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AN APPARATUS AND A METHOD FOR MEASURING REGISTRATION ERRORS OF A PRINT

BACKGROUND OF THE INVENTION

This invention relates to an apparatus for mea-
suring registration errors by utilizing registration
marks printed at predetermined positions on a mui-
ticolor print to be inspected, and more particularly
to an apparatus for the same by utilizing a handy
type image inputting device for inputting images of
the registration marks.

For instance, in the case of an offset press, a
plate with a pattern is wrapped around a plate
cylinder and an ink which is stored in an ink
fountain is applied to the plate through a group of
inking rollers. The ink applied to the plate is
pressed against the plate cylinder and transferred
to a blanket (rubber) cylinder which is rotating. A
web or sheet of paper is made to pass between the
blanket cylinder and an impression cylinder, where-
by a paitern is printed on the web or sheet of
paper. In the case of the multicolor printing, a unit
comprising a plate cylinder, a blanket cylinder and
an impression cylinder is provided for each color.
The web or sheet of paper printed with a first color
is made to pass the printing unit of a second color
and then the printing unit for a third color, whereby
multicolor printing is accomplished.

Meanwhile in the multicolor offset printing pro-
cess, when a plate wrapped around a plate cylinder
is deviated from a predetermined position, a print-
ed medium has registration errors in the circum-
ferential direction (in the direction in which the web
or sheet of paper is transported), the lateral direc-
tion and/or in the twisted direction.

Therefore after a trial printing, an operator visu-
ally observes the print by means of a magnifier or
the like to determine a registration error and in
response to the registration error thus found, the
operator adjusts the positions of the plates. These
steps are repeated until the registration errors are
compietely eliminated.

However, in order to visually measure registra-
tion errors and adjust the positions of plate cyl-
inders in response to the registration error thus
found, an operator must have great skill and long
experience. Furthermore, the above-described
steps must be repeated many times in a trial-and-
error manner until all registration errors are elimi-
nated so that much time is required and much
printing paper is wasted.
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SUMMARY OF THE INVENTION

An object of the present invention is to provide
a device for correctly measuring registration errors
of a printed medium by a simple operation.

A second object of the present invention is to
provide a device capable of measuring a registra-
tion error of a printed medium in terms of a nu-
merical value by a simple operation.

To the above and other ends, the present in-
vention provides a device of handy type for input-
ting a pattern of a printed medium on printing
press, displaying the pattern on enlarged scale on
the screen of a display device, inputting the coordi-
nates of the positions of each color pattern for a
predetermined element within the magnified and
displayed image by a coordinate input means, de-
termining registration errors between respective
colors from the coordinates of the positions of each
color and the magnification of the image, calculat-
ing a quantity required for the adjustment of the
position of plate cylinders based on said registra-
tion errors and automatically effecting the register-
ing of the printing press in response to the resuits
of this calculation.

Therefore, according to the present invention,
the registration can be achieved only by one trial
printing so that the operation time and paper can
be considerably reduced.

FIG. | is a perspective view used to explain
an embaodiment of the present invention;

FIGS. 2(a) ~ 2(e) show images displayed on
a color cathode-ray tube shown in FIG. I;

FIG. 3 is a view used to explain a printout
obtained from the embediment as shown in FIG. ;

FIG. 4. is a flowchart showing the steps of
arithmetic operation carried out by a computer
shown in FIG. I;

FIGS. 5(a) ~ 5(f) are views used to explain
the contents of arithmetic operations corresponding
to the steps shown in FIG. 4;

FIG. 6 is a view used to explain the present
invention applied to a sheet-fed printing press;

FIG. 7 is a view used to explain a pure
optical system for displaying on eniarged scale a
pattern on a display screen;

FIG. 8 is a view used io explain a way of
setting a camera on a print to be inspected;

FIGS. 9A and 9B are views used to explain
detailed structure of the camera and its attach-
ments in FiG. 8; and
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FIG. 10 is a view used to explain another way
of setting a camera on a print to be inspected.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

The preferred embodiments of the present in-
vention will be described with reference to the
accompanying drawings.

FIG. | shows an embodiment of the present
invention which is applied to an offset press. A
printed medium to be measured X is placed on a
table | and a suitable portion of the printed medium
X is magnified and focused through a magnifying
lens 2 with an extension tube. The magnified light
image thus formed is converted by a color video
camera 3 into electrical signals which in turn are
applied through a superimposer 5 to a color
cathode-ray tube 4 which displays an image mag-
nified by tens of times. It is preferable that a
pattern of the printed medium X to be displayed on
the color cathode-ray tube 4 include a pattern
which can distinctly indicate the misregistration.
For example, it includes registration marks or pat-
terns whose misregistration can be easily recog-
nized. An image such as a cross-shaped cursor
which is generated by a personal computer 6 is
superimposed through the superimposer 5 on the
image displayed on the color cathode-ray tube 4.
This cross-shaped cursor can be displaced in re-
sponse to the operation of a joy stick 8 connected
through an interface 7 to the personal computer.
After the cursor is displaced in response to the
operation of the joy stick 8, an input instruction is
applied by means of an operation panel 9 whose

input  instruction  buttons  include  "CIR.-
(circumferential)”, "LAT.(lateral)", "UP(upper sur-
face)”, "LO(lower surface)", "OPE.(operation)”,

"MAN(man side)”, "GR(gear side)", "RM L.(register
mark input)” and "NDL(needle input)”.

The coordinate inputs obtained by the opera-
tion of the operation panel 9 in response to the
shift of the cursor by the joy stick 8 to the pattern
picked up by the camera 3 and displayed on the
color cathode-ray tube 4 is calculated by the per-
sonal computer 6 and the calculation results; that
is, the registration errors are converted into data for
correcting the positions of a plate cylinder.

In addition to the camera 3, as input means, a
flat scanner may be used. Alternatively, the register
mark on a printed medium may be directly made
into contact with an image pickup tube or an image
pickup element. Furthermore, the register mark is
photographed by use of a Polaroid camera and a
hard copy thus obtained is placed upon a digitizer
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to enter the position of the register mark. Instead of
the color cathode-ray tube 4, a display device such
as a liquid crystal display device or a plasma
display device may be used.

Marks called registration marks and having
shape of cross have long been utilized. These
marks, consisting of four color marks, namely cyan,
magenta, yellow and black, are printed on the gear
side and the man side of a print respectively. The
deviation between these marks is null when the
registration is completed, so that good prints are
produced. However, there are some problems to
be solved when inputting respective positions of
marks. Namely,

I It is necessary to distinguish the colors of
respective marks before inputting so that an expen-
sive and large-sized color display and a corre-
sponding color camera are required to display col-
or image for the operator.

2 The operator tends to misunderstand col-
ors when the registration is almost completed be-
cause the registration marks are overlapped each
other at that time.

The marks shown in Fig. 2(b), (c) do not have
such drawbacks hereinabove. Fig. 2(b) shows a
status in which registration is incompleted, and Fig.
2(c) shows another status in which the registration
is completed, the registration marks being aligned
with spacings of 3 millimeters along the circum-
ferential direction. Since deviation of marks in cir-
cumferentiai direction seldom exceeds *I millime-
ter, if it is predetermined to align these marks from
the above to the below in the order of B, C, M and
Y, there should be no change in the order.

Accordingly,it is easily judged as to the rela-
tionship between marks and colors according to
positional relationship of marks. As a result, there is
no need to utilize a color display and camera at all.
And it is predetermined when inputting images by
camera that one of the circumferential directions is
for example below, color judgement can be easily
made by software in a personal computer so that it
is unnecessary to input the colors of marks. Further
it is easy to accomplish accurate position inputting
because the marks never overiaps actually.

FIGS. 2(a) ~ (e) show the images displayed on
the screen of the color cathode-ray tube 4 (see
FIG. I). FIG. 2(a), (b) and (e) show misregistration
display marks called register marks and cyan, ma-
genta, yellow and black marks are marked on the
gear side and on the operating side of the plate
cylinder.

FIG. 2(d) shows a cross-shaped cursor Il which
is superimposed on the patterns or marks shown in
FIG. 2(a), (b), (c) or (e). This cursor can be shifted
to any position on the screen of the color cathode-
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ray tube 4 in response to the operation of the joy
stick 8. FIG. 2(d) shows the point of the patterns
upon which the cursor must be registered and
there are two kinds of inputs.

A first kind of input is used to correct in the
vertical and horizontal directions of the screen of
the color cathode-ray tube 4. When patterns on a
printed medium are inputted by means of a cam-
era, an operator sets the printed medium on the
table | so that the circumierential and laterai direc-
tions of the printed medium will not coincide with
the coordinates on the screen of the color cathode-
ray tube 4. When a reference line representative of
the vertical direction and a reference line repre-
sentative of the horizontal or lateral direction are
marked on the color cathode-ray tube 4 and if the
operator sets the printed medium in such a way
that one of the color register marks coincides with
these reference lines, then the circumferential and
lateral directions of the printed medium coincide
with the coordinates on the screen of the color
cathode-ray tube 4. However, this step is cum-
bersome in practice. Therefore, according to the
present invention, even when the printed medium
is arbitrarily set on the table, the coordinates are
corrected by means of the personal computer. For
instance, two points I3 and 1l4 on the vertical or
horizoptal line of one of the color register marks
displayed on the screen of the color cathode-ray
tube are entered. lf the two points are verticaily
spaced apart from each other, the "CIR." button is
depressed. On the other hand, when the two points
are spaced apart from each other in the horizontal
direction, the "LAT." button is depressed. Then,
the vertical and horizontal directions can be auto-
matically corrected. A second kind of input is used
to designate the coordinates of each of the color
register marks. In general, the register mark is in
the form of a cross so that when the point of
intersection between the vertical and horizontal
lines is entered as an input, both the vertical and
horizontal coordinates are also entered simulta-
neously.

In addition to the cross-shaped register mark,
there are register marks with only a vertical or
horizontal line. In the latter case, the coordinates
representative of the direction of a vertical or hori-
zontal line are entered as an input. In order to
input, it suffices to input only one arbitrary point on
the horizontal or vertical fine. The coordinates of a
position are determined in a coordinate system
which in turn is determined in response to the
corrections in the circumferential and lateral direc-
tions. However, in this case, only the circumferen-
tial or lateral operation is carried out so that the
operation panel is provided with a button for opera-
tion only in the circumferential direction and a
button for operation only in the lateral direction.
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And there is another example of inputting the
circumferential or lateral direction. According to this
method, the vertically upward direction of a register
mark is always displayed in the vertically upward
direction on the screen of the color cathode-ray
tube. When an angle between the vertical of the
screen of the color display cathode-ray tube and a
line interconnecting between two points selected
on the screen of the color cathode-ray tube is less
than 45°, it is recognized that the vertical or cir-
cumferential input is made and on the other hand,
when the angle is greater than 45°, it is recognized
that the horizontal or lateral input is made. There-
fore one button on the operation panel 9 can have
a dual function of the "CIR." and "LAT." butions.

In the case of the offset press, the register
marks are placed substantially at the same position
on the upper and lower surfaces of the printing
press and must be aligned with each other. There-
fore a needle hole is formed adjacent to the regis-
ter marks and is used to make the inputs of the
misregistrations on the upper and lower surface.
This can be done by manipulating "NDL" button on
the operation panel 9 as in the case of inpuiting the
register mark position coordinate system. The up-
per and lower surfaces can be registered with each
other based on the position of the needle hole as a
reference. .

The above-described input operations may be
summarized as follows:

i) Input for correction in the circumferential or lat-
eral direction:

The joy stick 8 is operated in such a way that
the cursor on the screen of the color cathode-ray
tube 4 is sequentially registered with two points on
the horizontal or vertical line of a register mark.
Thereafter the "CIR." or "LAT." bution on the op-
eration panel 8 is depressed.

i) Input of coordinates of positions of each color
pattern:

The joy stick 8 is so operated that the cursor is
registered with each of the color registration pat-
terns and then the "MAN" or "GR" button, and the
"UP" or "LO" buttons are depressed.
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i) Input of coordinates which are in common in
both upper surface and lower surface:

The joy stick 8 is so operated that the cursor
on the display screen of the color cathode-ray tube
4 is aligned with the needle hole formed adjacent
to the register marks and then the "NDL" button on
the operation panel 9 is depressed.

iv)The "OPE" button is depressed:

The operation is started according to the con-
tents of the computation to be described below.
FIGS. 4 and 5 show the arithmetic operations car-
ried by the personal computer 6 as shown in FIG. 1.
FIG. 4 shows the steps and FIGS. 5(a) ~ (f) show
the contents of the arithmetic operations. According
to the first embodiment, the registration error is not
computed, but the plate cylinder corrections are
directly computed. The arithmetic operation steps
comprise the depression of the operation button (S-
1), the circumferential (lateral) direction correction -
(S-2), the .display for distinguishing colors (S-3),
the coincidence of the coordiantes on the upper
and lower surfaces (s-4), the arithmetic operation
for obtaining the corrections of the twisted plate
cylinder (S-5), and the arithmetic operation for ob-
taining the correction of the plate cylinder in the
circumferential and lateral directions (S-6), and
may comprise the application of signals to the
motor drive circuit in the registration device of the
printing press (S-7). The arithmetic operations are
carried out by the five steps S-2 --S-6 so that these
steps will be described in detail hersinatter.

I) Circumferential (Lateral) direction correction (FIG.
4, S-2):

First the coordinates of the position of the
register marks which are based on the X-and Y-
axes (FIG. 5(a)) are convertad into the coordinates
based upon the circumferential and lateral direction
in response to the circumferential and lateral direc-
tion information previously entered (FIG. 5(b)). In
FiG. 5(a), (a. b) and (c, d) are coordinates of the
position of the register mark based on the X-and Y-
axes on the screen of the color cathode-ray tube
and the coordinates (a’, b’) and {¢’, d’) shown in
FG. 5(b) are those based on the X'-and Y’-axes
with reference to the circumferential direction en-
tered as an input. This operation is repeated four
times for the gear side, the operation side and their
upper and lower surfaces of one printed medium.

10

15

20

25

30

35

45

55

2) Judgement of colors (FIG. 4, S-3):

Register marks are displayed on the display 4
according to the converted coordinates along Y
axis and are distinguished each other as B (black),
C (cyan), M (magenta) and Y (yeliow), when the
marks of Fig. 2(c) are utilized.

3) Coincidence of the upper and lower surface
coordinate systems (FiG. 4, S-4):

In order to register all the register marks on the
upper and lower surfaces, the coordinate trans-
formation is carried out so that the Upper surface
and lower surface coordinate systems coincide with
each other. For instance, FIGS. 5(e) and (f) show
the conditions of the upper and lower surfaces
when the circumferential directions are transformed
S0 as to coincide with the Y’-axis. In these figures,
(@, p) and (g, r) are coordinates and * represents
a needle hole.

In the case of the coincidence operation, the
origin 0 is shifted to the pin hole (u, v) as shown in
FIG. 5(e) and then shifted to the pin hole (s, t) as
shown in FIG. 5(f) so that only the X’-axis sign of
thi register mark is changed.

(o0.P)=(0-upv)

(Q. r) = (s-q, rt)

Then, the register marks on the upper and lower
surfaces can be piaced on the same coordinates.

4) Arithmetic operation for obtaining the correction
of the twisted plate cylinder (FIG. 4, S-5):

A twist is calculated by using the coordinates
in which the circumferential direction (lateral direc-
tion) is corrected and which is converted into the
coordinates in common both on the upper and
lower surfaces by the above-described steps 1) and
2). FIGS. 5(c) and (d) show examples of the reg-
istration marks on the man and gear sides. In this
case, BL (black) is twisted relative to C (blue) by
(to circumferential direction) {(j-3-1)-(f-3-h)} * m
when the marks of Fig. 2(c) are utilized, [(j-I)~(f-h)]
* m when the marks of Fig. 2(a) are utilized where
m is a constant inherent to a printing press.

As described above, a twist for each coloris
obtained based on the reference C (biue) and a
twisted shift is defined by a vaiue obtained when
an average twist is subtracted from the twist of
each color. The corrections of the plate cylinders in
the twisted direction can be obtained from the
twisted shift and the magnification.
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The twist varies depending upon the width of a
web of paper. Therefore, when the above-stated
calculations are made on a web of paper having a
standard width in order to obtain a correct twist, an
error occurs when the width of a web of paper
varies. Therefore, the width can be entered by
using ten keys or one of the paper width selection
keys is depressed depending on the width of a
web of paper used so that the constant m may be
varied. A plurality of paper width selection keys are
previously provided depending upon the widths of
webs of paper to be used.

5) Arithmetic operation for obtaining the corrections
of the positions of the plate cylinders in the circum-
ferential and the lateral directions (FIG. 4, S-6):

As the resulis of the above-described oper-
ations 1) and 2), the positions of the register marks
are represented in the same coordinate system on
the upper and lower surfaces of the gear and man
sides so that the shifts in the circumferential and
lateral directions of the register marks so that they
coincide with each other can be obtained by a
simple arithmetic operation.

For instance, the shifts are obtained by coin-
ciding all the register marks with an average posi-
tion in the circumierential, lateral and twist direc-
tions, but except the register marks which are
extremely deviated, it suffices to obtain an average
position. From these shifts and the magnifying
power, the corrections of the positions of the plate
cylinders in the circumferential and lateral direc-
tions can be obtained.

Furthermore, instead of the joy stick, a mouse,
a track ball, a light pen or digitizer may be used
and a menu patch may be marked on the operation
panel or a display device.

FIG. 3 shows one output example derived from
the printer 12; that is, the results of the arithmetic
aperations carried out by the personal computer 6.

After the input operations i) ~ iv) described
above, upon depression of the "OPE™ button on
the operation panel 9, the personal computer 6 -
{See FIG. 8) calculates based upon the magnifica-
tion of the color pattern, information concerning the
positions of the color pattern on the screen of the
display device 4 and the information concerning
the circumferential (lateral) direction on the screen
of the display device 4 so that the registration
errors between the respective color patterns can be
abtained. It is more preferable that the personal
computer is so designed and constructed that it
can calculate optimum corrections of the positions
of a plate cylinders.
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The printout example as shown in FIG. 3 will
be described. This is an example of a printout of
an optimum correction of the positions of plate
cylinders. + represents the operation side in the
lateral direction, the forward direction when twisted
and the operation side in the circumferential direc-
tion while -represents the rearward direction in the
circumferential direction and when twisted and the
man side in the lateral direction. The unit of the
numerical values shown is Il00 mm. Therefore, for
instance, BL (black) on the upper surface should
be displaced by 5/100 mm in the forward direction
in the circumferential direction, should be displaced
by 100 mm toward the gear side in the lateral
direction and should be twisted by 2/100 mm in the
forward direction. References are upper side M -
(magenta) in the circumferential direction, lower
side M {magenta) in the lateral direction and lower
side C (cyan) in the twisted direction, which are all
determined by the calculations.

Therefore when the position adjusting device of
the printing press is activated in response to the
printed out numerical values, the registration can
be achieved for one time.

FIG. 6 shows a sheet-fed press to which is
applied the present invention. The sheet-fed press
prints the upper and lower surfaces of a sheet of
paper separately so that when the lower surface is
to be printed afier the upper surface has been
printed, it is preferable to utilize the patterns on the
upper surface which have been already registered
with each other.

In view of the above, as shown in FIG. 6, a
glass plate 2l is embedded into the table | and a
lamp 22 is disposed below the glass plate 2I. The
light emitted from the lamp 22 is transmitted
through a printed medium X and is focused by a
lens system 2. Therefore, it becomes possible to
observe from the lower surface side the register
marks which are registered with each other on the
upper surface. As a result, when viewed from the
lower surface side, not oniy the register marks
marked on the lower surface but also the register
marks marked on the upper surface can be ob-
served. Then it becomes possibie to observe how
much the deviation of the register marks printed on
the lower surface from the register marks on the
upper surface is.

In this case, instead of the "needie™ button, the
operation panel Il is provided with an input button
for entering the position of the register mark print-
ed on the upper surface of the sheet so that the
position of the register mark printed on the upper
surface when viewed through the printed medium X
is entered and the register mark on the lower
surface is aligned with the register mark on the
upper surface. The input of the coordinate positions
of the register marks on the lower surface as well
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as the input of the circumferential (lateral) direction
are substantially similar to that described above
with reference to the rotary press. Otherwise a
pinhole is provided at the centers of register marks
so that the registration is rendered depending upon
this pinhole. in this case the optical system shown
in FIG. 6 is not needed.

In the embodiment shown in FIG. 7, a com-
bination of a focusing glass and a iens system is
used. A printed medium X placed on the table | is
magnified by an objective lens 33 and a magnify-
ing lens 34, redirected by a mirror 35 and focused
on the focusing glass 56. The printed medium X is
sufficiently illuminated by the light emitted from a
lamp 3! and redirected by a half mirror 35.

In this embodiment, the coordinates of the po-
sition of sach color register mark is entered as an
input through a transparent digitizer 37 bonded
over the focusing glass 36 and is processed by a
special microcomputer (not shown). Instead of the
transparent digitizer, a conventional digitizer may
be used and the digitizer used may be of an
optical type, an ultrasonic type or a transparent
electrode type.

FIG. 8 shows a view for explaining a way of
setting a camera 3 on a print X to be inspected.
The print X is set on an inspecting tabie 100 on
which the camera 3 is positioned over a predeter-
mined portion of the print X. The camera 3 inputs
the image of the registration mark (not shown)
printed at the predetermined portion of the print X.

FIGS. 9A and 9B show views for explaining
detailed structure of the camera and its attach-
ments in FIG. 8. As shown in FIG. 9A the camera 3
is supported by a spacer 200 made of a transpar-
ent material so that the camera 3 is set on a print
X. As the spacer 200 is transparent, the operator
who handles the camera 3 can easily observe
whether the registration mark is just under the
lense 2 of the camera 3.

In the spacer 200 is pravided a light emitting
end of an optical fiber 40 the other end of which is
connected to a light source consisting of a lamp
38, a reflecting mirror 39 and a cooling fan 4l so
that the portion under the camera 3 is illuminated
by light emitted from one end of the optical fiber
40.

In the case of FIG. 9B, the camera body 3A is
separated from the spacer 200 which supports only
the lens 2 which is connected to the camera body
3A by a image guiding optical fiber. The other

structures are similar to those in FIG. 9A. FIG. i0 .

shows a view for explaining another way of setting
the camera 3 on the print X. In this case, the
camera 3 is supported by a moving mechanism 42
including a pair of side rails and a cross rail which
is provided across the side rails. The cross rail is
movabie along a pair of side rails and is immovable
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when a stopper 43 is locked to fix the cross rail to
the side rails. According to the structure for sup-
porting the camera, the spacer 200 is not needed
because the camera 3 is supported by the moving
mechanism.

Claims

l. An apparatus for measuring registration er-
rors of a print comprising:
means for inputting an image of registration marks
printed at a predetermined portion of a muiticolor
print to be inspected; and
a display for displaying said registration marks
inputted by said image inputting means so as to
measure said registration errors according to the
image displayed,
characterized in that said image inputting means is
a handy type device so as to be set over the
registration mark on the print for inputting the im-
age of said registration mark.

2. An apparatus as set forth in claim |, wherein
said image inputting means comprises a camera
and an illuminating means for illuminating the sur-
face of the print.

3. An apparatus as set forth in claim 2, wherein
said camera comprises a camera body and a light
guide for guiding light from the surface of the print
to said camera body.

4. An apparatus as set forth in claim 2, whersin
said illuminating means comprises a light emitting
means and a light guide means for guiding light
from said light emitting means to the surface of the
print.

5. An apparatus as set forth in claim |, wherein
said image inputting means comprises a spacer for
supporting said image inputting means over the
print.

6. An apparatus as set forth in claim 5, wherein
said spacer is made of a transparent material.

7. A method for measuring registration errors
comprising the steps of:
inputting images of registration marks printed at a
predetermined portion of a multicolor print; and
displaying enlarged image of the registration marks
on a display for measurement of registration errors
according to the displayed image,
characterized by comprising the steps of:
printing registration marks, regularly aligned with
predetermined spaces therebetween, printed at a
predetermined portion of a print to be inspected
when the registration is completed; and
displaying eniarged image of said marks on a
display,
thereby measuring the amount of registration error
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according to the positions of the registration marks
of the respective color and its percentage of en-
targement.
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