 208 outputs a 
pulse 212 to the ring counter 196 to increment it by 
one step. The ring counter 196 thereafter contains a 2. 

A second measurement interval then begins, corre 
sponding to the next impression interval of the press. 
The lamp multiplexer 191 internally reconnects its 
input trigger terminal 202L so as to be able subse 
quently to trigger lamp 181L. Each of the three test 
multiplexers 192A, B, C, is reconnected ss that it can 
put out a signal to be received from a second input of 
its eleven inputs. The reference multiplexers 200A, B, 
C, do the same. Density head 181 is now being em 
ployed. Upon a second occurrence of a synchronizing 
pulse 202 from the synchronizer 52', the operation de 
scribed above is repeated, with three new values of 
density signals (one for each color) being accepted into 
the computer from the three A/Ds 204A, B, C. 
Each of the eleven densitometer heads 180 to 190 is 

utilized in turn during eleven successive impressions or 
density reading intervals. 
The ring counter 196 recycles to a count of 1 follow 

ing a count of 11 so that it counts repeatedly from 1 to 
1 1. For each impression of the printing press, the den 
sity measuring equipment measures as many optical re 
flection densities as there are color units, and puts the 
resulting digital data into the computer 208. 
The full complement of eleven densitometer heads 

180 to 190 need not always be used. The ring counter 
196, which selects the heads, has a skip facility for se 
lectively skipping heads, under control of the digital 
computer 208. 
As is shown on FIG. 9, there is a separate analog-to 

digital converter 204A, B, C, for each of the three 
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gated densitometer circuits 198A, B, C. Each has a 12 
bit output. The most significant bit position from each 
analog-to-digital converter contains the sign of the den 
sity. The other eleven bits of information state the den 
sity's magnitude. Negative density signs are made avail 
able for the printing of fluorescent inks, the light from 
whose test patches can be brighter than the light re 
flected from an unprinted reference test area. 
Digital Computer, General 
FIG. 10 is a simplified block diagram of the digital 

computer 208 including its console 214 and input and 
output devices, which include the A/D converters 
204A, B, C. The computer 208 itself consists of an 
arithmetic unit 216, a control unit 218, and a memory 
unit 220. 
The arithmetic unit 216 comprises a 12-stage accu 

mulator 222 and a one-stage link 224 for storing a carry 
digit from the accumulator 222 during certain opera 
tions. Various electronic circuits, not shown, are ar 
ranged around the accumulator 222 for controlling it 
to perform elementary computations such as adding 
and shifting. 
The control unit 218 comprises a program counter 

225, which is a register containing a particular address 
of the memory unit 220 which it is desired to access 
next. In routine operation, the program counter 225 
may be incremented one count at a time to retrieve 
successive instructions and data from the memory unit 
220. The control unit 218 also has an instruction regis 
ter 226 which usually contains a code identifying the 
instruction currently being executed. A major state 
generator 228 is provided to put the computer into an 
appropriate state for each computer timing cycle; typi 
cal states are fetch, execute, etc. Several computer tim 
ing cycles may be required to execute one instruction. 

The principal component of the memory unit 220 is 
the core memory 230 itself, which stores 12-bit words 
at several thousand addresses. A memory address regis 
ter 232 is also provided, to contain the address of the 
core memory 230 where data are currently being writ 
ten or retrieved. A memory buffer register 234 is also 
included, for buffering data input and data output from 
the core memory 230. 
The computer is programmed in accordance with 

flow charts such as those shown in FIGS. 12, 13, 14, 
and 17; programming from such flow charts is well 
within the state of the art. 
A program is placed in the core memory 230 before 

starting the printing press. To execute the program, the 
program counter 225 starts with the first step of the 
program by addressing the program through the mem 
ory address register 232. The first 12-bit word is then 
withdrawn from the core memory 230 into the memory 
buffer register 234 or the instruction register 226. If the 
word is an instruction, it is executed by the computer. 
The program counter 225 is then incremented one 
count to produce a new memory address, and the next 
instruction or data word from the program is with 
drawn from the core memory 230. The entire program 
is executed by the computer in this sequential manner. 
The instructions themselves can cause the computer to 
jump to other addresses, more than one count away 
from the present address, when desired. 
Input Interfacing at Computer, General 
The computer 208 accepts density data at its input 

terminals from the three analog-to-digital converters 
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204A, B, C, via the data gates 206A, B, C, respectively, 
and from other devices. The status of the ring counter 
196 must also be transmitted to the computer so that 
the computer can determine which of the density heads 
180 to 190 is currently providing data. Other informa 
tion which must go into the computer includes position 
feedback data for the ink key actuators, on-pressure 
signals from each of the printing units, positions of 
open-loop or closed-loop selector switches, status of 
the switch which selects a make-ready mode or a run 
mode of operation, etc. 
A transfer of the data into the computer 208 is ac 

complished by passing the data through the accumula 
tor 222 of the computer; this requires the computer to 
stop any background program which may have previ 
ously been in progress. This is called a programmed 
data transfer. Transfer of density data into the com 
puter will be described in detail, and will serve as an ex 
ample of the method of transfer of other data items 
also. 
Components inside the computer 208 that are in 

volved in transferring density data into the computer 
are shown in FIG. 11. Twelve input terminals 238 of 
the computer 208, which are provided for accepting 
the input data, are connected in parallel to all three of 
the gates 206A, B, C. Input data lines 240 from the data 
gates 206A, B, C, conduct signals through the terminals 
238 to the accumulator register 222 of the computer. . 
The same lines 240 are connected in parallel also to 
other external devices which may at some time have to 
provide information by this method. The input bus 240 
is time-shared by the external devices; only one exter 
nal data-producing device applies data to the informa 
tion bus 240 at any one time. 
Sequence of Inputting Density Data to Computer 
A time sequence of operation for transmitting density 

data into the computer 208 starts with the production 
of digital data by the analog-to-digital converters 204A, 
B, C, FIG. 9. After these A/D converters have had time 
to make the data available, device flag flip-flops 210A, 
B, or C, corresponding respectively to the A/D convert 
ers, are set by the trailing edge of the synchronizing 
pulse 202. A device flag signal 236A, B, or C is trans 
mitted through an OR gate 237 to a program-interrupt 
facility 254 of the computer 208 over a program 
interrupt request line 256, FIG. 11. When the com 
puter 208 receives the interrupt flag signal, it finishes 
the instruction which it was in the process of executing, 
then transfers data relating to the background program 
which was previously in progress, if any, into storage 
230, as shown in a flow chart of FIG. 12. By a step 246, 
the computer 208 transfers into storage the number in 
the program counter 225 to save the address where the 
background program was interrupted. The contents of 
the accumulator 222 and the 224 are also saved in stor 
age 230 in a step 247. The computer next takes a jump 
by putting a particular address in the program counter 
225, which directs the computer to call out from the 
core memory 230 an "interrupt' sub-routine starting 
with a step 249. The interrupt sub-routine is carried out 
by having the program counter 225 call out one in 
struction at a time from the memory 230 starting at that 
particular address. A 12-bit instruction word for an in 
put-output transfer instruction corresponding to ana 
log-to-digital converter 204A, wbich is for color A, is 
called out first from the core memory 230 into the in 
struction register 226. The instruction register 226 ex 
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amines the word and recognizes the first three bits as 
being a code calling for an input or an output data 
transfer (FIG. 11). Bits numbered 3 to 8 of the words, 
which include a device select code 242, are supplied to 
some output terminals 244 of the computer for device 
interrogation. Three device decoders 260A, B, C, cor 
responding to the A/Ds 204A, B, C, respectively, are 
connected in parallel to the terminals 244. In the pres 
ent example, decoder 260A for the analog-to-digital 
converter 204A, color A, is identified by the current 
device select code 242, and decoder 260A recognizes 
its unique code 242 standing on the terminals 244. De 
coder 260A responds by putting a level on an AND 
gate 253A, which sets a flip-flop 251A, whose output 
goes through an OR gate 255 to a bus 250. The OR 
function of gate 255 may alternatively be performed 
inside the computer as a wired OR. The signal on bus 
250 tells the computer 208 that the A/D converter 
204A is not to be skipped because it is the device, or 
at least one of the devices, that has called for an inter 
ruption. The skip bus 250 is connected internally in the 
computer 208 to a skip flip-flop facility 248 so as to 
permit a skip signal to set that skip flip-flop, and the 
skip flip-flop is connected in the computer so as to en 
able incrementing of the program counter 225. 
Upon finding that the first densitometer, for color A, 

is the one whose data should be accepted, the com 
puter 208 goes to a densitometer interrupt service sub 
routine, point 3, FIG. 13. The computer accepts the of 
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fered density reading, step 251, from the A/D 204A of 30 
color unit A. The density data are connected from the 
A/D 204A to the twelve lines of the input information 
bus 240 through the data gates 206A, which are en 
abled by the latching flip-flop 251A. The density infor 
mation goes into the accumulator 222 of the computer 
208, and then into the memory 230. The computer 
clears the first densitometer's interrupt flag 236A by 
resetting the flag flip-flop. 210A and flip-flop 251A, in 
accordance with FIG. 13, and then goes through cer 
tain checks. These include determining whether or not 
the color unit in question is on pressure, step 253, 
whether or not a control change by the operator is in 
progress, step 255, whether the system is in manual or 
in closed-loop control mode, and whether or not a re 
quired number of printing impressions have been made 
since going on pressure, step 259. A delay counter pro 
vides a time delay following the press' going on pres 
sure, after the expiration of which the density control 
program is entered. The results of any of these checks 
can cause the computer to return to the main program 
(point 7) without making any control adjustments. 
When external contacts, such as, for example, on 
pressure indicating contacts and make-ready mode in 
dicating contacts, change their positions from open to 
closed or vice versa, the change is communicated to the 
computer 208 and put in memory 230. Positions of the 
contacts can thereafter be ascertained by interrogating 
the memory. 

If a control adjustment is to be made, the computer 
goes, via a point 5 of the flow chart of FIG. 13, to the 
density control program of FIG. 14, which will be de 
scribed in more detail hereinbelow, and it performs a 
density computation for the particular received data. 
After the A/D 204A for color unit A has been ser 

viced by the computer 208, the program returns to the 
interrupt subroutine by way of the "interrupt return' 
terminal (point 7) of FIGS. 14 and 12, and restores the 
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data that was saved from the background program in 
the accumulator 222 and the link 224. The ability of 
the computer to accept interruptions is again enabled, 
and the computer returns to the background program, 
if any, by putting the previously stored contents of the 
program counter 225 back into the program counter 

If an interrupt request is still present, as it will be in 
the present example because the A/Ds 204B and 204C 
for color units B and C are also calling for interruption, 
the interrupt program of FIG. 12 starts all over again. 
This time, when the A/D 204A for color unit A is tested 
by the computer 208 to see whether or not it was the 
one calling for the interruption, it is found not to be the 
one. The A/D 204A puts a skip signal on the skip bus 
250 when the device select code 242 corresponding to 
the A/D 204A is applied to the device select bus 244. 
The computer skips the A/D 204A. 
The computer then extracts from its memory 230 the 

word that is stored in the next sequential memory ad 
dress. That word is another input or output transfer in 
struction and it calls for the A/D 204B, by means of its 
six identifying bits 242, i.e., the device select code, in 
step 261 of FIG. 12. A/D 204B responds with a signal 
on the common skip bus 250, to tell the computer 208 
that it is the one (or one of several) which is presently 
requesting to interrupt the computer. The computer 
accepts the density data from the A/D 204B in the 
same manner as it did for the A/D 204A, and again re 
turns to the background program after servicing the 
A/D 204B. The fact that color unit A was on pressure 
and its delay had been fulfilled does not guarantee that 
color unit B was also ready. 
The background program does not as yet get started 

again, because in the three-color press being described, 
A/D 204C is also requesting to interrupt the computer 
in step 263. A/D 204C is then serviced by the computer 
208 in the same manner as the others, after which the 
computer returns to its background program. 
The status of the ring counter 196 is transmitted to 

the computer 208 to tell the computer which of the 
eleven densitometer heads 180 to 190 is currently pro 
viding density data. The ring counter 196 communi 
cates data to the computer by the same method de 
scribed above for A/D converters, so details for this are 
omitted from the drawings. 
Processing a Density Reading 
The flow chart of FIG. 14 shows the steps in process 

ing a density reading in the computer 208 after a densi 
tometer has interrupted the computer. Starting at the 
point 5, the computer already has in storage 230 the 
density reading from a densitometer's A/D converter 
204A, B, or C, as described in detail above. The com 
puter then goes through the routine described below, 
shown in FIGS. 14 and 17, and finally returns via point 
7 to FIG. 12. 
Reading Validity Check 
The digital computer 208 examines data received 

from the selected densitometer A/D 204A, B, or C, and 
rejects any reading whose value is so unexpected so as 
to suggest that the reading is probably incorrect. A 
reading validity computation is employed for this pur 
pose. Such erratic readings are identified as being any 
reading which does not exceed a predetermined fixed 
minimum value 266 (FIG. 15), or any reading which is 
below a floating minimum value 268, or any reading 
which is above a floating maximum value 270. The pre 
determined value 266 differs from the floating mini 
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mum value 268 in that the predetermined minimum 
value is semi-permanently preadjusted, while the float 
ing minimum value may change its value in response to 
current conditions of operation, when the press is in a 
make-ready mode of operation. Thus, the reading va 
lidity computation accepts as being valid, only. data 
which falls between certain limits, and disregards data 
outside of those limits. When the press is in a make 
ready mode of operation, a center value 272 of the 
valid data range is determined by simultaneously con 
sidering a number of recent data readings. After the 
system has been put into a run mode of operation, the 
center value 272 of a valid range 273 is determined by 
density reference voltage 274 which is predetermined 
for the job. Changeover to the fixed density reference 
voltage 274 occurs when the operator switches from a 
make-ready mode to a run mode of operation. If the 
current reading is invalid, thp computer returns imme 
diately to its main program. To summarize the reading 
validity checks, the first step is to ascertain whether the 
computer is in a make-ready mode or in a run mode, 
by reading its own memory, step 265. This determines 
the reference to be used as the center of the valid 
range. Validity is then examined in step 267, and if the 
reading is invalid, the computer returns to its main pro 
gram via the point 7. 
Data Smoothing 

If the density reading is valid, it is used in a data aver 
aging sub-routine to compute a running smoothed 
value of the density readings. This step 269 is for the 
purpose of data smoothing or filtering. It is done in a 
manner which minimizes the number of storage loca 
tions 230 in the computer 208 which must be provided 
for storing density readings. The previous smoothed 
value A, computed for the immediately preceding den 
sity measurement interval, is subtracted from the most 
recent density reading D to obtain a figure representa 
tive of the departure of the new reading from the previ 
ous smoothed value A. This departure is divided by a 
number K in order to reduce its impact, and the result 
ing quotient is added to the previous smoothed value A. 

Thus, in the digital embodiment, the low pass filter 
ing for data smoothing is accomplished by a computa 
tion sub-routine which operates in accordance with the 
equation A" = A + (D-A)/K. The new smoothed den 
sity reading A' is equal to the smoothed density reading 
A for the immediately preceding measurement level, 
plus an incremental change which is represented by the 
second term, namely, (D-A)/K. The numerator of the 
second term is the departure of the new density reading 
D from the previously smoothed value A. The denomi 
nator K of the second term is a selectable number 
which controls the amount of smoothing. The subrou 
tine therefore discounts previous values at a predeter 
mined rate. 
The effect of this equation is to permit the most re 

cent density reading D to affect the smoothed value A 
only by a fractional amount which is 1/K of the devia 
tion of that new density reading D from the previously 
smoothed value A. The smoothing process has a stabi 
lizing influence on the inking system, giving it better 
behavior than it would have if each new density reading 
were taken as the only density reading then available 
for determining the settings of the ink keys 38. This 
new data smoothing system differs from a running aver 
age of the K most recent readings, in that this new sys 
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tem gives some weight not only to the K most recent 
readings, but also to earlier readings obtained before 
them. 
The newest smoothed value A' is a weighted average 

of A and D in which the old smoothed value A is given 
(K-1) times as much weight as the new density reading 
D. That A' is a weighted average of A and D is better 
seen when A' is expressed in the following form, which 
is equivalent to the foregoing equation: 

A' = (K-1/K) A + (1/K) D 
Square Root of Error Signal 
The output of the smoothing computation is multi 

plied by a gain constant, step 271, and a predetermined 
density reference value is then subtracted from that 
product, step 273. The resulting difference is multi 
plied by a second constant to produce a proportional 
error signal 280. A variable multiplying factor can be 
substituted for the second constant if desired, with its 
value dependent upon the present setting of the key in 
volved, to take account of non-linearities in the system. 
The non-linear functional relationship is stored in the 
computer, and can be dependent upon actual ink key 
setting if desired. 
Next, the error signal 280 is operated on by the com 

puter 208 to extract the square root 282 of its magni 
tude. A subroutine in computer memory performs the 
square root computation by a conventional numerical 
method. The square root 282 of the error signal 280 is 
less responsive than the original signal 280 to system 
demands for very great corrections, which may be 
caused merely by system delays. The sign of the error 
signal is not altered by the square root subroutine, 
which operates only upon the magnitude. 
Integration and Differentiation of Error Signal 

If no error integral component of control signal is de 
sired in the control loop, the computer next directs the 
resulting error signal 282 to a ratchet pullback compu 
tation, to be described in more detail below. If, instead, 
the computer has been directed by means of an exter 
nal switch to produce an integral component 284 of the 
error signal in addition to a "proportional' component 
282 which is always present, the computer reads and 
resets an elapsed impression counter 288. If one or 
more readings were previously discarded because of 
being invalid, the integration over impressions is thus 
maintained correct. It then multiplies the result by an 
integral gain constant. The product 290 is multiplied by 
the proportional error 282, and added to the previous 
value of integral error in a step 291. The new value 284 
of integral error is then added to the proportional error 
282 to produce a total error signal 292. A derivative 
term may be added to the error signal also, when de 
sired, by a derivative subroutine, not shown. The ef 
fects upon system behavior of a derivative component 
of error signal were described in detail above in con 
nection with the analog embodiment, and are the same 
here. 

If integral control has been selected, the signal 292 
is employed for the remaining steps; if integral control 
has not been selected, signal 282 is, instead, employed. 
In either case, a determination is made in step 293, 
FIG. 14, as to whether or not the density reading which 
is being processed came from the last (eleventh) den 
sity head. If it did not, a computed prospective change 
in actuator setting is merely stored for later use and 
more density readings are obtained. If it did, the actua 
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tors of one printing unit are all then moved simulta 
neously to their prospective new positions, in accor 
dance with the error signal 282 or 292, as modified, 
perhaps, by some ratchet pullback and anti-lift-off 
computations that are now to be described. 
Ratchet Pullback, Digital 
The output data 282 or 292 resulting from the fore 

going computations is further processed by a "ratchet 
pullback' subroutine 294, similar to that which was de 
scribed in connection with the analog embodiment 
above. Briefly, when one of the keys 38 is prospectively 
directed to a position which is undesirably close to ei 
ther one of its limits of travel, the ink fountain ratchet 
34, which independently controls the amount of ink 
flowing at all of the keys 38 of one color unit, is oper 
ated to a new position. This changes the ink flow at all 
of the ink key positions in such a direction that the par 
ticular key which was becoming too close to one of its 
limits need not go any closer, and may nevertheless full 
fill its ink demand. All of the other keys 38 are then 
moved automatically to compensate for the change in 
ratchet 34 position in order to recover their original ink 
flow rates. In the digital embodiment, prospective posi 
tions of the actuators and the ratchet motor 297 are 
computed, but the actuators and ratchet motor are not 
moved immediately. A key liftoff prevention routine, 
about to be described, is computed before anything is 
moved. Routine details of the ratchet pullback concept 
are described in the analog embodiment and not in the 
digital embodiment. 
Key Liftoff Prevention 
Following the ratchet pullback routine shown as step 

294 in the flow chart of FIG. 14, the information flow 
of the digital embodiment goes to a key liftoff sub 
routine starting at a point 4. The key liftoff subroutine, 
which is shown in the flow chart of FIG. 17, will first 
be described broadly without reference to the flow 
chart, then in more detail with the flow chart. The key 
liftoff subroutine is especially desirable in the invention 
if a single continuous duct blade instead of a segmented 
duct blade is used in the ink fountain. It corrects the 
following problem. If a desired position of a first key 
were a much more open position than that of an adja 
cent key, the adjacent key would prevent a single con 
tinuous duct blade from following the first key outward 
as it opens. The first key would then lift off of the duct 
blade, and for positions of the first key farther open 
than its liftoff position, the first key would have no fur 
ther control of the blade, the blade being restrained by 
the adjacent key. 
Typical experimental data obtained with a particular 

duct blade show that control by each individual key (or 
key group) can be maintained for several thousandths 
of an inch beyond the position of adjacent keys (or key 
groups), but that further movement of the key has no 
effect. If a required rate of ink flow has not yet been 
fulfilled by the time the key being adjusted lifts off of 
the duct blade, additional fountain opening must be ac 
complished by moving the adjacent keys or gey groups 
farther open. A similar situation occurs when one key 
is turned very far inward with respect to adjacent keys. 
The inward-going key would lift the duct blade off of 
the stationary adjacent keys, absent some preventive 
measures. The purpose of the ink key liftoff subroutine 
is to prevent ink fountain key liftoff from the fountain 
blade, while at the same time fulfilling the commanded 
ink flow requirements, to produce the desired optical 
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density of printing. When ink flow requirements call for 
an ink key position which would be expected to result 
in key liftoff, the adjacent key positions are adjusted to 
prevent key liftoff so that all key groups remain in 
contact with the ink fountain blade and are capable of 
control without lost motion. 
The principle of operation of the key liftoff sub 

routine involves the following steps. First, the desired 
changes in key positions, which are ordinarily indicated 
by optical density readings on the printed material, are 
computed for all of the keys or key groups. Prospective 
positions of keys are then computed by adding the de 
sired changes to the actually existing key positions. Be 
fore any of the keys are moved to the prospective posi 
tions, however, the prospective position for each key 
(or key group) is compared with the prospective posi 
tions of adjacent keys to ascertain whether or not liftoff 
would occur if the prospective positions were to be 
taken by all of the keys. If any liftoffs are predicted, the 
keys are not driven to the prospective positions. In 
stead, the prospective position information is modified 
so that the maximum difference of offset between posi 
tions of acjacent keys does not exceed a difference A 
, below which liftoff is certain to be prevented. In com 
paring the prospective position of each key with that of 
adjacent keys, it is convenient to start with the key 
whose prospective position or gap is the greatest of any 
of the keys, and proceed to consider all of the keys in 
a sequence of decreasing magnitude of key position. 
The subroutine could equally well have called for start 
ing instead with the key having the smallest prospective 
position and proceeding to treat the keys in ascending 
order of prospective position. 
Each key is offset from an adjacent key by some 

amount; if that amount exceeds the maximum permissi 
ble amount A beyond which liftoff may occur, an addi 
tional adjustment is required for an adjacent key. An 
amount X by which the offset between a key and an ad 
jacent key exceeds the permissible offset A is computed 
by the following formula: x= (P + C) - (P - C+ A 
). In this equation, X is a tentative computed excess of 
offset between a key and an adjacent key. The maxi 
mum allowable key offset distance is A. The current 
actual position of any particular key is designated as P, 
followed by a subscript. The key under examination is 
indicated by the subscript K. An adjacent key is indi 
cated by the subscript A. A prospective change in key 
position is C, followed by a subscript. The primed quan 
tities to be introduced below designate final values, 
while unprimed quantities represent original values. If 
X is negative or zero, the offset is not excessive and no 
adjustment of the adjacent key is required. If X is posi 
tive, the offset is so great that liftoff is likely to occur 

5 if the keys are moved to the indicated positions; the ad 
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jacent key must therefore be moved enough to bring 
the final offset down to the maximum permissible offset 
value A. Thus, if X is positive, liftoff is predicted, and 
new prospective positions and corrections must be cal 
culated as follows: P = P - A CA = P - P : C 
== C (unchanged); P = P +C (unchanged). 
Actual present positions of the keys are sensed by in 

dividual feedback potentiometers 295, each of which is 
mechanically connected to the actuator of one key, 
FIG. 16. All of the potentiometers 295 are energized at 
their extreme ends by a power supply and, by means of 
a movable contact, each sends an analog signal indica 
tive of its key's position to a position feedback multi 
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plexer 297. Under control of the digital computer 208, 
the position feedback multiplexer 297 selects the posi 
tion data of one of the keys at a time, and sends this one 
analog signal to an analog-to-digital converter 299. The 
analog-to-digital converter 299 produces a digital out 
put signal and transmits it to the digital computer 208. 
By the same interfacing means which was described 
above in detail, the digital computer accepts data into 
its memory 230 from the key position feedback poten 
tiometers, details being omitted this time. 
A patch panel 301 is provided for specifying to the 

digital computer 208 the grouping of the ink keys, a 
group of one or more keys being controlled by each 
density sensing head. The patch panel 301 is a manual 
data input device by which a set-up man can specify 
which of the ink keys are to be controlled by each of 
the density sensing heads. 
In the flow chart for performing the key liftoff sub 

routine, shown in FIG. 17, the steps of the process are 
numbered. In general, the first six steps compute pro 
spective positions and identify the key currently to be 
examined. The seventh step performs the computation 
of the quantity X in the formula above, with respect to 
an adjacent key in an adjacent group. If liftoff is pre 
dicted by the seventh step, an adjacent key correction 
is made in the eighth step, and the new information is 
substituted for old values in storage 230. Details of the 
steps of the key liftoff subroutine are as follows: In the 
first step, the key actuator, (for example, one of the ac 
tuators in the set 300A) which corresponds to the left 
hand end of a first group of keys, is identified. In the 
second step, the position of that actuator is determined 
by the computer by reading the actuators's feed-back 
potentiometer 295. In the third step, a prospective po 
sition of the subject actuator is calculated by algebra 
ically adding a calculated correction to the present ac 
tual key position. The correction can be based upon ei 
ther density readings or manual commands. The pro 
spective key position datum which is thus computed is 
stored in a temporary table of the computer memory. 
In the fourth step, the first three steps are repeated for 
the actuator which is at the right-hand end of that same 
group. In the fifth step, prospective positions for the 
left-hand end and the right-hand end of each of the 
other groups of fountain keys are computed, and stored 
in a temporary table in the computer memory. In the 
sixth step, the particular key, of those listed in the tam 
porary table, which has the greatest prospective posi 
tion (i.e., ink gap), is identified. It will be the first one 
which will be studied to determine whether or not it 
will lift off. In the eighth step, the quantity X of the 
foregoing equation is computed for that key. If X is 
positive, indicating that liftoff would occur, the correc 
tion for the adjacent key, in a different group from the 
subject key, is changed to a value CA such that its new 
position would be PA as shown in the equations. As a 
result, this new prospective position PA of the adjacent 
key is different from the position of the subject key 
which is being studied by an amount exactly equal to 
A, so that liftoff should not occur. The new values re 
place the old values in all the stored data regarding pro 
spective positions. If, instead, the computation of the 
seventh step shows that liftoff will not occur because 
the offset is not excessive, no adjustment need be made 
in the adjacent key's prospective correction value as 
previously computed. In the ninth step, the subject key 
which was just taken care of is deleted from the tempo 
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rary table so that the second greatest key position of 
the original array is now the greatest key position still 
remaining in the temporary table. A check is made in 
the tenth step as to whether or not all of the keys have 
as yet been studied, for this particular printing unit; if 
they have not, the subroutine returns to the sixth step 
and operates on the highest remaining key position in 
the temporary table. If, upon the tenth step, all of the 
actuators for the printing unit are found to have been 
done, the computer goes to the eleventh step and trans 
fers the data describing the final prospective changes 
through an external output decoder and multiplexer 
296 to a corresponding data register of the printing 
unit, for example, data register 298A, FIG. 16. Also in 
the eleventh step, the computer issues a command to 
a gate flip-flop 303 which enables pulses from an AC 
source 305 to actuate all of the keys 38 to take up their 
final prospective positions as computed above by com 
puter 208. All of the keys which are to be moved are 
moved simultaneously by their actuators. More details 
of the operation of the actuator circuits of FIG. 16, that 
is, the last step of the key liftoff routine, are given be 
low. The end of the key liftoff subroutine is indicated 
by a point 6 which returns the control of the computer 
to the main program as shown on FIG. 14. 
Actuator Circuits 
The last step of the key lift-off routine involves the 

following details. The computer 208 sends signals to 
the external output decoder and multiplexer 296, FIG. 
16. The output decoder and multiplexer 296 multi 
plexes the computers's output to data registers such as 
register 298A, for the various actuators such as actua 
tors 300A, preparatory to later driving those actuators 
simultaneously to their new positions. 
Each of the actuators 300A, B, C, FIG. 16, includes 

groups of bi-directional synchronous motors 302A, B, 
C, one motor being associated with each key. The mo 
tors are driven by short bursts 304A, B, C, of AC volt 
age from the AC source 305, transmitted through logic 
gates 306A, B, C, for the actuators 300A, B, C, respec 
tively. In the sequence of operation, information in 
tended for the actuators 300A, B, C, is multiplexed out 
of the computer 208 to the groups of data storage regis 
ters 298A, B, C. The direction of each motor is con 
trolled by a direction flip-flop stage or sign bit of each 
register. Each register, such as register 298A, accom 
modates eleven words. All 33 storage registers 298A, 
B, C, (three for each of the eleven densitometer heads 
180 to 190) are first preset by the computer 208. Then 
all of the actuators which are to move during an adjust 
ment interval are moved simultaneously, to minimize 
transverse slipping of the ink keys 38 on the inker blade 
36. 
The ink keys 38 are moved in discrete steps. As a nu 

merical example of one typical embodiment, each step 
of a key 38 moves the key 0.000 125 lineal inch. Four 
steps are accomplished per second when a maximum 
rate of change of key position is called for. The key 
then travels at an average speed of 0.0005 inch per sec 
ond. Typically, one impression per second may be 
made on a sheet-fed press, in which case the keys can 
travel 0.0005 lineal inch per impression. If a density 
reading is made by a particular one of the eleven den 
sity heads 180 to 190 only upon each eleventh impres 
sion, a corresponding key has time to travel 0.0055 
inch for each density reading interval of that particular 
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key 38. Full scale travel of the keys is approximately 
0.03 inch, as an example. 
The burst signals 304A, B, C, of AC voltage, in addi 

tion to driving the actuators, are rectified and filtered 
by rectifier-filters 308A, B, C, to produce groups of 
pulses 310A, B, C, which count-down the data registers 
298A, B, C. The data registers 298A, B, C are pre 
settable down-counters which stop at zero reading and 
thereupon produce a pulse. When the count in a data 
register 298A, B, C becomes zero, the pulse thereupon 
produced disables the gates 306A, B, C by means of an 
OR gate 313 whose output resets the gate flip flop 303. 
This turns off the AC signals 304A, B, C to the corre 
sponding actuators 300A, B, C, and stops the actuators. 

End of a Density Data Interrupt 
After the key liftoff routine of FIG. 17 has been com 

pleted, the computer is at a point 6 of FIG. 14. It then 
returns to the main program by going first to the termi 
nal 7 of FIG. 12, where it performs a few interrupt re 
turn steps 136, 318 and 320. Step 316 involves putting 
back into the accumulator 222 and into the link 224 
the data from the background program which had been 
stored in the memory 230 when the background pro 
gram was interrupted. The capability of the computer 
to be interrupted is then re-enabled in the step 318, and 
the computer returns to the interrupted background 
program in the step 320. 

If another densitometer channel, such as the channel 
for color B or for color C, then has some data ready, 
(and it should have), the computer then goes through 
another entire interrupt routine, starting again at the 
top of FIG. 12, before accomplishing anything on the 
background program. 
When the density readings obtained from the printed 

sheet 50 become equal to the reference density settings 
called for by the operator and stored in the computer, 
the error signal 292 is zero and the actuators 300A, B, 
c do not operate until the next occurance of an error 
signal. 

Prospective changes in key positions are computed 
and stored in the computer for all of the keys or key 
groups of a printing unit before any of the keys of the 
unit are adjusted. Then all keys of the unit are adjusted 
simultaneously upon a command generated by the 
computer. 
Other Controls 
The actuators can be controlled manually also, in an 

open-loop mode of operation, by the operator, who 
may observe density readings and intervene at the digi 
tal computer 208 by interjecting control signals 312, 
FIG. 16. To adjust an ink key, the operator holds a 
spring-return manual switch down; the ink key moves 
as long as the switch is held down. 
All of the features of the digital embodiment can be 

provided also in the analog embodiment and vice versa 
although not all of them are shown in both embodi 
entS. 

It is necessary to associate the various sensors of the 
densitometer heads 41 and the channels of the gated 
densitometer measuring circuits 51 with the various 
printing units, in the digital embodiment of the inven 
tion, for the same reasons which were described in con 
nection with the analog embodiment, FIG. 8A and FIG. 
8B. In the digital embodiment, a single six-position se 
lector switch 174, FIG.9, is provided for setting by the 
operator. Each of the six positions of switch 174 corre 
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30 
spond to a different permutation of connections be 
tween densitometer channels and printing units, as 
shown in FIG. 8B. The position of switch 174' is read 
by the digital computer in the course of executing its 
program. On the basis of the switch's position, a correct 
set of printing unit and display pointers is selected and 
stored for program use. The selection information may 
be entered into the computer from a keyboard or other 
data input device instead of from the manual selector 
switch 174 if desired. 
The ink keys 38 can be present to provide approxi 

mately correct ink feed for each job in accordance with 
data entered either manually by the operator or auto 
matically from a data storage and handling device, such 
as a reader for punched paper tape. Both of these meth 
ods are indicated in FIG. 16 by the block "various in 
puts from operator." The data thus entered are stored 
in the computer's memory 230 until a command occurs 
to call it forth to be utilized for control. 
Data stored in the computer 208 and data available 

to the computer can be read out by various methods. 
For example, a successful set of key settings for a par 
ticular job can be read out and stored on punched 
paper tape for future use in presetting the keys. 
A single computer can be employed for a plurality of 

printing presses if desired. 
What is claimed is: 
1. In a printing press, a method of controlling the 

feeding of ink from an ink fountain to a printing mem 
ber for printing images during successive impression 
cycles onto a material comprising the steps of cycli 
cally measuring the density of ink deposited on the ma 
terial and establishing first signals representing the 
measurements, establishing second and third signals 
representing maximum and minimum acceptable val 
ues of density, respectively, comparing the first signals 
with said second and third signals, blocking those of 
said first signals that are greater than or smaller than 
said second and third signals, respectively, and passing 
the acceptable first signals whose values are between 
the values of said second and third signals, periodically 
producing a control signal in dependence upon said ac 
ceptable first signals, and varying the feeding of ink 
from the ink fountain in response to deviation of said 
control signal from a value corresponding to a specified 
ink density to reduce said deviation. 

2. A method of controlling the feeding of ink as de 
fined in claim 1 wherein said second and third signals 
representing maximum and minimum acceptable val 
ues are established by establishing at least one toler 
ance signal indicating predetermined tolerance margins 
from an effective running average of previous accept 
able first signals, establishing a running density signal 
indicating an effective averaging of previous accept 
able values of said first signals, and combining said tol 
erance and running density signals to establish the ac 
ceptable values for maximum and minimum measure 
ments. 

3. A method of controlling the feeding of ink as de 
fined in claim 1 and wherein establishing said signals 
representing the minimum acceptable values comprises 
establishing a predetermined first minimum value sig 
nal, establishing a running density signal from an effec 
tive running averaging of previous acceptable first sig 
nals, automatically subtracting a tolerance signal from 
said running density signal to produce a second mini 
mum value signal, and employing the greater of said 
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first and second minimum value signals to serve as said 
third signal for comparison with said first signals. 
4. The method of controlling the feeding of ink as de 

fined in claim 1 and further comprising the steps of es 
tablishing an error signal that is representative of said 
deviation, producing a primary signal that is responsive 
to only a present value of said error signal, producing 
a secondary signal that is a function of a derivative of 
said error signal, said derivative being taken with re 
spect to a quantity that varies monotonically with time, 
producing a tertiary signal that is a function of an inte 
gral of said error signal with respect to said quantity, 
combining said primary, secondary, and tertiary signals 
to produce a composite control signal, and varying the 
feeding of the ink from the fountain in response to said 
composite control signal. 

5. A method of controlling the feeding of ink as de 
fined in claim 4 and wherein the quantity that varies 
monotonically with time is the number of impression 
cycles of the printing press. 

6. A method of controlling the feeding of ink as de 
fined in claim 1 and wherein said varying of the feeding 
of ink comprises the steps of establishing a first error 
signal indicative of said deviation, modifying said first 
error signal to provide a second error signal which va 
ries disproportionately in accordance with a nonlinear 
compression function of said first error signal, the feed 
ing of ink being varied as a function of said second 
error signal, whereby a varying of said feeding of ink is 
less than a proportionate amount as said deviation in 
CeaSeS. 

7. A method of controlling the feeding of ink as de 
fined in claim 6 and wherein said step of modifying said 
first error signal in accordance with a nonlinear com 
pression function comprises the step of modifying to 
provide a second error signal which varies in accor 
dance with the square root of said first error signal 
when said first error signal is positive, and in accor 
dance with the negative of the square root of the mag 
nitude of said first error signal when said first error sig 
nal is negative. 

8. In a printing press, a method of controlling the 
feeding of ink from an ink fountain to a printing mem 
ber for printing images during successive impression 
cycles onto a material comprising the steps of estab 
lishing an error signal that is representative of a desired 
change in the rate of feeding of ink from the fountain, 
producing a first signal that is responsive to only a pres 
ent value of said error signal, producing a second signal 
that is a function of a derivative of said error signal, 
said derivative being taken with respect to a quantity 
that varies monotonically with time, producing a third 
signal that is a function of an integral of said error sig 
nal with respect to said quantity, combining said first, 
second and third signals to produce a composite con 
trol signal, and varying the feeding of the ink from the 
fountain in response to said composite control signal. 

9. A method of controlling the feeding of ink as de 
fined in claim 8 and wherein the quantity that varies 
monotonically with time is the number of impression 
cycles of the printing press. 

10. A method of controlling the feeding of ink as de 
fined in claim 8 and wherein said step of producing said 
second signal comprises the steps of storing one value 
of said error signal as produced during one cycle of the 
press, establishing a second value of said error signal as 
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produced during a later cycle of the press, an inani 
mately subtracting said one value of error signal from 
the later-produced value of error signal to produce said 
second signal. 

11. A method of controlling the feeding of ink as de 
fined in claim 8 and wherein said step of establishing an 
error signal comprises the steps of cyclically measuring 
the density of ink deposited on the material, producing 
density signals representing said measurements, estab 
lishing at least one reference signal corresponding to a 
desired density of ink, and inanimately subtracting one 
of said density and reference signals from the other one 
to establish said error signal. 

12. A method of controlling the feeding of ink as de 
fined in claim 8 and wherein establishing an error signal 
comprises the steps of cyclically measuring the density 
of ink deposited on the material and establishing aden 
sity signal dependent upon the measurements, produc 
ing a first control signal indicative of deviation of said 
density signal from a specified ink density value, modi 
fying said first control signal to provide a second con 
trol signal which varies disproportionately in accor 
dance with a nonlinear compression function of said 
first control signal, said error signal being varied as a 
function of said second control signal, whereby a vary 
ing of said error signal is less than proportionate 
amount as said deviation increases. 

13. A method of controlling the feeding of ink as de 
fined in claim 12 and wherein said step of modifying 
said first control signal in accordance with a nonlinear 
compression function comprises the step of modifying 
to provide a second control signal which varies in ac 
cordance with the square root of said first control sig 
nal when said first control signal is positive, and in ac 
cordance with the negative of the square root of the 
magnitude of said first control signal when said first 
control signal is negative. 

14. In a printing press, a method of controlling the 
feeding of ink from an ink fountain to a printing mem 
ber for printing images during successive impression 
cycles onto a material, comprising the steps of cycli 
cally measuring the density of ink deposited on the ma 
terial and producing a principal control signal in depen 
dence upon the measurements, varying the feeding of 
ink from the ink fountain by adjusting a setting of at 
least one ink feed control element of said fountain in 
response to deviation of said principal control signal 
from a preestablished ink density value, detecting the 
occurrence of a change in the printing process that 
would be capable of later affecting the density of the 
ink deposited if no compensating change were made in 
the setting of said ink feed control element, producing 
an additional signal indicative of said occurrence be 
fore said occurrence has substantially altered said prin 
cipal control signal, and additionally adjusting said ink 
feed control element in response to said additional sig 
nal and independently of the value of said principal 
control signal to effect compensation for said occur 
eCe. 

15. A method of controlling the feeding of ink as de 
fined in claim 14 and wherein the step of cyclically 
measuring comprises a step of measuring in synchro 
nism with press impression cycles. 

16. In a printing press, a method of controlling the 
feeding of ink from an ink fountain to a printing mem 
ber for printing images during successive impression 
cycles onto a material, comprising the steps of cycli 
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cally measuring the density of ink deposited on the ma 
terial and establishing a first signal dependent upon the 
measurements, producing a first control signal indica 
tive of deviation of said first signal from a specified ink 
density value, and varying the feeding of ink from the 
ink fountain in response to said first control signal, 
wherein said step of varying the feeding of ink com 
prises the step of modifying said first control signal to 
provide a second control signal which varies dispropor 
tionately in accordance with a nonlinear compression 
function of said first control signal, the feeding of ink 

O 

being varied as a function of said second control signal, 
whereby a varying of said feeding of ink is less than a 
proportionate amount as said deviation increases. 

17. A method of controlling the feeding of ink as de 
fined in claim 16 and wherein said nonlinear compres 
sion function is adjustable as to degree of nonlinearity 
of said second control signal with respect to said first 
control signal. 

18. A method of controlling the feeding of ink as de 
fined in claim 16 and wherein said step of modifying 
said first control signal in accordance with a nonlinear 
compression function comprises the step of modifying 
to provide a second control signal which varies in ac 
cordance with the square root of said first control sig 
nal when said first control signal is positive, and in ac 
cordance with the negative of the square root of the 
magnitude of said first control signal when said first 
control signal is negative. 

19. A method of controlling the feeding of ink as de 
fined in claim 16 and wherein the varying of the feeding 
of ink is done in accordance with a composite signal 
comprising at least two of the following three compo 
nents of signal: (a) said second control signal, (b) a sec 
ond component of signal dependent upon an integral of 
said first component, and (c) a third component of sig 
nal dependent upon a derivative of said first compo 
nent, said integral and said derivative being with re 
spect to occurrences that are successive in time. 
20. In a printing press, a method of controlling the 

feeding of ink from an ink fountain to a printing mem 
ber for printing images during successive impression 
cycles onto a material, comprising the steps of cycli 
cally measuring the density of ink deposited on the ma 
terial and establishing a first signal dependent upon the 
measurements, producing a control signal indicative of 
deviation of said first signal from a specified ink density 
value, varying the feeding of ink from the ink fountain 
in dependence upon said control signal, providing a 
further signal during each cycle indicative of whether 
or not said press is currently cyclically printing onto 
said print-receiving material, and blocking at least one 
of said steps listed preceding said step of providing a 
further signal to prevent said varying of the feeding of 
ink when said further signal indicates that the press is 
not currently printing. 
21. A method of controlling the feeding of ink as de 

fined in claim 20 and comprising the additional step, 
following the step of providing a further signal, of pro 
viding an additional signal indicative of whether or not 
a predetermined time delay has expired since the press 
started to cyclically print onto said print-receiving ma 
terial, and wherein said step of blocking comprises 
blocking at least one of the steps listed preceding said 
step of providing a further signal of said additional sig 
nal indicates that said time delay has not expired. 
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22. A method of controlling the feeding of ink as de 

fined in claim 21 and wherein said predetermined time 
delay corresponds to a predetermined number of print 
ing impressions. 
23. In a printing press, a method of controlling the 

feeding of ink from an ink fountain to a printing mem 
ber for printing images during successive impression 
cycles onto a material, comprising the steps of: provid 
ing a plurality of ink feed control elements laterally 
spaced along the ink fountain and adjustable by signals 
to greater and smaller positions for controlling the flow 
of ink, establishing a plurality of signals the value of 
each of which represents a tentative position of a group 
of at least one of said ink feed control elements, inani 
mately computing the difference between a pair of said 
tentative positions corresponding to a pair of adjacent 
laterallyspaced groups of said control elements, com 
prising said difference with a predetermined maximum 
allowable difference, modifying the value of at least 
one of said pair of signals toward the value of the other 
signal of the pair to reduce said difference to said maxi 
mum allowable difference if said difference initially ex 
ceeds said maximum allowable difference, substituting 
the modified value of signal for its pre-modification 
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value to represent a modified tentative position of the 
corresponding group of said control elements, repeat 
ing the foregoing steps of computing, modifying, and 
substituting with pairs of said groups of control ele 
ments until all pairs have been modified so as not to ex 
ceed said maximum allowable difference, and adjusting 
said groups of control elements to positions in accor 
dance with the modified values of said signals. 

24. A method of controlling the feeding of ink as de 
fined in claim 23 and wherein the first pair of tentative 
positions whose difference is computed corresponds to 
an extreme group of control elements whose tentative 
position is at least as great as the tentative position of 
any other group of control elements, the other group of 
the first pair being laterally adjacent to said extreme 
group on a first side of said extreme group, and where 
the second pair whose difference is computed corre 
sponds to said extreme group and to an adjacent group 
on a second side of said extreme group, and wherein 
subsequently treated pairs are treated in descending 
order of extremity of position similarly until all adja 
cent pairs of groups have been treated, and wherein 
said step of modifying the value of at least one of said 
signals of said pair comprises the step of modifying the 
signal of said pair corresponding to the control group 
having the less extreme tentative position. 
25. A method of controlling the feeding of ink as de 

fined in claim 23 and wherein the pair of laterallys 
paced control groups whose difference is computed 
first consists of an extreme group whose tentative posi 
tion is at least as small as the tentative position of any 
other group, the other group of the first pair being lat 
erally adjacent to said extreme group on a first side of 
said extreme group and where the pair whose differ 
ence is computed second consists of said extreme 
group and an adjacent group on a second side of said 
extreme group, and wherein subsequently treated pairs 
are treated in ascending order of extremity of position 
similarly until all adjacent pairs of groups have been 
treated, and wherein said step of modifying the value 
of at least one of said signals of said pair comprises the 
step of modifying the signal of said pair corresponding 
to the group having the greater tentative position. 
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26. In a printing press which has a printing member 
printing images onto a material during successive im 
pression cycles, an ink control apparatus comprising a 
source of ink, an inker for feeding ink at a controllable 
rate from the source of ink onto the printing member 
including first means having at least one adjustable ink 
control device for varying said rate of feeding ink, 
means for successively measuring printed densities of 
the images on the material and successively producing 
signals in dependence thereon for adjustment of said 
first means, means for establishing limiting values be 
tween which said signals are more reliable indicators of 
density for ink control purposes than are signals outside 
of said limiting values, and circuit means receiving said 
signals and said limiting values and comparing said sig 
nals with said limiting values for rendering ineffectual 
for ink control those of said signals that are outside of 
said limiting values. 
27. An ink control apparatus as defined in claim 26 

and wherein said circuit means further comprises 
means for producing a reference signal, and feedback 
means adapted and arranged for automatically adjust 
ing said first means in dependence upon said signals 
and said reference signal. 
28. In a printing press which has a printing member 

printing images onto a material during successive im 
pression cycles, an ink control apparatus comprising a 
source of ink, an inker for feeding ink at a controllable 
rate from the source of ink onto the printing member 
including means comprising at least one adjustable able 
ink control device for varying said rate of feeding ink, 
first means for periodically measuring printed densities 
of the images on the material and periodically produc 
ing measurement signals in dependence thereon, data 
memory means for storing indicia of density of print de 
termined as a function of the measurements of said first 
means, second means for receiving said measurement 
signals and said indicia from said data memory means 
and periodically combining them to produce a new in 
dicia and for replacing the previous indicia with said 
new indicia in said data memory means upon produc 
tion of each new indicia, and circuit means for succes 
sively receiving said new indicia for use in adjusting 
said ink control device in dependence thereon, said 
second means comprising means for discounting said 
previous indicia at a predetermined rate when combin 
ing them with said measurement signals. 
29. In a printing press which has a printing member 

printing images onto a material during successive im 
pression cycles, an ink control apparatus comprising a 
source of ink, an inker for feeding ink at a controllable 
rate from the source of ink onto the printing member 
including means comprising at least one adjustable ink 
control device for varying said rate of feeding ink, first 
means for periodically measuring printed densities of 
the images on the material and periodically producing 
measurement signals in dependence thereon, data 
memory means for a storing a running value indicating 
density of print determined as a function of the meas 
urements of said first means, second means for receiv 
ing said measurement signals and said running value 
from said data memory means and periodically produc 
ing a new running value and for replacing the previous 
running value with said new running value in said data 
memory means upon production of each new running 
value, and circuit means for successively receiving said 
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new running value for use in adjusting said ink control 
device in dependence thereon. 
30. An ink control apparatus as defined in claim 29 

and wherein said circuit means further comprises 
means for producing a reference signal, and feedback 
means adapted and arranged for automatically adjust 
ing said ink control device in dependence upon said 
new running value and said reference signal. 
31. An ink control apparatus as defined in claim 29 

and wherein said second means comprises means for 
combining each measurement signal with the running, 
value stored in said data memory means in a weighted 
average in which the stored running value has (K-1) 
times as much weight as does said measurement signal, 
K being a predetermined number greater than 1. 
32. An ink control apparatus as defined in claim 31 

and wherein said means for combining comprises filter 
means having a nominal cutoff frequency for attenuat 
ing signals which are above said frequency much more 
than signals which are below it, said filter means com 
prising a one-pole, electrical analog low-pass filter. 
33. An ink control apparatus as defined in claim 32 

and wherein said filter means further comprises means 
for sensing frequency of impressions made by said 
printing press, and means for altering said nominal cut 
off frequency to maintain said cutoff frequency propor 
tional to said frequency of impressions. 
34. An ink control apparatus as defined in claim 31 

wherein digital computer means provides said data 
memory means and said second means for computing 
said weighted average. 
35. An ink control apparatus as defined in claim 34 

and wherein said digital computer means further com 
prises means for storing the latest-received signal, D, of 
said measurement signals and said number K; means 
for subtracting said running value from said signal D to 
produce a difference; means for dividing said differ 
ence by said number K to produce a quotient; and 
means for adding said quotient to said running value 
stored in said data memory means to produce said new 
running value. 
36. An ink control apparatus as defined in claim 29 

and wherein said circuit means for adjusting said ink 
control device comprises a source of reference signals, 
a comparator connected to receive and compare said 
new running value and said reference signals and to 
produce an error signal proportioned to a difference 
between them, and sub-circuit means receiving said 
error signal and connected with said adjustable ink 
control device for adjusting said device as a compres 
sion function of said error signal, said sub-circuit means 
comprising means receiving said error signal and pro 
viding nonlinearly therefrom a second signal for adjust 
ing said ink control device, whereby a varying of said 
rate of feeding ink is less than a proportionate amount 
as said error signal increases in magnitude. 

37. An ink control apparatus as defined in claim 36 
and wherein the magnitude of adjustment of said ink 
control device produced by said sub-circuit means is 
porportioned to the square root of the magnitude of 
said error signal, and a directional sign of said adjust 
ment tracks the sign of said error signal. 
38. In a printing press which has a printing member 

printing images onto a material during successive im 
pression cycles, an ink control apparatus comprising a 
source of ink, an inker for feeding ink at a controllable 
rate from the source of ink onto the printing member 
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including means comprising at least one adjustable ink 
control device for varying said rate of feeding ink, 
means for successively measuring printed densities of 
the images on the material and successively producing 
measurement signals in dependence thereon, a source 
of reference signals, a comparator connected to receive 
and compare said measurement signals and said refer 
ence signals and to produce an error signal propor 
tioned to a difference between them, and circuit means 
receiving said error signals and connected with said ad 
justable ink control device for adjusting said device as 
a compression function of said error signal, said circuit 
means comprising means receiving said error signal and 
providing non-linearly therefrom a second signal for 
adjusting said ink control device, whereby a varying of 
said rate of feeding ink is less than a proportionate 
amount as said error signal increases in magnitude. 
39. An ink control apparatus as defined in claim 38 

and wherein the magnitude of adjustment of said ink 
control device produced by said circuit means is pro 
portioned to the square root of the magnitude of said 
error signal, and the directional sign of said adjustment 
tracks the sign of said error signal. 
40. In a printing press which has a printing member 

printing images onto a material during successive im 
pression cycles, an ink control apparatus comprising a 
source of ink, an inker including a fountain for adjust 
ably feeding ink from the source of ink onto the print 
ing member including means comprising a plurality of 
ink control devices laterally spaced at locations along 
said fountain and adjustable to different settings for 
varying rates of feeding ink respectively at said loca 
tions, means for producing a plurality of signals corre 
sponding to proposed settings for said ink control de 
vices, means for computing data for each subject ink 
control device representing afinal setting which pro 
vides the greater ink flow of the following two settings: 
said proposed setting, or, a setting which is less than the 
final setting of an adjacent ink control device by a pre 
determined amount, memory means for storing said 
data until said data has been computed for all of said 
plurality of ink control devices, and means for reading 
said data from said memory means and simultaneously 
adjusting all of said ink control devices to said final set 
tings in accordance with said data automatically when 
all of said data have been computed. 
41. An ink control apparatus as defined in claim 40 

and wherein said means for producing a plurality of sig 
nals corresponding to proposed settings comprises a 
plurality of means connected respectively with said ink 
control devices for sensing actual settings thereof and 
producing indicia respectively of said actual settings, 
and means for algebraically adding proposed incre 
ments and decrements to said indicia to produce said 
plurality of signals corresponding to proposed settings. 

42. An ink control apparatus as defined in claim 41 
and wherein said means for simultaneously adjusting all 
of said ink control devices to said final settings com 
prises actuator means drivably connected with said ink 
control devices for adjustably driving said ink control 
devices by electrical drive signals, and said means for 
computing comprises computer means receiving said 
indicia of said actual settings and receiving said signals 
corresponding to proposed settings for providing said 
electrical drive signals, said computer means compris 
ing arithmetic means for adding said predetermined 
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38 
amount to said proposed setting of said subject ink con 
trol device to produce a sum and subtracting said sum 
from the prospective setting of said adjacent ink con 
trol device to produce a difference, means for ascer 
taining whether or not said difference has a positive 
sign, means for enabling said electrical drive signal of 
said subject ink control device only if said difference 
has a positive sign, and means for establishing a value 
of said electrical drive signal of said subject ink control 
device proportioned to drive said subject ink control 
device to a final actual setting which is less than the 
final actual setting of said adjacent ink control device 
by said predetermined amount. 
43. In a printing press which has a printing member 

printing images onto a material during successive im 
pression cycles, an ink control apparatus comprising a 
source of ink, an inker including a fountain for adjust 
ably feeding ink from the source of ink onto the print 
ing member including means comprising a plurality of 
ink control devices laterally spaced at locations along 
said fountain and adjustable to different settings for 
varying rates of feeding ink respectively at said loca 
tions, means for producing a plurality of signals corre 
sponding to proposed settings for said ink control de 
vices, means for computing data for each subject ink 
control device representing a final setting which pro 
vides the smaller ink flow of the following two settings: 
said proposed setting, or, a setting which is greater than 
the final setting of an adjacent ink control device by a 
predetermined amount, memory means for storing said 
data until said data has been computed for all of said 
plurality of ink control devices, and means for reading 
said data from said memory means and simultaneously 
adjusting all of said ink control devices to said final set 
tings in accordance with said data. 
44. An ink control apparatus as defined in claim 43 

wherein each of said ink control devices comprises a 
group of one or more contiguous ink control elements. 

45. In a printing press which has a printing member 
printing image onto a material during successive im 
pression cycles, an ink control apparatus comprising a 
source of ink, an ink fountain having at least one ink 
feed control element for feeding ink to the printing 
member from said source, means for producing a first 
control signal, means for varying the feeding of ink 
from the ink fountain by adjusting a setting of at least 
one ink feed control element of said fountain in re 
sponse to said first control signal, means for detecting 
the occurrence of a change in the printing process that 
would be capable of later affecting the density of the 
ink deposited on the material if no compensating 
change were made in the setting of said ink feed control 
element, means for producing a second signal indica 
tive of said occurrence before said occurrence has sub 
stantially altered said ink density, and means for addi 
tionally adjusting said ink feed control element in re 
sponse to said second signal and independently of the 
value of said first control signal to effect compensation 
for said occurrence. 
46. An ink control apparatus as defined in claim 45 

and wherein said fountain includes means comprising 
a plurality of groups of at least one ink feed control ele 
ment laterally spaced at locations along said fountain 
and adjustable within limits to different settings for 
varying the rates offeeding ink at said respective loca 
tions, and wherein said means for producing a first con 
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trol signal comprises means for producing a command 
signal for establishing a proposed rate of ink feed for at 
least one of said ink control elements, means including 
computer means for detecting a condition wherein a 
proposed setting corresponding to said proposed rate 
of ink feed would exceed one of said limits and would 
leave a deficiency portion in said proposed rate, said 
ink control apparatus further including master control 
means for altering rates of feeding ink simultaneously 
across the entire fountain upon receiving a master sig 
nal, and means for producing a master signal to adjust 
said master control means to bring said element as ad 
justed by said first control signal within said limits, and 
wherein said means for producing a second signal com 
prises means responsive to the occurrence of the ad 
justment of said master control means, and wherein 
said means for additionally adjusting comprises means 
for adjusting the others of said elements to counteract 
their change in ink feed due to the change in said mas 
ter control means. 
47. An ink control apparatus as defined in claim 46 

and wherein said means for producing a command sig 
nal and said means for detecting a condition and said 
means for producing a master signal, comprise digital 
computer means. - 

48. In a printing press which has a printing member 
printing images onto a material during successive im 
pression cycles, an ink control apparatus comprising a 
source of ink, an inker for feeding ink at a controllable 
rate from the source of ink onto the printing member 
including means having at least one adjustable ink feed 
control element for varying said rate of feeding ink, 
means for establishing an error signal that is represen 
tative of a desired change in the rate of feeding ink 
from said ink feed control elements, means for storing 
data defining a functional relationship between values 
of said error signal and amounts of change of setting of 
said feed control element which would substantially ef 
fect said desired change, means for using said error sig 
nal to inanimately compute as a function of at least said 
error signal and said stored relationship an amount rep 
resenting the change of setting of said feed control ele 
ment which would substantially effect said desired 
change in the rate of feeding ink, means for sensing the 
current position of said feed control elements and pro 
ducing a position-indicating signal accordingly, means 
for algebraically adding the computed amount to said 
position-indicating signal to produce a sum signal rep 
resenting a prospective new position for the feed con 
trol element, and means for operating said feed control 
element to said prospective new position, said means 
for establishing an error signal comprising means for 
cyclically measuring the density of ink deposited on the 
material and establishing a first signal dependent upon 
the measurements, and means for producing said error 
signal in response to deviation of said first signal from 
a specified ink density value. 
49. In a printing press which has a printing member 

printing images onto a material during successive im 
pression cycles, an ink control apparatus comprising a 
source of ink, an ink fountain for feeding ink to the 
printing member from said source, means for cyclically 
measuring the density of ink deposited on the material 
and establishing a first signal dependent upon the meas 
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40 
urements, means for producing a control signal indica 
tive of deviation of said first signal from a specified ink 
density value, means for varying the feeding of ink from 
the ink fountain in dependence upon said control sig 
nal, means for providing a further signal during each 
cycle indicative of whether or not said press is currently 
cyclically printing onto said print-receiving material, 
and means for disabling at least one of the aforesaid el 
ements to prevent said varying of the feeding of ink 
when said further signal indicates that the press is not 
currently printing. 
50. In a printing press which has a printing member 

printing images onto a material during successive cy 
cles, an ink control apparatus comprising a source of 
ink, an inker including a fountain for adjustably feeding 
ink from the source of ink onto the printing member 
including means comprising a plurality of ink control 
devices laterally spaced at locations along said fountain 
and adjustable by means of signals to different settings 
for varying rates of feeding ink respectively at said lo 
cations, means for producing a plurality of data corre 
sponding to proposed changes of settings for those of 
said ink control devices whose settings it is currently 
desired to change, memory means for storing said data 
until said data are available for all of said plurality of 
ink control devices, and means for reading said data 
from said memory means and simultaneously adjusting 
all of said ink control devices whose settings it is cur 
rently desired to change to proposed settings in accor 
dance with said data automatically when all of said data 
are available in said memory means. 
51. In a printing press which has a plurality of print 

ing units each having a printing member printing im 
ages onto a material during successive impression cy 
cles and an ink control apparatus comprising a source 
of ink for each printing unit and an inker for each print 
ing unit for feeding ink at a controllable rate from the 
source of ink onto the printing member including first 
means having at least one adjustable ink control device 
for varying said rate offeeding ink, a plurality of sensor 
means each to be selectably associated with a respec 
tive one of said printing units for successively measur 
ing printed densities of the images placed on the mate 
rial by the associated printing unit and successively 
producing signals in dependence thereon for adjust 
ment of the respective first means for the printing unit, 
and switching means having a switch status for every 
permutation in which said sensor means can be associ 
ated with the various printing units and selectively ac 
tuatable to any one of said statuses for selecting one 
such permutation. 
52. An ink control apparatus as defined in claim 51 

and further comprising a plurality of display means 
each one of which remains associated with the same re 
spective printing unit irrespective of the status of said 
switching means. . 
53. An ink control apparatus as defined in claim 51 

and wherein said switching means comprises a digital 
computer including memory means for storing data de 
scriptive of all of said permutations, said computer in 
cluding means responsive to input data for selecting 
one of said permutations. 
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