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Inputs Out uts 
Previous Current error Predicted error Color control Defect detect 
prediction (8) (5 ) output output 
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Small Large Large ‘Disabled Enabled 
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ILLUMINATION SYSTEM FOR A PRINTING 
PRESS 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 10/385,311, ?led Mar. 10, 2003. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to an illu 
mination system for a printed Work on a Web in a printing 
press, and more particularly, to re?ectors for re?ecting light 
from an illuminator to the printed Work on the Web. 

BACKGROUND OF THE INVENTION 

[0003] A Web-offset printing press includes an inking 
assembly for each color of ink used in the printing process. 
Each inking assembly includes an ink reservoir and a 
plurality of hard nylon keys or a segmented blade disposed 
along the outer surface of an ink fountain roller. The amount 
of ink supplied to a roller train of the press and ultimately to 
a substrate, such as a Web of paper, is adjusted by changing 
the spacing betWeen the edge of the blade segments or the 
nylon keys and the outer surface of the ink fountain roller. 
The position of each blade segment or each key relative to 
the ink fountain roller is independently adjustable via an ink 
control system to thereby control the amount of ink fed to a 
corresponding longitudinal strip or ink key Zone of the 
substrate. 

[0004] Typically, ink is spread laterally from one longitu 
dinal Zone to adjacent Zones due to the movement of vibrator 
rollers, Which oscillate in a lateral direction relative to the 
substrate. The amount of ink on the ink fountain roller itself 
is also adjustable by changing the angle through Which the 
ink fountain roller rotates each stroke. This generally occurs 
by adjusting a ratchet assembly, as is knoWn in the art. 

[0005] While such a printing press is running, a camera is 
typically used to continually monitor the printed output and 
to make appropriate ink key adjustments in order to achieve 
appropriate quality control of the color of the printed image. 
Speci?cally, the camera moves across the Web to collect 
images of color patches on the moving Web. Each piXel of 
the color patch images is then processed, and assigned a 
color value. Each color value is compared against a desired 
color value. If the absolute difference betWeen the desired 
color value and the determined color value is outside some 
predetermined tolerance, the ink key is then controllably 
adjusted, thereby effecting a change in the ink ?oW rate. 

[0006] It is not uncommon for printed images on the Web, 
color patches in particular, to be corrupted by some printing 
artifact such as the effect of a paper ?ber on the blanket roller 
(commonly knoWn as a hickey), a droplet of ink, an inden 
tation on the blanket, a slime hole in the paper, a scratch on 
the plate, or some other such defect. In this case, the 
measured color values of a defective color patch may not 
accurately re?ect the color Within the printed Work itself. 
While methods for detecting a small defect in a color patch 
eXist in marked color control systems, they are generally 
limited to eliminating small defects that do not encompass a 
relatively large portion of the color patch. Furthermore, 
these color control systems use techniques that assume that 
the color properties of the printed Work remain constant over 
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a de?ned area. HoWever, the color properties of the print 
Work may not remain constant. As a result, other techniques 
are needed to detect defects. 

[0007] Color control systems for printing presses not 
requiring the use of color patches, or markless color control 
systems have been developed. Such markless color control 
systems measure color values in the printed Work itself. 
Since the color of the printed Work is measured directly in 
the markless systems, the correspondence betWeen color 
patches and the Work is not in question. HoWever, these 
systems do not detect defects on the printed Work. Even 
though the marked color control systems are con?gured to 
detect defects in the printed Work, these defect detection 
techniques are applied to marked color control systems only. 

[0008] For example, printing presses typically include a 
defect detection system as are knoWn in the art. This type of 
defect detection system scans, and acquires an image of the 
printed Web. The acquired image is subsequently compared 
to a stored digital template image. Any discrepancy betWeen 
the acquired image and the template image beyond some 
tolerance is considered to be a defect. The isolated defects 
are then logged in a data ?le. When the systems detect a 
large change in color due to a change in inking level, a 
non-isolated defect is reported over a large portion of the 
Web. When non-isolated defects are reported, an alarm Will 
subsequently be set off to alert an operator to take appro 
priate corrective action. 

[0009] Once a printed product is determined to be accept 
able, the defect detection control systems Will typically 
establish a neW template image by scanning the acceptable 
printed product. The defect detection control system is not 
fully functional until a printed product is determined accept 
able. While a template image can be collected before the 
printed product is considered acceptable, the template image 
may actually contain a defect, and an actual defective image 
may be considered acceptable or good, and therefore no 
corrective action is taken. 

[0010] Furthermore, the printed product may have subtle 
defects even When it is judged acceptable. For eXample, a 
printing plate may have been scratched before the printing 
process started, or a blanket ?aW such as a hickey or 
indentation may have been present. 

[0011] The makeready process typically includes a visual 
comparison and inspection of a print product against a 
contract proof. This visual comparison and inspection pro 
cess establishes that no formatting errors are introduced into 
the press betWeen making the contract proof and putting the 
printing plates on press. HoWever, typical defect detection 
control systems do not alloW for a template image that has 
been collected based on a contract proof, or based on a 
digital representation of the printed Work that Was used to 
create the printing plate. 

[0012] Traditionally, color control systems and defect 
detection control systems are tWo separate systems operating 
on a printing press. These separate systems utiliZe separate 
Web scanning mechanisms. Image processing is often dupli 
cated in these tWo control systems as Well. 

SUMMARY OF THE INVENTION 

[0013] The invention provides an illumination system for 
a Web travelling from upstream to doWnstream in a longi 
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tudinal direction in a printing press. A lateral direction is 
de?ned to be substantially perpendicular to the longitudinal 
direction. The system includes a ?rst and a second illumi 
nator for emitting light, each illuminator having a long aXis 
arranged in the lateral direction. Further, the system includes 
a ?rst and a second re?ector, With the second re?ector being 
arranged doWnstream from the ?rst re?ector. Each re?ector 
has a surface for re?ecting light from a corresponding 
illuminator toWard the Web, Wherein a cross-section of each 
re?ecting surface is a portion of a parabola having a focal 
point. A corresponding illuminator is located at each focal 
point. 
[0014] In another aspect, the invention provides an illu 
mination system for a Web travelling from upstream to 
doWnstream in a longitudinal direction in a printing press. A 
lateral direction is de?ned to be substantially perpendicular 
to the longitudinal direction. The illumination system 
includes a ?rst and a second illuminator for emitting light, 
each illuminator having a long aXis arranged in the lateral 
direction. The system also includes a ?rst and a second 
re?ector, the second re?ector arranged doWnstream from the 
?rst re?ector. Each re?ector has a surface for re?ecting light 
from a corresponding illuminator toWard the Web, Wherein 
a cross-section of each re?ecting surface is a portion of an 
ellipse having a ?rst and a second focus. The ?rst illuminator 
is located at the ?rst focus of the ?rst re?ector, and the 
second illuminator is located at the ?rst focus of the second 
re?ector. The second focus of the ?rst re?ector and the 
second focus of the second re?ector are substantially over 
lapping. 
[0015] Other features and advantages of the invention Will 
become apparent by consideration of the detailed description 
and accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a perspective vieW of a portion of a 
printing press; 

[0017] FIG. 2 is a side vieW of a scanner assembly; 

[0018] FIG. 3 is a perspective vieW of a lighting element 
of the scanner assembly; 

[0019] FIG. 4 is a sectional vieW of the lighting element 
With a slit aperture; 

[0020] FIG. 5 is a sectional vieW of an alternative embodi 
ment of the lighting element; 

[0021] FIG. 6 is a perspective vieW of the lighting element 
emitting light from a single point; 

[0022] FIG. 7 is a perspective vieW of an image sensor 
arrangement; 

[0023] 
[0024] 
[0025] FIG. 10 is a perspective vieW of a portion of 
printing press including an alternative embodiment of the 
control system; 

[0026] FIG. 11 is a side vieW of one embodiment of an 
arrangement of tWo parabolic re?ectors; 

[0027] FIG. 12 is a side vieW of another embodiment of 
an arrangement of tWo parabolic re?ectors; 

FIG. 8 is a ?oW chart of a control system; 

FIG. 9 is a table indicating input and output rules; 
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[0028] 
curve S; 

[0029] FIG. 14 illustrates various utiliZation angles for 
different parabolic re?ectors; 

[0030] FIG. 15 plots utiliZation angles versus focal length 
for various clearance lengths; 

[0031] 
[0032] FIG. 17 is a graph of light intensity versus distance 
for an illuminator and parabolic re?ector; 

[0033] FIG. 18 is a side vieW of another embodiment of 
an arrangement of tWo parabolic re?ectors; 

[0034] FIG. 19 is a graph of light intensity versus distance 
for the arrangement illustrated in FIG. 18; 

FIG. 13 is an illustration of a group of parabolic 

FIG. 16 is a graph of angle versus distance; 

[0035] FIG. 20 is a side vieW of a compound re?ector 
including a circular portion and a parabolic portion; and 

[0036] FIG. 21 is a perspective vieW of the re?ector 
illustrated in FIG. 20. 

[0037] Before any embodiments of the invention are 
eXplained in detail, it is to be understood that the invention 
is not limited in its application to the details of construction 
and the arrangement of components set forth in the folloW 
ing description or illustrated in the folloWing draWings. The 
invention is capable of other embodiments and of being 
practiced or of being carried out in various Ways. Also, it is 
to be understood that the phraseology and terminology used 
herein is for the purpose of description and should not be 
regarded as limiting. The use of “including,”“comprising,” 
or “having” and variations thereof herein is meant to encom 
pass the items listed thereafter and equivalents thereof as 
Well as additional items. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0038] A control system 130 according to the present 
invention is shoWn in FIG. 1. The control system 130 
includes a single scanner assembly 134 for both color 
control and defect detection purposes, and a single system 
processor 138. The scanner assembly 134 collects image 
data from a Web 142 moving in a direction 143. Once 
collected, the acquired image data is transferred to the 
processor 138 for processing in a color control subsystem 
and a defect detection subsystem. Such processing includes 
color control, such as ink level adjustment, and defect 
detection. The ink level adjustment information is then 
communicated to the associated printing press to effect a 
change in ink level When deemed necessary as is knoWn in 
the art. 

[0039] Generally, the scanner assembly 134 includes an 
illumination system Which illuminates the moving Web 142, 
an image sensor Which senses re?ected light from the 
moving Web 142, and any associated optic elements required 
to appropriately disperse the illumination or direct light to 
the image sensor. Referring noW to FIG. 2, a preferred 
scanner assembly 134 is shoWn. The scanner assembly 134 
includes a pair of light sources or lighting elements 144 
located upstream and doWnstream from an image sensor 
145. Each lighting element 144 further includes an illumi 
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nator 146, arranged substantially parallel to the moving Web 
142 and substantially perpendicular to the direction 143, and 
a re?ector 150. 

[0040] The illuminator 146 provides illumination to the 
Web 142 With a pair of ?uorescent bulbs, for eXample. As the 
Web 142 moves, an encoder signal from the printing press 
drives a shutter mechanism to trigger acquisitions of data. At 
each acquisition, the image sensor 145 senses a portion of 
the ef?uX light that is re?ected from the Web 142. 

[0041] When high-speed Web or ?ne resolution printing is 
desired, the illuminator 146 is typically poWered by a high 
frequency poWer supply to maintain a relatively constant 
strength of illumination from one image line to the neXt. In 
the preferred embodiment, the illuminator 146 is a tube 
shaped halogen bulb With a ?lament running parallel to the 
Web 142. The tube-shaped halogen bulb typically provides 
illumination stability until its point of failure, and the 
?lament provides substantially uniform illumination across 
the Web 142. Other illumination devices such as a series of 
conventional incandescent bulbs may also be used. 

[0042] Referring noW to FIGS. 2-3, the re?ector 150 is 
shoWn Which is utiliZed to make efficient use of light. The 
re?ector 150 eXtends substantially parallel to the illuminator 
146. In the preferred embodiment, the re?ector 150 has a 
general shape of a part of an ellipse 154, Which has tWo foci 
158, 162. The illuminator 146 is substantially aligned at the 
?rst focus 158. The second focus 162 is generally at a point 
on or just above the Web 142 and beloW the image sensor 
145. The tWo re?ectors 150 are aligned such that the second 
focus 162 of each re?ector 150 is substantially coincident. 

[0043] FIG. 4 shoWs another embodiment of the lighting 
element 144. The illuminator 146 as shoWn in FIG. 4 is 
positioned such that a 45° angle is made betWeen the Web 
142 and a line 166 connecting the tWo foci 158, 162. A slit 
aperture 170 is placed near the focus 162 to obstruct the light 
that impinges the Web 142 at an angle substantially different 
from 45°. The re?ector 150 is designed to utiliZe only the 
re?ected light that passes through the aperture 170. The 
re?ector 150 includes a blind spot 174. The light re?ected 
from the blind spot 174 generally does not pass through the 
aperture 170. The blind spot 174 is preferably given a ?at 
black ?nish to absorb a signi?cant portion of the light from 
the illuminator 146. If the re?ector 150 is left re?ective at the 
blind spot 174, the light that leaves the illuminator 146 
toWard the blind spot Will be re?ected back through an 
illuminator surface. Since the re?ected light does not re 
enter perpendicular to the illuminator surface, the illumina 
tor surface subsequently refracts and scatters the re?ected 
light. Thus, the blind spot 174 is preferably darkened. 

[0044] The lighting elements 144 are preferably packaged 
in an enclosure such that all the light emitting from the 
enclosure leaves through the aperture 170. The interior Walls 
of the enclosure preferably have a black ?nish, or are baf?ed 
as necessary to reduce stray light. 

[0045] To increase the utiliZation of light energy, and as 
shoWn in FIG. 5, a lens 178 is placed betWeen the re?ector 
150 and the Web 142 to increase the amount of light focused 
at the focus 162 on the Web 142. The illumination directly 
from the illuminator 146 at or about 45° toWard the Web 142 
typically spreads and covers a Wide sWath on the Web 142. 
The lens 178 is placed such that the lens focus and the focus 
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162 are generally coincident. The lens 178 focuses the direct 
illumination into the same line as the elliptical re?ected 
light. The siZe and placement of the lens are also chosen 
such that there is no interference betWeen the lens 178 and 
the re?ected light paths. 

[0046] A circular re?ector 182 centered at the ?rst focus 
158 is positioned at the blind spot 174. The illumination 
proceeds from the illuminator 146 to the circular re?ector 
182. From the circular re?ector 182, the illumination is 
re?ected back through the illuminator 146 and further to the 
lens 178, Which focuses the illumination on the Web 142. 

[0047] If the distance betWeen the circular re?ector 182 
and the illuminator 146 is approximately the same as the 
distance betWeen the elliptical re?ector 150 and the illumi 
nator 146, the circular re?ector 182 and the elliptical re?ec 
tor 150 can be fabricated as a single extruded assembly. In 
this Way, the blind spot no longer requires darkening. Both 
the circular re?ector 182 and the elliptical re?ector 150 are 
preferably mirrors, polished enough in order to re?ect nearly 
all the illumination as gloss, but With bumpy surfaces on a 
millimeter scale such that a ?lament image is not projected 
on the Web 142. 

[0048] It may be bene?cial for the angle created betWeen 
the Web 142 and the straight line 166 formed betWeen the 
foci 158, 162 to be slightly greater than 45°. As shoWn in 
FIG. 6, tWo light rays 190, 194 emanate from a single point 
on the illuminator 146 onto the Web 142 thereby de?ning 
tWo angles 198, 202 betWeen the light rays 190, 194 and the 
Web 142. The tWo rays 190, 194 also impinge a scan line 204 
on the Web 142 at tWo points 205, 206. The ?rst light ray 
190, from the illuminator 146 to point 205, is on a plane that 
is perpendicular to the illuminator 146. The ?rst angle 198 
is 45°, Which is appropriate for the desired geometry. The 
second light ray 194, from the illuminator 146 to point 206 
aWay from point 205 of the scan line 204, is not on the plane 
perpendicular to the illuminator 146. As a result, the second 
angle 202 is shalloWer than 45°. That is, there is a bias 
toWard the light rays that impinge the Web 142 at shalloWer 
angles than the desired 45 °. Consequently, to achieve the 45° 
desired geometry on average, the angle betWeen the Web 142 
and the foci 158, 162 is increased by tilting the lighting 
elements 144 to alloW for angles betWeen the Web 142 and 
the line betWeen the foci 158, 162 to be non-ideal, that is, 
slightly greater than 45°. 

[0049] Another embodiment of the re?ectors of scanner 
assembly 134 is shoWn in FIG. 11, Which also illustrates tWo 
re?ectors 150a, 150b With one re?ector 150a doWnstream of 
the other. A re?ecting surface of each of re?ectors 150a, 
150b has a general shape in cross section that is a portion of 
a parabola. As shoWn, the cross section of the re?ecting 
surface of the re?ector on the right is a portion of the left half 
of a parabola that has been rotated 45 degrees clockWise 
from a line parallel to line 500, Which eXtends perpendicular 
to the Web 142. Similarly, the cross section of the re?ector 
on the left is a portion of the right half of a parabola that has 
been rotated 45 degrees counterclockWise from a line par 
allel to line 500. The respective focal points of the parabolas 
are denoted 502a and 502b. The Web 142 is illustrated as 
moving in longitudinal direction 143. An illuminator (not 
shoWn) is positioned at each respective focal point 502a, 
502b. Each illuminator radially emits light toWard the sur 
face of its associated re?ector. In particular, an appropriate 
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illuminator for this arrangement is a tube shaped bulb, 
having a radius of about 5 mm, and about four inches long. 
The long direction of the bulb is parallel to the lateral 
direction of the Web (i.e., the bulb Would eXtend perpen 
dicularly to the plane illustrated in FIG. 11, similar to the 
arrangement shoWn in FIG. 3). Each re?ector 150a, 150b 
eXtends substantially parallel to an associated illuminator. 
As shoWn, the light re?ected by each re?ector is redirected 
in a set of parallel rays to the Web. The Web 142 then re?ects 
this collimated light and the re?ected light travels to image 
sensor 145 (not shoWn in FIG. 11), Which records image 
data indicative of the printed Work on the Web. 

[0050] Another embodiment of the arrangement of para 
bolic re?ectors 150a, 150b is illustrated in FIG. 12. In this 
case, the cross section of the re?ector on the right (150a) is 
a portion of the right half of a parabola that has been rotated 
45 degrees clockWise from vertical. Similarly, the cross 
section of the re?ector on the left is a segment of the left half 
of a parabola that is rotated 45 degrees counterclockwise 
from vertical. The arrangement illustrated in FIG. 12 takes 
more space vertically as compared to the arrangement 
illustrated in FIG. 11. 

[0051] HoWever, for both arrangements, the light rays 
directed toWard the Web are collimated and at the desired 

angle of 45 degrees, and the rays from both re?ectors 
overlap in a region denoted by 504. Such an arrangement is 
advantageous in that the illumination on the Web is relatively 
constant, despite the fact that Web Weave, i.e., movement of 
the Web up and doWn, may occur from a highest Web 
position to a loWest Web position. Typical Web Weave may 
be on the order of 0.75 inches or so. As more fully explained 

beloW, the use of parabolic re?ectors of appropriate siZe and 
spacing from the illuminator alloWs the Width of the colli 
mated light directed to the Web to be approximately 15 mm 
and also alloWs for the efficient utiliZation of light. 

[0052] Several parabolas 506a-d, having respective focal 
lengths of 5, 10, 15, and 20 units, and all having a focal point 
at (0,0) are illustrated in FIG. 13. Each parabola has the 
folloWing general formula, Where c is the focal length: 

[0053] Assuming that a bulb radius of the illuminator 146 
is 5 mm, and a desired Width of collimated light is 15 mm, 
one important consideration in the selection of an appropri 
ate portion of a parabola and its arrangement With respect to 
the bulb is the utiliZation of light from the illuminator. In 
other Words, only some of the light from the illuminator is 
emitted in the direction of the re?ector, With the rest unused. 
The amount of light utiliZed can be quanti?ed by looking at 
the angle of light rays that hit the re?ector 150a, 150b. The 
greater this utiliZation angle is, the higher the utiliZation of 
light. In particular, FIG. 14 illustrates various parabolic 
curves having respective focal lengths (c) of 10, 15, 20, 25 
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and 30 mm, arranged near an illuminator 146. The illustrated 

illuminator 146 has a diameter of 10 mm, With the light rays 

being emitted in a radial direction. Assuming a necessary 

clearance betWeen each re?ector and the illuminator of 5 

mm, the parabolic curves in FIG. 14 can be used to 

determine the utiliZation angle in order to achieve a 15 mm 

Wide strip of collimated light. For eXample, for c=10 mm, 
angle ABC represents the utiliZation angle of the light that 
is collimated into the 15 mm Wide strip. Similarly, for c=15 

mm, angle DBE represents the utiliZation angle of the light 
that is collimated into a 15 mm Wide strip. For c=20, 25, and 

30 mm, the similar utiliZation angles are respective angles 
FBG, HBI, and JBK. These utiliZation angles, in degrees, 
can be plotted as a function of focal length c, as is shoWn in 

FIG. 15 for the curve labelled “starts at X=10” (i.e, the 

portion of the parabola starts at X=10 

[0054] By varying the start position of the portion of the 
parabola, other curves relating utiliZation angle to focal 
length can be generated. In particular, the illustrated curve 

having a maXimum value is for a parabolic portion begin 
ning at X=5 mm, and the middle curve is for X=7.5 mm. The 

graph illustrated in FIG. 15 can thus be used to optimiZe the 

arrangement and focal length of the parabolic re?ector to 
achieve a high light utilization amount. FIG. 15 illustrates 
that the highest light utiliZation arises When the leftmost 
edge of the parabola is at X=5 mm, or Where the re?ector 
Would be touching the side of the bulb. Because some 
clearance betWeen the illuminator 146 and the re?ector 150 
is practically necessary, a clearance of X=7.5 mm is selected. 

FIG. 15 also illustrates that for the edge of the re?ector at 
X=7.5 mm, the utiliZation angle is at a maXimum for a focal 

length just greater than 9 mm. Because this curve is actually 
fairly ?at over this region, a value of 10 mm is selected for 

the focal length for an appropriate parabolic re?ector. 

[0055] A second important consideration in the selection 
of an appropriate parabolic re?ector is to insure that the light 
intensity varies as little as possible in the X-direction, in 
particular from X=7.5 mm to X=22.5 mm. With uniformity, 
the intensity Will not vary as the Web moves up and doWn. 

By relating the direction (angle) of the light that leaves the 
bulb to the lateral position that the light hits the Web When 
the Web is in the nominal position, and differentiating this 
With respect to position, one is able to determine the ?uX 
density of light. 

[0056] De?ne 0 to be the angle betWeen the ray emitted 
from the bulb and the X-aXis. Then (k cos 0, k sin 0) is a point 
on this ray at a distance k from the ?lament of the bulb. 

Inserting this into the equation for the parabola results in: 

l 
ksinO : — —(kcos0)2 + c 

40 
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[0057] Writing this in the standard form for a quadratic 
equation: 

[0058] Using the quadratic equation: 

, , 2 00520 
s1n0 i sin 0 + 4 c 

k: 

2c0520 
4c 

[0059] Using cos2 0+sin2 0=1, this can be reWritten: 

sinO ; 1 

00520 

[0060] The positive root is: 

k _ 2 sin@ + l 

_ C(l + 5mm - sin0) 

Or: 

k _ 2c 

_ l — sinO 

[0061] Since x=k cos 0, 

: meow 

[0062] Solving for 0 in terms of X: 

40x 

0 : ico§l [0063] FIG. 16 illustrates a plot of angle 0 vs X over the 

range from x=7.5 mm to x=22.5 mm. The ?ux density is 
proportional to the derivative of 0 With respect to X. This 
derivative is: 

[0064] This function is plotted in FIG. 17. The light 
intensity from a single illuminator (With a parabolic re?ector 
having c=10 mm, extending from 7.5 mm to 22.5 mm) Will 
drop, at x=22.5, to about 60% of the maximum intensity. 
When the tWo illuminators are combined, the variation in the 
tWo lights Will unfortunately not cancel each other out. 
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Using the arrangement illustrated in FIG. 1, the light 
intensity When the Web is at the highest position is only 60% 
of the light intensity When the Web is at the loWest position. 
Using the arrangement illustrated in FIG. 12, the variation 
is also 60%, but the maximum intensity occurs When the 
Web is at its highest position, rather than the loWest. This 
suggests a combined approach, as illustrated in FIG. 18, 
With one re?ector at each orientation, such that the combined 
light is roughly constant With respect to height. 

[0065] FIG. 19 plots the ?ux density versus distance for 
the arrangement illustrated in FIG. 18. The ?ux density 
ranges from a maximum of 7.55 degrees/mm at the ends to 
7.33 degrees/mm in the middle. This is roughly a 3% 
variation, Which is a de?nite improvement compared to the 
?ux density variation for the arrangements of re?ectors 
shoWn in FIGS. 11 and 12. 

[0066] FIG. 20 illustrates a further improvement to a 
re?ector for an illumination system. Illustrated is a spiral 
type re?ector 510 that incorporates a parabolic re?ecting 
surface 512 as Well as a circular re?ecting surface 514. A 
perspective vieW of this re?ector is illustrated in FIG. 21. 
The circular re?ecting surface 514 is designed so that the 
?lament of the bulb is at the center 516 of the circle, so that 
the light and heat exiting the bulb Will be directed directly 
back to the ?lament. The center 516 of the circle also 
coincides With the focal point of the parabola de?ning the 
parabolic re?ecting surface 512. The re?ection from the 
circular re?ecting surface 514 serves to increase the tem 
perature of the ?lament so that ultimately less poWer is 
needed to achieve the same temperature (light output). This 
re?ector can be fabricated from a single piece of metal. 

[0067] Turning to FIG. 7, the scanner assembly 134 
preferably includes a plurality of image sensors 145 such as 
linescan cameras. Each image sensor 145 generally covers a 
speci?c scan area on the Web 142. The image sensors 145 are 
generally arranged laterally across the Web 142. The number 
of image sensors 145 is generally application dependent. For 
example, a single image sensor 145 may adequately cover 
the Web 142 in one application, but more than one image 
sensor 145 may be required to span the Web 142 in another. 
In an application Where a plurality of image sensors 145 is 
required, partial overlapping of the scan areas may be 
necessary to ensure complete Web coverage. 

[0068] Each image sensor 145 preferably includes a plu 
rality of independent image channels. In one embodiment, 
there are three channels responsive generally to the Wave 
length ranges 400 to 500 nanometers, 500 to 600 nanom 
eters, and 600 to 700 nanometers. These three channels are 
referred to as the blue, green and red channels, respectively. 
If the densitometric ?delity is more important than the 
colorimetric ?delity in the print Work, the spectral respon 
sivity of the three channels Will be designed to comply With 
the de?nitions of Status T or Status E as de?ned in ISO 5-3, 
or With the German standard DIN 16536, for example. 

[0069] If the colorimetric ?delity is more important than 
the densitometric ?delity, the three channels Would be 
designed to meet the Luther-Ives condition. Spectral respon 
sivities that meet the Luther-Ives condition are 1) spectral 
responsivities that are each a linear combination of the 
tristimulus functions, as de?ned in ISO 15-2, and 2) spectral 
responsivities that span the three-space of the tristimulus 
functions. 
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[0070] If no adequate compromise between densitometric 
?delity and calorimetric ?delity can be found With three 
channels, a set of more than three channels may be neces 
sary. 

[0071] With respect to spatial resolution, requirements are 
typically application dependent. Applications requiring a 
high quality of inspection typically require extremely ?ne 
resolution. Applications requiring only detection of image 
defects that are readily apparent to a observer do not require 
extremely ?ne piXel resolution. In the preferred embodi 
ment, an image piXel resolution of 75 DPI is chosen for 
eXample. Aresolution of 75 DPI is suf?cient to detect defects 
that are readily apparent to the human eye at arms length, 
and it is also a resolution suf?ciently coarse that halftone 
screens typically used on commercial print product Will not 
be imaged as moiréé patterns. 

[0072] If the requirements for the defect detection sub 
system and the color control subsystem are suf?ciently 
different, or an image sensor With higher resolution is 
preferred for reasons of availability or cost, it is possible to 
re-sample an image to a different resolution for one or both 
of the subsystems. Speci?cally, a full resolution image is 
?rst blurred in a manner consistent With the amount of siZe 
reduction, and the image is subsequently decimated to 
produce a doWn-sampled image. Decimation is a process in 
Which a set of data sampled at an original sampling rate is 
doWn-sampled at a loWer sampling rate thereby producing a 
doWn-sampled set of data. The decimation process occa 
sionally introduces staircase-like aberrations on sharp 
slanted lines. Increased smoothing or combining decimation 
With bilinear interpolation or any other suitable interpolation 
procedure typically reduces the staircase effect. Since deci 
mation can be performed Without applying the initial blur 
ring process to all piXels, both decimation and blurring are 
combined to form a more ef?cient operation. 

[0073] A?oWchart 300 according to the present apparatus 
and method is shoWn in FIG. 8. The steps set forth in FIG. 
8 are modular in nature and detail one embodiment of the 
invention. The operation generally includes ?ve processes: 
templating, acquisition, color control, defect detection and 
integration. Depending on the application, the operations 
preferably run on the processor 138, such as a conventional 
general purpose computer, but can be adjusted to run com 
pletely or partially on a digital signal processor, an appli 
cation speci?c integrated circuit, specialiZed digital hard 
Ware, pipelined array processors, systolic processors, or the 
like. 

[0074] Speci?cally, FIG. 8 includes a templating sub 
system module 304, an acquisition subsystem module 308, 
a color control subsystem module 312, a defect detection 
subsystem module 316, and a integration subsystem module 
320. Brie?y, in the templating process, a preferably digital 
representation is initially created of What should ideally be 
printed on the Web. This so-called template image is created 
based on a prepress source of information. The template 
image could be created from the data ?les used to create the 
printing plate, or it could be based on a scan of a proof, for 
eXample. When the printed Work on the press is of accept 
able quality, an acquired image may also be used as the 
template image. The acquisition process encompasses the 
collection of an image of a complete repeat of the print, as 
Well as additional processing to bring this image to a 
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standardiZed form. The color control process, Which is 
preferably a markless system, entails comparison of the 
currently acquired image against the template image. Based 
on this comparison, recommendations are made for adjust 
ments of inking levels. These recommendations may be fed 
to an operator, directly to an inking level actuator, or to an 
external process Which is controlling inking levels via a PID 
loop, an adaptive control loop, or to some model-based 
control system, for eXample. The defect detection process 
entails comparison of the acquired image against the tem 
plate image. The purpose of defect detection is to ?nd print 
defects rather than to adjust inking levels. Therefore, the 
processing for defect detection after the comparison Will 
differ substantially from the processing after color control. 
The integration process receives inputs from the color 
control subsystem and the defect detection subsystem. 
Based on these inputs, the integration process may choose to 
enable or disable the action of either the color control 
subsystem or the defect detection subsystem, or perhaps 
choose to modify any of the outputs. 

[0075] In normal operation, the templating process Will be 
the ?rst to occur. This Will preferably occur in a computer 
located off-press, and netWorked to various printing presses 
throughout a plant. During the initial makeready impres 
sions, the ink levels Will be stabiliZing and the inks Will be 
substantially out of register. The integration subsystem mod 
ule Will most likely be informed that a substantial amount of 
defects have been found as compared to the template image, 
and that the color control subsystem does not believe that it 
can adequately correct the color yet. Based on this, the 
outputs from the defect detection subsystem and from the 
color control subsystem Will be disabled. 

[0076] Eventually, the inks Will all be at some nominal 
level and registration Will be reasonable. At this point, the 
defect detection subsystem Will still see a substantial amount 
of defects, but the color control system Will deem the color 
substantially correctable. Based on this, the integration 
subsystem Will enable the output of the color control sub 
system, but Will continue to disable the defect detection 
subsystem output. The color control subsystem Will Work to 
adjust the inking levels on the Web to Within target toler 
ances of the colors in the template image. As this happens, 
the amount of defects detected Will be reduced, and the 
degree of color match Will improve. 

[0077] When the amount of defects and the degree of color 
match are Within a speci?ed tolerance, the integration sub 
system module Will enable the output of the defect detector 
subsystem. At this point, the defect detector subsystem Will 
apprise the operator of any defects that have been detected. 
This may take the form of, for example, an image display 
With an overlay highlighting the places on the Web Where 
appreciable differences occur. These highlighted defects 
may be used to diagnose the need for further adjustment of 
color, or may indicate a plate scratch or composition error. 
These highlighted defects may also indicate inaccuracies in 
the process by Which the appearance of the Web is estimated 
from the prepress information. Therefore, When the press 
has reached the “color ok” stage, it may be desirable to 
obtain a more representative image of the print on the Web 
by capturing an image directly from the Web. At this point, 
the operator may choose to replace the template image With 
an image collected from the Web. It is possible to reduce 














