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EXPOSURE CONTROL PROCESS AND PHOTOGRAPHIC COLOR COPYING
APPARATUS |

ABSTRACT

A exposure control process and a photographic color copying apparatus make possible the
optimal adaptation of the evaluation of a copy master to the varying spectral sensitivities
of different copy materials, without having to change the measuring filters. The
measuring light components of each of the basic colors are detected by a wavelength
selective detection device in at least two closely adjacent spectral ranges and the resultant
measured values combined into prevailing color extract values.
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EXPOSURE CONTROL PROCESS AND PHOTOGRAPHIC COLOR COPYING
APPARATUS

BACKGROUND OF THE INVENTION

The invention concerns a process for the control of exposure in a photographic color
copying apparatus.

To determine the optimum exposure times and quantitiés of copying light in a photo-
graphic color copying apparatus the color penneabilities or color densities of a copy
master in the three basic colors are determined. It is necessary in the process to adapt the
spectral sensitivity of the measuring apparatus as accurately as pos sible to the spectral
sensitivity of the copy material used. This requirement is the result of the experience
when deviations of the spectral sensitivities of the measurin g layout and the copy material
occur, an increase in the density of a color of the copy master does not lead to a
corresponding chan ge in the quantity of copying light and that color falsification may
therefore result. This is discussed for example in the publication by R.W.G. Hunt, "The
Reproduction of Color", p. 284. o ' |

From U.S. Patent 4,589,766 a photographic color copying apparatus is known, wherein an
attempt is made to satisfy this requirement by means of special optical measuring filters.
The disadvantage of this method is apparent when different copy materials are used, for
example with matte or glossy surfaces. For every change of copy material, new measuring
filters adapted to the altered spectral sensitivities of the copy material must be used, which
considerably increases costs and requires additional setup times. Furthermore, in view of
the extreme precision required, these measuring filters are very difficult to produce and
are therefore expensive. Another expense is caused by the logistic management of the
different measuring filters adapted to the spectral sensitivities of the copy material. In
addition, the choice of a certain set of measuring filters in most cases restricts the user to a
certain type of copy material of a certain manufacturer.
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SUMMARY OF THE INVENTION

The present invention eliminates these disadvantages
and solves the problem of determining the color extract values
which govern the correct exposure settings and which adapt to
the copy material used without having to change the optical
measuring filters. The solution according to the invention is
also relatively simple in its design and may be carried out in

a cost effective manner.

In summary this invention seeks to provide a process
for controlling the exposure in a photographic color copying
apparatus, comprising the steps of: photoelectrically scanning
with a measuring device a plurality of scanning areas on a copy
master; detecting with a measuring layout, for every scanning
area of the copy master, each of three basic colors, within at
least two adjacent spectral ranges; combining values measured
from the measuring layout to obtain prevailing color extract
values; and determining necessary quantities of copying light

from the extract wvalues.

This i1nvention further seeks to provide a
photographic color copying apparatus for reproducing a copy
master onto a photosensitive copy material, comprising: a
projection means; a measuring means for photoelectrically
scanning a copy master by areas, said measuring means further
comprising a wavelength selective detection device disposed in
a beam path of each of three basic colors and detecting each of
the basic colors within at least two adjacent spectral ranges;
means for converting said detected colors into measured values:
means for combining said measured values to obtain specific
color extract values adapted to spectral sensitivity variations
of a copy material; and exposure control means for processing
the color extract values to determine quantities of copying

light impacting the copying material and for adjusting said
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measuring means and said projection means in accordance with

the determined quantities of copying light.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages will become apparent
from the following discussion of preferred embodiments of the
invention when read in conjunction with reference to the

drawings wherein:

Fig. 1 is an overall diagram of an exemplary
photographic color copying apparatus according to the

invention;

Fig. 2 shows a measuring apparatus designated by the

symbol 4 in Fig. 1;
Fig. 3 shows a scanning pattern of a copy master;

Fig. 4 shows a schematic lateral elevation of a
variant of a wavelength selective detection apparatus of the

present measuring apparatus;

Fig. 5 is a top view of the detection apparatus of

Fig. 4;

Fig. 6 shows a wavelength selective detection
apparatus according to the embodiment of the measuring

apparatus shown in Fig. 2;

Fig. 7 shows another embodiment of a wavelength

selective detection apparatus;

Fig. 8 shows a further embodiment of a wavelength

selective detection apparatus; and

Figs. 9-13 are graphs illustrating an exemplary

process according to the invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The photographic color copy apparatus according to the invention is essentially formed of
two stations, through which a preferably strip-shaped copy master N passes in succession.
The direction of transport is indicated by the arrow F. In the first station the copy master
N is scanned and in the second station the cOpy master N is reproduced on a
photosensitive copy material P.

With the exception of the differences to be explained later, in the measuring apparatus of
the first station the photographic color copy apparatus is constructed in a manner similar
to that of conventional devices of this type, for example those known from US Patent

4,092,067, US Patent 4,101,216 and US Patcnt 4,27-9,505. In Fig. 1, therefom only the

essential components necessary for the understanding of such a color copy apparatus are
shown. |

With reference to Fig. 1, a color copy apparatus has a copy light source 1, a set of
servo-controlled color filters 2 or the like, an imaging optical device 3, a measuring layout
4 includin g a source of measuring light and photoelectric detectors and a computer and
control unit 5, 5a for exposure control. Photographic color copy devices of this
fundamental design are for example the well-known and widely used high capacity printer |
“models 3139, 3140, 3141 or 3142 of the present applicant. In the aforementioned high
capacity pnnters the copy master N is mcasurcd in sections, for example with a resolution

- of about 100 scanning areas A (pomts) per master or more. Each scanning area A is
resolved into the three basic colors: red R, green G and blue B and a triplet of measured
values; the three so-called color extract values for the basic colors which correspond
approximately to the spectral sensitivities of the copy material P. These approximately
300 color extract values are evaluated in a knowﬁ manner by different criteria to '
determine the necessary quantities of copying light to subsequently control the exposure of
the photosensitive copy material P.

Fig. 2 shows the measuring layout designated by 4 in its entirety. The copy master N 1s
located in the beam path of a source of measuring light 6. Immediately following the
source of measuring light 6 is a pre- filter 7, which adapts the spectral composition to the
measuring light as required. The measuring light passes through a first condenser lens 8
onto the copy master N. Under the copy master N the scanning device itself is located.
The scanning device is formed of a scanning disk 11 having apertures 13 and placed
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rotatingly in the direction of the arrow C between two parallel slit diaphragms 9 and 14. A motor
12 1s provided to drive the scanning disk 11. Each of the slit diaphragms 9 and 14 has a slit 10 in
the form of a circular arc. The location of slits 10 usually coincide over each other. However, their
mutual position may be altered in a manner such that the effective slit length may be adapted to
the existing format of the copy master N (for example, 135 or 110 films). The width of the slits 10
and their curvature is correlated with the diameter of the apertures 13 and the distance of the axis
of rotation of the scanning disk 11. In an exemplary embodiment the scanning disk 11 has four
apertures 13 which briefly let the méasun’ng light pass through while the disk rotates in the direc-
tion of the arrow C along the effective slit length. In this manner, the copy master 1s divided into
individual, point shaped scanning areas A. Fig. 3 shows a typical resultant scanning pattern of a
copy master, 1n which the scanning areas A are located in lines adjacent to each other. Each line
extends approximately perpendicularly to the direction of transport F. The slightly curved shape
of the lines away from the transport direction F is the consequence of the superposition of the
transport in the direction F of the copy master N and the rotation C of the apertures 13 of the
scanning disk. Following its passage through the scanning device, the measuring light passes
through a second condenser lens 15 and onto a partially permeable blue mirror 16, which prefera-
bly 1s placed inclined about 45' relative to the beam path. The blue component of the measuring
light 1s detlected by the blue mirror 16, which for the rest of the light merely represents a perme-
able glass plate. The remaining part of the measuring light then arrives at a partially permeable
red mirror 17, which deflects the red component of the light and allows only the remaining green
component to pass. The blue and the red mirrors preferably are dichroitic mirrors. In this manner,

the measuring light 1s regolved into its three basic colors blue, red and green.

In the beam path 20, 21, 22 for each basic color (blue B, red R and green G), a wavelength selec-
tive detection device 18 is provided. This comprises in an exemplary embodiment a filter 181
correlated with each basic color and located essentially perpendicularly to the beam path, and a
photoelectric detector layout 183. The filter 181 is a transmission interference filter, preferably a
dielectric bandpass, preceded by a scatter disk 186. To limit the width of the measuring beam, an
aperture diaphragm 197 may be provided, as indicated in Figs. 4 and 6.

The photoelectric detector layout 183 is shown in Figs. 4 to 6. As shown in Figs. 4 and 5 the de-
tector layout 183 includes for example five individual detectors, arranged in the shape of a cross.

In particular, a center detector 184 is surrounded by four peripheral
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detectors, which are preferably inclined with their light inlet surface toward the filter 181

as shown in Fig. 4. By this layout of the photoelectric detectors, the penphcral detectors
185 form a different angle with the beam path or the filter normal than does the center

detector 184. In this manner the penpheral detectors 185 cover a spectral range slightly
offset relative to the one covered by the center detector 184 for each basic color (blue B,

green G or red R) involved, since the spectral transmission of the interference filter 181
fundamentally depends on the angle at which the measurmg light is detected. In

particular, the central transmission proccss of the interference filter is displaced in the
direction of shorter wavelengths with mcreasmg angles between the beam and the filter
normal. However, these spectral areas usually overlap. The layout of the detectors is
prefcrably such that the intensity maxima (k and m in Fig. 11) are separated by a distance
approxlmatcly corresponding to the half width value (b in Fig. 11) of the interference filter
181. The distance amounts to about 5- 35 nm, and preferably about 20 nm.

Fig. 6 shows another variant of the detector layout 183. In this example the center

detector 184 is circular in shape. The peripheral detector is formed of a smgle annular
photoelec tric detector 189 surroundmg the central detector 184.

As will be apparent to those skilled in the art, the detector layout 183 is not restricted to
‘the exaxnples shown in Figs. 4 to 6. For example, it is also possible to merely provide at
least two adjaccnt individual detectors, each of which covers a different angular range of
the measuring light cone coming from the filter 181. The detector layout 183 could also
be des1gned so that more than two concentric angular ranges of the measuring light cone
coming from the filter 181 are detected. For examplc, sevcral annular detectors may bc |
_ grouped concentrically around a center dctcctor

Figs. 7 and 8 display two further exemplary embodiments of the wavelcngth selective
detection device 18. Optlcal fibers 19 are located in the beam path 20, 21 or 22 of each of
the basic colors; in the example shown there are at least two optical fibers. At the outlet
of the optical fibers 19, a wavelength selective detection device 18 1 located. The latter is
formed in the Fi g. 7 embodiment with a filter 181 for each optical fiber, preferably a |
transmission filter, and an individual detector 188 on each filter. The transmission ranges
of adjacent filters 181 preferably overlap. The transmission maxima (k and m in Fig. 11)
of immediately adjacent filters are separated by a distance corresponding approximately to

the half-width value (b in Fig. 11) of the transmission ranges of the filters 181 and amount
to about 5-35 nm, preferably to about 20 nm.
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In the example of Fig. 8, the outlets of the two or more optical fibers 19 for each basic color are
directed at a single graduated filter 181, which preferably is a transmission filter. The graduated
filter has a spectral transmission graduation that is variable over its length. Beginning with a cer-
tain transmission range in the long wave range of each basic color (blue B, green G or red R) the
range 1s displaced over the length of the filter to shorter wavelengths. The graduated filter is pref-
erably an interference filter. Between the filter 181 and the optical fibers 19 a printed card 182 is
located. The card 182 has over its length at least two plug-in openings 190. The optical fibers 19
may be 1nserted 1nto any of these obenings 190. For selection of which of the plug-in openings
190 1s to be used for the optical fibers 19, certain areas with defined spectral transmission ranges
are separated in the graduated filter. Preferably, the plug-in locations for the optical fibers 19 are
selected so that the transmission ranges of adjacent areas overlap on the graduated filter 181. Pho-
toelectric detectors 188 are arranged after the graduated filter, each of which is located exactly
opposite the associated optical fiber 19. The transmission maxima (k and m in Fig. 11) of imme-
diately adjacent areas are separated by a distance a, which corresponds approximately to a
half-width value (b in Fig. 11) of the graduated filter 18 1. Usually this distance amounts to about
5-35 nrn, preterably about 20 nm. After the graduated filter, individual filters are located in the
beam path 20, 21 or 22 of each basic color exactly opposite one of the optical fibers 19.

Preferably, the graduated filter 181, the card 182 and the individual detectors 188 form a single

unit. They may be combined in a common holder, but may also be bonded together into a compact
block.

In the embodiments shown in Figs. 7 and 8 the optical fibers 1”9 are shown, to expose the separate
filters and the individual areas of the graduated filters to the measuring light. This is also possible
without the optical fibers 19, for example, by resolving the measuring beam coming from the
beam splitter mirror 16 or 17 into several partial beams via beam splitters or the like. The filters
181 are described as transmission filters, but reflection filters or other wavelength selective optical
elements may also be used. A photographic color copying apparatus according to the invention is
again not restricted to necessarily having in the beam path of each of the basic color the same type
of a wavelength selective detection device 18. Also, the detector layouts 183 in the beam path 20,
21 or 22 of the measuring light in the basic colors of blue B, green G or red R are not necessarily

identical. Depending on the requirements and the spectral sensitivities of the copy
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materials P used, different wavelength selective detection devices 18 with different detector lay-
outs 183, 1n particular relative to the number of detectors and thus of the adjacent spectral areas
covered within each of the basic colors, may be provided in the beam path of the measuring light

of each of the basic colors.

The measuring light of the source 6 is passed through the pre-filter 7 and the first condenser lens &
onto the copy master N. By the combination of the transport movement of the copy master N in
the direction of the arrow F, the rotation of the scanning disk 11 according to the arrow C and the
sequential electric measurements, the copy master N is scanned by lines and resolved into "point
shaped” areas A. The measuring light coming from the individual scanning sections A is passed
through a second condenser lens 15 onto a partially permeable blue mirror 16. The blue COmpo-
nent of the measuring light is deflected in the direction of the wavelength selective detection de-
vice 18 for the color blue. The rest of the measuring light passes through the blue mirror without
impediment and 1s finally split by a red mirror into the basic colors red and green. The red and
green components are again passed to their wavelength selective detection devices 18. In the
wavelength selective detection devices 18 the measuring light in the basic colors blue B, green G
or red R 1s detected 1n at least two closely adjacent spectral areas. The measuring values contained
In this manner are then passed to the control and computer unit 5, 5a where they are combined
into the prevailing color extract value. The prevailing color extract values may correspond to
color permeabilities or may correspond to color densities of the copy master. The entirety of the
color extract values (with about 100 to 1000 scanning points A for each basic color, a total of
about 300 to 3000 values) are subsequently evaluated in a knE)wn manner by different criteria to
determine the quantities of copying light and then the exposure of the photosensitive copy mate-

rial P regulated.

Fig. 9 shows the spectral sensitivities of different copy materials P. It is seen in the graph that
these spectral sensitivities for the basic colors blue B, green G and red R are scattered over a rela-
tively wide wavelength range. Relative to the sensitivity maxima for example of the basic color

red R, the scatter range extends over up to 20 nm and more.

In F1g. 10, the transmission variations of conventional transmission filters for the basic colors of blue B,
green G and red R are compiled in a diagram. A comparison of the filter transmission variations
with the spectral sensitivities of the copy materials P clearly indicates that such filters are very

rarely adapted in an optimal manner to the copy material used.
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According to the invention, within each basic color, for example within the basic color of red R as
shown in Fig. 11, at least two closely adjacent spectral ranges s, t are detected. The spectral ranges
s, t usually overlap. The maxima k, m of immediately adjacent ranges are separated by a distance
a, which corresponds to about the half-width value b of the variation of the spectral ranges s, t.
This distance a amounts to about 5-35 nm, preferably about 20 nm. The measured values M; ob-
tained 1n this manner (from each scanning range for each basic color) are combined by the com-

puter unit Sa into color extract values V;. These extract values are obtained for example by com-

plementary weighting according to the linear equation V; = kij- M1 + k2 - M2 +.. + Knj - Mn.

The weighting coefficients kj; are such that 0 < k;; < I and that ki; + kyj + ... + kyj = 1; where i rep-

resents the spectral ranges, and j the basic blue, red or green color concerned.

For the case illustrated in Fig. 11 for the example of the basic color red, the combination equation
1S simplified to

Vred = l(lrf:d ' Ml + (l'klred) ' MZ

By varying the weighting coefficients, the measuring light component of each basic color can be
evaluated as if 1t had passed through a filter with different filter characteristics. The detection of at
least two closely adjacent spectral ranges within each basic color therefore makes it possible to
evaluate the copy master N relative to the copy material P. In this manner. by the suitable choice
of the weighting coefficients the measurement may be adapted optimally to the spectral sensitivity

ot the copy material P used, without having to replace the filters inserted.

<)
T e

In Figs. 12 and 13 the exposure control process according to the invention is compared with a
conventional method, in which the measurement is not adapted to the spectral sensitivities of the
copy material used. For this comparison an experimental series with five different types of copy

masters N (types of film) and a copy material P was carried out. Each copy master was formed of
a diaphragm series of a gray field, that may be established over-. standard and under-exposure.
In the exposure of the copy master N on the copy material P the overexposed, standard exposed
and underexposed copy masters were corrected in sequence. This was first carried out in a con-
ventional manner without adaption of the measurement to the spectral sensitivities of the copy
material and secondly according to the present invention. The results may be evaluated and the

color density deviations entered in the so-called color circle. The radius r of the inner circle in
the
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diagram amounts in each case to 0.05 density units and that of the outer circle to

0.2 density units. The color density deviations amount in the conventional process to 0.2
or more density units, as seen in Fig. 12. The deviations obtainable by the process of the
present invention are shown in Fig. 13 and are all located within the inner circle with a

radius of 0.05 density units, which corresponds to a reduction of the deviations to one-
fourth or even less.

Via the cxposurc control process and the color copy apparatus of the prcsent invention, the
requirements and the different spectral sensitivities of the different copy materials used are
taken into account in a simple and optimal manner. The evaluation of the copy master can
always be adapted rapidly to the changing spectral sensitivities of the copy matenal,
without having to change the mcasuﬁng filter in each case. The solution is cost effective
‘and simple to carry out and in addition allows a certain flexibility relative to the copy
material used. ' ' '

It will be appreciated by those skilled m the art that the present invention can be embodied
in other specific forms without departing from the spirit or essential characteristics
thereof. The presently disclosed embodiments are therefore considered in all respects to
be illustrative and not restrictive. The scope of the invention is indicated by the appended
‘claims rather than the foregomg.descnpuon, and all changes that come within the meaning
 and ran ge of equivalents thereof are intended to be em_braced therein.
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Canadian Patent Application
Serial No. 2,026,350

Attorney's File 42 091 VII

WHAT IS CLAIMED IS:

1. Process for controlling the exposure in a photographic color copying apparatus,

comprising the steps of.

photoelectrically scanning with a measuring device a plurality of scanning areas on

a CoOpy master,

detecting with a measuring layout, for every scanning area of the COpy master,

each of three basic colors, within at least two adjacent spectral ranges;

combining values measured from the measuring layout to obtain prevailing color

extract values: and

~3
T .

determining necessary quantities of copying light from the extract values.

2. Process according to claim 1, wherein spectral characteristics of the adjacent

spectral ranges overlap.

3. Process according to claim 2, wherein maxima of the spectral characteristics of
directly adjacent spectral ranges are separated by a distance approximately

corresponding to a half-width value of the spectral ranges.
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4. Process according to claim 3, wherein the separation distance of the maxima

amounts to about 5-35 nm.

J>. Process according to claim 1, wherein individual measured values are combined

by weighting into the prevailing color extract values.

6. Process according to claim 5, wherein the color extract values are obtained by

combining the individual measured values according to:
Vi=Kkij-Mi + kzj- M2 +... + koj- Mn

wherein Mi represents the individual measured values, n is a number of the
measured values and ki are constant weighting coefficients and wherein 0 < kij < 1
and ki; + k2j + ... + koj = 1 with j representing each of the basic colors blue, red

or green.

7. Process according to claim 1, wherein each of the basic colors within the

adjacent spectral ranges are detected by separate detectors.

8. Process according to claim 1, wherein the adjacent spectral ranges are

determined by filters.

9. Process according to claim 8, wherein dielectric bandpass interference filters

are used as the filters.

10. Process according to claim 9 wherein detectors are located behind the
dielectric bandpass filters in a manner such that the detectors detect different
angular ranges of measuring light passing through the dielectric bandpass and thus

detect different spectral ranges for each basic color.

e gl dvaap '.".("""".:'"WN“WWMW"“‘““"” 4&».1-.-uj.gu,..,m.mm,.1,.““.“("“;...-1-("-.;..n.-u-..q\-.1.~|u|:.v;.|m4‘muuqo‘q“1.¢a|wlm‘g5"" Llagadust
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I1. Process according to claim 7, wherein measuring light for the basic colors is
split into at least two components for each color and wherein each measuring light
component impacts a filter, with said filters determining the basic color within the

adjacent spectral ranges.

I2. Process according to claim 7, wherein a measuring light for the three basic
colors 1s split 1nto at least two components for each color and each component of

the measuring light impacts a different spectral range on a graduated filter.

13. Process according to claim 11 wherein the measuring light components are

conducted to the filters via optical fibers.

14. Process according to claim 12 wherein the measuring light components are

conducted to the filters via optical fibers.

15. Photographic color copying apparatus for reproducing a copy master onto a

photosensitive copy material, comprising:

a projection means;

a measuring means for photoelectrically scanning a copy master by areas, said
measuring means further comprising a wavelength selective detection device
disposed in a beam path of each of three basic colors and detecting each of the

basic colors within at least two adjacent spectral ranges;

means for converting said detected colors into measured values:

means for combining said measured values to obtain specific color extract values

adapted to spectral sensitivity variations of a copy material; and
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exposure control means for processing the color extract values to determine
quantities of copying light impacting the copying material and for adjusting said
measuring means and said projection means in accordance with the determined

quantities of copying light.

16. Copying apparatus according to claim 15, wherein the wavelength selective

detection devices comprise filters and detector layouts correlated with the filters.

17. Copying apparatus according to claim 16, wherein a separate photoelectric
detector 1s assigned to each filter and wherein for each basic color at least two

filters having different spectral characteristics are provided.

18. Copying apparatus according to claim 17, wherein the filters are transmission
filters, and wherein the transmission variations overlap within adjacent filters of

each basic color.

19. Copying apparatus according to claim 18, wherein the transmission maxima of
directly adjacent filters are separated by a distance corresponding to about a
half-width value of the transmission variations.

20. Copying apparatus according to claim 19, wherein the distance of the

transmission maxima amounts to about 5-35 nm.

21. Copying apparatus according to claim 16, wherein for each basic color at least
two separate photoelectric detectors are provided for a single filter in a manner

such that each detector detects a different spectral range for each basic color.

22. Copying apparatus according to claim 21, wherein the photoelectric detectors

are disposed so that the spectral ranges overlap.
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23. Copying apparatus according to claim 21, wherein the photoelectric detectors
are disposed so that intensity maxima of immediately adjacent spectral ranges are

separated by a distance approximately corresponding to a half-width value of the

spectral ranges.

24. Copying apparatus accord:mg to claim 23, wherein the distance of the intensity

maxima amounts to about 5-35 nm.

25. Copying apparatus according to claim 21, wherein every filter is a dielectric
bandpass interference filter and the photoelectric detectors are disposed so that

they detect different angular ranges of measuring fight passing through the filter.

26. Copying apparatus according to claim 25, wherein the photoelectric detectors

are located 1n concentric ranges.

27. Copying apparatus according to claim 21, wherein the filter i1s a graduated
filter with a transmission characteristic variable over its length, and wherein means
are provided to split measuring light of each basic color into at least two parts
which impact the filter in different locations and subsequently impact different

photoelectric detectors. e

28. Copying apparatus according to claim 27, wherein for each color at least two
optical fibers are provided in the beam path said optical fibers having outlet ends
inserted with their outlet ends in separate plug-in orifices of a printed card located

in front of the graduated filter

29. Copying apparatus according to claim 28, wherein the graduated filter, the

printed card and the photoelectric detectors are combined 1n a single compact unit.
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