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(57) Abstract

In known photographic processing apparatus, quality of the photographs produced can be adversely affected by drift in
the paper processor of the apparatus. One cause of drift is incorrect replenishment of the chemicals used in the paper processor.
In processing apparatus which utilise only small volumes of chemicals, drift can be caused by replenishment rates not matching
the dye formed on the prints being processed, and an operator would need to take steps to adjust the processor. Described herein
is an improved method of controlling the replenishment rate of chemicals in photographic processing apparatus. The method
comprises deriving a control signal from the image to be exposed on to photographic material and using the derived signal to

control the replenishment rate of the chemicals.
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PHOTOGRAPHIC PROCESSING
The present invention relates to the
replenishment of chemical solutions used in the

processing of photographic materials.

5 In a photofinishing laboratory, one of the
problems which must be overcome if quality standards
are to be maintained concerns the drift in the
sensitometry of processed photographic materials.

One cause of such drift is incorrect

10 replenishment of chemicals. As the chemicals in the
processor baths are used up, replenishment chemicals
must be added to the baths in order to keep the
activities and concentrations of the chemicals
constant.

15 Most modern paper processors use detectors at
the input to measure the area of paper passing into
them. Replenishment rates can then be derived 7
assuming that, on average, the paper has been exposed
to a mid—grey. This assumption is reasonable,

20 considering that most printers use an
"integrate—to-grey" system.

Many modern printers, however, also have
colour correction levels different from 100% and slope
correction, which together will cause deviations from

25 the "integrate—to—grey" assumption. These density and
colour-balance deviations may not significantly affect
the operation of a processor with baths containing
large volumes of chemicals. However, a small
processor would be more susceptible to drift due to

30 replenishment rates not compensating for the amount of
dye formed on the paper being processed. At this
point an operator would take steps to bring the
processor back to aim.

GB-A-2111726 describes a system for

35 controlling the addition of replenisher to a bath in
whichrlight—sensitive media are being processed. The
signal controlling the rate of addition of replenisher
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chemicals is derived from the area of the
light—sensitive media which has been scanned by a
laser exposing device.

1t is therefore an object of the present
invention to provide an improved method of controlling
the rate of addition of replenisher chemicals to a
photographic processor.

In accordance with the present invention,
there is provided a method of controlling the rate of
replenishment of chemical solutions used in
photographic processing apparatus, the apparatus
including photographic printing apparatus for copying
an object on to photographic material, the method
being characterized by the steps of deriving a signal
which is related to the exposure given to the
photographic material, and using the signal to control
the replenishment rate of the processing solutions.

Preferably, the derived signal produces a
replenishment rate which is directly related to the .
amount of image-producing substances formed on the
photographic material after development of an image of
the object. '

' Advantageously, the derived signal produces a
replenishment rate which exactly balances the
chemicals depleted'in processing the photographic
material. ' _

Photographic processors are normally set up
so that the replenishment rate exactly compensates for
the chemicals used in processing paper'which has been
exposed to an predefined average grey level. This
grey level is intended to simulate the amount of dye
produced on a print made from the average (population
centre) customer negative. It is usual to calibrate
the printer with such a population centre negative
which is printed to produce a grey print at the
average grey level. The printer is adjusted so that
the correct density is produced on the grey print.
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Having calibrated the printer in this way,
the factory calibration of the replenishment system of
the processor will also be correct since the average
of all prints will turn out to be the average grey

5 1level produced by the printer calibration.

The notion of -a population centre negative is
a useful although fictitious one, since there are
always large statistical fluctuations in the negatives
submitted by customers. As mentioned earlier, for

10 large volume machines, fluctuations will give rise to
little concern. For machines with very small tank
volumes, however, this will not be true.

In the following discussion, a method for
replenishing photographic developer solution will be

15 described as a particular example. However, this
method could be applied to any process where the
chemicals are used up according to some function of
the amount of exposure given to the material, rather
than by the area of exposed material being processed.

20 The equations derived below may need to be modified
according to the exact nature of the process involved.

A colour photographic material has three
image forming layers: the cyan, magenta and‘yellow.
Light is projected through the film on to the paper to

25 form a latent image which is rendered visible by the
processing solutions. Dye is formed by the reaction of
developer molecules which have been oxidised by the
reduction of silver halide to silver metal and halogen
gas, with coupler molecules in the paper. The

30 equivalence of a dye is the amount of oxidised
developer molecules which is needed to form one
molecule of the dye. 1In photographic paper, the dyes
used are typically 2 and 4 equivalent. In practice,
the measured equivalence of a dye may be more than

35 this because not all oxidised developer molecules are
converted to dye. Some molecules are lost due to

" other reactions and processes. Furthermore, the
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amount of oxidised developer molecules that are lost

may vary according to the amount of dye which has
already been formed on the paper at any point in the
development cycle.

Let the amount of dye formed in the'cyan

%

-layer of one square foot of paper be c, the amount in

the magenta layer be m, and the amount in the yellow
layer, y, all in grams. A geﬁeral expression for the
weight of developer replenisher which must be added to'
the developer tank to replace the developer which has
been used to process 1 square foot of colour paper, R,
is

R=k[ec(c)+em(m)+ey(y)+j(t)]+K e (L

where k is a coﬁstant of proportionality;
' e.» e, and e, are functions of the dye
amounts c, m and y, respectively;

j is a function of time, t, and represents .
the natural process of degradation of the developer
by, for example, aerial bxidation, and is dependent on
the design of the processor tank; and '

K is a constant representing the weight of
developer carried out of the tank by the wet paper
after development. }

Consider now an expression for the average
amount of replenisher added per square foot of paper
assuming that the paper has been exposed to an average
grey as described above in relation to printer
calibration. The superscript ° is used to denote an
average. In the following expression, therefore, R°
is the average amount of replenisher which is added ot
per square foot of paper. ' '

R°=k[ec(C°)+em(m°)+ey(y°)+j(t)]+K ..... . (2)
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By subtracting equation (2) from equation
(1), we obtain the following expression for the
difference in replenisher, &R, which must be added
compared to the average amount to correct for
variations in the dye amounts for each square foot of
paper entering the printer,

6R=k[ec(c)+em(m)+ey(y)—K°] ...... (3)
where
K°=k[ec(c°)+em(m°)+ey(y°)] ...... (4)

K° is a known quantity and is a recommended
figure by manufacturers of photographic products. For
machines with large tank volumes, there will be as
many prints with dye amounts less than the average
than with dye amounts above the average. Developer
efficiency is therefore unaffected by these
fluctuations in print dye amount. Small volume
machines, however, would benefit from being able to
calculate &R and vary the replenisher rates
accordingly. There are several ways of calculating
éR, but none is perfectly accurate.

It is the object of the present invention to
describe the principles involved and techniques which

could be used to determine &R, as opposed to the

exact detail of formulae etc. It should also be borne
in mind that the average replenishment rate assumption
currently in use is extremely effective. This
invention provides a small correction to this
techniqhe and absolute accuracy is therefore
unnecessary, though accuracy becomes increasingly
important as tank volume is reduced. A further
complexity which should be understood is that the
exact nature of the functions for dye equivalence will
vary between different manufacturers' papers.
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The simplest approach to this problem is an
empirical one. Most photofinishing printers work on
the "integrate-to—grey principle" (see 'The
Reproduction of Colour', 4th Edition, Fountain Press,
Hunt R W G, at section 16.7 on page 294) or a more
sophisticated variant of it. 1In essence this means
that the printer tries to print each negative to
produce the same amount of dye on the print, though
some more sophisticated exposure determination
algorithms may diverge from this when printing
"difficult" negatives like snow scenes or fireworks
shots. It is possible to override this tendency by
using a manual correction to the ekposure time. The
corrections are usually defined in terms of "density
button" units where each button adds a fixed increment
to the exposure timé, typically 19%. Thus a '+3
button' correction increments the time by 1.19 x 1.19
X 1.19 or 1.68. A '—4 button' change decreases the
time by 1.19 x 1.19 x 1.19 x 1.19 or 2 (a halving of
the time). The exact increment is usually variable
and can be set up by the user.

If the amount of replenisher which must be
added to the developer tank per square foot of paper
printed normally (without manual correction) is
known, it is possible to calculate the amount of dye
which will be formed on a print which has been
corrected for density. The calculation is not trivial
and will be addressed later. It is nevertheless ,
possible, whether by experiment or by calculation, to
assign to each correction button, an adjuétment to the
replenishment rate according to the difference in dye
formed on the print. This is equivalent to solving
equation (3) above at discrete values of ¢, m and y.

For example, we might find that for a +4 correction to

a print, there is 1.75 times as much dye produced in
each of the three layers as for a normal print. Thus
1.75 times as much replenisher would need to be added

A

.
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as for a normal print.

In this way the replenishment rate may be
varied without the need for complicated calculations.
Implementation is therefore cheap and simple,
requiring only the use of a lookup table referencing
6R to each correction button. The same principle
may also be applied to the colour correction buttons,
though it should be understood that the dye
equivalency functions may not be the same for each
layer.

More sophisticated printer algorithms may
permit much smaller increments in density and colour
balance. 1In these cases, it may be possible to
perform a calculation to get values for &R rather
than having to perform many experimental
determinations. Again, the exact details of the
calculation will vary from machine to machine so the
general outline will be explained below, where -the
assumption is made that an average measurement of the
negative transmittance has been made (rather than
discrete measurements at many places on the negative).

Each printer has some form of exposure
determination algorithm whose output is an exposure,
Ei’ to each of the three layers (i = c¢, m and y) of
a photographic paper relative to some calibration
setting, E°i.

There is a well known relation between
exposure and optical reflection density, RDi’ known
as the RD - log(E) curve for each layer of the paper
which can be used to calculate the optical density of
the print in each layer. This relation is discussed
in 'The Theory of the Photographic Process', 4th
edition, Mees C.E.K. and James T.H., page 529.

The next step is to convert from reflection
density to transmission density using another well
known relation (see Williams and Klapper, Journal of
the Optical Society of America, 1953, volume 43, page
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595). It is now possible to obtain relative dye
amounts on the print to a good approximation by taking
the ratio of the transmission densities of the print
in question, TDi"to the transmission density of the
calibration print, ToDi' We may therefore write for
the magenta layer for example,

o
m T Di

me TDi

If the contribution from the magenta layer to the total
replenishment needed for the print is Rm and that for
the calibration print is R°m, then we may write,

R To

i1 Di
= —— . (6)
Rlm Tpy
and more generally,
E°i
BRl = R i ( -1 L., (7)
E

In equation (7), we have é relationship between
the correction to the replenishment rate and the
transmission density of the print, which is a'function of
Ei’ the exposure given to the print. The functional
relationship between TDi and*Ei is found from a
knowledge of the paper's RD — log(E) curve, and the
Ry/Tp curve as is described in detail by Williams and
Klapper mentioned above. It is preferable to combine
these two curves into a single function, which may be a
table of pairs of values relating Ei and TDi'
Intermediate points may, of course, be found by
interpolation. Once again, it is important to note that

-
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the 6Ri term will normally be a small correction to
Ri and therefore a high degree of accuracy is not
required to establish the relationship between Ei and
Tpi- ,

Ideally, different values for Ri and the
relationship between Ei and TDi would be used for each
manufacturer's paper, but in practice this would not be
necessary on account of the nature of the small difference
it would make to the performance of a replenishment
system. This is further emphasized by the fact that most
replenishment pumps are not capable of delivering liquid
with a high degree of accuracy.

Photofinishing printers work in one of three
ways. Some expose one print at a time and immediately
send each exposed print to a processing machine. Others
expose small batches of prints (typically between five and
thirty prints) which are sent in one long length to the
processing machine. These first two types of printer are
normally found in minilabs where the printer is directly
connected to a processor. There are still other types of
printer which expose very large batches of prints,
typically many hundreds, on to long rolls of paper hefore
being taken uncut to a separate processing machine. These
types of printers are normally found in high volume
photofinishing establishments.

If the printer is of the high volume type, the
replenishment data would need to be recorded on a magnetic
storage medium, such as a floppy disc. When the roll of
photographic paper has been exposed and loaded into the
paper processor, the floppy disc would then be loaded into
the paper processor's own floppy disc drive. The péper
processor, equipped with a microprocessor controlled
replenishment system, would access the replenishment daté
via its microprocessor as the roll of photographic paper
is being processed in a developer. After a fixed number
of prints have entered the developer, for example ten, an
amount of replenisher would be added to the developer bath
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and an equal amount of developer drained off. The amount
added would correspond to the sum of the réplenisher
amounts for the particular ten prints in the developer.

' It is common practice for holes or notches to be
punched by the printer on to the roll of photographic
paper between prints, for use by an apparatus which chops
the paper into individual prints. The paper ?rocessor
could be so arranged that it counts these holes or notches
so that it would know how many prints had entered it.

The replenishment information for each print may
also be recorded on the print itself by means of a
machine-readable code applied to the back of the print.
Alternatively, the information may be encoded as arseries
of punched'holes between prints.

Photographic printers which only use discfete
photocells for determining exposure measure only the
average transmittance of a negative. A subject comprising
a white spot against a black background would prinf as a
black spot on a white background. The black spot would
have reached the maximum density the-photographic paper
could give. The amount of dye in the spot would thérefore
be less than that expected from a calculation based on the
average ttansmittance of the negative. Consequently, the
calculated amount of replenishment required for that print
would be too great.

This can be overcome by the use of a higher
resolution measurement of the transmittance of the
negative. A scanning device, for example a charge—coupled
device having a 30 by 20 array, would yield 600
measurements of the transmittance of the negative. Areas
of low density on the negative which would give an area of
Dmax on the print could be recognised as such; by using
the paper's*RD — log(E) curve. The dye amounts formed
at each of the 600 areas could be added together to give
an accurate calculation of the total dye amount formed on
the print. ' '

The ultimate extension of this technique would be

-y
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to apply it to a scanning printer where the negative is
scanned at very high resolution.

The present invention has the advantage that it
overcomes the problem of incorrect chemical replenishment,
thus reducing sensitometric drift, maintaining quality and
therefore saving money.

The present invention would be particularly
suited to a small photofinishing operation such as a
mini-lab where small chemical volumes in the processing
tanks increase the susceptibility of the photographic
processor to the effects of incorrect replenishment.
Furthermore, for the small photofinishing operatibn, the
relatively low hardwaré cost required to incorporate the
present invention in a printer—processor pair is an added
advantage. 1In addition, the need for a storage medium on
which to retain the dye amounts calculated for the prints
from a given roll of negatives during printing would be
eliminated as the microprocessors in both the printer and
the processor would be able to transfer the data between
them.

It is particularly expected that the embodiment
of the present invention describe above wherein the
replenishment rate is linked to the density and colour
correction buttons would be ideally suited to a minilab
where implementation costs would need to be kept to a
minimum.

The invention is particularly suited to the
replenishment of photographic developers, but could be
used with any apparatus where the replenishment rate is a
function of the image density.
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CLAIMS ,

1. A method of controlling the rate of
replenishment of chemical solutions used in
Photographic processing apparatus, the apparatus

y

including photographic printing apparatus for copying
an object on to photographic material, the method 7
being characterized by the steps of deriving a signal
which is related to the exposure given to the
photographic material, and using.the signal to control
the replenishment rate of the processing solutions.
2. A method according to claim 1, whetéin
the derived signal produces a replenishment rate which
is directly related to the amount of image-producing
substances formed on the photographic material after
development of an image of the object. '

.y

3. A method according to claim 2, wherein
the image—producing substances are dyes. »

4. A method according to claim 2, wherein
the image-producing substances are metals. ,

5. A method according to claim 4, wherein
the metal is silver.

6. A method according to claim 1, wherein
the signal is derived from measurements of the average
transmittance of the object to be copied.

7. A method according to claim 1, wherein
the signal is derived from measurements of the average
transmittance of a plurality of diffetent small areas
of the object to be copied.

8. A method according to claim 6 or 7,
wherein the signal is derived from the average of
measurements of the average transmittance of a large
random sample of all such objects to be copied on to e
the photographic material. -

-~

9. A method according to claim 8, wherein
the signal is further derived from data relating to
the sensitometric characteristics of the photographic
material.



WO 90/08979 PCT/GB90/00162

10

15

20

25

30

35

10. A method according to claim 2, wherein
the derived signal is related to the replenishment
rate by an empirical function.

11. A method according to claim 2 or 10,
wherein the replenishment rate is adjusted in discrete
steps which are directly related to discrete levels of
density and/or colour correction used in the process
of copying the object.

12. A method according to claim 11, wherein
the density and/or colour correction is/are directly
linked to increments or decrements in the
replenishment rate applied to the developer solution
in the photographic processing apparatus.

13. Photographic processing apparatus
including printing apparatus for copying an object on
to photographic material, and processing apparatus for
processing the exposed photographic material, _
characterized in that a signal related to the exposure
given to the photographic material is used to control
replenishment rate of the solutions used in the
processing apparatus.

14. Apparatus according to claim 13, wherein
the signal is transmitted to the processing apparatus
by a direct data link.

15. Apparatus according to claim 13, wherein
the printing apparatus is provided with means for
recording replenishment data on the photographic
material and wherein the processing apparatus is
provided with means for reading the recorded data.

16. Apparatus according to claim 13, wherein
the printing apparatus and processing apparatus are
provided with storage means and wherein data relating
to the signal is first stored on a storage medium in
the printing apparatus which is then transferred to
the processing apparatus.

17. Apparatus according to claim 16, wherein
the storage medium is a magnetic storage medium.
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18. Apparatus according to claim 13, wherein

the printing apparatus has a plurality of density and
colour correction buttons which are directly related
to increments and decrements in the replenishment rate
applied to the developer solution in the processing
apparatus.

19. Apparatus according to claim 13, wherein

the printing apparatus is provided with scanning means
for obtaining measurements of the average
transmittance of plurality of different small areas of
an object to be copied.

-
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