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57) 
In a registration control system for moving material, a 
single or dual trace oscilloscope is operated from en 
coder pulses generated as a function of movement to 
display one or a pair of scanner channels. The hori 
zontal deflection rate may be switched to a multiple of 
the normal rate to provide full deflection during dis 
play of an inspection zone of interest so as to facilitate 
selection of a stable scanner pulse for registration con 
trol. 

ABSTRACT 

10 Claims, 12 Drawing Figures 
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DISPLAY APPARATUS FOR A REGISTRATION 
CONTROL SYSTEM WHERE MOVEMENTS 

REPRESENTED BY ENCODER PULSES 

BACKGROUND OF THE INVENTION 

In a registration control system, moving material ei 
ther, in the form of a web or in the form of discrete arti 
cles may have work applied thereto at a series of work 
stations along the path of movement. The work is to be 
applied cyclically at each station at repeat intervals on 
the material such that the work from succeeding sta 
tions is in register with the work previously applied. A 
typical example is in multicolor printing where differ 
ent color inks are applied at successive stations on each 
repeat length along a moving web of sheet material. In 
such systems a scanner such as a photocell may be dis 
posed to scan a margin of the moving material, for ex 
ample, so as to sense the presence of marks in each re 
peat length which can be used to define a point of refer 
ence representing previously applied work for purposes 
of registration control. In such systems, a second point 
of reference is generated for representing the phase of 
the locally applied work. In some cases the local point 
of reference for each station may be generated in com 
mon where the work applying means at the respective 
stations in synchronized. For example, a position detec 
tor signal may be generated in each revolution of a de 
vice mechanically coupled with the work applying 
means as illustrated in my application for patent U.S. 
Ser. No. 256,727 filed May 25, 1972 (now U.S. Pat. 
No. 3,812,351 issued May 21, 1974) and incorporated 
herein by reference. In other instances, each work ap 
plying means may apply a local mark to the movingma 
terial to serve as a local point of reference, in which 
case two scanners may be required at a work applying 
station, one for sensing a previously applied mark, and 
one for sensing the locally applied mark, such a system 
being termed a "mark-to-mark' system. 

In such registration control systems, display appara 
tus such as time base oscilloscopes with single or dual 
traces have been used to assist in locating suitable scan 
ner signals for reference purposes. It is conceived that 
very important improvements can be made in such dis 
play equipment particularly in the ease and accuracy of 
operation thereof as part of a register control system. 

SUMMARY OF THE INVENTION 

This invention relates to display apparatus and par 
ticularly to a registration control system incorporating 
such display apparatus to facilitate set up. 

It is a basic object of the present invention to provide 
a register control system including a scanner display 
apparatus of greatly improved accuracy and ease of op 
eration, and which is reliably and economically inte 
grated into the control system. 
A feature of the invention resides in the provision of 

a register control including display apparatus having a 
deflection base measured in increments of motion 
rather than in time, and wherein full deflection may al 
ternatively display essentially a complete repeat inter 
val or essentially an inspection zone portion of the re 
peat interval. 
Other objects, features and advantages of the inven 

tion will be readily apparent from the following de 
tailed description taken in connection with the accom 
panying drawings, although variations and modifica 
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2 
tions may be effected without departing from the spirit 
and scope of the novel concepts of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic illustration of an exemplary 
register control system incorporating a single trace dis 
play apparatus in accordance with the present inven 
tion; 
FIG. 1A is a diagrammatic illustration of scanner sig 

nals appearing on the display apparatus of FIG. where 
full deflection represents a repeat length of the moving 
material; 
FIG. B is a view similar to FIG. A but illustrating 

the scanner signal display where the circuitry of FIG. 
1 is in a condition to illustrate an inspection zone por 
tion of the repeat length during a full deflection of the 
display apparatus. 
FIG. 2 consists of FIGS. 2A and 2B arranged as indi 

cated and shows a detailed electric circuit diagram for 
an embodiment of register control system in accor 
dance with FIG. ; 

FIG. 3 is a block diagram illustrating a mark-to-mark 
register control system including display apparatus of 
the dual trace type for simultaneously displaying signals 
on two scanner channels; 
FIG. 3A is a diagrammatic illustration of the display 

by the system of FIG. 3 for the case where full deflec 
tion corresponds to a repeat length of the moving mate 
rial; 
FIG. 3B is a view similar to FIG. 3A but illustrating 

the case where an inspection zone portion of the repeat 
length is displayed during full deflection; and 
FIG. 4 consists of FIGS. 4A and 4B arranged as indi 

cated and is a detailed electric circuit diagram in accor 
dance with the block diagram of FIG. 3. 
DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

Description of FIGS. , 1A and 1B 
Referring to FIG. there is illustrated a web 10 of 

moving material including web sections 10a, 10b and 
10c located at respective work applying stations which 
may include work applying means such as diagrammat 
ically indicated at 1, 2 and 3. Further details of a 
typical series of work applying stations are found in the 
first figure of U.S. Pat. No. 3,594,552 issued July 20, 
1971. As illustrated in the second figure of said Pat. 
No. 3,594,552, marks may be applied to the web by the 
successive work applying means, for example in the op 
posite margins of the web. For the sake of illustration, 
FIG. 1 shows work applying means 11 as applying a se 
ries of marks in a first channel (channel A) such as the 
marks designated Al- and A-2 on web section 10c, 
Al- 1 and Al-2 on web section 0b and A-21 and 
A-22 on web section 10a. The web is indicated as 
moving in the direction of the arrow 4 under the impe 
tus of a web drive 15. In the present embodiment, in 
conformity with the embodiment of said prior U.S. Pat. 
No. 3,594,552, the work applying means -13 are op 
erated in synchronism with the web drive means 15. 
The work applying means 1-3 operate cyclically on 
successive repeat lengths of the web 10, the successive 
repeat lengths being defined by dash lines such as indi 
cated at 7 on the web. For example, after the work ap 
plying operations at 1-13, the web may be severed at 
the successive dash lines 7 to form separate sheets. 
The same pattern of work will then be found on each 
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of the severed sheets. As illustrated in FIG. 1, each of 
the repeat lengths of the web 10 has one of the A1 
marks there on and the successive A1 marks are essen 
tially at the same location in each of the successive re 
peat lengths of the web 10. 
The work applying means 11 may also apply a second 

series of marks such as indicated at B1-1, B1-2, B1-11, 
B1-12, B1-21, and B1-22 at the successive repeat 
lengths of a second channel (channel B) on the web. 

Similarly the work applying means 12 may apply 
marks such as indicated at A2-1, A2-2, A2-11, and 
A2-12 to channel A and such is indicated at B2-1, 
B2-2, B2-11, and B2-12 in channel B. Also, work ap 
plying means 13 may apply marks such as indicated at 
A3-1, A3-2, and B3-1, and B3-2 to each of the succes 
sive repeat lengths on the web. 

It should be understood that the actual patterns ap 
plied to the web may include abrupt transitions or the 
like which are to be used as scanner marks, and that 
there may be extraneous marks on the web within the 
channels being scanned which are not suitable for con 
trol purposes. 
For purposes of specific illustration, FIG. 1 shows a 

digital encoder 21 and an adjustable mark generator 22 
mechanically coupled with the web drive 15 as indi 
cated by dash lines 23 and 24 so that the digital en 
coder 21 and the mark generator 22 are operated in 
synchronism with the work applying means 11-13. By 
way of example, components 21 and 22 may make one 
complete revolution for each cycle of the work apply 
ing means 11-13 so that one revolution of components 
21 and 22 represents a repeat length of the web 10. 
Digital encoder 21 may supply an encoder pulse for 
each increment of motion of the web 10, and for exam 
ple may supply one thousand pulses during movement 
of a repeat length of the web through the web drive 15. 
The mark generator 22 may comprise a disk making 
one revolution during passage of a repeat length of the 
web, and having a mirror segment, for example, with an 
arcuate extent corresponding to 18. As described in 
my aforementioned copending application Ser. No. 
256,727 filed May 25, 1972, light reflected from the 
mirror segment may be received by means of a light 
pipe which is rotatably adjustable along the arcuate 
path of the mirror segment, so that a pulse of light is 
generated in each revolution of the mark generator at 
any selected timing relative to the cycles of the work 
applying means 11-13. The mark generator 22 supplies 
a square wave output pulse whose leading edge actu 
ates trigger amplifier 24 so as to provide a suitable ref 
erence point with respect to the operation of each of 
the work applying means 11, 12 and 13 for purposes of 
registration control. 
For purposes of diagrammatic illustration, a first 

work station associated with work applying means 11 
is indicated as including scanners 31 and 32 for scan 
ning channels A and B on the web, respectively. Simi 
larly at the work stations associated with work applying 
means 12 and 13, scanners 33,34 and 35, 36 have been 
indicated. As will be seen from the first figure of U.S. 
Pat. No. 3,594,552, the scanners may be located 
closely adjacent to the work applying means so as to 
represent the position of a previously applied pattern of 
work relative to such work applying means. The scan 
ners may be located in advance of the associated work 
applying means for the case of a synchronized system 
such as illustrated in FIG. I. 
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4 
A selector switch is indicated at 40 for coupling any 

desired one of the photocells 31-36 with the input of 
a vertical pre-amplifier component 41. A second selec 
tor switch 42 is shown mechanically coupled with 
switch 40 as indicated by the dash line 43 so that the 
switches are manually set to a desired position jointly. 
For the illustrated embodiment, the mark generator 
pulse component 22 is the local reference point with 
respect to each of the scanner signals, and accordingly 
the output of mark generator component 22 is shown 
as being connected with the second, third, fourth, fifth, 
sixth and seventh positions of selector switch 42. 

In accordance with the teachings of the present in 
vention, a display apparatus is provided as part of the 
register control system of FIG. 1, and the horizontal de 
flection base for oscilloscope 50 is derived from the 
output of digital encoder 21 so that horizontal deflec 
tion is precisely synchronized with the motion of the 
web 10 regardless of any speed variations or the like. 
The scanner channel or location of interest is deter 
mined by selector switch 40 and in the illustrated em 
bodiment it is supplied to the vertical deflection com 
ponents 41, 51, 52 and 53 associated with oscilloscope 
50. Thus, a mark suitable for control purposes will 
occur essentially at a uniform point in each repeat 
length, and will accordingly have a precisely deter 
mined location on the horizontal deflection axis of the 
oscilloscope display area as indicated at 55 in FIGS. 1A 
and B. 

In the illustrated embodiment, encoder pulses from 
encoder component 21 are supplied to a units deflec 
tion counter stage 61 and to an inspection zone termi 
nal (IZ) 62 of a selector switch 63. The output of en 
coder stage 61 is connected to a second terminal 64 of 
switch 63. Switch 63 controls the input to a tens deflec 
tion counter stage 64 whose output is connected to a 
hundreds deflection counter stage 65. The condition of 
the counter stages 61, 64 and 65 control a digital-to 
analog converter component 66 which thus supplies a 
current to component 67 in accordance with the mag 
nitude of the counts registered in stages 61, 64 and 65. 
The output of component 67 is supplied by compo 
nents 70, 71 and 72 so as to control the horizontal de 
flection of the oscilloscope 50. Component 70 is a po 
tentiometer for controlling the gain of the horizontal 
deflection circuit, while potentiometer 51 is used to 
control gain in the vertical deflection circuit. 
The beginning of a counting cycle of the deflection 

counter is controlled by means of a trigger gate 80 hav 
ing a set input connected to trigger amplifier 24 and 
having a reset input connected to NAND gate 81. 
When gate 80 is in reset condition, output 82 to blank 
ing control 84 is at a level to activate the blanking cir 
cuit component 84 to prevent further display of signals 
on the oscilloscope 50. Potentiometer 84 serves to ad 
just the blanking signal to the desired level. 
The reset output of gate 80 via conductor 87 is sup 

plied to the reset input of stages 61, 64 and 65, and 
serves to hold the stages in a zero registering condition 
as long as gate 80 is reset. The pulse generated by trig 
ger amplifier 24 at the leading edge of the mark genera 
tor signal from component 22 serves to actuate the set 
input of gate 80, shifting the gate to the set condition, 
and unblanking the oscilloscope 50 and allowing the 
deflection counter to begin a counting cycle. 
With switch 63 in the position shown, the deflection 

counter counts to a count value of 990, at which time 
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gate 81 is actuated to reset trigger gate 80. during the 
counting to 990 by the deflection counter, the beam of 
oscilloscope 50 is progressively deflected along its hori 
zontal axis from left to right as viewed in FIG. A. If the 
point corresponding to the leading edge of the mark 
generator signal from component 22 is considered to 
represent a zero degree position of mark generator 22, 
then the beam will be deflected along the horizontal 
axis approximately to a point representing 360 of rota 
tion of mark generator 22 from such initial position. 
For example, if one thousand encoder pulses are gener 
ated in a complete revolution of mark generator 22, 
then the deflection from the zero degree position to the 
360 position as shown in FIG. A will correspond to 
one thousand encoder pulses, and the actual horizontal 
trace on the display area 55 in FIG. A would termi 
nate at 99 percent of a complete revolution, i.e. at 
356.4. Thus, in the illustrated position of switch 63, 
essentially a complete repeat length on the web corre 
sponding to 360 of rotation of mark generator 22 is 
displayed as indicated in FIG. A. 

If now switch 63 is shifted to its upper inspection 
zone condition, the deflection counter will count by 
tens since encoder pulses are supplied directly to 
counter stage 64. Thus, each encoder pulse will cause 
10 times the amount of deflection by the oscilloscope 
beam, and the oscilloscope will have a display as indi 
cated in FIG. B. Specifically, if zero degrees is applied 
to the left hand side of the trace corresponding to the 
beginning of the mark generator signal from compo 
nent 22, then the end of the trace at the right hand side 
of the display area will correspond to approximately 
36 of rotation of mark generator component 22, or 10 
percent of the repeat length of the web 10. 
Referring to FIG. A., it will be observed that the 

marks such as B2- in the successive repeat lengths 
produce pulses B2 on display area 55 at approximately 
a 60 position. In order for such a pulse to appear on 
the enlarged display scale of FIG. 1B, it is necessary to 
shift the phase of the mark generator signal from com 
ponent 22. This is accomplished by means of a motor 
driving a light pipe angularly relative to the path of the 
mirror segment previously referred to, and as disclosed 
in the aforesaid application Ser. No. 256,727. Thus, by 
actuating a manual push button 90, the motor of mark 
generator component 22 may be energized to advance 
the phase of the mark generator signal until pulse B2 
appears on the display area 55 as shown in FIG. B. 

In order to protect the oscilloscope from an unduly 
low horizontal deflection rate, the encoder pulse rate 
is supplied by a conductor 91 to a go down circuit 92 
which controls the horizontal deflection circuit 72 via 
an adjustment potentiometer 93. 

Description of FIG. 2 
FIG. 2 shows a detailed electric circuit diagram in ac 

cordance with the block diagram of FIG. , and the 
same reference numerals have been applied to corre 
sponding parts in FIG. 2. Accordingly, the operation of 
FIG. 2 will be apparent from the preceding description 
with respect to FIG. I. 
There is additionally shown in FIG. 2, a power supply 

100 including a power transformer 101 and circuitry 
for supplying direct current voltages and filament volt 
age to the system. Potentiometer 102 provides a focus 
adjustment for the oscilloscope 50, potentiometer 103 
provides an adjustment for astigmatism, and potenti 
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6 
ometer 104 provides an adjustment for beam intensity. 
Conductor 06 shown at the lower left in FIG. 2 is 

connected to receive encoder pulses for example from 
digital encoder component 21, FIG. I. 

Summary of Operation of FIGS. 1 and 2 
In operation of the system, selector 40 is adjusted to 

a position so as to be connected with a scanner whose 
output is to be observed. For example, in the position 
of selector 40 shown in FIG. ii, the output of scanner 
36 associated with channel B on the web A0 is supplied 
to the vertical deflection circuit of oscilloscope 50. At 
the same time selector 42 is correspondingly positioned 
so as to provide a suitable reference point. For the case 
where the work applying means A3 is synchronized with 
a web drive 15, a mark generator component 22 may 
supply a mark generator signal in each revolution 
thereof, and the leading edge of this mark generator 
signal may provide a suitable pulse from trigger ampli 
fier 24 so as to initiate a deflection cycle of oscilloscope 
50. Further, by way of example, each revolution of the 
mark generator component 22 may cause the genera 
tion of a predetermined number of uniformly spaced 
encoder pulses by means of a digital encoder compo 
nent 21 rotating in synchronism with the mark genera 
tor 22. For example, an encoder pulse may be gener 
ated in response to each uniform increment of move 
ment of the web such as the movement of 0.01 inch. 
A thousand encoder pulses may be generated during 
each revolution of mark generator component 22 so 
that the one thousand encoder pulses represents a re 
peat length of the web 10. 
Horizontal deflection of the oscilloscope 50 is pro 

duced by supplying the encoder pulses from compo 
nent 21 to a deflection counter comprising counter 
stages 61, 64 and 65 which has an associated digital-to 
analog converter 66 connected with the horizontal de 
flection circuit of the oscilloscope 50. Thus, referring 
to the display area SS of the oscilloscope 50 as indi 
cated in FiG. AA, each encoder pulse will result in a 
uniform increment of horizontal deflection, with ap 
proximately one thousand encoder pulses producing 
full deflection. 

In order to insure resetting of the deflection counters 
6, 64 and 65 in each cycle, it is advantageous to pro 
vide for resetting of trigger gate 80 at a count less than 
one thousand, for example, 990. In this way, even if an 
encoder pulse is missed by the counter chain, trigger 
gate 80 will still be reset in advance of the occurrence 
of the next mark generator pulse from component 22. 
Thus, if 360 of horizontal deflection represents a re 
peat length on web 10 and corresponds to one thou 
sand encoder pulses, full deflection of 990 encoder 
pulses will represent 99 percent of 360° or 356.4. For 
practical purposes, therefore, the display area of FIG. 
A will represent the condition of the successive repeat 

lengths of the web substantially in their entirety. The 
persistence of the fluorescent material of the display 
area 55 will be correlated with the anticipated mini 
mum encoder rate, so that signals occurring at uniform 
positions in the successive repeat lengths of the web 
will be displayed without unacceptable flicker. The go 
down circuit 92 may operate to remove the oscillo 
scope beam from the fluorescent material of the display 
area SS when the encoder pulse rate is low enough ei 
ther to endanger the fluorescent material, or to pro 
duce an undesired degree of flicker of the display. 
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Description of FIGS. 3, 3A, and 3B 
FIG. 3 illustrates a register control system including 

a dual trace oscilloscope 20 having a display area as 
indicated at 2 in FIGS. 3A and 3B wherein two dif 
ferent scanner channels such as channels A and B on 
the web 10 of FIG. are displayed. 
For the sake of a specific illustration in FIG. 3, scan 

ner 35 of FiG. has been shown as being connected 
with a mark selection circuit 124 which may conform 
with that of U.S. Pat. No. 3,624,359 issued Nov. 30, 
197i. Further, by way of example, the output of scan 
ner 35 is connected to an input jack 25 of dual trace 
control 326, while scanner 36 of FIG. is shown as 
being connected to a second input jack 127 of dual 
trace control 126. 
The digital encoder component 21 of FIG. may 

supply encoder pulses to the dual trace control 26 so 
as to multiplex the two inputs 125 and 127 onto a com 
mon output 30 controlling vertical deflection signals 
with respect to the two traces in time sequence. En 
coder pulses may also be supplied to a delay counter 
131, a full revolution counter 32 and to terminal 133 
of a switch 34. As in the previous embodiment switch 
134 in the lower position provides for display of sub 
stantially a complete repeat length interval on the web 
while in the upper position full deflection conforms 
with an inspection zone portion of the repeat length. 
By way of example, the mark selector circuit 124 

may be set to select the second occurring pulse in each 
repeat cycle as produced by passage of mark A1 under 
scanner 35 in FIG. I. Thus, output line 140 from mark 
selector circuit 124 may supply a square wave pulse 
such as produced by the “one shot' component of the 
second Figure of U.S. Pat. No. 3,624,359 having refer 
ence numeral ninety-one. This pulse be termed the 
"lead' pulse and represent a point of reference relative 
to a previously applied pattern on the web or relative 
to the work applied to the web by the local work apply 
ing means. By way of example, a second mark selection 
circuit 124a may provide a lag pulse on a second con 
ductor 141 which represents the output from a one shot 
having reference numeral ninety-two in the second fig 
ure of Patent 3,624,359. Web control circuit compo 
nent A432 of F.G. 3 may conform with component 
ninety of the second figure of U.S. Pat. No. 3,614,359. 
Accordingly in accordance with the description in the 
third column of Pat. No. 3,624,359, component 42 
may correspond to the circuitry illustrated in applica 
tion Ser. No. 722,095 filed Apr. 17, 1968 (now U.S. 
Pat. No. 3,594,552 issued July 20, 1971). In circuitry 
such as represented by component 142, a lead pulse 
such as occurs on conductor 40 initiates a counting 
cycle. When the counting chain reaches a predeter 
mined count of encoder pulses, a so called inspection 
zone unit zero pulse designated UZ in U.S. Pat. No. 
3,594,552 is produced initiating a condition of the cir 
cuitry such that a scannerpulse thereafter appearing in 
an inspection zone interval will serve as a point of refer 
ence in determining a registration condition. Thus, in 
setting up such a system, it is desired to observe scan 
ner pulses which would incur during the inspection 
zone interval in the operation of the circuit 142. Ac 
cordingly, delay counter 131 is set to a count value 
such that the midpoint of the inspection zone of cir 
cuitry A42 will coincide with the midpoint of the dis 
play area 2 1 as indicated at 43 in FIGS. 3A and 3B. 
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8 
If the inspection zone corresponds to 256 encoder 
pulses, delay counter 131 would be set to emit an out 
put at conductor 144 after reaching a count value such 
that 28 pulses later, the beam will be a midpoint 143 
in FIG. 3B. The output of delay counter 131 is utilized 
to set trigger gate 150 so as to initiate a counting cycle 
of the counter deflection generator component 152. 
This component 152 includes a digital-to-analog con 
verter so as to provide a suitable analog output signal 
at output line 153 for controlling horizontal deflection 
of oscilloscope 120. 
The trigger gate 150, in addition to an output con 

ductor 154 leading to the reset control of deflection 
generator 152, has an output conductor 155 leading to 
the deflection circuit component 157 for producing a 
blanking signal. The output blanking signal from the 
component 157 is supplied via conductor 158 to a 
blanking electrode 160 of oscilloscope 120. 

During a full repeat length display as indicated in 
FIG. 3A, encoder pulses from encoder component 21 
are supplied via conductors 171 and 172 to a full revo 
lution counter circuit 132. By way of example, this cir 
cuit may serve to divide the input encoder pulse rate by 
a factor of twenty, the reduced encoder pulse rate 
being supplied via terminal 135 and switch 134 to a 
conductor 173 leading to the dual trace control circuit 
126. Under these circumstances, multiplexing of the 
scanner inputs supplied at 125 and 127 takes place at 
one-twentieth of the encoder pulse rate. 

In the upper position of switch 134 which produces 
the enlarged horizontal deflection scale as indicated in 
FIG. 3B, the encoder pulse rate is supplied via conduc 
tors such as indicated at 171 and 175 and via switch 
134 (in its upper position) to conductor 173 and the 
dual trace control circuit 126 so that multiplexing takes 
place in response to the full pulse rate. 
For the sake of a definite example with respect to 

FIG. 3A, assume that the A2 marks such as A2-1 occur 
at an encoder pulse count of three hundred after the 
beginning of a repeat length, and that the A1 marks 
occur at an encoder count of 1250, and that the A3 
marks occur at an encoder count of 3150. Also assume 
that the B2 marks occur at an encoder count of 1600, 
the B. marks at an encoder count of 3000, and the B3 
marks at an encoder count of 4500. Further, assume 
that the repeat length corresponds to five thousand en 
coder pulses, If position detector 176 supplied a pulse 
at the beginning of each repeat length, and if the in 
spection zero pulse will occur at conductor 144 at the 
output of delay counter 131 at a count 2372, for exam 
ple, then the pulses will appear in the order indicated 
in FIG. 3A on display area 121. 
By way of example, with the switch 134 in the posi 

tion shown, a reset signal may appear at conductor 178 
leading to the reset input of trigger gate 150 at a total 
count of 4960. Thus, the horizontal traces shown in 
FIG. 3A may extend from an encoder count of 2372 to 
an encoder count of 2372 plus 4960, or a total count 
of 7332. Referring to FIG. 3A, it will be observed that 
the first pulse displayed is the B1 pulse which is due to 
scanner pulse B1-1 from scanner 36, FIG. 3, located an 
encoder count of 3000. Since the horizontal traces in 
FIG. 3A begin at an encoder count of 2372, the posi 
tion of pulse Bi in FIG. 3A corresponds to a horizontal 
deflection of 3000 minus 2372 or 628 encoder pulses. 
If the inspection zone of the web control circuit 142 
corresponds to 256 encoder pulses, then neither pulse 
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B1, nor the subsequently occurring pulses in each dis 
play cycle, namely pulses A3, B3, A2, A1 and B2 in 
FIG. 3A will lie within the inspection zone of web con 
trol circuit 142. 

If under these circumstances, switch 134 were placed 
in the upper position, encoder pulses would be supplied 
via conductors 171 and 175 to the input of counter de 
flection generator 152, so that each encoder pulse 
would produce twenty times the amount of deflection 
as illustrated in FIG. 3A. If now, conductor 178 is actu 
ated at a count of 248, for example, as registered in the 
countergenerator 152, a full deflection of the oscillo 
scope 120 would correspond to 248 encoder pulses. 
Thus, the full deflection of the oscilloscope 120 would 
correspond essentially to the inspection zone of 256 en 
coder pulses of web control circuit 142. Since deflec 
tion would again begin at 2372 encoder pulses after the 
occurrence of a position detector pulse from position 
detector 176, the horizontal deflection would cover a 
range of encoder pulse numbers from 2372, to 2372 
plus 248, or 2620, and the horizontal trace would 
achieve full deflection at an encoder count correspond 
ing to 2620 on the scale of FIG. 1, and thus would ter 
minate prior to scanning of mark B1-1 which occurs at 
an encoder count of 3000. Accordingly, where the in 
spection zero pulse occurs at 2372, the display corre 
sponding to that shown in FIG. 3B would not show any 
pulses in either A or B trace. 
On the other hand, if the delay counter 13 provides 

an inspection zone zero pulse at an encoder count of 
2972 after the occurrence of a position detector pulse 
from component 176, then pulses B1 and A3 would ap 
pear on the display as shown in Fig. 3B. 
From the display as shown in FIG. 3B, the operator 

could conclude that the web control circuit 42 would 
operate properly with the mark selection circuit 24 
arranged to transmit the A3 pulses resulting from the 
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A3 marks of FIG. 1 to control circuit 142 and with the . 
second mark selection circuit 124a set to transmit the 
B1 pulses via conductor 141 to the control circuit 42. 
For the sake of the specific illustration in FIG. 3B, it 

is assumed in FIG. 3 that the web control circuit 142 
conforms with that of U.S. Pat. No. 3,594,552 and 
supplies a unit zero pulse (UZ) to conductor 181 at an 
encoder to count of 2972 and supplies a reference 
pulse (REF) to conductor 182 at the midpoint of the 
inspection zone and at a count of 2972 plus 128 or 
3100. Thus flip-flop. 183 supplies an output rectangular 
pulse to conductor 184 as indicated at 185, the leading 
edge of the pulse occurring at a count of 2972 after the 
position detector pulse at input 186, and the trailing 
edge occurring at an encoder count of 3100. At the 
trailing edge of pulse 185, delay counter 131 begins 
counting, and after then counting 4872 encoder pulses, 
emits the inspection zone zero signal at output 44. 
This occurs at an absolute encoder count of 3100 plus 
4872 or 7972 pulses. In the second repeat cycle an ab 
solute count of 7972 pulses occurs at 2972 pulses from 
the second position detector pulse and thus occurs at 
the beginning of the inspection zone of circuit 142 in 
the second cycle. This is the desired operation to pro 
duce the display indicated in FIG. 3B. 
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Description of FIG. 4 
The circuitry of FIG. 4 shows a detailed implementa 

tion of the block diagram of FIG. 3, and the same refer 
ence numerals have been applied to corresponding 
parts in FIG. 3 and 4. 

In FIG. 4 a power supply is indicated at 200 including 
a transformer 201 for supplying direct current and fila 
ment votages to the system. Potentiometer 202 adjust 
for astigmatism, potentiometer 203 represents a focus 
adjustment, and potentiometer 204 is for the purpose 
of controlling beam intensity. A switch 205 may be me 
chanically coupled with switch 134 and is shown as 
having a lower inspection zone (IZ) position and an 
upper full revolution (FR) position, in conformity with 
the upper and lower positions of switch 134, respec 
tively. Two mechanically coupled selector switches 208 
and 209 are shown as having successive positions la 
beled “chop', 'alt', 'Ch 2' and “Ch 1'. In the “chop' 
position the circuit of FIG. 4 conforms with the block 
diagram of FIG. 3, and each pulse supplied via switch 
134, conductor 173, switches 209, and conductor 20 
serves to shift the condition of the chopper circuit 21 
of dual trace control section 126. 

In the alt or alternate position of switches 208 and 
209, chopper 2 is switched in response to each in 
spection zone zero pulse supplied to output conductor 
212 leading to switch 209. 

In the Ch 2 position of switches 208 and 209, scanner 
input channel 127 is continuously enabled, and signals 
from this channel are supplied via output conductor 
130 for display means of the lower trace of oscilloscope 
120. Similarly in the Ch 1 position of switches 208 and 
209, the input channel associated with jack 125 is en 
abled and signals from this channel are transmitted to 
the common output line 30 for display by means of 
the upper trace of oscilloscope i20. 
As shown in the lower right in FIG. 4, counter deflec 

tion generator circuit 152 includes a NAND gate 220 
which provides an output when counter stages 22 and 
222 of generator 52 register a count of 248. 
A go down circuit is indicated at 230 as part of the 

full revolution counter circuit 132, this circuit respond 
ing to the encoder pulse rate as divided by a decade 
counter stage 231. When the encoder pulse rate is at an 
unduly low value, chopper 211 is disabled by means of 
output conductors 232 and 233 of go down circuit 230, 
and trigger gate 150 is held in the reset condition by 
means of output conductors 232 and 234. 
With the foregoing description, taken in connection 

with the description of FIGS. 1-3, the operation of the 
circuit of FIG. 4 will be apparent. 

Summary of Operation of FIGS. 3 and 4 
With a mark-to-mark register control system such as 

represented at 124 and 142 in FIG. 3 and as described 
in the prior U.S. Pat. No. 3,624,359, it may be desired 
to simultaneously display signals from two scanner 
channels such as channels A and B shown in FIG. I. 
For example, it may be desired to connect scanner 35, 
FIG. , to the mark selection circuit 124 and also to 
input jack 125 of dual trace control 126, FIG. 3. Fur 
ther, it may be desired to connect the output of scanner 
36, FIGS. and 3, to a second input 127 of the dual 
trace control circuit 26, whereupon the signals due to 
marks on channels A and B of FIG. It will be displayed 
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on the respective traces of oscilloscope 120 as indi 
cated in FIG. 3A. 
As previously explained in detail, delay counter 131 

will begin the horizontal deflection of oscilloscope 120 
after the occurrence of a reference pulse representint 
the midpoint of the inspection zone of web control cir 
cuit i42. This reference pulse at conductor 182 pro 
duces the trailing edge of the rectangular pulse wave 
form 185 on the counter control input 184 of delay 
counter 131. The delay count of counter 131 is se 
lected to initiate scanning of oscilloscope 120 at the be 
ginning of the next inspection zone of web control cir 
cuit 142. 
As in the preceeding embodiment, with the switch 

134 in the full revolution (FR) position, a full deflec 
tion of the oscilloscope 120 corresponds essentially to 
a repeat length on the web 10 of FIG. 1, while with the 
switch 134 in the inspection zone position (IZ), a full 
deflection of the oscilloscope 120 takes place during 
the occurrence of a number of encoder pulses corre 
sponding to the duration of the inspection zone of the 
web control circuit 142. For example, where a repeat 
length corresponds to five thousand encoder pulses, 
full deflection along the horizontal axis in FIG. 3A may 
take place in response to 4960 encoder pulses. For the 
case of FIG. 3B, where the inspection zone corresponds 
to 256 encoder pulses, full horizontal deflection may 
take place in response to 248 encoder pulses, for exam 
ple. Further, in FIG. 3B, midpoint 143 on the trace will 
correspond to the midpoint of the inspection zone of 
web control circuit 142 to greatly facilitate the inter 
pretation of the display of FIG. 3B. 
The exact operation of the web control circuit 142 is 

not critical to an understanding of the concepts of the 
present invention. A preferred mode of operation, 
however, differs from that referred to in U.S. Pat. No. 
3,624,359, in that position detector pulses from posi 
tion detector 176 initiate each counting cycle. In this 
case, the scanner pulses supplied by lines 140 and 141, 
such as pulses A3 and B1, may be desired to be in time 
coincidence, and the control circuit 142 may be oper 
ated to maintain such time coincidence. Accordingly, 
it is very desirable to observe the raw scanner pulses as 
in FIG. 3B, so as to be able to select marks which are 
safely within the inspection zone. 
The web control circuit may delay pulses on line 140 

by a fixed encoder count, and have an adjustable 
counter for adjusting the pulses on line 141 so as to be 
in exact time coincidence with such delayed pulses due 
to input 140. 
Referring to the terminology of the claims, it will be 

observed that the pulse from trigger amplifier 24 in 
FIG. 1 may be termed a reference pulse marking the 
beginning of each cycle at the work applying stations 
11-13. The signal from scanner 36, FIG. 1, for example, 
may be termed a scanner pulse generated at the work 
applying station corresponding to work applying means 
13. By way of example, scanner 36 may supply a B2 
scanner pulse due to the B2 marks of FIG. 1 and such 
B2 scanner pulses will represent the point of applica 
tion of work to the web 10 at the station associated with 
work applying means 12. The reference pulse at the 
output of trigger amplifier 24 serves to initiate a count 
ing cycle of the counter deflection generator compris 
ing components 61, 64, 65 and 66, in FIG. 1. Thus, the 
counter deflection generator has a counter cycle con 
trol input comprising the set input of trigger gate 80 
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which is responsive to a reference pulse from trigger 
amplifier 24 to initiate a counting cycle. 
With switch 63 in its lower position, the deflection 

generator of FIG. 1 has a first counting condition 
wherein a given maximum deflection along the hori 
Zontal axis produces a display as indicated in FIG. A. 
With switch 63 in its upper position, the deflection gen 
erator has a second counting condition wherein maxi 
mum deflection along the horizontal deflection axis is 
produced in response to counting of a number of en 
coder pulses equal to a fraction, (such as one tenth), 
the number of encoder pulses corresponding to maxi 
mum deflection in the first counting condition. Thus, 
switch 63 in its upper position serves to display a se 
lected scanner pulse such as the B2 pulse on an en 
larged scale on the display screen 55 as indicated in 
FIG. 1B. 

Similarly in the embodiment of FIGS. 3 and 4, the 
output of delay counter 131 at conductor 144 may be 
termed a reference pulse. For example, if position de 
tector 176 initiates a predetermined counting cycle of 
the control circuit 142, then the reference pulse at out 
put 144 can be considered to mark the beginning of a 
cycle of the work applying stations associated with 
work applying means 11-13. The pulse B3 due to the 
B3 marks of FIG. 1, for example, may be considered a 
scanner pulse generated at the work applying station 
associated with work applying means 13 to represent 
the point of application of the work to the web section 
10c. The counter deflection generator 152 of FIG. 3 
has a counter cycle control input in the form of trigger 
gate 150 and conductor 154 which initiates a counting 
cycle of the deflection generator in response to the oc 
currence of the reference pulse at output conductor 
144 of delay counter 131. 
The NAND gate 81, FIG. 1, constitutes a gate circuit 

having an input connected to the deflection generator 
represented by component 61, 64, 65 and 66 in FIG. 1 
and having an output connected to blanking circuit 83, 
84 (via trigger gate 80) so as to supply a blanking signal 
to oscilloscope 50 in response to a count value of 99 in 
the counter stages 64 and 65. In the lower position of 
switch 63, gate 81 is actuated after the occurrence of 
990 encoder pulses, while in the upper positions of 
switch 63, gate 81 is actuated after the-occurrence of 
99 encoder pulses. 

In FIG. 4, gate circuit 220 shown at the lower right 
is actuated after the occurrence of 4960 encoder pulses 
for the lower position of switch 134, and after the oc 
currence of 248 encoder pulses for the upper position 
of switch 134. 

It will be apparent that many modifications and varia 
tions may be effected without departing from the scope 
of the novel concepts of the present invention. 

I claim as my invention: 
1. In a system for controlling the cyclical application 

of work at successive work applying stations to a mov 
ing work receiving material at repeat intervals and such 
that the work applied at the successive stations has a 
desired registration condition and wherein a reference 
pulse is generated to mark the beginning of each cycle 
at a work applying station and a scanner pulse is gener 
ated at each work applying station in each cycle to rep 
resent the point of application of the work to the work 
receiving material at such station, apparatus for dis 
playing such scanner pulses to facilitate set up, com 
prising 
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a display device having a display screen and having 
first and second deflection means for controlling 
deflection along respective first and second coordi 
nate axes on said display screen, said second de 
flection means being connectable to receive said 
scanner pulses during set up of the system, 

encoder means for coupling with work receiving ma 
terial for generating encoder pulses as a function of 
successive increments of movement thereof to sub 
divide the repeat intervals, 

a counter deflection generator having a counter input 
connected to said encoder means for counting of 
encoder pulses and having an output connected 
with said first deflection means for producing uni 
form deflection along said first coordinate axis of 
the display screen as a function of movement of 
said work receiving material, and having a counter 
cycle control input for initiating a counting cycle of 
said deflection generator and responsive to a refer 
ence pulse marking the beginning of a cycle at a 
work applying station to initiate a counting cycle of 
the deflection generator, 

said deflection generator having a first counting con 
dition wherein a given maximum deflection along 
the first deflection axis is produced in response to 
counting of a first number of encoder pulses corre 
sponding to at least a substantial proportion of a 
repeat interval between successive applications of 
work at a work applying station and having a sec 
ond counting condition wherein such given maxi 
mum deflection along said first deflection axis is 
produced in response to counting of a second num 
ber of encoder pulses equal to a fraction of said 
first number, and 

switch means connected with said deflection genera 
tor and operable to selectively place said deflection 
generator in said first counting condition to display 
substantially all of the scanner pulses occurring 
during successive repeat intervals and thereby to 
facilitate selection of a desired scanner pulse and 
in said second counting condition to display a scan 
ner pulse occurring in a selected portion of succes 
sive repeat intervals, whereby the system can be 
adjusted to display a selected scanner pulse on an 
enlarged scale on said display screen. 

2. In a system according to claim 1, 
a blanking circuit connected with said display device 
and operable in response to a blanking signal to 
prevent the display of scanner pulses supplied to 
said second deflection means, and 

a gate circuit having an input connected to said de 
flection generator and an output connected to said 
blanking circuit and operable in response to count 
values attained by said deflection generator in said 
first and second counting conditions thereof to sup 
ply said blanking signal to said display. 

3. In a system according to claim 2, said deflection 
generator in said first counting condition having a se 
ries of counting stages including a first counting stage 
and second counting stages, and in said second count 
ing condition including said second counting stages but 
excluding said first counting stage, and said gate circuit 
being responsive to a common condition of the second 
counting stages only in the first and second counting 
conditions of said deflection generator to produce said 
blanking signal, so as to emit the blanking signal in the 
second condition of the deflection generator regardless 
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4. 
of the count value registered by the first counting stage. 

4. In a system according to claim 1, said display de 
vice having first and second separate display areas on 
said display region and having respective second de 
flection means for controlling deflection relative to sec 
ond coordinate axes with respect to the first and second 
display areas, respectively, and said first deflection 
means conjointly controlling deflection relative to first 
coordinate axes of both of said display areas to produce 
a common scale for both display areas, and first and 
second scanner means connected with the respective 
second deflection means to provide for display of first 
scanner signals from the first scanner means on the first 
display area and for display of second scanner signals 
from the second scanner means on the second display 
area concurrently and on a common scale with respect 
to the first coordinate axis of said display region. 

5. In a system for controlling the cyclical application 
of work at successive work applying stations to a mov 
ing web at repeat lengths along the web such that the 
work applied at the successive stations has a desired 
registration condition and wherein a reference pulse is 
generated in each cycle of operation at a work applying 
station, and wherein an inspection zone is defined in 
relation to such reference pulse and corresponds to the 
range of permissible registration error, and wherein 
scanner pulses are generated at each work applying sta 
tion in each cycle of operation as a function of the in 
stantaneous position of the web relative to such station, 
apparatus for displaying such scanner pulses to facili 
'tate selection of a scanner pulse to occur within said in 
spection zone during set up, and comprising 

a display device having a display screen and having 
horizontal and vertical deflection means for con 
trolling deflection along respective horizontal and 
vertical coordinate axes on said display screen, said 
vertical deflection means being connectable to re 
ceive said scanner pulses during set up of the sys 
tem, 

encoder means for coupling with the movement of 
the web for generating encoder pulses as a function 
of successive increments of movement thereof and 
thus to incrementally subdivide each repeat length 
of the web, 

a counter deflection generator having a counter with 
a counter input connected to said encoder means 
for counting of encoder pulses, and having an out 
put connected with said horizontal deflection 
means for producing uniform deflection along said 
horizontal coordinate axis of the display screen in 
step with the movement of said web, 

said deflection generator having a first counting con 
dition wherein a given maximum deflection along 
the horizontal deflection axis is produced in re 
sponse to counting of a first number of encoder 
pulses corresponding to at least a substantial pro 
portion of a repeat length between successive ap 
plications of work at a work applying station and 
having a second counting condition wherein such 
given maximum deflection along said horizontal 
deflection axis is produced in response to counting 
of a second number of encoder pulses equal to a 
fraction of said first number and substantially cor 
responding to the extent of said inspection zone, 

means connected with said deflection generator and 
operable to selectively place said deflection gener 
ator in said first counting condition to display sub 
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stantially all of the scanner pulses occurring during 
successive repeat intervals and thereby to facilitate 
selection of a desired scanner pulse and operable 
to place said deflection generator in said second 
counting condition to display scanner pulses occur 
ring in a selected portion of successive repeat inter 
vals substantially corresponding to the extent of 
said inspection zone, whereby the system can be 
adjusted to display essentially only those scanner 
pulses occurring within the inspection zone, and 

means responsive to the encoder pulses and to the 
reference pulses and automatically operable in the 
second counting condition to initiate deflection rel 
ative to said horizontal coordinate axis such that 
the midpoint of the inspection zone essentially co 
incides with the midpoint along said horizontal co 
ordinate axis. 

6. In a system according to claim 5, 
a blanking circuit connected with said display device 
and operable in response to a blanking signal to 
prevent the display of scanner pulses supplied to 
said vertical deflection means, and 

a gate circuit having an input connected to said 
counter of said deflection generator and having an 
output connected to said blanking circuit and oper 
able in response to respective first and second pre 
determined count values attained by said counter 
of said deflection generator in said first and second 
counting conditions thereof to control the supply 
of said blanking signal to said display, said first pre 
determined count value being less than the number 
of encoder pulses in a repeat length to insure that 
said gate circuit resets said counter of said deflec 
tion generator to an initial count value in said first 
counting condition. 

7. In a system according to claim 6, said counter of 
said deflection generator in said first counting condi 
tion having a series of counting stages including a first 
counting stage and second counting stages, and in said 
second counting condition including said second 
counting stages but excluding said first counting stage, 
and said gate circuit being responsive to a common 
count condition of the second counting stages in the 
first and second counting conditions of said counter of 
said deflection generator to produce said blanking sig 
nal, so as to emit the blanking signal in the second 
counting condition of the deflection generator regard 
less of the count value registered by the first counting 
stage, the common count condition of said second 
counting stages representing a count value correspond 
ing approximately to the number of encoder pulses 
equal to the inspection zone. 

8. In a system according to claim 5, said display de 
vice having first and second separate display areas on 
said display region and having respective vertical de 
flection means for controlling deflection relative to ver 
tical coordinate axes with respect to the first and sec 
ond display areas, respectively, and said horizontal de 
flection means conjointly controlling deflection rela 
tive to horizontal coordinate axes of both of said dis 
play areas to produce a common scale for both display 
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areas, and first and second scanner means connected 
with the respective vertical deflection means to provide 
for display of first scanner signals from the first scanner 
means on the first display area and for display of sec 
ond scanner signals from the second scanner means on 
the second display area concurrently and on a common 
scale with respect to the horizontal coordinate axis of 
said display region which is keyed to the individual in 
crements of movement of the web. 

9. In a web system where set up is effected by select 
ing suitable marks applied to the web at successive 
printing stations and wherein the system is operable to 
generate a substantial number of uniform encoder 
pulses in each printing cycle such that each encoder 
pulse represents a uniform individual increment of 
movement of the web corresponding to a fraction of a 
repeat length of the printed web, and to generate a ref 
erence pulse to represent a predetermined point in 
each repeat cycle during continuous movement of the 
web during a set up operation, and wherein the web 
system is operable to provide an inspection zone gener 
ally representing the range of permissible phase values 
for a selected scanner pulse and wherein the midpoint 
of the inspection zone is to occur a predetermined 
number of encoder pulses after the beginning of an in 
spection zone, apparatus for displaying such scanner 
pulses to facilitate selection of a scanner pulse during 
set up of the system, said apparatus comprising 
a display device having a display screen and having 

first and second deflection means for controlling 
deflection along respective first and second coordi 
nate axes on said display screen, said second de 
flection means being connectable to receive said 
scanner pulses during set up of the system, 

a counter deflection generator responsive to encoder 
pulses and operable in a first counting condition to 
control said first deflection means to display at 
least a substantial proportion of a repeat length of 
the web, and operable in a second counting condi 
tion to control said first deflection means to display 
essentially only a fraction of the repeat length cor 
responding to the length of the inspection zone, 
and 

delay counter means controlling said display device 
and responsive to said reference pulse to initiate 
display of scanner pulses in the second counting 
condition in each repeat cycle such that the mid 
point of the inspection zone will always occur sub 
stantially at a predetermined point on said display 
SCreen. 

10. In a system according to claim 9, said delay 
counter means introducing a delaying count of encoder 
pulses equal to the total number of encoder pulses in 
a repeat length less said predetermined number of en 
coder pulses such that display is initiated in the first and 
second counting conditions substantially at the begin 
ning of the inspection zone, and such that the midpoint 
of the inspection zone corresponds substantially to a 
midpoint with respect to the first coordinate axis in said 
second counting condition. 

t t 


