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(54) Tonal control of halftone colour image

{57) A method controls a color tone upon production of a reproduced color image by tonal conversion of a
light quantity of each pixel into a halftone. The method comprises (i) setting, at a position between a highlight
area and a shadow area in a color original image, a color tone control point {M;), (ii} defining adjustment
conditions at the point {(M,) in terms of dot percent values of desired plural color plates, (iii) introducing (a) a
light quantity at the point (M,), (b) dot percent values of the plates and (c) desired dot percent values set in
advance for highlight areas and shadow areas in the plates into a below-described tonal conversion formula,
respectively, to determine values yfor the plates, whereby tonal conversion formulas are provided for
converting, into dot percent values, light quantities of all pixels ranging from the highlight areas to the shadow
areas; and (iv) subjecting light quantities of individual pixels for the plates to tonal conversion and also
controlling color tones of the individual pixels for the plates, both, by using the tonal conversion formulas.

<Tonal conversion formula>;
Yn = YH + [a(1 - 10N ys - yuMia - B)]
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METHOD FOR THE TONAL CONTROL OR
ADJUSTMENT OF REPRODUCED COLOR IMAGE AND

PICTURE PRODUCING SYSTEM MAKING USE OF SAID METROD

BACKGROUND OF THE INVENTION

(i) Field of the Invention

This invention relates to a novel method for con-
trolling or adjusting a color tone, which can be ap-
plied inter alia upon production of a reproduced color
image (e.g., a printed picture) of a halftone by sub-
jecting to tonal conversion pictorial information ob-
tained from a color original picture recorded on one of
various recording media, for instance, pictorial in-
formation obtained from a color-film (i.e., transpar-
ent) original image of a continuous tone photographed
and recorded on a photosensitive emulsion layer. This
invention also relates to a picture producing system
making use of the above method, namely, a picture
producing system for producing a reproduced color image
of a halftone by subjecting, to tonal conversion, pic-
torial information obtained by photoelectrically scan-
ning a color original image of a continuous tone, and
especially to a picture producing system provided as a
core element with a tonal conversion unit having new

functions.
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More specifically, the present invention provides
a novel tonal conversion technique useful upon produc-
tion of a reproduced color image, which has two charac-
teristic features. First, instead of using conven-
tional density information as pictorial information on
a color original image, the present invention uses
light quantities to eliminate the potential problem
that pictorial information may be affected by a charac-
teristic curve of a recording medium on which the color
original image is recorded, namely, a characteristic
curve defined by light gquantities entered the recording
medium and corresponding densities formed on the
recording medium. Second, upon performing tonal con-
version of the above-mentioned light quantities of the
color original image, a specific tonal conversion for-
mula is used and, when the tonal conversion formula is
used, a function to adjust a color tone is combined so
that the color tone, nothing to say the gradation, can
be controlled in a gquantitative, rational manner.

This invention is therefore concerned with a
novel tonal conversion technique which, as described
above, controls a gradation and a color tone in com-
bination.

In the subsequent description of the present in-

vention, an emphasis will be placed especially on the
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control or adjustment of a color tone in view of the
fact that adjustment of a color tone upon tonal conver-
sion has been rationalized in a quantitative manner al-
though such adjustment has heretofore been considered
to be difficult under the conventional art.

Therefore it should be borne in mind that the
present invention is not limited in its application
field to the control or adjustment of a color tone upon
production of a reproduced color image of a halftone
but is also important for performing control of a
gradation in a quantitative, rational manner at the
same time.

(ii) Description of the Related Art

As is known well, a variety of reproduced color
images - such as printed pictures, copied pictures,
printer output pictures and TV (video) images - are
produced from color original images recorded on various
recording media by various reproducing techniques. The
term "reproduced image" as used herein should therefore
be interpreted in a broad sense.

In the production of these reproduced color im-
ages, it is an extfemely important theme, first, to
reproduce on a reproduced color image a gradation and a
color tone of a color original image in a Hi-Fi (High-

Fidelity) color and, second, to adjust the quality (in-
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cluding both the gradation and the color tone) of the
reproduced color image as desired.

Under the current situation, however, it is im-
possible under the conventional art to rationally at-
tain the above-mentioned theme by any standardized work
procedures.

This can be attributed to the fact that, in the
technique for faithfully reproducing the quality (i.e.,
gradation and color tone) of a color original image on
a reproduced color image and also in the technique for
adjusting (i.e., correcting or modifying) the quality
of the color original image into a desired quality, a
non-linear conversion processing technique for convert-
ing pictorial information on the color original image,
especially its pictorial density information into a
halftone - said processing technique being fundamental
to the reproducing technique and the adjusting techni-
que and hereinafter being called the "tonal conversion
technique" or "tonal conversion method" of an image -
is not supported by any rational theory and tonal con-
version of an image is performed in a non-scientific,
non-rational manner while relying substantially upon
human experiences and perception.'

The above-described matters will hereinafter be

described referring to a technique for the production
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of a printed color picture which has relevance to the
present invention and always requires high quality.

Concerning the production of a printed color pic-
ture as a reproduced image from a color film original
(it is to be noted that about 90% of color originals
are of the transparent type), it was not been conceived
in the conventional art to rationally ascertain density
characteristics from a highlight area to a shadow area
in the color film original. Regarding the setting of a
"color separation curve" (which is also called a "color
separation work characteristic curve" or "halftone
characteristic curve") which determines a correlation
between a color-film original image of a continuous
tone and a printed color picture of a halftone as a
reproduced picture, the conventional art can be consid-
ered to depend totally upon human experiences and per-
ception.

In general, production of a printed color picture
is performed as will be described next. Namely, a
color-film original image (hereinafter merely called
the "color original image") is subjected to color
separation by a color scanner and multicolor printing
is then conducted through plate of different colors
(generally, using four color plates, that is, a C

plate, an M plate, a Y plate and a BL plate in combina-
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tion), whereby a printed color image of a halftone is —
reproduced.

Incidentally, as is known well, the C plate, M
plate and Y plate correspond to R (red), G (green) and
B (blue) under an additive color process and are in a
complementary color relationship under a subtractive -
color process. The BL plate is also called a black
plate.

The above-mentioned color scanner or a total
scanner is an mechatronized, extremely expensive equip-
ment. One of significant problems in the present busi- -
ness field is that its rate of operation is about 30%
on average, that is, at an extremely low level. Pri-
mary reasons for the low rate of operation of the ex-
pensive color scanner or the like include a long setup
time required for the operation of the color scanner or -
the like and frequent rescanning or remaking needed due
to the unstable and insufficient quality of products
obtained by color separation work.

This will be discussed further from a technical
viewpoint. As an equipment for color separation work,
an advanced and expensive, mechatronized color scanner
is used as described above. However, plural essential
technologies for color separation work, for example, -

color-reproduction and color-correction technology and
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gradation-converting technology are not systematically
combined in good conformity. This can be regarded as a
main cause for the low rate of operation of the color
scanner.

As is known well, of the above-described two es-
sential technologies, techniques for color reproduction
or the like have been scientifically pursued by apply-
ing the masking equation or the Neugebauer equation.

However, the latter technology, that is, the con-
version technology for a density gradation (which is
essentially concerned with how large dots should be set
for all pixels in a color original image) has remained
without rational or theoretical corroboration. It is
the current situation that this part of work is heavily
dependent on human experiences and perception.

Since a variety of color separation equipments
have been developed under such circumstances, the basic
design technology for equipments themselves is in-
complete when taken from the viewpoint of performing
color separation with a color tone and a gradation ad-
justed in combination and moreover, actual color
separation work cannot be performed without operator's
guess work, experiences and perception despite the use
of an advanced expensive color scanner. It is there-

fore impossible to always produce printed color pic-
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tures of stable high quality.

Color separation work cannot be practiced in a
rational efficient manner especially when a color
original image is not an original of standard quality
prepared under appropriate photographing and exposure
conditions and adequate developing conditions, for ex-
ample, is an original of non-standard quality such as
an excessively bright original due to over exposure, an
excessively dark original due to under exposure, an
original of high key or low key, an original containing
color casting or a faded original. Namely, the conven-
tional art cannot rationally perform color separation
work for color original images of such non-standard
quality, and is also accompanied by problems such as
the above-described low operation rate of color scan-
ners, unstable quality of products and increased re-

scanning rate.

SUMMARY OF THE INVENTION

The present inventors have basic understanding
such that prior to attempting improvements in color
reproduction and color correction techniques, a techni-
que for the conversion of a density gradation of each
pixel in a color original image mugt be made rational

to achieve even rational production of reproduced color
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images of a halftone having desired quality (gradation
and color tone) from the above-described various color
original images, to say nothing of faithful reproduc-
tion of the quality of a color original image (i.e.,
the quality which is evaluated in both gradation and
color tone).

As is known well, the density gradation of a
color original image can be reproduced on a reproduced
color image of a halftone by changing the size of dots
(the variable-area gradation method), the arrangement
of specific dots (the multivalued variable-area grada-
tion method) or the densities of pixels themselves
where the pixels have a predetermined size (which can
be the size of each pixel defined by screen ruling).
Although there are a variety of methods for the expres-
sion of a halftone, the term "halftone" will
hereinafter be used irrespective of the expression
method for the sake of convenience for description.

Based on the above-mentioned basic understanding,
the present inventors already proposed methods for the
rational tonal conversion of a gradation of a color
original image in accordance with a novel tonal conver-
sion formula and have obtained certain advantageous
results (see, for example, U.S. Pafent No. 4,924,323;

U.S. Patent No. 5,313,310; U.S. Patent No. 5,057,931;
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U.S. Patent No. 5,134,494).

The novel tonal conversion previously which the
present inventors previously proposed has a close rela-
tionship with the present invention. Accordingly, the
above-mentioned novel tonal conversion method previous-
ly proposed by the present inventors will now be de-
scribed in brief, and its improvements will be de-
scribed. Needless to say, these improvements have be-
come essential technical elements of the present inven-
tion.

After that, the present invention will be de-
scribed using production of a printed color picture as
a technique for the production of a reproduced color
image.

In the conventional art, based on a photographic
color picture (color original image) entered a "record-
ing medium" of a photosensitive material (photosensi-
tive emulsion) from an original image in a literal
sense (i.e., an actual scene or object, for example, a
apple itself if an object is the apple) and recorded
under predetermined exposure conditions (as is well
known, an exposure E is expressed by the following for-
mula: E = I x t where I represents the intensity of in-
cident light and t stands for a time during which the

light enters), the color separation of a color original
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image is conducted by using, as a basis, density in-
formation on the photographic color picture. The term
"color separation work" as used herein means to include
both the reproduction of a gradation and the reproduc-
tion of a color tone as described above.

As 1is known well, when a photosensitive material
with an object such as a still live‘or a person photog-
raphed thereon is developed, photographic densities are
formed on the photosensitive material, and these pho-
tographic densities become a medium image. A curve,
which represents a correlation between the above-
mentioned photographic densities (blackening degree)
and exposures E of the photosensitive material, is a
photographic density characteristic curve. This is
shown by plotting photographic densities (D) (D = log
Io/I) along the ordinate and logarithmic values (log E)
of exposures E along the abscissa. Needless to say, in
the above-mentioned photographic density (D), the
ratio of the intensity Io of incident light to the in-
tensity I of transmitted light is used in the case of a
film or dry plate (i.e., a transparent original), but
the ratio of the intensity Io of completely-reflected
light to the intensity I of reflected light is employed
in the case of a photographic papef (i.e., a reflection

original).
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The above-described photographic density charac-
teristic curve (hereinafter merely called the "density
characteristic curve") is in the form of a complex
curve which typically has a downwardly-convex foot por-
tion, a substantially-linear straight portion (linear -
intermediate portion) and an upwardly-convex shoulder
portion (in this respect, reference should be had to
FIG. 1 which will be described subsequently herein).

In the conventional art, color separation work is
conducted based on the density information value of
each pixel of a color original image.

In other words, the color separation technique
according to the conventional art has been developed
from the standpoint of the ordinate (density values) of
the above-described density characteristic curve. Im-
age information values (density information values) of
a color original image (medium image), based on which
the conventional art conducts color separation work,
are however not in a proportional relationship with im-
age information values of its corresponding original
image (actual scene or object) and have been sig-
nificantly affected by the photosensitive character-
istics (density characteristic curve) of a photosensi-
tive material (photosensitive emuléion) as a recording

medium. Namely, photographic densities of a color



10

15

20

25

original picture as a medium image are not correlated
in a linear relationship (i.e., in a 1:1, that is, 45°
l1inear relationship) with exposures (logarithmic
values) which are image information values from the
original image (actual scene or object).

Incidentally, it is well-known that the dis-
crimination characteristic of brighﬁness or darkness in
the human visual sense is iogarithmic. A man
determines a degree of brightness or darkness by
evaluating a light quantity, which enters his visual
system from an object (actual scene), on the basis of
the aforementioned discrimination characteristic.
Here, a picture in which a gradient of density varia-
tions is linear is felt natural.

As is apparent from the foregoing, the per-
formance of color separation work on the basis of
density values (D = log Io/I) of a medium image re-
corded on a photosensitive material upon production of
a printed color picture means use of density informa-
tion values already affected by the photosensitive
characteristics of a photosensitive material. This
does not mean that image information values (light
quantities) obtained from an object (actual scene),

which is the real object for the réproduction, are

used.
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With the foregoing circumstances in view, the
present inventors have proceeded with an extensive in-
vestigation with a view to developing a method for
producing a printed color picture by using, as image
information for the production of the printed color
picture, image information values relevant to light
quantities such as primary (neat or original) exposures
available from an object (actual scene) instead of tak-
ing the approach which uses image information values of
a medium image non-linearly modified (affected) by the
photosensitive characteristics (density characteristic
curve) of a recording medium (photosensitive material),
namely, density information values.

As a result, it has been found that a printed
color picture of excellent picture quality having image
characteristics faithful to an object (actual scene)
can be produced when conversion work of a density
gradation, said conversion work being of first-ism im-
portance, in color separation work is performed by:

(1) determining a value on the abscissa (log E =
log I x t) from each density value on the or-
dinate (D = log Io/I) of a density character-
jstic curve (photographic density character-
istic curve) of a photosénsitive material on

which a color original image has been photog-
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(3)

- 15 =

raphed and recorded (hereinafter, the or-
dinate and abscissa may also be called the "D
axis" and "X axis", respectively), in other
words, by determining a light quantity on the
X axis from each density on the D axis with
respect to the color original image (medium
image) ; |

more specifically, projecting a density in-
formation value (D) on the D axis of a
desired pixel point (point: n) on the color
original image onto the X axis via the
density characteristic curve to determine an
image information value (x,) relating to an
exposure of the pixel; and then

based on x, values (light quantities) so ob-
tained, conducting tonal conversion of the
image in accordance with the tonal conversion
formula previously proposed by the present
inventors (this tonal conversion is exactly
the same as the tonal conversion formula
employed in the present invention to be de-
scribed subsequently herein, but the present
invention is totally different in the use and
application aspects of the tonal conversion

formula).
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The above-mentioned tonal conversion technique
previously proposed by the present inventors is ap-
plied, as is evident from the foregoing, for tonal con-
version which is of first-ism importance upon produc-
tion of a printed color picture of a halftone.

Namely, the above-mentioned tonal conversion
technique proposed by the present inventors is employed
for producing a reproduced color picture of a gradation -
natural to the human visual sense, in essence, by sub-
jecting the density gradation of each of various
original images including color original images to
tonal conversion with 1:1 fidelity.

The above-mentioned tonal conversion technique is -
useful in reproducing a density gradation, which an ob-
ject (actual scene) is recognized to have (i.e., is
recognized to inherently have), even if a color
original image is not of standard quality but is an
original of non-standard quality (e.g., an over-
exposure or under-exposure original, a high-key or low-
key original, or a color-fogged or faded original).

It has also been confirmed that the above-
mentioned tonal conversion technique can reproduce a
color tone with top quality while achieving faithful
reproduction of a density gradation.

As has been described above, the tonal conversion
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technique proposed previously by the present inventors:

- primarily places importance on tonal conversion
in color separation work, in other words,

- places importance on the realization of Hi-Fi
conversion of a density gradation (namely, be-
tween an original image of a continuous grada-
tion and a reproduced image of a halftone, to
convert the continuous gradation with high fi-
delity of 1:1); and

- has been confirmed to achieve rational tonal
conversion with high fidelity and also to at-
tain high-quality reproduction of a color tone
concurrently with the tonal conversion.

The market need for the quality of printed color
pictures is not limited to the reproduction of each
printed color picture having exactly the same quality
(gradation and color tone) as its color original image
but has been increasingly heightened, complicated and
diversified.

These needs include, for example, a need for em-
phasized reproduction of a particular part (a person, a
ceramic ware, a dress, furniture, woodwork, a painting
or the like) in a color original image and a need for
modification of an overall color tone into a desired

color tone such as a blue, dark green, light green pink
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or sepia tone.

Reliance upon a conventional color correction
technique for meeting such a need, however, encounters
the problem that, even if a color tone of a particular
part or a specific area (region) can be reproduced as
required, the quality of the whole image is rendered
uneven and is significantly deteriorated and the above
need cannot be satisfactorily met.

Needless to say, to meet the above-mentioned
need, it is important to establish a conversion techni-
que for a gradation and a color tone so that both a
color tone of a particular part or specific area
(region) and the quality of an entire image can give
natural feeling to the human visual sense.

To meet the above-mentioned heightening and com-
plication of the market needs means to achieve combina-
tion or unification (fusion) of a gradation tonal con-
version technique and a color-tone adjusting technique
in color separation technology.

What should be kept in mind here is that in the
case of a printed color picture by way of example, dots
which form the printed color picture always have direct
relations with both a gradation and a color tone or
with both a density and a color, respectively. This is

obvious, because it is the size of each dot (which
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determines a density gradation) and a tinting ink
coated to the dot point (which specifies a color tone
that determines the picture quality.

In the previously-proposed tonal conversion tech-
nigque, the present inventors have already established
means for rationally adjusting or controlling the size
of dots (dot percent). The present inventors therefore
proceeded with an extensive investigation under the un-
derstanding that combination or unification of the
above-described gradation-adjusting technique and color
tone adjusting technique lies on an extension of the
tonal conversion technique previously proposed by the
present inventors.

As a result, the present inventors have found
that both a color tone and a gradation can be rational-
ly adjusted or controlled in color separation work when
an idea of color tone adjustment is introduced while
making use of the tonal conversion formula which is a
core of the previously proposed tonal conversion tech-
nique.

The present invention has been completed based on
the above finding. The present invention provides a
color separation method for rationally adjusting or
controlling both a color tone and a gradation, espe-

cially a color-tone control or adjustment method which
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permits adjustment of a color tone to a desired color
tone while achieving high-quality reproduction of a
gradation, although it has heretofore been considered
difficult to attain both the color-tone adjustment and
the high-quality reproduction. Keeping in mind the
technical similarity observed between a color scanner
and a picture producing system which are both employed
for the production of a printed color picture, the
present invention also provides a picture producing
system suited for use in practicing the above-described
method.

In one aspect of the present invention, there is
thus provided a method for the control or adjustment of
a color tone upon production of a reproduced color im-
age by tonal conversion of a light quantity of each
pixel into a halftone, said pixel having been obtained
from a color original image recorded on a predetermined
recording medium in accordance with a characteristic
curve of said recording medium, said characteristic
curve being a correlation curve between light
quantities entered said recording medium and cor-
responding densities formed on said recording medium,
characterized in that said method comprises the follow-
ing steps:

i) setting, at a desired position between a
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highlight area and a shadow area in said color
original image, a color tone control point
(My) for controlling said color tone of said
reproduced color image;
defining adjustment conditions for a color
tone at said color tone control point (M;) in
terms of dot percent values of desired plural
color plates to be employed for the production
of said reproduced color image:;
introducing (a) a light quantity at said color
tone control point (M), (b) said dot percent
values of said individual color plates
reflecting said adjustment conditions for said
color tone at said color tone control point
(Mq) and (c) desired dot percent values set in
advance for highlight areas and shadow areas
in said individual color plates into a below-
described tonal conversion formula, respec-
tively, to determine values 1 for said indi-
vidual color plates, whereby tonal conversion
formulas are provided for converting, into dot
percent values, light qguantities of all pixels
from said highlight areas to said shadow areas
in said individual color plates; and

subjecting light quantities of individual
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pixels for said respective color plates to
tonal conversion and also controlling or ad-
justing color tones of said individual pixels
for said respective color plates, both, by
using said tonal conversion formulas for said
respective color plates in which said values 4

have been determined.

<Tonal conversion formula>

where

Yn = Yy + [a(1 - 207KX) (yo - yu)/(a - 8)]

X:

Yy:

(xn = xg), that is, a base light quantity ob-
tained by subtracting a light gquantity (xy) .
which corresponds to a density information
value (Dyg) of said highlight area of said
color original image as determined using saigd
characteristic curve of said recording medium,
from a light quantity (x,) corresponding to a
density information wvalue (D) of a desired
pixel point (point: n) on said color original
image as determined likewise;

a dot percent value set for a pixel on said
reproduced color image, said pixel correspond-
ing to said desired pixel point (point: n) on
said color original image%

a dot percent value set in advance for said



10

15

20

25

- 23 -

highlight area on said reproduced color image
corresponding to said highlight area on said
color original image:;

yg: a dot percent value set in advance for said
shadow area on said reproduced color image
corresponding to said shadow area on said
color original image:

a: a surface reflectivity of an image expressing
medium for recording said reproduced color im-
age;

B: a value determined by 8 = 10 ';

k: a value determined by k = 7/(Xg - Xy), in
which xg represents a light quantity cor-
responding to a density information value (Dg)
of said shadow area of said color original im-
age determined b& using said characteristic
curve of said recording medium:; and

7: a desired coefficient.

In another aspect of the present invention, there
is also provided a picture producing system for produc-
ing a reproduced color image of a halftone on a desired
image expressing medium by subjecting pictorial in-
formation on a color original image of a continuous
tone to tonal conversion at a tonal conversion unit of

said picture producing system, characterized in that
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said tonal conversion unit comprises:

(A) a tonal conversion system for converting a con-
tinuous tone to a halftone, said tonal conver-
sion system having:

(A-1) a function to determine a light quantity
(value: x) from a density (value: D) by
using a characteristic curve of a recording
medium on which said color original image
is recorded, said characteristic curve
being a characteristic curve defining by a
D-x rectangular coordinate system a rela-
tionship between light quantities entered
said recording medium and corresponding
densities formed on said recording medium,

:and

(A-2) a function to perform tonal conversion of
said light quantity (value: Xx) by using a
above-described tonal conversion formula,
thereby determining a halftone intensity
(value: yp): and

(B) a color tone adjusting system for adjusting a
color tone upon conducting said tonal conver-
sion, said color tone adjusting system having:
(B-1) a function which, wheh (i) a color tone

control point (M;) for controlling said
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color tone of said reproduced color image
is set at a desired position between a
highlight area and a shadow area in said
color original image, (ii) adjustment con-
ditions for a color tone at said color tone
control peoint (M) are set in terms of
halftone intensities of desired plural
color plates to be employed for the produc-
tion of said reproduced color image and
(iii) halftone intensities which are to be
set in advance for highlight areas and
shadow areas of said color plates are set,
introduce (a) a light guantity at said
color tone control point (M3)., (b) said
halftone intensities of said individual
color plates reflecting said adjustment
conditions for said color tone at said
color tone control point (M;) and (c)
desired halftone intensities to be set in
advance for said highlight areas and shadow
areas in said individual color plates into
the above-described tonal conversion for-
mula, respectively, to determine values 1
for said individual color plates, whereby

tonal conversion formulas are provided for
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converting, into halftone intensities,
light quantities of all pixels from said
highlight areas to shadow areas in individ-
ual color plates; and

(B-2) a function to subject light quantities of

individual pixels for said respective color
plates, said light quantities of said indi-
vidual pixels having been obtained from
said color original image, to tonal conver-
sion and also controlling or adjusting
color tones of said individual pixels for
said respective color plates, both, by
using said tonal conversion formulas for
said respective color plates in which said
values 4 have been determined.

The color separation technique according to the
present invention uses the specific tonal conversion
formula. Nonetheless, it can achieve adjustment of a
gradation and adjustment of a color tone in combination
although the concurrent attainment of these adjustments
has heretofore been considered difficult. The picture
producing system according to the present invention can
perform color separation while achieving both adjust-
ment of a gradation and adjustment of a color tone in

combination by using the specific tonal conversion for-
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mula at the tonal conversion unit as a core element.
The quantitative and rational combination of the above-
mentioned adjustment of the gradation and that of the
color tone has been difficult under the conventional
art. The present invention has therefore furnished a
breakthrough point to the difficulty.

According to the conventional art, if one at-
tempts to conduct adjustment (i.e., correction or modi-
fication) of a color tone at a specific part or area of
an image, for which there is a high market need or re-
quirement, concurrently with adjustment (i.e., correc-
tion or modification) of a color tone of the entire im-
age, it is the current situation that no reproduced
color image of high quality can be produced because the
conventional art cannot perform the adjustments of the
color tones in a quantitative manner and moreover, the
balance in color tone between the specific part area
and the other parts or areas is impaired and/or the
quality (gradation and color tone) of the entire image
becomes uneven.

In contrast, owing to the adoption of the
specific tonal conversion formula and its application,
the color separation technique according to the present
invention has made it possible to perform the adjust-

ment of a gradation and that of a color tone in a fully



10

15

20

25

- 28 =~

quantitative manner, to subject a color original image

to color separation in conformity with an objective or

purpose, and further to efficiently produce a

reproduced color image of high quality with good

reproduction of the gradation and good adjustment of

the color tone.

Namely, the color separation technique according

to the present invention can bring about inter aliz the

following advantageous effects:

(1) It is possible to rationally meet ever-

(2)

(3)

heightened, complicated and diversified
market needs or requirements for the quality
of reproduced color images such as printed
color pictures.

As the production of a reproduced color im-
age, especially the color separation work can
be rationally practiced in a quantitative
manner, significant advantageous effects can
be brought about in making an improvement in
the productivity, shortening the working
time, effectively utilizing the facilities,
and saving or reducing consumption-type
materials.

In the production of a reproduced color image

such as a printed color picture, it is pos-
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sible to develop an approach which permits
rational utilization of sensitivity and art-
istic sense. This approach makes it possible
to incorporate sensitivity and artistic sense
in an industrial production method as re-
quired in printing industry and the like, so
that a contribution can be made to the ac-
tivation of image-related industry such as
printing industry. Further, this also makes
it possible to add a high value to a picture

producing system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic representation of a
density characteristic curve of a color film (product
of Company F):

FIG. 2 is a diagrammatic representation of an
outline of a basic experiment according to the present
invention and a color separation curve employed in the
basic experiment;

FIG. 3 diagrammatically illustrates an expression
method of gradations;

FIG. 4 is a block diagram of a picture producing
system according to a first embodiment of the present

invention:;
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FIG. 5 is a block diagram of a picture producing
system according to a second embodiment of the present
invention;

FIG. 6 is a block diagram of a picture producing
system according to a third embodiment of the present
invention;

FIG. 7 is a block diagram of a picture producing
system according to a fourth embodiment of the present
invention;

FIG. 8 is a block diagram of a picture producing
system according to a fifth embodiment of the present
invention; and

FIG. 9 1s a schematic illustration of a picture
producing unit according to an electrostatic recording

system.

DETATILED DESCRIPTION OF THE INVENTION

AND PREFERRED EMBODIMENTS

Technical features and embodiments of the present
invention will hereinafter be described in detail.

As has been described above, this invention pro-
vides a new color separation technique which can per-
form adjustment of a gradation and that of a color tone
in combination.

However, in the subsequent description, an empha-
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sis will be placed especially on a method for the con-
trol or adjustment of a color tone and also on a color-
tone control by adjustment means in a tonal conversion
unit as a core element of the image producing system in
view of the current situation that a color tone cannot
be adjusted or controlled in a rational guantitative
manner.

For the sake of convenience of description, a
description will be made first about image information
and a color original image.

The present invention has a significant feature
in that as image information to be employed upon pro-
duction of a reproduced color image from a color
original image, image information correlated with light
quantities is used instead of adoption a density-
correlated image information as in the conventional
art.

Further, the term "color original image" as used
herein means a color original image recorded or accumu-
lated on a predetermined recording medium and may also
be called a "medium image". On the other hand, an im-
age before its recording or accumulation on the above-
mentioned recording medium, namely, a true object for
reproduction is called a "actual scene (object)".

The color-tone control or adjustment method ac-
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cording to the present invention will hereinafter be
described referring, as an example, to the production
of a printed color picture as a reproduced color image.

It is therefore to be noted that the reference to
the printed color picture is merely for the convenience
of the description and does not mean any sole ap-
plicability of the color-tone control or adjustment
method according to the present invention to the
reproduction of a printed color picture.

To facilitate understanding of the present inven-
tion, the tonal conversion technique making use of the
above-mentioned tonal conversion formula will be de-
scribed in brief before describing specific color-tone
adjustment methods in detail.

As has been described above, a color scanner
(color separation equipment) is now very widely used in
reproduction work of printed color pictures. Color
separation work by the color scanner is performed based
on density information values obtained from a color
original image which is a medium image and can be ej-
ther a transparent original or a reflection original.
More specifically, for the production of a printed
color picture, a C plate (cyan), an M plate (magenta),
a Y plate (yellow) and a BL plate (black) are generally

fabricated based on density information values obtained
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from a color original image (i.e., medium image)
through R, G an B filters.

A method, which uses density information values
of a color original image (i.e., medium image) recorded
on a photosensitive material as a recording medium as
described above, however is accompanied by the above-
mentioned limits (i.e., drawbacks).

In contrast, the present invention is based on
the conception that a true object of reproduction
should by all means be a color original (in its literal
sense) image as an origin of a medium image rather than
an image (medium image) recorded on a recording medium,
that is, an object (actual scene) itself and that image
information values which should be used upon reproduc-
tion should be based on image information values corre-
lated to light quantities entered the recording medium
from the object.

The above-described features are basic dif-
ferences between the tonal conversion technique accord-
ing to the present invention and the conventional art.

Describing this from another angle, the following
description can be hade.

In color separation technology, a color original

- image of a contiguous gradation (for example,

transparency-type color film original) has to be con-
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verted into a printed color picture of a halftone by
tonal conversion. As has been described above, it is a
color separation curve (tonal conversion curve) that
defines a correlation between an image of a continuous
gradation or tone and an image of a halftone. A con-
ventional color separation curve is set on the basis of
density information values formed on the D axis
(density axis) of a photosensitive characteristic curve
of a photosensitive material as a recording medium
(i.e., a photographic density characteristic curve
defined by a D-X rectangular coordinate system).

In contrast, a color separation curve employed in
the present invention is set based on image information
values correlated to light quantities of an object (ac-
tual scene) on the X axis of a photographic density
characteristic curve. Namely, it is therefore con-
cluded that a D-axis color separation curve is used in
the conventional color separation technology while an
X-axis color separation curve is employed in the pres-
ent invention. The conventional color separation tech-
nology and the color separation technique according to
the present invention are therefore fundamentally dif-
ferent from each other.

Next, a description will be made about how an im-

age information value, that is, light guantity of each
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pixel in a color original image is determined by the
tonal conversion method of the present invention for
the image, said method making use of the above-
described tonal conversion formula.

Provided first is a characteristic curve of a
photosensitive material employed as a recording medium
upon photographing a color original image (medium im-
age), specifically a density characteristic curve show-
ing a relationship between photographic densities (D =
log Io/I) and image information values correlated to
light quantities entered the photosensitive material as
the recording medium, namely, logarithmic values of ex-
posures (E = I x t).

To determine a light quantity (xn) from the
density (D) of a desired pixel (point: n) in the color
original picture via the above-described density char-
acteristic curve, the above density characteristic
curve is next converted into a functional formula. To
achieve this, it is only necessary, for example, to
convert into a functional formula a density character-
istic curve which corresponds to the above recording
medium and is furnished as technical information from
the photosensitive material maker. If the conversion
is rational, each D, value on the D axis can be readily

converted into its corresponding Xp value on the X
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axis.

FIG. 1 shows a density characteristic curve
("FUJI CHROME", trade mark; product of Company F).

Further, the results obtained by converting the
density characteristic curve of FIG. 1 into numerical
formulas are shown in Table 1. As is shown in Table 1,
with a view to converting the density characteristic
curve into a numerical formula as precisely as pos-
sible, the density characteristic curve was divided
into eight (8) sections and its conversion into a
numerical formula was attempted in each of the eight
sections. Obviously, the more the number of divided
sections of the density characteristic curve, the more

accurate the resulting functional formulas.
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Table 1

List of Functional Formulas
of Density Characteristic Curve

Density Characteristic Curve of Color Film
("FUJI CHROME", product of Company F) (FIG. 1)

Numerical formulas for converting color original
density (Dn) on the D axis into values (Xp) on the
X axis

No. Dn Xn

1 0.10-0.50 X = log ((D-0.0424)+0.04576)

2 0.50-1.00 X =1.00 + 0.7800(D=-0.50)

3 1.00-1.50 X =1.39 + 0.6200(D-1.00)

4 1.50-2.00 X =1.70 + 0.4400(D-1.50)

5 2.00-2.50 X =1.92 + 0.4200(D~2.00)

6 2.50-2.80 X =2.13 + 0.5000(D-2.50)

7 2.80-2.95 X =2.28 + 0.8000(D-2.80)

8 2.95-3.20 -jLﬂIO (D-2.5608)+0.3975

100

X=1.3 + e

In the above-described conversion of the density
characteristic curve into the numerical formulas, each
function which defines a correlation between D and X
was determined under the premise that a scale along on
the D axis, said scale indicating densities of the
color original image (medium image), are the same as a

scale along the X axis, said scale showing image in-
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formation values correlated to light quantities of the
object (actual scene) as expressed in terms of log E.

This is a sort of fiction conducted from a view-
point, which will be described next, and the present
inventors consider it to be rational. In this sense,
the term "fictious value" is used along the X axis in
FIG. 1.

Concerning the photographic density character-
istic curve, the logarithmic value (log E = log I X t)
of an exposure E is plotted along the X axis. This is
in conformity with the fact that the discrimination
characteristic of the visual sense for brightness or
darkness is logarithmic like the recognition (visual
feeling) of a density along the D axis. The fiction
about the above-described scale is therefore believed
to be rational.

The above-mentioned use of the scales in the
present invention is a kind of simplification method,
so that the present invention is obviously not limited
to the use of such scales.

As has been described above, the present inven-
tion is performed based on image information values
(xp) correlated to light quantities entered a recording
medium (photosensitive material) ffom an object (actual

scene) and plotted along the X axis rather than using
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as a basis density values (D,) of a color original im-
age (medium image) formed by photographic recording of
the object on the recording medium.

Since each D, value and its corresponding value
Xn on the density characteristic curve are correlated
by the functional formula X = f(D) as is shown in Table
1, each value x, can be easily determined from its cor-
resonding value Dn as described above.

The above-described method for determining each
light quantity (x,) from its corresponding density (Dp)
of the color original image is applied typically to a
color-film (transparency-type) original image as a
color original image, namely, to a transparency-type
color original image on a photosensitive emulsion layer
as a recording medium, said photosensitive emulsion
layer having a specific photographic density character-
istic curve.

On the other hand, in the case of a reflection
color original image such as a painting, it is possible
to regard the density characteristic curve as a linear
curve, namely, in such a way that each density value
(Dp) and its corresponding light quantity (xp) are cor-
related to each other in a 1:1 relationship.

More specifically, it is only necessary to use

each measured density value (D) directly as its cor-
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According to the tonal conversion technique of
the present invention, it is then required only to
determine a color separation curve (tonal conversion
curve), namely, an X-axis color separation curve as a
substitute for the conventional D-axis color separation
curve by using light quantities (x,) obtained as de-
scribed above and the above-described tonal conversion
formula and further to conduct tonal conversion of the
image.

Described specifically, from the density value
(Dn) at a desired pixel (point: n) on an original im-
age, an image information value (x,) correlated to the
corresponding light quantity of the same pixel is
determined in accordance with a predetermined density
characteristic curve. By introducing the image in-
formation value (x,) into the above-described tonal
conversion formula, a halftone intensity, namely, a dot
area percent (hereinafter merely called a "dot per-
cent") (yp) is calculated. It is then necessary only
to input such dot percents (yn) in a dot generator of a
color scanner so that a desired screen is formed.

The derivation process of the above-described
tonal conversion formula useful in the practice of the

present invention will now be described in brief.
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The tonal conversion formula, which is used to
obtain dot percents (Yn) for use upon production of the
above-described printed color picture of a halftone,
was derived from a cbmmonly-recognized density formula
(Photographic concentrations, optical concentrations),
namely,

D = log Io/I = log 1/T
where

Io: incident light quantity;

I: reflected light quantity or transmitted light

quantity;

T = I/I,: reflectance or transmitted light

quantity.

When the above-described general formula on
densities D is applied to plate making or printing,

each density in plate making or printing can be ex-

pressed as follows:

Density (D') in plate making or printing
= log (Io/I)
= log unit area x reflectance of
paper/[ (unit area - dot area) x
reflectance of paper) + dot area
X surface reflectance of ink]}

= log aA/[afA - (d1 + d2 + .... dn) )

+ B(dl + d2 + .... dn))
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where
A: unit area,
dn: area of each dot in the unit area:;

a: reflectance of printing paper; and

B: surface reflectance of printing ink.

The present has derived the above-described tonal
conversion formula on the basis of the concentration
formula (D') on plate making or printing so that the
basic density (x) at a desired control point (pixel)
(point: n) on a color original image of a continuous
tone and the dot percent (y,) at a control point on its
corresponding printed color picture of a halftone can
be correlated with each other to make a calculated
value and a measured value coincide with each other.

When a reproduced image such as a printed color
picture is produced by using the above-described tonal
conversion formula in the present invention, the fol-
lowing dot percents are generally used: 5% as yy and
95% as yg for a C plate, and 3% as Yy and 90% as yg for
M and Y plates. 1In applying the tonal conversion for-
mula, use of values measured by a densitometer as
densities and use of such percents as Yy and yg make it
possible to also calculate y values as percents.

In applying the tonal conversion formula, it is

free to use the tonal conversion formula by processing
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or modifying it or deriving a new formula from it as
desired, to say nothing of its use by modifying the
same as follows:

Yn =Yg + E(1 - 107K¥).(yg - yp)
where

E=1/(1 -8 =1/(1 - 1077)

In the above-described modification, o is set at
l (a =1).

This means, for example, that the surface reflec-
tance of printing paper (base material) employed for
the expression of a printed color picture is set at
100%. As a value of a, any desired value can be used.
In practice, o can be set at 1.0 without any substan-
tial inconvenience or problem. This applies equally to
luminance images such as video images.

According to the above-described modification (e
= 1.0), the Yy value and the Yg Vvalue can be set at a
highlight area (H area) and a shadow area (S area),
respectively, on the printed color Picture as planned.
This constitutes a significant feature of the present
invention. The above matter is evident from the fact
that by the definition, x = 0 at the H area and x = xg
= Xy at the S area, both, on the printed color picture,

namely, the following equation is cbtained:

kX = g (xg - Xg)/(Xg = xXyg) = =9
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As has been described above, the use of the tonal
conversion formula (the modification derived by setting
a at 1.0) always makes it possible to set values YH'Ys
at H and S areas on a printed color picture as planned.
This feature is extremely important for allowing an op-
erator to evaluate the results of work. When the value
7 is changed, for example, by setting Yy and yg at
desired values on a printed color picture (with the
proviso that ¢ = 1.0), various X-axis color separation
curves (tonal conversion curves) can be obtained. Fur-
ther, the quality of a printed color picture produced
in accordance with these X-axis color separation curves
can be easily evaluated from its relationship with the
value 4.

To set X-axis color separation curves (tonal con-
version curves) for individual color plates for multi-
color printing (in general, four plates, that is, a C
plate, an M plate, a Y plate and a BL plate are used)
by using the above-described tonal conversion formula
in accordace with the present invention, it is only
necessary to set as will be described next.

In the present field of art, it is the common
practice to first set, as a basis, a color separation
curve (tonal conversion curve) for the C plate and then

to set the color plates in such a way that the gray
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balance and color balance can be maintained.

The above-described maintenance of gray balance
is a condition for the reproduction of neutral density
(gray) by three color plates (C, M and Y plates). 1In
the present field of art, the standard values shown be-
low in Table 2 are generally employed to maintain the
gray balance.

In Table 2, M; indicates a gray balance control
point set at an intermediate position (which may
hereinafter be called the "intermediate point") in a
dynamic range (density range) from the H area to the S
area. In the present field of art, it is the common
practice to set the dot percent of the C plate at 50%
as shown in Table 2. It is a main reason for setting
the point M; at the dot percent of 50% of the C plate
that an area of this dot percent is widely recognized
to be a reproduction range of a good gradation.

From Table 2, it is understood that in the pres-
ent field of art, the gray balance (neutral density) is
maintained by setting, at the point M; (intermediate
tone), the dot percent of the C plate at 50% and the
dot percents of the other color plate (M and Y plates)
at 40%. Needless to say, the above-described standard
values can be changed depending on the characteristics

of an ink to be adopted.
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Table 2

Standard Values for the Maintenance of
Appropriate Gray Balance (unit: dot %)

H M, S
C plate 5 50 95
M plate 3 40 90
Y plate 3 40 90

As has been described above, the tonal conversion
technique according to the present invention has the
premise that upon production of a printed color pic-
ture, image information values (xp) correlated to light
quantities entered a recording medium adapted to form a
medium image from an object (actual scene) are used in-
stead of using density information values (Dp) avail-
able from a color original image (medium image) and the
above-described tonal conversion formula is used. The
tonal conversion technique according to the present in-
vention can therefore produce a printed color picture
having gradation characteristics faithful to the object
(actual scene) and further, can produce a printed color
picture of gradation characteristics modified to

desired ones with universality and'flexibility under
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standardized work procedures.

A description will next be made about the core

technical feature of the present invention, namely,

the incorporation of the color tone adjustment techni-

que in the above-described tonal conversion technique,

in other words, the combination of the tonal conversion

technique and the color tone control or adjustment

technique.

The motivation toward the above-mentioned com-

bination of a gradation adjustment and a color tone ad-

justment resided in the following points:

(1)

(2)

The tonal conversion formula, which was pre-
viously proposed by the present inventors and
is also used in the present invention, is an
important tool in faithfully reproducing the
dot percents (in other words, the sizes) of
dots of all pixels ranging from an H area to
an S area of a printed color picture,
primarily gradation characteristics of the
color original image and adjusting to one
having gradation characteristics natural to
the human visual sense.

A dot percent which is set for each pixel al-
ways has a direct relatibnship with both a

gradation and a color tone (or a density and
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a color) and also has influence thereto.

(3) As a market need, there are an increasing

(4)

number of cases which require not only 1:1
reproduction (Hi-Fi reproduction) of a color
original image but also emphasis, modifica-
tion and/or correction of a color tone of a
specific part or particular area in the im=- .
age. In connection with these requirements,
customers, designers and the like express
details of their requirements by indicating
or designating dot percents by color charts
owned by them. A detailed description will
be made of such color charts subsequently.
When the conventional color separation tech-
nology, especially the conventional color
correction is used to meet the above-
mentioned need, the quality (gradation and
color tone) of the entire image is made un-
even so that the value as a product may be
lost in many instances, even if the color
tone of a specific part can be made close to

the required details.

A color chart is a standard scale (in other
words, a reference table) for the reproduction of all

colors by colors, which are expressed by density grada-
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tions of dots, with printing process inks of four pri-
mary colors. Examples of the color chart include "pic
GRAF-G Color Chart" published March, 1991 by Dainippon

Ink & Chemicals, Incorporated.

The above color charts show various combinations
of color plates for the reproduction of colors as will

be described below.

1. Basic combinations:

There is a chart based on combinations of ¢

(cyan) and M (magenta) .

For example, a basic pattern is formed by print-
ing C along the ordinate and M along the abscissa, each
in 12 gradations ranging from 0% to 100% in dot per-
cent. Y (yellow) and BL (black) of predetermined dot
percents are printed over the basic pattern to form a
color chart. Examples of the Y and BL of the
predetermined dot percents include Y = 10% and BL =

10%, Y = 10% and BL = 30%, and Y = 50% and BL = 10%.

2. Other combinations:

(1) A combination of Y along the ordinate and M

along the abscissa.

(2) a combination of C along the ordinate and v
along the abscissa.
(3) A combination of BL alohg the ordinate angd y

along the abscissa.
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(4) A combination of BL along the ordinate and M

along the abscissa.

(5) A combination of C along the ordinate and BL

along the abscissa.

As has been described above, each color tone on a
color chart is designated by dot percents of individual
color plates (C/M/Y/BL).

To meet demands for color tone modifications
based on the above-mentioned color chart from
customers, graphic designers or the like, it is there-
fore obviously necessary to be equipped with a techni-
que for controlling or adjusting, as a color separation
technique, all dot percents of individual pixels in a
quantitative and rational manner.

With the foregoing background in mind, the pres-
ent inventors considered that the above-described tonal
conversion formula has ability to control or adjust dot
percents of all pixels ranging from an H area to an S
area in a fully quantitative and rational manner and
can therefore be used as a powerful tool for the ad-"
justment of color tones. This is the starting point
for the development of a color separation technique
which can perform both gradation adjustment and color
tone adjustment in combination while using the above-

described tonal conversion formula as a principal tool.
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The color separation technique according to the
present invention, said technique being able to perform
both gradation adjustment and color tone adjustment in
combination, especially the color separation technique
with control or adjustment of a color tone incorporated
therein can be summarized as follows:

1. First of all, a color tone control point (M;)
for the control of a color tone of a reproduced
color image is set at a desired position between
an H area and an S area of a color original.

In the present invention, as a symbol for the
color tone control point (M;), the same symbol

(M;) as the intermediate tone point (M;) for

maintaining gray balance in Table 2 described

above is used. This reflects the fact that the
reproduction of a gradation of an intermediate
tone range is important in the color separation
technique and hence is also important in the
reprodution of a color tone. Needless to say,
the color tone control point (M;) is not limited
to the intermediate tone point for the
maintenance of the gray balance but may be set at

a desired point between the H area and the S

area.

The color tone control point (M) is indicated
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by a light quantity on the abscissa (X axis) in a
rectangular coordinate system formed of the or-
dinate (the y axis along which dot percents are
plotted) and the abscissa (the X axis along which
light quantities are plotted). 1Incidentally, the
light quantity is indicated by a density because
the light quantity is correlated to a correspond-
ing density on the color original image.

Next, at the color tone control point (M)
designated as described above, color tone adjust-
ment conditions are determined by dot percents of
desired color plates (C plate, M plate, Y plate
and BL plate). |

Specific details of the above-described condi-
tions for the adjustment (modification) of color
tones are as explained above in the description
of the color chart.

The next step is to prepare color separation
curves (tonal conversion curves) for use in the
production of color plate images on the individu-
al color plates (C plate, M plate, Y plate and BL
plate), more specifically to prepare tonal con-
version formulas for setting color separation
curves for the individual célor plates, under the

above-described conditions and other conditions
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given in advance.
Through the above-described steps 1 and 2, the
following parameters are set:
- the light quantity at the color tone control
point (M;), for example, M; = 0.400, and
- the color tone adjustment conditions, for ex-
ample, at the above-described color tone con-
trol point (M;), C plate = 50% dot percent, M
plate = 20% dot percent, Y plate = 10% dot
percent, and BL plate = 10% dot percent.
Further, the dot percents (yy,yYg) which are to
be for the H area and S area of each color plate
are set at values given as preconditions in ad-
vance or at desired values, respectively. In-
cidentally, the yy and yg values given as the
preconditions in advance mean, for example, the
standard values of 5% and 95% for the C plate and
those of 3% and 90% for the M and Y plates as
mentioned above in the description about the ap-
plication of the tonal conversion formulas
employed in the present invention (see Table 2).
Under the above-described conditions, applica-
tion conditions for the above-described tonal
conversion formulas to be used for the setting of

the color separation curves of the individual
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color plates, namely; the 4 values of the tonal
conversion formulas are set.

For example, the 4 value for the tonal conver-
sion formula for setting the color separation
curve for the C plate is determined as will be
described next.

When the above-described tonal conversion for-
mula is solved by introducing:

xy = 0.00, Xg = 1.00, X, = My = 0.40,

a =1.00, yg = 0 (%), yg = 95 (%), and

Yn = 50%,
a value of 7 = 0.45 is obtained. Based on this 1
value, the tonal conversion formula for setting
the color separation curve for the C plate is
prepared. This applies equally to the other
color plates.

The next step is a step for subjecting the
light quantities (xp) at all pixels (points: n)
ranging from the H area to the S area by using
the tonal conversion formula having the above-
obtained 4 value (4 = 0.45), so that a color
separation curve (tonal conversion curve) for the
C plate is obtained. 1In other words, the next
step is to perform color separation work by using

the above-described tonal conversion formula for
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the C plate so that a color plate image for the C
plate is produced. This applies equally to the
other color plates.

The effectiveness of the above-described color
separation technique according to the present inven-
tion, said technique being composed in combination of
the tone adjustment technique and the color tone ad-
justment technigue, will be substantiated in Examples
to be described subsequently herein.

Here, a description will be made about other fea-
tures and application fields of the color separation
technigque of the present invention, especially of the
color separation technique in which the gradation ad-
justment technique and the cclor tone adjustment tech-
nique have been incorporated.

The application field of the color separation
technique according to the present invention with the
color tone control or adjustment incorporated therein
is not limited only to the above-described production
of printed color pictures, but is broad.

The color separation technique according to the
present invention can be applied in all fields where it
is intended to produce a reproduced color image from a
color original image (medium image) formed by record-

ing, photographing or otherwise picking up through a
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conversion an object (actual scene) on a desired
recording medium while using a communication medium
such as light, electromagnetic waves or the like.

Obviously, it is therefore necessary to apply the
color separation technique of the present invention so
that it can conform with a system which is adapted to
produce eacﬁ reproduced color image.

First, in the definition of the characteristic
curve of a recording medium, namely, in the definition
of a density characteristic curve indicating a correla-
tion between image information values (light
quantities), which are correlated to light quantities
entered a predetermined recording medium from an object
(actual scene), and their corresponding density in-
formation values to be formed on the recording medium,
basic variables (parameters) of the characteristic
curve are not limited to a combination of the logarith-
mic value (light quantity) of each exposure and its
corresponding density such as that explained above with
respect to a color original image. For each production
system of produced color images, it is only necessary
to define, as a characteristic curve of a sensor which
is a sensor of an input medium (recording medium) for
image information on an object (actual scene), a

density characteristic curve (photoelectric conversion
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characteristic curve) on which each density information
value (Dp), which is correlated to a density in a
broadest sense, and its corresponding image information
value (x,) having a correlation with a light quantity
are correlated to each other.

A physical quantity which indicates an image in-
formation value correlated to this sort of density
should be interpreted in a broadest sense, and its
synonyms include, for example, reflection density,
transmission density, luminance, brightness, frequency,
current or voltage value, and so on.

Further, the recording medium on which the object
(actual scene) is recorded can be a photosensitive
material, or any one of photoelectric conversion
devices such as a two-dimensional CCD, an optical disc,
a magnetic disc, a magnetic tape and a photodiode.

Needless to say, in relation to the above-
described recording medium, the density characteristic
curve indicating characteristics of the recording me-
dium can also be called a photographic density charac-
teristic curve (in the case of a photosensitive
material), a photoelectric conversion characteristic
curve (in the case of a photoelectric conversion
device), or the like. »

Where the color original image is a reflection
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original (i.e., the reflection original is used as an
actual scene), the above-described density character-
istic curve is defined by a 45° linear line [i.e., F(D)
= F(X)] in a rectangular coordinate system.

A description will next be made about the ap-
plication field of the color separation technique ac-
cording to the present inventiocn in which the color
tone control adjustment has been incorporated.

The present invention has been described espe-
cially in relation to the preoduction of printed color
pictures. The application of the present invention is
however not limited to the production of such printed
color pictures.

Namely, application examples of the color separa-
tion technique according to the present invention in-
clude:

(i) to express a gradation or color tone of a
reproduced color image by the size of dots as
seen in printed color pictures such as those
printed by letterpress printing, lithographic
printing, halftone gravure printing or silk
screen printing as have already been de-
scribed in detail (this application is called
the "variable-area gradation method" or the

"multivalued variable area gradation meth-
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od") ;

but are not limited to this application but also in-

clude:

(ii)

(1ii)

to express a gradation or color tone by
changing the density of pixels themselves of
a predetermined area, for example, the
density of a pigment, dye (colorant) or the
like covering pixels as seen in sublimation-
transfer type thermal transfer pictures,
(silver-salt utilizing) thermally-developed
transfer pictures, conventional gravure pic-
tures and the like (this application is
called the "density gradation method" or
"direct density gradation method"):

to express a gradation by changing the recod-
ing density, for example, the number of dots,
the number of ink droplets or the like per
unit area as seen in digital copying machines
(color copiers and the like), printers (the
ink jet type, the bubble jet type, and the
like), and facsimile equipments (this ap-
plication is similar to the variable-area
gradation method described above under (i)
and is also called the "variable-density

gradation method", "pseudo-gradation method"
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or "binary-system variable-area gradation
method") ;

(iv) to express an image by adjusting the in-
tensity of luminance per unit area in accor-
dance with electrical signals relating to im-
age information such as video signals, tele-
vision signals or high-definition TV signals,
for example, to obtain CRT images or LC im-
ages or to form color prints, color hard
copies or the like from these image expres-
sions;

(v) to produce a reproduced color image faithful
to an object (affected part or lesion) as a
precise image for a medical check-up like an
X-ray picture; and

(vi) to show not only densities but also dot per-
cents as in printing-related equipments such
as densitometers equipped with a density
gradation conversion system, pre-color-
separation inspection equipments (e.g., proof
color tables and color-separation education
simulators.

The picture producing system according to the

present invention, especially the‘features of the tonal

conversion unit as the core system (i.e., the principal
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element) have been described above, taking as an exam-
ple the tonal conversion unit of the color scanner
which is used to production printed color pictures.

For the reasons to be set out below, the picture
producing system according to the present invention is
however not limited to such a color scanner for the
production of printed color pictures.

As is known well, there are a variety of methods
as methods for expressing pixels of a halftone. Exam-
ples include the method in which the rate of covering
of each pixel is changed depending on the size of dots
(which is also called the "size modulation method" and
is seen in monochromatic and color scanners for produc-
ing printed pictures, piezoelectric ink-jet printers
and the like), the method in which the rate of covering
of each pixel is changed depending on the number of
specified dots (of the same size) arranged (which is
also called the "density modulation method" and is seen
in fusion-transfer printers and the like), and the
method in which the density of specified dots them-
selves (of the same size) is changed (which is also
called the "direct density modulation method" and is
seen in thermal sublimation-transfer printers; v
receivers constructed of a CRT or.LCD which form an im-

age by adjusting the luminances of pixels are also in-



10

15

20

25

- 62 -

cluded in this category).

The above-described tonal conversion method of
the present invention can be applied to picture produc-
ing systems which adopt the above-described various
pixel-expressing methods. Namely, the picture produc-
ing system according to the present invention embraces
equipments which adopt the above-described various
pixel-expressing methods.

In other words, the picture producing system ac-
cording to the present invention should be interpreted
in a broadest sense and embraces all equipments pro-
vided with a function permitting production of
reproduced color images such as duplicating equipments,
printers, process (i.e., plate-making) equipments, im-
age transmission equipments, image pickup TV equip-
ments, and electronic camera equipments.

In each of the above-described various picture
producing systems, it is obviously necessary to produce
a reproduced color image by making values y, (halftone
intensities), which are obtained by performing arith-
metic processing in accordance with the above-described
tonal conversion formula of the present invention, con-
form with the gradation-expressing method suited for
the picture producing system (the variable dot method,

the constant dot method, or the density-variable dot
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method) or the variable-luminance expressing method.

Reference is now had to FIG. 3. 1In the case of
the row (a) in FIG. 3, for example, the distribution of
pixels to be recorded in a predetermined pixel block is
set so that pixels take a mutually-scattered positional
relationship within the pixel block as the number of
pixels to be recorded increases. As an alternative, it
may also be contemplated to distribute pixels, for ex-
ample, in such a way that the pixels are successively
spread out in the form of a vortex from a central part
of the pixel block. In this case, pixels are similar
to dots employed in a photomechanical process. 1In the
case of the row (b) in FIG. 3, dots of areas cor-
responding the corresponding numbers of pixels in the
row (a) in FIG. 3, respectively, are shown.

The pixel block has been described as a pixel
block of the 4 x 4 matrix type. By this pixel block,
gradations of 17 stages can be expressed. A pixel
block of the n x n matrix type can express gradations
of n?2 + 1 stages (0 to 100%) in general.

The method for expressing the gradation of an
original image of a continuous tone by a distribution
of pixels formed by the above-described matrix-type
pixel block is generally called the dither matrix meth-

od and is well known in the present field of art.
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The picture producing system according to the
present invention has a significant feature in the
color separation technique to be performed especially
at the tonal conversion unit. This color separation
technique is incorporated with a function to convert a
gradation and a function to adjust a color tone are in-
corporated. Other features will hereinafter be de-
scribed.

The picture producing system according to the
present invention can use various color original pic-
tures, namely, various color original images (medium
images) formed by recording, photographing or otherwise
picking up through a conversion objects (actual scenes)
on desired recording media while using communication
media such as light, electromagnetic waves or the like.

Examples of the above~described recording media
for color original images include transparent color
films (photosensitive emulsions), photoelectric conver-
sion devices such as two-dimensional CCDs and
photodiodes, optical discs, and magnetic discs.

Needless to say, reflection originals such as
paintings and color prints can also be used as color
original pictures.

To determine light quantities from density in-

formation values in the above-described various record-
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ing media, it is only necessary to use characteristic
curves of the recording media, for example, a photog-
raphic density characteristic cufve, a photoelectric
conversion characteristic curve and the like.

Needless to say, for a reflection original such
as a painting or color print, its characteristic curve
can obviously be handled assuming that density informa-
tion values and their corresponding light quantities
linearly correspond to each other in a 1:1 relationship
(i.e., corresponds in a 45° linear relationship).

As will be demonstrated by the below-described
embodiments, the present invention can provide a pic-
ture producing system of high added value by specifying
the inherent density characteristic curve (or photo-
electric conversion characteristic curve) of a desired
one of various recording media such as photodiode and
CCD, said recording medium forming the above-described
recording medium system, while using the performance of
the conventional recording medium. In other words, the
present invention can produce reproduced color images
having quality (density gradation and color tone) far
superior to conventional reproduced color images by
using such conventional recording media.

Namely, a great deal of efforts have been ex-

ercised in the present field of art to improve the
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characteristics (photosensitive characteristics and
photoelectric conversion characteristics) of various
recording media with a view to producing reproducing
color images of high quality (for example, to attain a
high dynamic range and to retain the linearity of each
characteristic curve). When reproduced color images
are produced in accordance with the present invention,
it is not absolutely required to make various recording
media sophisticated or to provide them with higher per-
formance, and recording media of conventional per-
formance (characteristics) can be satisfactorily
employed. This is attributable to the tonal conversion
technique incorporated in the picture producing system
according to the present invention, and constitutes an-
other significant feature of the present invention.

A description will next be made of methods for
applying the color separation technique according to
the present invention, in which the color tone control
or adjustment technique has been incorporated, to vari-
ous equipments (picture producing systems) which are
used to produce reproduced color images. Namely, a
description will be made of the construction of the
tonal conversion unit, which is a principal element
(system) in the picture producing system according to

the present invention and performs color separation
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while conducting adjustment of a gradation and adjust-

ment of a color tone in combination.

1.

In the present invention, the above-described

tonal conversion unit can be constructed, for ex-

ample, as will be described next. Namely, the

tonal conversion unit is constructed to be

equipped with:

(1)

(2)

a system (in a software-reflected form) for
determining image information value, which
are correlated to light quantities cor-
responding to image information values and/or
image information electrical signal values
(either analog or digital) relating to
densities of a color original image (either a
hard original or a soft original), on the
basis of a characteristic curve defining a
correlation between density information
values obtained from a color original image
recorded on a predetermined recording medium
(sensor) and image information values corre-
lated to light quantities entered the record-
ing medium (sensor) form an object (actual
scene); and

a system (in a software-reflected form) for

applying the above-described tonal conversion
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system.

2. Further, an output unit can be constructed to

output a reproduced color image of a halftone,

with a gradation and a color tone adjusted as

desired, by controlling the value of a current or

voltage to a recording unit (recording head) of

the unit or the impression time thereof in accor-

dance with values calculated by the above-

described tonal conversion formula, namely,

values y, (halftone intensities) to change the

size of dots or the density of arrangement of

dots.

In the present invention, the values y, can

also be called "dot percents" in relation to the

reprodution technique of printed color pictures.

However they are generally called "halftone in-

tensities" as described above. The values y, as

used herein should therefore be interpreted in a

broadest sense irrespective of their nomencla-

ture.

For example, when original plats for printed

color pictures as halftone images, namely, original

printing plates (color plate images) are produced,

existing system known well in the present field of

can be used. Accordingly, it is only necessary to
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corporate the above-described tonal conversion unit of
the present invention in the color separation system of
a commercially-available electronic color separation
system (e.g., a color scanner or a total scanner).

The picture producing system according to the
present invention can be constructed using various ex-
isting picture producing systems including the above-
described color separation system (e.g., a color scan-
ner or a total scanner).

More specifically, in a well-known existing sys-
tem which produces a reproduced color image by ir-
radiating small spot light onto a color film original
image (transparent medium image), receiving transmitted
light (image information signals) at a photoelectric
conversion unit (e.g., a photomultiplier or CCD), con-
verting the light intensities into corresponding volt-
age levels, digitizing the thus-obtained image informa-
tion electrical signals (voltage values) at a tonal
conversion unit, subjecting the thus-obtained digital
signals to desired straightening and processing by a
computer, actuating an output unit on the basis of
halftone intensities outputted from the computer and
then jetting out inks onto a sheet of recording paper
in unison with an input system, reblacement of the

above tonal conversion unit by the tonal conversion
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unit of this invention constitutes the picture produc-
ing system according to the present invention.

In the case of a color separation system (e.g., a
color scanner), it is only necessary to reconstitute a
calculating and processing unit (tonal conversion unit)
of a computer, said calculating and processing unit
being adapted to perform straightening and processing
of electrical signals as image information on a color
original image (medium image), and then to incorporate
therein software which determines light-quantity-
correlated image information values from density in-
formation values of the color original image (medium
image) recorded on a color film (recording medium) in
accordance with the density characteristic curve of the
color film (recording medium) and then outputs dot per-
cents (yp) adjusted in gradation and color tone by the
tonal conversion formula.

In a conventional system, a color original image
(i.e., a medium image photographed and recorded on a
recording medium as a photosensitive material) is pro-
cessed, as is appreciated from the above description,
at an image information input system (detection unit)
of a picture producing system, specifically at a
photoelectric conversion unit (a photomultiplier or

CCD), whereby image information values correlated to
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densities are obtained. Strictly speaking, the
photoelectric conversion unit has its own character-
istic curve (photoelectric conversion characteristic
curve). Accordingly, at the photoelectric conversion
unit, the above-described image information on the
color original image is affected (modified or
deteriorated)by the photoelectric conversion character-
istic curve of the photoelectric conversion unit.
Nonetheless, influence of the above photoelectric con-
version characteristic curve can be ignored although it
is preferred to eliminate its influence.

The above-described software applied to the tonal
conversion unit can take various forms, including a
general-purpose computer which converts density in-
formation values (Dp) correlated to densities of a
color original image into image information values (Xp)
correlated to corresponding light quantities in accor-
dance with a predetermined density characteristic
curve, holds an algorithm of the above-described tonal
conversion formula as software and also has an inter-
face for A/D (analog-digital conversion) and D/A
(digital-analog conversion); an electrical circuit em-
bodying the algorithm as a logic by a general-purpose
Ic; an electric circuit containing an ROM with the

results of algorithmic processing held therein; a PAL,
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gate array or custom IC embodying the algorithm as an
internal logic.

As modularization has been developed especially
in recent years, the computation system which can per-
form tonal conversion of an image on the basis of the
above-described tonal conversion formula according to
the present invention can be easily fabricated as a
module such as a specially-designed IC, LSI, micro-
processor or microcomputer.

Scanning is then performed by successively divid-
ing the photoelectric scanning spot light into spots
and at the same time, a laser exposure unit for ir-
radiating a laser beam onto a raw film is operated in
synchronization with the scanning. This makes it pos-
sible to rationally produce an original printing plate
(color plate image) which has dot percents (Yn) derived
by the tonal conversion formula and is of a halftone
adjusted in gradation and color tone as desired.

Next, a specific description will be made about
certain matters which are relevant to the development
of the color tone adjustment function at the tonal con-
version unit of the picture producing system according
to the present invention.

Instead of adopting the approach that as in the

case of production of a printed color picture, individ-



10

15

20

25

- 73 -

ual color plates (C/M/Y/BL) are produced and over-
printing is performed through the color plates, the
picture producing system has adopted the approach that
the individual colors are successively printed over un-
der a sequence control. However, for the sake of con-
venience of description, the term "color plate images"
which regards image of individual colors as still im-
ages will be used in the subsequent description. 1In
relation to the use of the term "color plate images",
terms such as "C-plate image (color plate images)" and
nc-plate separation curve (tonal conversion curve)"
will be used in the subsequent description.
(1) Determination of the color tone control point (M;)

The color tone control point (M;) can be any
desired point between the H area and the S area. 1In a
printed monochromatic picture or a printed color pic-
ture, however, a point of an intermediate tone for the
reproduction of a high-quality gradation, more specifi-
cally, a point where the dot percent of the C-plate im-
age (color plate image) becomes 50% is widely adopted
as the control point.

In the picture producing system according to the
present invention, it is therefore also preferred to
choose a point where the halftone intensity (y,) is 50%

on the C-plate color separation curve (tonal conversion
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curve) .

The above-described color tone control pint (M;)
conforms with standard conditions for maintaining a
gray balance upon production of a printed color picture
(see Table 2). Needless to say, the color tone control
point (M;) in the present invention is not limited to
the point where the halftone intensity (yp) is 50%, as
described above.

(2) Light gquantity (x) at the color tone control
point (M;)

The light quantity (x) at the color tone control
point (M,) can be set as will be described below.

It is preferred to set a standard color separa-
tion curve (tonal conversion curve) for a standard one
of the individual color plates in the picture producing
system and then to set color separation curves for the
remaining color plates in relation to the color separa-
tion curve for the standard color plate so that the
gray balance and color balance can be maintained. This
approach is the same as that adopted upon production of
a printed color picture.

As in color printing technology, the C plate is
therefore chosen as the standard color plate. The
color separation curve (tonal conversion curve) for the

C plate is set by applying the tonal conversion formula
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under the following conditions:

(i) a desired 4 value, for example, 7 = 0.45 as
adopted upon production of the printed color
picture; and

(ii) desired yy, Yg and a values, for example, yy
= 0%, Yyg = 95% and a = 1.00 as adopted upon
production of the printed color picture.

It is next only necessary to determine a light
quantity (x) which gives y, = 50% on the C-plate color
separation curve (tonal conversion curve) set as de-
scribed above.

Namely, it is only necessary to solve the follow-
ing formula by introducing the above-described condi-
tions into the tonal conversion formula. In this case,
a light quantity of x = 0.40 is obtained.

50 = 0 + [(1 - 1070-45%) (95 - 0)/(1 - 1070-43)]
(Note)
Upon application of the tonal conversion for-

mula, xg - Xy was set at 1.000 (xg - Xyg = 1.000).
In general, the dynamic range (xg = xy) of

light quantities obtained from a color original

image (medium image) is not 1.00. However, the
dynamic range normalized at 1.00 is used here.
Needless to say, the norﬁalization of the

dynamic range to 1.00 causes no problem in pro-
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cessing an image because the quality of the image

changes proportionally.

(3) Determination method of values 7 to set color
separation curves for the individual color plates
(C/M/Y/BL)

As has been described above, the value q for set-
ting the C-plate color separation curve (tonal conver-
sion curve) has been set at 0.45 (y = 0.45) as de-
scribed above.

With respect to the remaining color plates, the
values q for setting their respective color separation
curves have to be determined in accordance with the
details of conditions for the adjustment of color
tones.

In the case of the M plate, for example, when at
the color tone control point (M) [incidentally, the
light quantity at the above color tone control point 1is
0.40 (x = 0.40)], the halftone intensity (yp) of the M
plate is 20% and as initial conditions, the halftone
intensity is from 0% to 68% [i.e., the halftone in-
tensity at the H area is 0% and that at the S area is
68%), these values are introduced into the above tonal
conversion formula to determine the value 5y for the M
plate. Namely, 7 = 0.20 is obtained by the following

formula:
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20 = 0 + [(1 - 1077(%-40)y g5 _ o), (1 - 1077);

In the picture producing system according to the
present invention, it is only necessary to load the
above-described tonal conversion unit with software
which automatically calculates the light quantity at
the above-described color tone control point (M;) and
the values 4 for the individual color plates and
prepares desired color separation curves.

Example 1

The color separation method according to the
present invention, which can perform adjustment of a
gradation and adjustment of a color tone in combina-
tion, will hereinafter be described in further detail.

In this example, a printed color picture
(reproduced image) is produced from a color original
image (medium image). It should however be borne in
mind that the application field of the present inven-
tion is not limited thereto.

To investigate whether or not the gradation and
color tone of the printed color picture can be ra-
tionally controlled or adjusted by using the tonal con-
version formula of this invention as an important tool,
the following 3-stage experiments were conducted:

(1) Basic experiment

(2) Application experiment
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(3) Practical application experiment

To scrutinize influence and effects which may be
brought about by the incorporation of the adjustment or
control of a color tone in the tonal conversion formula
which is a useful tool as a tonal conversion technique,
the above 3-stage experiments were each conducted by
the following two methods:

(1) Experiment A: an experiment for adjusting the
dot percents at both the color
tone control point (M,) and
the S area in each of the
three color plate images (C
plate/M plate/Y plate).

(2) Experiment B: an experiment for adjusting
only the point M; in each of
the three color plate images
(C plate/M plate/Y plate).

<Determination methods of the point M;, the light
guantity at the point M; and the values 4 for the indi-
vidual color plates>
(1) Color tone control point (M;)

The color tone control point (M,) (see FIG. 2)
was set at a point of an intermediate tone adopted
widely for the adjustment of a gradation in the conven-

tional art, more strictly speaking, at a point where
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the dot percent of the C-plate halftone image (color

plate image) was 50%.

This color tone control point is in registration

with the control point for controlling the gray balance

which is widely adopted in the present field of art.

Needless to say,
(M;) is not limited to
cent of the C plate is
(2) Light value at the
The value of the

control point (M) was

the color tone control point
the position where the dot per-
50%.

color tone control point (M)
color quantity at the color tone

determined in accordance with

the tonal conversion formula for the setting of the C-

plate color separation

curve (tonal conversion curve).

Namely, with respect to the tonal conversion for-

mula for the setting of the C-plate color separation

curve, the following conditions were introduced in the

tonal conversion formula to determine the value x

(i.e., the light quantity at the color tone control

point)

Value q: 0.45

Used dot range: 0 to 95% (yg = 0%, yg = 95%)

- XS = 1.00, XH = 0.00 (Xs - XH = 1.00) (NOte)

_yn

50(%) [this is the dot percent at the

above-described color tone control point

(M) 3.
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Namely, the above-described conditions were in-
troduced into the tonal conversion formula and the fol-
lowing formula was solved. As a result, x was found to
be 0.40 (x = 0.40).

50 = 0 + [(1 - 1070-45%) (95 - 0)/(1 - 1070-45);
(Note) 1In general, the dynamic range (Xg = xg)
of light quantities obtained from a color
original image (medium image) is not 1.00. How-
ever, the dynamic range normalized at 1.00 is
used here.

Needless to say, the normalization of the
dynamic range to 1.00 causes no problem in pro-
cessing an image because the quality of the image
changes proportionally.

(3) Determination method of values 4 to set color
separation curves for the individual color plates
(C/M/Y/BL)

As has been described above, the value 7 for set-
ting the C-plate color separation curve has been set at
0.45 (v = 0.45) as described above.

With respect to the remaining color plates, the
values 7 for setting their respective color separation
curves (tonal conversion curves) have to be determined
in accordance with the details of conditions for the

adjustment of color tones.
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In the case of the M plate, for example, when at
the color tone control point (M;) [incidentally, the
light quantity at the above color tone control point is
0.40 (x = 0.40)], the dot percent of the M plate is 20%
and the used dot range is from 0% to 68%, the value 4
can be determined by solving the following formula.
Incidentally, the solution of the following formula is
v = 20.

20 = 0 + [(1 - 10°7(0-40),

(68 = 0)/(1 - 10 7))

In this experiment, software was used. It auto-
matically calculated the light quantity at the above-
described color tone control point (M) and the values
v for the individual color plates and also automatical-
ly prepared desired color separation curves.
<Equipments and materials employed in the experiments>

(1) Chosen as a color original image was a pic-
ture of a brown china pot of standard quality photog-
raphed with a 4" x 5" positive color film made by East-
man Kodak Company.

(2) Used as a color scanner was a "Digital Color
Scanner Model 45" manufactured by ISOMET Company, which
had a tonal conversion unit loaded with:

- software for determining a light quantity
(normalized light quantity) from a density

value in accordance with a photographic
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density characteristic curve (twelve char-
acteristic curves of representative
photosensitive materials such as "FUJI
CHROME", "AGFA CHROME" and "EKTA CHROME"
were provided), and

software for performing control of a color
tone by using the tonal conversion for-
mulas, and software for calculating color

separation curves.

Employed as a color separation file was "AGFA

Adopted for color correction was the

System" of E.I. du Pont de Nemours & Company.

<Basic Experiment>

Shown in Table 3 are plate-making design informa-

tion of individual color plates employed for the con-

trol or adjustment of a color tone in the basic experi-

ment.

(Note 1)

Experiment A was conducted by first desig-

nating the dot percent of the S area and then

determining the dot percent at the point M; in

accordance with the below-described formula (1)

Incidentally, standard dot percents for the

below-described formula (1) are sown in Table 2.

Dot percent at the point M,
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= (the standard dot percent for
the point M;) x (the dot percent
designated for the S area) / (the
standard dot percent for the
5 S AYEA) ..iieeecrsrtcctaccascanass (1)
(Note 2) 1In Experiment B, employed as the dot per-
cent at the point M; was the corresponding value
in Experiment, and adopted as the dot percent of
the S area was the standard value (see Table 2).
10 (Note 3) Since a catch light area was chosen as the
H area of the color original image (of the pot),
the dot percents of the H areas in all the color

plate images were "0" (zero).

Table 3

Design Information on Color Tone
Adjustment Plates for Basic Experiment

Experiment A Experiment B
Test Color
No. plate| H M, S H | M S
C 0 |50 95 o 50 95
1 M 0 |31 (40x70/90=31.1) | 70 0 31 90
Y 0 |36 (40x80/90=35.6) | 80 0 36 90
C 0 |50 95 0 50 1°35]
2 M 0 |27 (40x60/90=26.6) | 60 0 27 90
Y 0 |31 (40x70/90=31.1)1| 70 0 31 S0




10

15

20

25

- 84 -

The results of the above-described four experi-

ments [Experiment A (No. 1 and No. 2) and Experiment B

(No. 1 and No. 2)) of the basic experiment were all as

expected in the light of the practice (experiences) of

plate making. This indicates that the color tone con-

trol method according to the present invention, said

methed making use of the tonal conversion formula, has

rationality.

Details of the four color-corrected images ob-

tained from the basic experiment were as follows:

(1)

(2)

In all the four images, the gradation
(density gradation) was reproduced well over
the entire dynamic range of from the H area
to the S area, and the emphasis of the inter-
mediate tone was also appropriate to the hu-
man visual sense.

The color tone of the pot was bluish in Ex-
periment A (No. 1 and No. 2), and in Experi-
ment B (No. 1 and No. 2), it was bluish in
the intermediate tone range and brownish at
the S area as in the original image. These
color tones were fully consistent with the

practice of plate making.

Incidentally, the followings are 5 values for

setting color separation curves for the individual
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color plates and dot percents at the point M; (calcu-
lated values):
(1) Experiment A (No. 1)

C plate: 4 = 0.45, dot percent at M; = 50.000%

30.9878%

M plate: 1 -0.20, dot percent at M;
Y plate: 4 = -0.18, dot percent at M; = 35.8678%
(2) Experiment B (No. 2)

C plate: 7 = 0.45, dot percent at M, = 50.000%

M plate: 4 = -0.18, dot percent at M, 26.9006%
Y plate: 4 = -0.20, dot percent at M; = 30.9878%
Incidentally, the value 4 for the BL plate was

-0.25 (94 = -0.25).

Further, the outline of the above basic experi-
ment and the color separation curves (tonal conversion
curves) employed in Experiment B (No. 1) for the indi-
vidual color plates are shown in FIG. 2.

In the diagram, (a) indicates a combination of
color separation curves adopted as standards in the
present field of art for maintaining the gray balance.
Its plate-making design information is shown in Table
2.

In the diagram, (A) designates a combination of
color separation curves (tonal conyersion curves) for

the individual color plates in Experiment A (No. 1),

while (B) indicates a combination of color separation
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curves (tonal conversion curves) for the individual
color plates in Experiment B (No. 1).
<Application Experiment>

It is the object of this experiment to confirm,
by conducting a color separation experiment by a method
closer to a daily color separation work, whether or not
the color tone control method of the present invention
making use of the tonal conversion formula is equipped
with ability to rationally adjust or control a color
tone of a printed color picture.

In this experiment, the control point (M;) for a
color tone was set at a point where the dot percent of
the C-plate image was 50%.

As a basic scale for indicating, by dot percents
of the individual colors C/M/Y of the respective color
plate images, details of color tone adjustment at the
above-descried color tone control point (M,) (specific
details of a correction or modification of the color
tone required by users, the "DIC GRAF-G Color Chart",
2nd edition published March, 1991 by Dainippon Ink &
Chemicals, Incorporated was adopted.

In this experiment, 6 types of colors were
selected from the above color chart.

In Table 4, the six types of colors selected from

the above-mentioned "DIC GRAF-G Color Chart" and the
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dot percents designated for the adjustment of the color
tone are shown.

In the color chart, the above-mentioned six types
of colors are each shown in 12 stages as dot densities
of C and M between 0 and 100 and are shown as colors
obtained by printing Y/BL (which had a given dot
density, for example, a dot density of 10% or 50% as
shown in Table 4.

Accordingly, a designated dot percent for the ad-
justment of a color tone can be easily selected in the
chart. Table 4 shows these designated dot percents.

Needless to say, it is an object of this experi-
ment to investigate whether or not a color tone desig-
nated by the above-mentioned dot percent can be faith-
fully reproduced on each color plate image without

causing a deterioration in the gradation.
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Plate-making design information for the present
experiment, which has been prepared based on the in-
formation of Table 4, is shown below in Table 5.

(Note 1) Needless to say, the designated dot per-
S cents for color tone adjustment shown in
Table 4 were adopted as designated dot per-
cents for the point M; in this experiment.
(Note 2) In Experiment A of this experiment, M-
and Y-plate dot percents for their S areas
10 were determined by the below-described for-
mula (2).
For the S area of the C plate, the value
(95%) in Table 2 (Standard Values for the
Maintenance of Appropriate Gray Balance) was
15 adopted. 1Incidentally, standard dot percents
for the formula (2) are shown in Table 2.
Further, the standard dot percents were
adopted when calculation results by the for-
mula (2) exceeded the standard dot percent.
20 Dot percent at the S area
= (the standard dot percent for
" the S area) x (the dot percent
designated for M;) / (the

standard dot percent for M,)

25 ceee. (2)
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(Note 3) Since a catch light area was chosen as

the H area of the color original image (of
the pot), the dot percents of the H areas in

all the color plate images were "0" (zero).

5 (Note 4) The BL (black) plate was of the skeleton

10

type under the routine practice, namely, the
starting point (SP) of inking was designated
at the point M; while the end point (EP) of
inking was designated as the S area.
Further, the maximum dot percent of the

BL plate, which was placed at the S area, was

. set at 80% in Experiment A and 70% in Experi-

ment B.

Table 5

Plate-Making Design Information for Color Tone

Adjustment (for Application Experiment)

QQ:::T\\\\\\ Experiment a Experiment B

Test ] Color
No. | plate | H | M,y S H M, S
C 0 |50 | 95 0 50 S5
a-1 M 0 |20 | 45 (90x%x20/40=45.0) 0 20 90
(blue)
Y 0 110 | 23 (90x10/40=22.5) 0 10 90
BL - {10 | 80 - 10 70
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Table 5 (Cont‘'d)

C 0 {50 | 95 50 95

a-2 M 0 |20 | 45 (90x20/40=45.0) 20 90
(blue)

Y 0 |10 {23 (90x10/40=22.5) 10 S0

BL - {30 |80 30 70

c 0 |50 |95 50 95

b-1 M 0 | 20 | 45 (90x%20/40=45.0) 20 90
(LY) *

Y 0 |50 | 23 (90x%10/40=22.5) 50 | 90

BL - 110 | 80 10 70

Cc 0 {50 {95 50 95

b-2 M 0 | 20 | 45 (90x%20/40=45.0) 20 90
(LY) *

Y 0 |50 [ 90 (90x50/40=112.5) 50 g0

BL - 130 |80 30 70

c 0 |50 |95 50 95

c-1 M 0 |20 [ 45 (90x20/40=45.0) 20 99
(blue)

Y O |30 |68 (90x30/40=67.5) 30 90

BL - 120 | 80 20 70

c 0 {50 |95 50 95

c-2 M 0 {10 | 23 (90x10/40=22.5) 10 90
(LY) *

Y 0 |50 | 90 (90x50/40=112.5) 50 90

BL - 120 | 80 20 70

* LY: light yellow

The results of the above application experiment
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were all as expected as in the above-described basic
experiment.

The color tone at the color tone control point
(M) obtained in a pritned color picture was fully con-
sistent with the color tone on the color chart as the
basic scale and over the entire dynamic range of from
the H area to the S area, not only the gradation but
also the color tone were natural to the human visual
sense.

Namely, from the results of the above application
experiment, the color separation technique according to
the present invention, said technique making use of the
tonal conversion formula as a tool, has been confirmed
to have rationality in performing control or adjustment
of a color tone and also in performing adjustment of a
gradation and adjustment of a color tone in combina-
tion.
<Practical Application Experiment>

In view of recently increasing work by printing
designers and the like to darely modify the finished
tone of a reproduced printed color picture as a whole
into a color tone éuch as a blue tone, dark green tone,
light green tone, pink tone or sepia tone despite use
of a color original image of standard quality and also

in view of the current situation that the conventional
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art requires to go through plural complex work steps
totally on the basis of experienced skill upon modify-
ing the color tone of an image as a whole as described
above, this practical application experiment performed
an experiment on the effectiveness of the gradation and
color tone control or adjustment method of the present
invention for such work.

Namely, it was confirmed whether or not the ap-
plication of the gradation and color tone control or
adjustment method of the present invention would make
it possible to modify the color tone of the image as a
whole and also to rationally control the gradation of
the image.

The color original image for the above experiment
was chosen from transparent color originals of 4" x S"
size which were manufactured by Company F and are
recognized as standard color originals in the present
field of art. Described specifically, chosen as the
standard color original image was one showing an image
of a young lady and several kinds of materials (metal,
fabric, flower, paper, etc.) and containing a variety
of colors such as fed, blue, green, yellow and purple.

At the same time, another experiment was also
conducted on a transparent target of 4" x 5" (a color

original image prepared in accordance with the ISO
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standards) which was produced by AGFA AG and is widely
used as a reference target in the present field of art.

The finished color tone of each reproduced
printed color picture was modified into a blue tone as
a whole.

Specifically, the color tone was controlled by
the designated color of C plate: 50%, M plate: 30%, Y
plate: 10% and BL plate: 30% on page 29 of the DIC
GRAF-G color chart.

The equipments, materials and the like which were
used in this experiment were the same as those de-
scribed above.

Plate-making design information for this experi-
ment are shown below in Table 6. Further, data for
setting a color tone curve for C plate are presented in
Table 7.

Upon preparation of the plate-making design in-
formation of Table 6, the following matters were taken
into considered in view of the results of the above-
described application experiment.

(1) Attention was paid so that the image express-
ing ability and effects of the BL plate would
be fully used to give an emphasis to the fin-
ished gquality of the blue tone of the entire

color original image while keeping colors
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such as red, gray, green, yellow and purple

natural in the image.

(2) To this end, the SP (starting point = 0%) of

the BL plate was set at a point where the dot
percent of the C plate was 10%, 30% was set
for the control point (M1), and the maximum
dot percent at the S area was set at 95%.
Further, the value ¢ for setting a separation
curve for the BL plate, that is, the value 14
for the tonal conversion formula was set at

0.10.

Table 6

Plate-Making Design Information for Color Tone
Adjustment (for Practical Application Experiment)

gii:: H My S value 7
Cc 5 50 95 1C 0.45
M 3 30 68 (90x30/40=67.5) | )m 0.15
Y 3 10 23 (90x10/40=22.5) 7y -0.10
BL - 30 95 bl 0.10
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Table 7

c-Plate Design Information
(for Practical Application Experiment)
H = 5%, S = 95%, 9¢c = 0.45

Color original image
(standard original produced by F Company)

Step | Density Light Basic Normalized Dot
No. of guantity light light percent
original quantity quantity
(Dp) (Xp) (Xp = Xy) (Y)

1(H) 0.3100 1.3333 0.0000 0.0000 5.0000
2 0.9175 1.9125 0.5792 0.3777 50.1761
3 1.5250 2.2928 0.9595 0.6257 71.5487
4 2.1325 2.6005 1.2672 0.8263 85.2382
5(S) 2.7400 2.8668 1.5335 1.0000 95.0000

As a result of the experiment, a printed color
picture was obtained with a color tone and a gradation
both as planned by the plate-making design.

Described specifically, the finished quality of
the whole picture as felt to the visual sense had a
blue tone and was extremely natural. Although the
overall color tone of the image of the lady was blue,
the delicate gradation inherent to the skin color had
quality sufficient to reflect her real skin color even
under the blue tone.

More strictly describing the results of the above
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experiment, the color tone from the H area to the in-
termediate tone was of the same blue tone as the color
tone designated on the color chart. 1In the region of
the S area, it looked that magenta (M) color remained.
This can be attributed to the designation of a large
dot percent (68%) for the S area of the M plate as is
evident from the plate-making design information (data)
in Table 6. The results of the experiment was fully
consistent with the designated dot percent.

Further, colors such as red, green, yellow and
purple were maintained mild so that they did not look
incompatible with the quality of the whole image.

In addition, the whole gradation ranging from the
H area to the S area was not impaired at all and
through the overall blue tone, expressed gradation
changes specific to materials such as the metal, fab-
ric, flow and the like. Hence, those materials were
clearly distinguished and their details (minute struc-
tures) were reproduced well.

Further, the printed color picture obtained from
the standard target of AGFA also had a high-quality
gradation although the picture had the blue tone as a
whole.

Namely, the visual feeling of the quality of the

blue tone received from the whole picture was extremely
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natural and balanced like visual feeling available when
a natural scene is seen through a blue filter. This
substantiates that the tonal conversion was rationally
performed in the course of the overall conversion of
the color tone.

Example 2

The picture producing system according to the
first embodiment of the present invention will be de-
scribed with reference to FIG. 4.

As is shown in FIG. 4, the picture producing sys-
tem according to the first embodiment of the present
invention is constructed of four blocks, that is, a
detection unit 1 for reading transmitted light or
reflected light of a color original image by spectros-
copically separating it into R (red), G (green) and B
(blue), a color separation unit 2 for converting output
signals from the detection unit 1 into color separation
signals of C (cyan), M (magenta), Y (yellow) and K
(black) (hereinafter, "K" will be used as a symbol in-
stead of "BL"), a gradation adjusting unit 3 for pro-
cessing the color separation signals in accordance with
the above-described tonal conversion formula of the
present invention to produce an appropriate halftone
image, and an output unit 4 for exposing an elec-

trophotographic sensitive body to a laser beam on the
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basis of output signals from the gradation adjusting
unit 3.

Further, as is depicted in the drawing, the laser
beam outputted from the output unit 4 is polarized by a
polygon mirror a which is rotating at a high speed,
whereby a latent image is formed on the photosensitive
body b. This latent image is developed by a developing
unit ¢. The image so developed is transferred onto a
supplied recording sheet via a transfer cylinder d and
is then fixed by a fixing unit.

To form a color image, it is necessary to arrange
an independent photosensitive body and developing unit
for each color component and to successively transfer
separately-formed toner images onto a recording sheet.
As an alternative, it is necessary to adopt procedures
which repeat, with respect to individual color com-
ponents, a process in which a latent image for a color
component is formed on a single photosensitive body,
the latent image is developed intoc a toner image and
the toner image is then transferred onto a recording
sheet.

In the present invention, as the detection unit
1, the color separation unit 2 and the output unit 4
out of the four blocks, their corrésponding mechanism

or constitutions generally employed in conventional
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picture producing systems can be used as are. In other
words, the gradation adjusting unit 3 has been sub-
jected to improvements in accordance with the present
invention.

Strictly speaking, the tonal conversion unit
which is based on the above-described tonal conversion
formula for performing color separation while conduct-
ing adjustment of a gradation and adjustment of a color
tone in combination also takes part in making improve-
ments in the function of the color separation unit 2.

It is therefore possible to say that the picture
producing system according to the present invention can
be constructed by changing the constitution of a con-
ventional tonal conversion unit to that of the tonal
conversion unit according to the present invention
while using a color separation unit 2 of a conventional
picture producing system.

The constitution of the picture producing system
according to the present invention will hereinafter be
described specifically.

The above-described detection unit 1 detects
transmitted light or reflected light from each portion
of a color original image 5 by a photoelectric conver-
sion device such as a photomultiplier and outputs sig-

nals R,G,B,USM as current values. These signals are
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converted to voltage signals at an A/V conversion unit
6.

In the color separation unit 2, the electrical
signals R,G,B,USM from the detection unit 1 are sub-
jected to logarithmic arithmetic operation at a
logarithmic amplifier 7 so that they are converted into
densities. At a basic masking (BM) 8, color components
C,M,Y (basic color components) are separated and the
black component K is also separated.

Namely, in the picture producing system according
to the present invention, from the color original image
5 which is an object for reproduction or duplication
(e.g., a color print, a printed color matter, or the
like), image information is detected with respect to
each color (R, G or B) at the detection unit 1 by a
usual method, namely, by an image information reading
system composed of a photomultiplier, a solid-state im-
age pick-up device (CCD) or the like. The image in-
formation is then subjected to color separation in the
color separation unit 2. Density information values
(D) are therefore obtained for the production of a
reproduced color image. These values are obtained with
respect to each color component (basic color component)
C, M or Y as described above.

In the present invention, needless to say, the
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above density information values (D,) are converted to
image information values (Xn) correlated to light
quantities and further to basic light quantities (x),
using the characteristic curve of a recording medium
system, for example, the photoelectric conversion char-
acteristic curve of a CCD as a recording medium. To
obtain the image information values (Xp) correlated to
the light quantities, the conversion can be conducted
using appropriate known software and hardware (not
shown) .

In the present invention, the functions to
determine the image information values (x,) correlated
to light guantities and the basic light quantities (x)
from the density information values (D) can be in-
corporated in the gradation adjusting unit 3 which will
be described next. This is based on the conception to
combine calculating functions into a single unit of
hardware, because the gradation adjusting unit 3 ap-
plies the algorithm of the tonal conversion formula and
the above-described image information values (xp) cor-
related to light quantities are also obtained under the
specific algorithm. Needless to say, the present in-
vention is not limited to this design.

A color collection unit (CC) 9 is shown as an

element of the color separation unit 2 in FIG. 4. At
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this color collection unit, the C component, the M com-
ponent and the Y component are controlled relative to
the individual colors of the original R,G,B and C,M,Y.
Further, the K component of the original is processed
by UCR (under color removal) or UCA (under color addi-
tion) of a UCR/UCA unit 10 to determine a proportion to
be expressed by three inks C,M,Y and the remaining pro-
portion to be expressed by black ink K.

The components C,M,Y,K, which have been converted
to image information values correlated to light
quantities, are converted to pixel densities (halftone
intensities in pixel blocks of the individual color
components, namely, ce', me', ye' and ke' indicating
effective area percents of the individual color com-
ponents at the tonal conversion unit 11.

The tonal conversion unit 11 has an algorithm for
determining light quantities (x,) from densities (Dp)
by using the characteristic curve of the recording me-
dium, on which the color original image is recorded,
and calculation algorithms of the tonal conversion for-
mulas. By applying the tonal conversion formulas to C,
M, Y, and K, respectively, the effective area percents
ce', me',ye',ke' of the individual color components are
determined.

The tonal conversion unit 11 can take various
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forms such as general-purpose computer which holds al-
gorithms of the tonal conversion formulas as software
and also has an interface for A/D and D/A; an electri-
cal circuit embodying the algorithms as a logic by a
general-purpose IC; an electric circuit containing an
ROM with the results of algorithmic_processing held
therein; and a PAL, gate array or custom IC embodying
the algorithm as an internal logic.

The effective are percents corresponding to the
pixel densities (halftone intensities) of the respec-
tive color components cobtained by the tonal conversion
unit 11 are inputted in a color channel selector (CHS)
12, which in turn successively output ce', me', ye' and
kXe' at the time of selection. These outputs are sub-
jected to A/D conversion by an A/D conversion unit 13
and the resulting digital signals are inputted to the
input unit 4. Namely, the digital signals are inputted
to a dot control (D/C) unit 14 in groups depending on
their colors. The dot control (D/C) unit 14 controls
the value of each output from a laser beam generator
15.

It was next ascertained whether or not the tonal
conversion unit (11) as a core element in the picture
producing system according to the present invention

(see FIG. 4) is provided with ability to adjust a
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gradation and color tone of a reproduced color image in
combination. To confirm especially if adjustment of a
color tone can be rationally performed while maintain-
ing a color graduation, a basic experiment and an ap-
plication experiment were both conducted in the above-
described manner.

Incidentally, the basic experiment was conducted
only through the color plates (C/M/Y plates) and the BL
(K) plate was not used.

In these basic experiment and application experi-
ment, the results so obtained were similar to those ob-
tained in the above basic experiment and application
experiment.

Example 3

The picture producing system according to the
second embodiment of the present invention will be de-
scribed with reference to FIG. 5.

The picture producing system according to the
second embodiment uses a conventional inverse logarith-
mic conversion unit 16 as is. Accordingly, at the
tonal conversion unit 11, ye', me', ce' and Kke' are
outputted in a logarithmic form. By making fewer
changes to the hardware construction of the conven-
tional picture producing system than the above-

described first embodiment, the second embodiment can
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modify the existing system into the picture producing
system according to the present invention.
Example 4

The picture producing system according to the
third embodiment of the present invention will be de-
scribed with reference to FIG. 6.

The picture producing system according to the
third embodiment has been constructed by retaining a
conventional gradation control (IMC) 17 as 1is, arrang-
ing, in addition to channels for connecting the inverse
logarithmic conversion unit 16 and the gradation con-
trol unit 17 with each other, the tonal conversion unit
11, which receives signals Y,M,C,K, before the grada-
tion control unit 17, and providing the tonal conver-
sion unit 11 with channels for connecting the tonal
conversion unit 11 to the inverse logarithmic conver-
sion unit 16.

The tonal conversion unit 11 outputs ye', me',
ce' and ke' in a logarithmic form as in the second em-
bodiment.

The picture producing system according to the
third embodiment has gradation adjusting functions ap-
plied in the conventional system, because the gradation
adjusting unit of the conventional system, namely, the

gradation control (IMS) unit 17 has been retained.
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The tbnal conversion unit 11 according to the
present invention can make the conventional gradation
control unit 17 unnecessary but depending on the
customer's need or the like, the gradation control unit
17 can be retained as described above.

Example 5

The picture producing system according to the
fourth embodiment of the present invention will be de-
scribed with reference to FIG. 7.

The picture producing system according to the
fourth embodiment has been constructed by adding chan-
nels for connecting the gradation control unit (IMC)
17, the inverse logarithmic conversion unit 16 and the
color channel selector 12 together and also newly ar-
ranging the tonal conversion unit 11 according to the
present invention. Namely, the tonal conversion unit
11 receives signals Y,M,C,K from nodes located before
the gradation control unit 17 and is connected directly
to the color channel selector 12. Without being
restrained by the conventional system, ye', me', ce'
and ke' can be obtained in a similar processing manner
as the tonal conversion unit in the first embodiment.
Like the third embodiment, the color producing system
can be embodiment by making only small improvements to

the conventional system.
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Example 6

The picture producing system according to the
fifth embodiment of the present invention will be de-
scribed with reference to FIG. 8.

The picture producing system according to the
fifth embodiment has been obtained by constructing the
conventional tonal conversion unit in its entirety as
the tonal conversion unit 11 according to the present
invention and at the tonal conversion unit 11, performs
conversion of a gradation and adjustment or control of
the gradation and a color tone by applying the above-
described tonal conversion formulas.

In each of the embodiments of the picture produc-
ing system shown in FIG. 4 through FIG. 8, the picture
producing unit is of the electrophotographic type that
forms an electrostatic latent image on a sensitive body
having photoconductivity by scanning it with a laser
beam.

Needless to say, as means for forming an image by
a distribution of pixels, various means including other
means, for example, means of the electrostatic record-
ing type and means of the magnetic recording type, can
be adopted.

FIG. 9 illustrates a system for forming a

reproduced image by the electrostatic recording method.
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As is shown in the drawing, at a recording head
f, namely, at the recording head f constructed by ar-
ranging a number of recording electrodes f; and oppos-
ing electrodes f, in the proximity of or in contact
with a moving recording body e made of a sheet-like
dielectric and in a direction perpendicular to the
moving direction of the recording body, a voltage is
selectively applied to the recording electrodes f,; to
form a latent electrostatic image. The step of apply-
ing toner to the latent image to develop the same and
its subsequent steps are similar the corresponding
steps in the electrophotographic type. Incidentally,
the recording body e is formed of a recording layer (a
dielectric) e; and a base layer (a low-resistance
material) e, as is illustrated in the drawing.

To the recording head f as an electrode assembly,
outputs (voltages) are applied corresponding to an im-
age to be recorded from a dot control unit 14 of the
output unit 4.

In an unillustrated picture producing unit of the
magnetic recording type, there is used as a recording
body, for example, a drum whose surface is uniformly
coated with a magnetic material. A magnetic recording
head, which is maintained in contact with the surface,

and the opposing recording surface are caused to un-
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dergo relative movement while applying voltages as im-
age information signals to the magnetic recording head,
whereby a latent magnetic image is formed on the oppos-
ing recording surface. Toner made of a magnetic
material is used to develop this latent image. The
other picture reproduction processes are similar to
their corresponding processes in the above-described
electrophotographic type.

When the gradation adjusting unit of a conven-
tional picture producing system is modified in accor-
dance with the present invention as described above, an
application of the tonal conversion formula can be per-
formed in combination with image processing. Owing to
optimization of the system, it is possible to achieve a
speed-up and a dimensional reduction and also to im-

prove the cost performance per system.
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CLAIMS:

1. A method for the control or adjustment of a
color tone upon production of a reproduced color image
by tonal conversion of a light quantity of each pixel
into a halftone, said pixel having been obtained from a
color original image recorded on a predetermined
recording medium in accordance with a characteristic
curve of said recording medium, said characteristic
curve being a correlation curve between light
quantities entered said recording medium and cor-
responding densities formed on said recording medium,
characterized in that said method comprises the follow-
ing steps:

i) setting, at a desired position between a
highlight area and a shadow area in said color
original image, a color tone control point
(M,) for controlling said color tone of said
reproduced color image;

ii) defining adjustment conditions for a color
tone at said color tone control point (M) in
terms of dot percent values of desired plural
color plates to be employed for the production
of said reproduced color image:

iii) introducing (a) a light quantity at said color

tone control point (My), (b) said dot percent
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values of said individual color plates
reflecting said adjustment conditions for said
color tone at said color tone control point
(M) and (c) desired dot percent values set in
advance for highlight areas and shadow areas
in said individual color plates into a below-
described tonal conversion formula, respec-
tively, to determine values 4 for said indi-
vidual color plates, whereby tonal conversion
formulas are provided for converting, into dot
percent values, light quantities of all pixels
from said highlight areas to said shadow areas
in said individual color plates; and
subjecting light quantities of individual
pixels for said respective color plates to
tonal conversion and also controlling or ad-
justing color tones of said individual pixels
for said respective color plates, both, by
using said tonal conversion formulas for said
respective color plates in which said values 4

have been determined.

<Tonal conversion formula>

Yn =Yg * [(a(l - 107K¥) (yg = yg)/(a - 8)]

X:

(X, - Xg)., that is, a base light quantity ob-
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tained by subtracting a light quantity (xg) .
which corresponds to a density information
value (Dy) of said highlight area of said
color original image as determined using said
characteristic curve of said recording medium,
from a light quantity (x,) corresponding to a
density information value (D,) of a desired
pixel point (point: n) on said color original
image as determined likewise;

a dot percent value set for a pixel on said
reproduced color image, said pixel correspond-
ing to said desired pixel point (point: n) on
said color original image:;

a dot percent value set in advance for said
highlight area on said reproduced color image
corresponding to said highlight area on said
color original image:;

a dot percent value set in advance for said
shadow area on said reproduced color image
corresponding to said shadow area on said
color original image;

a surface reflectivity of an image expressing
medium for recording said reproduced color im-
age;

a value determined by g = 10 ;



75

76

77

78

79

80

81

- 114 -

k: a value determined by k = 9/(xg - xy), in
which xg represents a light quantity cor-
responding to a density information value (Dg)
of said shadow area of said color original im-
age determined by using said characteristic
curve of said recording medium; and

7v: a desired coefficient.

2. The method according to claim 1, wherein said
color original image is a color film original.

3. The method according to claim 2, wherein said
characteristic curve of said recording medium of said
color film original is a photographic density charac-
teristic curve defined by a rectangular coordinate sys-
tem in which densities and exposures are plotted along
the coordinate and the abscissa, respectively.

4. The method according to claim 1, wherein said
plural color plates consist of a cyan plate, a magenta
plate, a yellow plate and a black plate; and said ad-
justment of said color tone is conducted by adjusting
the dot percent values of said cyan plate and magenta
plate while fixing the dot percent values of said yel-
low plate and black plate.

S. The method according to claim 1, wherein said
color tone control point (M;) is set at a position

where a dot percent value becomes 50% on a tonal con-
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version curQe for a cyan plate, said tonal conversion
curve having been determined under the following ini-
tial conditions: xg - Xyx = 1.0, Yy = 0%, ys = 95% and 1
= 0.45.

6. The method according to claim 5, wherein said
color tone control point (M;) is set at a position
where a normalized light quantity is 0.400.

7. The method according to claim 1, wherein said
plural color plates includes at least a cyan plate.

8. A picture producing system for producing a
reproduced color image of a halftone on a desired image
expressing medium by subjecting pictorial information
on a color original image of a continuous tone to tonal
conversion at a tonal conversion unit of said picture
producing system, characterized in that said tonal con-
version unit comprises:

(A) a tonal conversion system for converting a con-
tinuous tone to a halftone, said tonal conver-
sion system having:

(A-1) a function to determine a light quantity
(value: x) from a density (value: D) by
using a characteristic curve of a recording
medium on which said color original image
is recorded, said characteristic curve

being a characteristic curve defining by a
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D-x rectangular coordinate system a rela-
tionship between light quantities entered
said recording medium and corresponding
densities formed on said recording medium,
and

a function to perform tonal conversion of
said light quantity (value: x) by using a
below-described tonal conversion formula,
thereby determining a halftone intensity

(value: yp,); and

(B) a color tone adjusting system for adjusting a

color tone upon conducting said tonal conver-

sion, said color tone adjusting system having:

(B-1) a function which, when (i) a color tone

control point (M;) for controlling said
color tone of said reproduced color image
is set at a desired position between é
highlight area and a shadow area in said
color original image, (ii) adjustment con-
ditions for a color tone at said color tone
control point (M;) are set in terms of
halftone intensities of desired plural
color plates to be employed for the produc-
tion of said reproduced color image and

(iii) halftone intensities which are to be
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set in advance for highlight areas and
shadow areas of said color plates are set,
introduce (a) a light quantity at said
color tone control point (M;), (b) said
halftone intensities of said individual
color plates reflecting said adjustment
conditions for said color tone at said
color tone control point (M;) and (c)
desired halftone intensities to be set in
advance for said highlight areas and shadow
areas in said individual color plates into
the below-described tonal conversion for-
mula, respectively, to determine values 1
for said individual color plates, whereby
tonal conversion formulas are provided for
converting, into halftone intensities,
light quantities of all pixels from said
highlight areas to shadow areas in individ-
ual color plates; and

a function to subject light quantities of
individual pixels for said respective color
plates, said light quantities of said indi-
vidual pixels having been obtained from
said color original image, to tonal conver-

sion and also controlling or adjusting
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color tones of said individual pixels for
said respective color plates, both, by
using said tonal conversion formulas for
said respective color plates in which said

values 4 have been determined.

<Tonal conversion formula>

Yn =Yg + [a(1 - 107K%) (yg - yi)/(a - )]

where

X:

Yn*

Yy:

(xn = Xg), that is, a base light quantity ob-
tained by subtracting a light quantity (xg)
which corresponds to a density information
value (Dy) of said highlight area of said
color original image as determined using said
characteristic curve of said recording medium,
from a light quantity (x,) corresponding to a
density information value (D,) of a desired
pixel point (point: n) on said color original
image as determined likewise;

a halftone intensity set for a pixel on said
reproduced color image, said pixel correspond-
ing to said desired pixel point (point: n) on
said color original image;

a halftone intensity set in advance for said
highlight area on said reproduced color image

corresponding to said highlight area on said
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coior original image:;

a halftone intensity set in advance for said
shadow area on said reproduced color image
corresponding to said shadow area on said
color original image;

a surface reflectivity of an image expressing
medium for recording said reproduced color im-
age;

a value determined by 8 = 10 ;

a value determined by k = 9/(Xg - Xy), in
which xg represents a light quantity cor-
responding to a density information value (Dg)
of said shadow area of said color original im-
age determined by using said characteristic
curve of said recording medium; and

a desired coefficient.

The picture producing system according to

wherein said color original image has been re-

corded on photoelectric conversion devices as said

recording medium.

10.

claim 9,

The picture producing system according to

wherein said characteristic curve of said

recording medium is a photoelectric conversion charac-

teristic curve which defines a relationship between

light quantities (values: x) entered said photoelectric
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conversion devices and corresponding densities (values:
D) formed thereon.

11. The picture producing system according to
claim 8, wherein said color original picture has been
recorded on a photosensitive material as said recording
medium.

12. The picture producing system according to
claim 11, wherein said characteristic curve of said
recording medium is a photographic density character-
istic curve which defines a relationship between light
quantities (values: x) entered said photosensitive
material and corresponding densities (values: D) formed
thereon.

13. The picture producing system according to
claim 8, wherein said color original image is a color-
print original picture.

14. The picture producing system according to
claim 13, wherein a characteristic curve of said color-
print original picture has been defined with a 1:1 re-
lationship between each light quantity (value: x) and
its corresponding density (value: D).

15. The picture producing system according to
claim 8, wherein said image expressing medium is a
recording sheet; and to produce said reproduced color

image on said recording sheet, said picture producing
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system further comprises means for scanning with a
laser beam an image-forming member having an evenly-
charged photoconductive layer to form thereon a latent
image indicative of a distribution of pixels, develop-
ing said latent image with toner, transferring the
resulting toner image onto said recording sheet and
then fixing the toner image on said recording sheet.

16. The picture producing system according to
claim 15, wherein at least a part of a series of opera-
tions for the formation of said latent image on said
image~-forming member, the development of said latent
image and the transfer of said toner image onto said
recording sheet is conducted using a toner of a
specific color, at least a part of said series of oper-
ations is conducted using another toner of a different
color, and a similar operation is repeated as many
times as the number of colors needed to transfer toner
images of such different colors with positional
registration onto the same recording sheet; and the
thus-transferred toner images of the different colors
are fixed to form a color image.

17. The picture producing system according to
claim 8, wherein said image expressing medium is a
recording sheet; and to produce said reproduced color

image on said recording sheet, said picture producing
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system further comprises means for applying a voltage
to a multiplicity of recording electrodes arranged in a
direction perpendicular to a direction of movement of a
moving electrostatic recording member to form thereon
an electrostatic latent image, developing said latent
image with toner, transferring the resulting toner im-
age onto said recording sheet and then fixing the toner
image on said recording sheet.

18. The picture producing system according to
claim 17, wherein at least a part of a series of opera-
tions for the formation of said latent image on said
electrostatic recording member, the development of said
latent image and the transfer of said toner image onto
said recording sheet is conducted using a toner of a
specific color, at least a part of said series of oper-
ations is conducted using another toner of a different
color, and a similar operation is repeated as many
times as the number of colors needed to transfer toner
images of such different colors with positional
registration onto the same recording sheet; and the
thus-transferred toner images of the different colors
are fixed to form a color image.

19. The picture producing system according to
claim 8, wherein said plural color plates includes at

least a cyan plate.
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