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ABSTRACT OF THE DISCLOSURE

A method of classifying photographic transparencies
according to the optical density range of the transpar-
encies as a step in the production of prints therefrom on
photographic print material. The method consists of meas-
uring by photoelectric means at least one of the following:

(1) The optical density range D, between the high-
est and lowest densities in the area of the transparency.

(2) The optical density of at least ten area-elements of
the transparency (such area-elements being distributed
substantiaily uniformly over the total image area of the
transparency). The proportion B is thereby determined
by which the number of such area-elements of density
greater than the average density D, of the transparency
exceeds the number of such area elements of density be-
low the said average, thus generating an electrical signal.
The signal is then utilised to effect an exposure correction
(equivalent to the insertion between the print material
and the image forming light of controlled and substan-
tially constant integral of light flux against time) of the
density.

e —————

This invention relates to the classification of photo-
graphic records.

In the printing of black and white photographic trans-
parencies, and in particular in the printing of photo-
graphic negatives, it is known practice to expose the print
material to image-forming light transmitted by said trans-
parency until the integral against time of such light, as
received by the print material, reaches a predetermined
value. This method has the merit of providing compensa-
tion for a limited degree of over-exposure or under-
exposure of individual photographic transparencies. As
a result, a high proportion of prints made according to
this criterion are found acceptable,

A minority of transparencies printed in this way pro-
vide prints which are unacceptable. These transparencies
are then commonly printed a second time, the value of
the predetermined exposure integral being adjusted to
an alternative value.

It is also known practice to extend to the printing of
photographic multicolour transparencies, and particularly
to the printing of photographic multicolour negatives, the
above-mentioned known black and white practice, said
black and white practice being applied separately in re-
spect of each colour of light, red, green and blue, to
which the print material is selectively sensitised.

It is also known practice to make a visual examina-
tion of individual transparencies in order to assess any
departure which may be required from the integral of
light against time which is found to suit the majority of
transparencies.

It is an object of the present invention to provide a
method whereby this assessment may be made by photo-
electric means.

According to the present invention there is provided
a method of classifying photographic transparencies ac-
cording to the optical density range of the transparencies
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as a step in the production of prints therefrom on photo-
graphic print material, which comprises measuring by
photoelectric means either the optical density range D,
between the highest and lowest densities in the area of the
transparency, or the optical density of at least ten area-
elements of the transparency (such area-elements being
distributed substantially uniformly over the total image
area of the transparency) and assessing the proportion B
by which the number of such area-elements of density
greater than the average density D, of the transparency
exceeds the number of such area-elements of density
below the said average or carrying out both such measure-
ments, computing a quantity A given by a weighted linear
addition of D, and B according to the formula
A=a'D,+12b-B-+k where a, b and %k are mumerical
constants, the value of a being from zero to minus 0.8
and being zero when D, is not determined, the value of b
being from zero to plus 0.07 and being zero when B is
not determined, one of @ and b being other than zero,
and the value of k being determined by the setting of
the printing apparatus used, and utilising the value of A
so computed to determine a correction to the controlled
and otherwise substantially constant integral against time
of image-forming light directed to the print material, said
correction being equivalent to insertion in the path of
said image-forming light of a density D, which is a
function of both A and D,

According to a preferred form of the invention, when
dealing with transparencies of substantially similar aver-
age density, the value of D, is equivalent to the value of
A where a is approximately minus 0.3 and b is approxi-
mately plus 0.03.

Substantial variations in procedure are permissible with-
in the scope of the invention just defined and will now
be described.

It has been observed that for each transparency, the
adjustment required in the predetermined exposure in-
tegral is systematically related to the difference between
maximum and minimum optical densities occurring in the
image area of said transparency. This density difference
will hereinafter be referred to as the density range of the
transparency. It has been observed that for negatives of
large density range, said exposure integral should in gen-
eral be increased relative to the value appropriate for
negatives of smaller density range.

It is proposed, therefore, to use photoelectric means to
effect classification of the density range of transparencies
before printing so that the predetermined exposure integral
of the print material may be adjusted in accordance with
said classification. By this means the proportion of un-
acceptable prints will be reduced.

According to one aspect of the invention, therefore,
a method of classifying a photographic transparency prior
to printing onto photosensitive print material comprises
measuring by photoelectric means the highest and lowest
optical densities of area-elements each covering not more
than one-tenth of the area of the transparency, producing
an electrical signal corresponding to the density range D,
which density range is the difference between said high-
est and lowest optical densities and classifying the trans-
parency in accordance with the value of said electrical
signal.

According to one specific embodiment of the invention
a method of classifying photographic transparencies prior
to printing onto photosensitive print material comprises
scanning each transparency with a beam of light instan-
taneously covering not more than one-tenth of the area
of the transparency, allowing the beam after transmission
by the transparency to fall on a photocell, deriving from
the electrical output of said photocell an electrical signal
logarithmically related to the intensity of light incident
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on said photocell, applying said electrical signal to a
circuit responsive to the peak-to-peak variations in said
signal and classifying the transparency in accordance with
the response of said circuit.

It has been observed also that for each transparency
the adjustment required in the predetermined exposure
integral is systematically related to the density probabil-
ity distribution, i.e. to the relative proportions of trans-
parency area which have optical densities above and be-
low the average value of optical density for that trans-
parency. Thus if more elemental areas of the transparen-
cy exceed the average density than lie below it, the ad-
justment must represent a reduction in predetermined ex-
posure integral below the value used for the majority of
transparencies.

If the majority of elemental areas of the transparency
have optical densities below the average value of density
for that transparency, the adjustment required often rep-
resents an increase in predetermined exposure integral
above the value used for the majority of transparencies.

It is proposed, therefore, to use photoelectric means to
effect classification of transparencies according to density
probability distribution before printing so that the pre-
determined exposure integral of the print material may
be adjusted in accordance with said classification. By this
means the proportion of unacceptable prints will be re-
duced.

According to this aspect of the invention, therefore, a
method of classifying a photographic transparency prior
to printing onto photosensitive print material comprises
measuring by photoelectric means the optical densities of
at least ten part-areas of the transparency, each part-
area covering not more than one-tenth of the total area
of the transparency, producing electrical signals corre-
sponding to said optical densities, determining the propor-
tion of all said signals by which those signals corre-
sponding to more than average density exceed those sig-
nals corresponding to less than average density and clas-
sifying said transparency in accordance with said propor-
tion,

According to another embodiment of this aspect of the
invention, therefore, a method of clasifying photographic
transparencies prior to printing onto photosensitive print
material comprises scanning each transparency with a
beam of light instantaneously covering not more than
one-tenth of the area of the transparency, allowing the
beam after transmission by the transparency to fall on
a photocell, deriving from the electrical output of said
photocell an electrical signal logarithmically related to
the intensity of light incident on said photocell, applying
said electrical signal to one terminal of a capacitor, the
other terminal of which is connected to a circuit pro-
viding an indication sensitive to asymmetry in the alter-
nating component of said signal and classifying the trans-
parency in accordance with said indication.

By “sensitive to asymmetry,” it is intended to convey
that the said circuit provides an indication sensitive to
the phase of second harmonic present in an alternating
component of electrical signal applied to said circuit. In
one form, the circuit may comprise sub-circuits responsive
respectively to positive and negative values of said elec-
trical signal, said responses being substantially independ-
ent of signal amplitude.

In one form, the circuit may comprise sub-circuits rec-
tifying positive-going and negative-going values of said
electrical signal, the direct-current outputs obtained as a
result of said rectification being of opposite polarity and
being combined in an adding circuit. Said direct-current
outputs substantially cancel in respect of electrical signals
of symmetrical form such as, for example, a sine wave,
or rectangular wave of equal mark-space ratio. When an
electrical signal of asymmetric form, such as a rectangu-
lar wave of unequal mark-space ratio is applied through
said capacitor to said circuit, the said direct-current out-
puts are unequal and do not cancel.

ot
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It is moreover to be understood that whereas the per-
formance of said circuit has been defined in terms of
electrical signals of relatively simple form, it is to be used
with electrical signals of complex form, i.e. containing
harmonics of high order. )

Alternative known circuit configurations capable of
providing an indication sensitive to asymmetry in the al-
ternating component of a signal are the Schmitt trigger
and the long-tailed pair.

Each of these configurations provides two outputs
which are complementary. The difference between these
outputs, averaged over a period of time, may be taken as
indicating the extent by which the proportion of time
during which the waveform is positive exceeds the pro-
portion during which it is negative. Said difference be-
tween the two outputs will fall substantially to zero when
the circuit is excited by electrical signals of symmetrical
form such as, for example, a sine wave, or rectangular
wave of equal mark-space ratio. When an electrical sig-
nal of asymmetric form, such as a rectangular wave of
unequal mark-space ratio is applied through said capaci-
tor to said circuit, said two outputs are unequal and a
difference indication is obtained.

The prescribed procedure may be applied separately
and independently in respect of light of any or all of the
colours red, green and blue. Alternatively or additionally,
classification may be effected with red, green and blue
light failing simultaneously on the photocell, the red,
green and blue printing exposures each being adjusted
in accordance with the single classification process.

_The theory underlying the process of this invention
will now be described by way of further explanation:

In conventional automatic printers, photocells measure
the integrated transmiitance, T, of each negative. The
integrated transmittance, T, is simply the mean of the
individual transmittances, Ty, Ty . . . Ty, of N elemental
areas,

T=[Ty+4Ty+T3+ . .. TN
Corresponding to the integrated transmittance, T, there
is a density, D, which is given by:
Dy=—Logy;y T
Consider now a hypothetical negative in which:

Dpin=Minimum density,
Dpax=Maximum density,

D, =Density range [ =D ax—Diin]
n==Number of density levels in range D,
N=Number of elemental areas in picture.

(2)

Assume also a linear probability-density distribution,
as in FIGS. la and 1b. :

Thus, considering any particular density level, D, the
frequency, f, with which that density occurs is given by:

f=m-D4-C 3)
But, when
D=Dyy,+¥:D,
then
fio=N/n )

ie. with the assumed linear probability-density distribu-
tion, the frequency with which a mid-range density,

1/2(Dmax+Dmin)a

occurs is given by the number of picture elements N, di-
vided by the number of density levels, n.
Substituting in (3),

F1p=Nlo=m(Dwin+%D;)+C

o= (D
-'C_n m(Dmm_’_}éDr) (5)
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L= Ly
"f’_"ﬁ"l‘m(D“Dmm) 2 Dr (6)
In a printer using photoelectric integration, the addi-
tion or subtraction of a uniform overall density has no
effect on the resultant print. Consequently the minimum
density in the negative plane, Dy, may be subtracted
from the value of each density level without affecting the
validity of calculations concerned with the difference be-
tween optimum print exposure and that obtained on the
“integrate-to-grey” criterion.
Hence, putting Dy,;,=0,
_N ‘
Let us now define a “subject key factor,” S, such that S
is the proportional change in probability frequency

through the density range, D,
Thus

L
"N (7
The integrated transmission of the negative is given by

S=m-D./ {s=mD

T= S 11107004 £o.10°Dif £,10-D0 . .+ £,,10-Dd

1 n
= ~10-Dx

(8)
Now for the Rth term, )
D,
fo=futm (Da=2r) ©
and
R
DR='7—:‘D1-
Ll [ _D: -D,
..I—N 0 {f]/z—f-m(Dr 2)}10 Dr.dR (10)
1 mDy m
_2-303D'{<1_2f1/2 550377m)
_mD:,  m _ mD\ —2.303D,}
<1 2f1/2+2'303f1/2+ T/ ® an

where ¢=2.718 approx.
Substituting from (7),

o1 s, 8 oy 4 10,
1‘2.303D‘{(1‘“§+2.3031>r>(1“10 ) 8'10(1;2})

7)—2 Df = —10g10T= ﬁg [Loge ( 23031);) —

s 8 ) .
Loge{<1—§+——2‘3o3Dr>(1—10 Dr) —5.10-D }]

To comply with the mathematical model shown in
FIG. 1, S must lie between —2 and 2.

For typical negative materials, the value of D, may
be assumed to lie between 1.0 and 2.0. It may thus be
shown that

= : - — ".Dr —
D~ 5503 [L"ge 2.303+Log, D,—Log, (1—10-Dr)

Log, (1_”‘3""2_?;(')33—&)]
(14)

Whence
. ) 1
D~535 [0.334+ 0.5D:~10-Dr+ 8 <%—§.30—35,21] )
5

If the printer is adjusted to print correctly a typical
negative having §=9’, D,=D,’ and D=1, then the same
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6
highlight exposure will be obtained with other negatives
if for each negative a density correction, D,, is applied,
given by _
D~ (Dr"—Dr)_(ﬁ’—D )
Substituting values of D and D’ given by (15).
Dy~0.783(D' — D;) +0.435(10-Dv — 10-D:) —
1

1
0.435[8’ (%——m>“5 <%_2.303D,
(17)

(16)

Since the range of D, is rather small and
R,/
is approximately in the middle of this range,

1
_ _ . _ G
D, =0.783(D;’ — D;) —0.435( 8’ S>(}2 2.3031),'2
8

Since D,” and S’ are constants, (18) has the form
Dy~aD,-+b.S-k

where a, b and k are numerical constants.

The equation given at (19) suggests that the density
correction required by any individual negative should be
predictable from a weighted addition of measured values
of density range, D,, and subject key factor, S. The
mathematical model leading to this conclusion is, however,
somewhat artificial and several approximations have been
made.

It should be noted, moreover, that although expression
(19) has developed on the assumption that print highlights
were to be exposed correctly, a lowered degree of correc-
tion can be computed by using proportionally reduced
values of the numerical constants a, b, and k.

Practical tests with a large number of assorted nega-
tives confirm that the equation given at (19) is substan-
tially true. The practical tests also make it possible to
determine suitable values of the constants, @, b and c.

Moreover practical tests confirm that if measurements
of D; and S are made separately for each of the colours
red, green and blue, then by an extension of (19) the
colour correction can be computed which will be neces-
sary in a printer working on the “integration-to-grey”
principle. Thus:

(19)

_—
Dcolour=[(a-Dr+ b-S)red_I'

—————3 L ——
{a.D.+ 0.8 ) green (a,D,-i—bS) blue}
(20)
where r=constant, and the arrows indicate vectorial quan-
tities measured along axes mutually at 120° of angular
rotation.

The invention will now be described with reference to
the accompanying drawings in which:

FIGS. 1a and 15 represent density probability distribu-
tions for two hypothetical negatives. In FIG. 1a the nega-
tive represents a high-key subject, i.e. a subject containing
a preponderance of lighter tones. In FIG. 15 the negative
represents a low-key subject, i.e. a subject containing a
preponderance of darker tones.

FIG. 2 is a schematic diagram representing a partic-
ular embodiment of apparatus according to the inven-
tion.

FIGS. 3 to 7 represent details of the apparatus of FIG-
URE 2 and are as follows:

FIG. 3 represents a feedback control regulating the in-
tensity of light emitted by a cathode ray tube.

FIG. 4 represents a logarithmic current-to-voltage con-
vertor and A.C. coupled video pre-amplifier associated
with a multiplier photocell receiving light transmitted by
the transparency.

FIG. 5 represents a negative feedback video amplifier
of known type.

FIG. 6 represents a voltmeter indicating the peak-to-
peak value of an alternating voltage input.
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FIG. 7 represents a circuit indicating the overall propor-
tion by which the time for which an electrical input signal
is of positive polarity exceeds the time for which the said
signal is of negative polarity.

FIG. 8 is a plot of density correction D, against a
weighted sum of indications ¢; and 4, obtained with the
apparatus of FIG. 2 in respect of under-exposed nega-
tives.

FIG. 9 is a similar plot in respect of correctly exposed
negatives.

FIG. 10 is a further similar plot in respect of over-ex-
posed negatives.

FIG. 2 is a schematic diagram of apparatus for making
measurements on negatives, Cathode ray tube, CRT,, lens
1, lens 3 and muliiplier photocell PM1 are the principal
elements of a flying spot scanner. Time bases TB energise
deflection coils C in FIGURE 2 to cause the electron beam
to explore a substantially rectangular area of the phosphor
screen of the cathode ray tube. Lens 1 forms an image of
said rectangular area upon the negative N, in FIGURE
2 to be examined. Light transmitted by the negative is
directed by lens 3 onto the photocathode of photocell
PM1. Thus as the electron beam explores an area on the
phosphor screen of the cathode ray tube, light passing
lens L., explores the area of the negative and produces
a variation in the collector current of photocell PM1.

A semi-reflecting mirror, SM, directs a proportion of
light passing L, onto a lens L, and so to the photo-cathode
of a multiplier photocell, PM2. The collector current of
PM2 develops across a load resistance, Ry, a voltage which
is compared with,a reference voltage, Vyer. Any differ-
ence between the two is amplified by a direct coupled
amplifier, DCA shown in FIG. 3. The output of DCA
controls the intensity of the electron beam of the cathode
ray tube. In this way it is arranged that, despite lens
vignetting and non-uniformities in the phosphor screen of
the cathode ray tube, the intensity of light received by
photocell PM2 is maintained substantially constant. This
arrangement therefore represents an application of the
invention described in British patent specification No.
736,899.

Lens 3 and photocell PM1 are positioned relative to
mirror SM symmetrically with respect to lens 2 and photo-
cell PM2. 1t follows that, in the absence of a negative Ny,
photocell PM1 receives light of substantially constant in-
tensity since the two photocells will then receive light in
substantially constant proportion. When negative Ny is
placed in the optical path as shown, light received by
photocell PM1 is proportional in intensity to the trans-
mittance Ty, of that part of the negative Ny instantaneously
receiving the image of the luminous spot on the phosphor
screen of the cathode ray tube.

The collector current I, drawn instantaneously by photo-
cell PM1 is thus given by:

Io=p-Ty Qn

where p=constant.

The collector current I, passes through several semicon-
ductor diodes, LD, connected in series. These diodes show
a substantially logarithmic relation between voltage drop
and forward current. It follows therefore that the voli-
age V4 developed across the diodes is given instanta-
neously by

Va=aq-Logil.=q Logy(p-Tx)

(22)

where Dy is the optical density corresponding to transmit-
tance Ty and ¢ and u are constants.

The variations in the voltage V4 are then amplified in
alternating current amplifiers PA in FIGURE 2, VA1 and
VA2. The circuit of the video preamplifier is shown in
FIG. 4. Video amplifiers VA1 and VA2 are each accord-
ing to the circuit shown in FIG. 5. The output from VA1
is applied to a voltmeter shown at FIG. 6. This indicates
the peak-to-peak value of alternating voltage output. The

=u-LoggTy=—u"Dy

<
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indication 6, given by meter M1 is thus proportional to
the extreme values of V4 for the negative Ny, Thus

01=y (Dmax—Dmin)

::y'Dr (23)
where y is a constant,

A high value of 4; therefore indicates a negative of
high contrast. A low value of ¢; indicates a negative of
low contrast.

The alternating output voltage from amplifier VA2
is applied to the ratio meter RM, the circuit of which is
shown at FIG. 7. Referring to FIG. 7, the potentiometer
P1 is adjusted in the absence of input so that the centre-
zero meter M2 in FIG. 7 indicates zero. Zero indication
on M2 will thereafter indicate that the average potential
of the grid of V1 is equal to the grid potential of V2.
When the output from VA2 is positive, diode D2 conducts
a current limited by the series resistance, R3. Over the
range of current so passed, the voltage developed across
D2 is 0.5 v. Thus while the output of VA2 is positive,
the grid of V1 is held at 4-0.5 v. Similarly, while the out-
put of VA2 is negative, diode D1 conducts and the grid
of V1 is held at —0.5 v. It is evident that if VA2 delivers
an alternating waveform of symmetrical waveform the
grid of V1 will be held positive and negative for equal
proportions of the time. The mean potential of the grid
of V1 will then remain the equal to the grid potential of
V2 and meter M2 will remain undeflected.

If, however, the output of VA2 is more often positive
than negative, the meter M2 will be deflected in one di-
rection. If the output of M2 is more often negative than
positive, M2 will be deflected in the opposite direction.

It will now be shown that the deflection, 65, of meter
M2 is substantially proportional to the subject key factor,
S.

Because the amplifiers PA, VA1l and VA2 include
capacitor-coupled stages, their outputs represent de-
partures of instantaneously measured negative density D
from the average value D,.

Because the amplifiers cannot transmit a direct current
component of the signal, it follows that

D:
L %.(D—D,)dD=0 (2

If all densities are measured above Dy, then by
substitution from (6) and (4),

[ (rus+ m~Fm-D.) (D= D1y aD=0

(25)
whence
_lp . lmDe
D=2 Dt13 70 (26)
Substituting from (7),
1,1
D,=Di[ 355 ] (27)

The value of S may thus be derived by comparison of
measured values of D, and D,. Expressed mathematically,
S§=12(D,~%:D,}/D, (27A)
The value of D, is indicated by the deflection 8; of
meter M1. The value of D, may be observed by measuring
the average direct voltage appearing at test point TP in
FIG. 4. It will however be appreciated by those skilled in
the art that measurement of such a relatively small direct
voltage is subject to error and consequently it is not easy
to measure S with adequate precision. Accordingly it is
preferred to derive S from the deflection 6; provided by
meter M2.
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Referring to FIGS. 1a and 1b,

Number elements with density D above D,=
_(ftf) (De=D.).
N,= D) D. n
(28)

Number of elements with density D below D,=

Ny=Ueb£) D,
(29)
where

fo=number of elements in lowest density level,
fr=number of elements in highest density level.

Referr_ihg to the circuit shown in FIG. 7, the deflection
65 of meter M2 is given by

gg= (Na—"Nb):B

w N (30)

where w .is a constant.
N, _futf) (D—D))  (fotf) D
== 2 D, n 3 n

w D,
_i (fz+fr)' __(fO"I‘fr) ]
~ [ p, WD s,
(31)
But,
f0+fr_
—5 =/ (32)
From (4) and (6),
. (Dz_Dr)
fz“‘fl/2+m'_§— (33)
and also,
m-D.
fr=f1/2+ 3 (34)
Substitution from (32), (33) and (34) in (31), leads to
0= DD~ D) =2 DuiD] g
Substituting from (27)
N 18
But $2<4
S S
) 2%'f1/2‘1—2"n=w"1’§
g S
w12 (36)

It will be seen therefore that the subject key factor, S,
as hereinbefore defined, is substantially equal to 12 times
the proportion of all transparency elements by which the
number of elements having optical densities above the
average vilue of optical density exceeds the number hav-
ing less than average value of optical density.

Expression (19) may thus be re-written in the form

Dc%a"01+b102+k (37)

S is here defined to be positive in FIG. 14 and negative
in FIG. 1b. FIG. 1a represents a negative having more
high density areas than .low density areas. It therefore
represents a “high-key” subject, e.g. a snow scene, a sandy
beach scene or a white building.

FIG. 1b represents a “low-key” subject, e.g. a dark
interior lit by a shaft of sunlight. In such a picture dark
tones predominate.
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The density correction, D,, is the density equivalent to
that which would be required in the printing path at such
a point that the photoelectric exposure control would be
unaffected by its insertion. (In practice it is usual to
apply density correction by electrical modification of the
photoelectric exposure control circuit.)

With these conventions, negatives with large values of
D, would be expected to require negative values of D..
Negatives with positive values of S (high-key negatives)
require positive values of D,. Thus in (37) the constant
a’ will have a negative value and the constant b will
have a positive value.

From (18) it may be deduced that if the print high-
lights are required to receive always the same exposure,
the weighting constants in (19) should have values

a~—0.78, b~-0.07

However, it has been reported by C. M. Tuttle (Journal
Franklin Institute, 224, No. 3, pp. 315-337, September
1937) that exposure in accordance with highlight densi-
ties is less successful than exposure in accordance with the
value of D. Accordingly for most pictorial subjects the
magnitudes of constants @ and b should be less than half
those mentioned above. In practice good results are ob-
tained with a~~-—0.3, b~--0.03.

It remains now to describe the method of using the
apparatus.

Initially a calibritation must be performed by measur-
ing values of 6, and ¢, for each of a large and representa-
tive population of negatives. For each negative an ap-
proximate value of D, is also deduced by measuring the
average voltage appearing at the test point, TP, in FIG. 4.

It is found in practice that the interpretation of ¢; and
92 in terms of required density correction, D, depends in
some degree on the value of D,. Accordingly the negative
population is divided into three groups corresponding to
three ranges of D,. Alternatively, the division may be
made into three ranges of D since there is a close correla-
tion between D and D,.

For each such range, the accumulated data is analysed
separately to determine the best values of o', »’ and k to
be used in (37). From such analysis, FIGS. 8, 9, and 10
have been drawn relating to the three ranges of D, respec-
tively.

FIG. 9, which relates to values of D, corresponding to
correctly exposed negatives, shows that the experimentally
determined characteristic agrees quite well with the linear
relations predicted by (37).

FIG. 8 relates to negatives showing a value of D, low
enough to indicate some under-exposure. The character-
istic calls for a relatively Jarge density correction in re-
spect of low key, high contrast negatives.

FIG. 10 relates to negatives showing 2 value of D, high
enough to indicate some under-exposure. The experimen-
tally determined curve shows a considerable departure
from one linear form of (37). This is because these nega-
tives represent subjects including a very wide range of
tone values, the lightest tones of which are of no interest
because they are grossly over-exposed in the negative.
An example of such a subject would be a portrait of a
child taken indoors by daylight. If the exposure for the
child is correct; the sky visible through the window behind
the child will produce gross over-exposure. In printing the
negative, the printing exposure must be chosen to produce
an acceptable rendering of the child’s face. The foregoing
mathematical treatment has been based on the assumption
that printing exposure should be determined by the rela-
tion between D,y and D. In this case, however, the value
Of Dy is of no importance and accordingly it is not sur-
prising that the experimental curve departs from the linear
relation predicted by theory. That part of the curve drawn
as a broken line is, therefore, a purely empirical result.

- In one practical investigation, it was found that the
corrections most useful in practice are approximately one-
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third as large as those predicted by relation (19). This
shows that, the relation between Dy, and D is a better
guide to printing exposure than either Dp,, or D alone.

Once a set of curves has been obtained corresponding
to FIGS. 8, 9 and 10, further negatives may be classified
as follows:

For each negative the values of D,, 8;, and 6, are ob-
served. According to the value of D,, the appropriate
curve is consulted. This then shows the density correction,
D,, to be used for the particular value of

’
(01 +%7 92)
When the negative is printed the indicated correction (or
an approximation to it) is applied to the printer, e.g. a
density correction button is pressed which modifies the
value of photoelectric integral (or integrals) required to
terminate exposure.

By introducing red, green and blue colour separation
filters successively in the path of scanning light, the nega-
tive may be analysed separately for each of the said three
colours. In accordance with relation (20), the statistically
most successful colour correction is given by

' b’ )
Degroar=r [(01‘1‘1_;7 02>red+ (01—].07 02>g:‘ecn+

b’
(01 +? 92>blue:|

(38)

In practice ,the net correction is commonly computed
by subtracting from the value of each of the three vector
terms the magnitude of the smallest. .

As a practical example, suppose r=-—0.01 and
b/a==—2.0. Suppose the values of 6; and 8, for a given
negative were as follows:

01 ot
Red..._... 49 +10
Green...... 48 +1
Blue....... 38 +3

The low value of 6, for blue indicates a relatively low
blue contrast. This will require a reduction in blue printing
exposure, i.e. a positive correction D, to the blue
component.

The relatively large positive value of 8, indicates a high-
key red component, i.e. the subject is a red colour subject
failure containing a high proportion of red areas. Correc-
tion of this abnormality will require a reduction in red
printing exposure, i.e. a positive correction D; to the
red component.

It may thus be anticipated that the correction will com-
prise positive corrections to the red and blue components.

From the above data, the three vector terms are
obtained.

red=(49—20)=29
green=(48—2)=46
blue=(38—6)=32

Subtracting the smallest value (red) gives
red=0, green=17, blue=3
The colour correction to be used is thus:

Degiour=—0.01 [17 green-{3 blue]
=-—0.17 density units to green light
—0.03 density units to blue light.

Tt will be noted that the calculated colour correction is
principally a reduction in density correction D, to the
green component. In terms of colour such a correction is
equivalent to equal positive density corrections to the red
and blue components. Thus the calculated correction con-
forms with the anticipated correction.
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What is claimed is:

1. A method of classifying photographic transparencies
according to the optical density range of the transparencies
as a step in the production of prints therefrom on pho-
tographic print material, which comprises meastring by
photoelectric means at least one of: (1) the optical density
range D, between the highest and lowest densities in the
area of the transparency, and (2) the optical density of
at least ten area-clements of the transparency, such area
elements being distributed substantially uniformly over
the total image area of transparency, and thereby measur-
ing the proportion B by which the number of area-ele-
ments of density greater than the average density D, of
the transparency exceeds the number of such -area-ele-
ments of density below the said average, generating an
electrical signal corresponding to a quantity A given by
a weighted linear addition of D, and B according to the
formula A=a.D,412b.B+k where a, b, and k are nu-
merical constants, the value of @ being from zero to minus
0.8 and being zero when step (1) is not carried out, the
value of b being from zero to plus 0.07 and being zero
when step (2) is not carried out, one of a and. b being
other than zero, and the value of k being detérmined by
the setting of the printing apparatus used, and utilising
the signal to effect an exposure correction equivalent to
the insertion between the print material and the image-
forming light of controlled and substantially constant
integral of light flux against time, of a density D, which
is a function of both A and D,.

2. A method according to claim 1 wherein a=0 which
further comprises scanning each transparency with a beam
of light instantaneously covering not more than one-tenth
of the area of the transparency, allowing the beam after
transmission by the transparency to fall on a photocell,
producing from the electrical output of said photocell an
electrical signal logarithmically related to the intensity of
light incident on said photocell, applying said electrical
signal to one terminal of a capacitor, the other ferminal
of which is connected to a circuit providing an indication
sensitive to asymmetry in the alternating component of
said signal and classifying the transparency in accordance
with said indication. .

3. A method according to claim 1 wherein the value of
D, is substantially equal to the value of A where the con-
stant a has a value of approximately minus 0.3 and the
constant b has a value of approximately plus 0.03.

4. A method according to claim 1 wherein =0 which
further comprises. measuring by photoelectric means the
highest and the lowest optical densities of the area ele-
ments, producing an electrical signal corresponding to
the density range D,, which is the difference between said
highest and lowest optical densities, and classifying the
transparency in accordance with the value of said elec-
trical signal. i

5. A method according to claim 1 wherein b=0 which
further comprises scanning each transparency with a beam
of light instantaneously covering not more than one tenth
of the area of the transparency, allowing the beam after
transmission by the transparency to fall on a photocell,
deriving from the electrical output of said photocell an
electrical signal logarithmically related to the intensity of
light incident on said photocell, applying said electrical
signal to a circuit responsive to the peak-to-peak varia-
tions in said signal and classifying the transparency in
accordance with the response of said circuit.

6. A method according to claim 1 wherein a=0 which
further comprises measuring by photoelectric means the
optical densities of the area-elements, producing electrical
signals corresponding to said optical densities, determining
the proportion of all said signals by which those signals
corresponding to more than average density exceed those
signals corresponding to less than average density.
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