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IMAGE PROCESSING METHOD AND apparatus) that illuminates the film with reading light and
APPARATUS captures the projected light to read the image on the film

This is a division of application Ser. No. 09/301,538 filed
Apr. 29, 1999; now U.S. Pat. No. 6,603,885 the disclosure
of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

This invention relates to the field of digital image pro-
cessing method and apparatus technologies. More
particularly, the invention relates to image processing meth-
ods and image processing apparatus which can apply this
image processing methods for typical use with digital pho-
toprinters that read film images photoelectrically to produce
prints (photographs) reproducing the images and which are
capable of achieving one of the following results: producing
a high-quality image even if the input image is taken with
low-performance lenses as in films with lens, inexpensive
compact cameras and low-cost digital cameras; correcting
aberrations such as chromatic aberration of magnification
and distortion that develop in the images taken with those
low-performance lenses; producing a high-quality image
free from the image deterioration due to lens aberrations
even if the input image is taken with those low-performance
lenses; and particularly performing image processing on the
image data representing the image recorded on an image
recording medium.

Heretofore, the images recorded on photographic films
such as negatives and reversals (which are hereunder
referred to simply as “films™) have been commonly printed
on light-sensitive materials (photographic paper) by means
of direct (analog) exposure in which the film image is
optically projected onto the light-sensitive material to
achieve its areal exposure.

A printer which relies upon digital exposure has recently
been commercialized as a digital photoprinter, in which the
image recorded on a film is read photoelectrically, converted
to digital signals and subjected to various image processing
operations to produce image data for recording purposes;
recording light that has been modulated in accordance with
the image data is used to scan and expose a light-sensitive
material to record a latent image, which is subsequently
developed to produce a finished print (photograph).

In the digital photoprinter, images are handled as digital
image data and the exposing conditions for printing can be
determined by image (data) processing. Hence, processing
operations such as the correction of washed-out highlights or
flat (dull) shadows due to the taking of pictures with rear
light or an electronic flash and sharpness enhancement
(sometimes referred to simply as “sharpening”) can be
effectively performed to produce prints of the high quality
that has not been attainable by the conventional direct
exposure technique. In addition, the synthesizing of images
and characters can be accomplished by image (data) pro-
cessing and, as a result, prints can be output after editing
and/or processing operations have been performed freely in
accordance with specific uses.

Aside from the images recorded on films, the digital
photoprinter can also output prints of images recorded with
digital cameras or processed with computers. Other than
being output as prints, images can be supplied to computers
and so forth or stored in recording media such as floppy
disks; hence, the image data can be put to various non-
photographic uses.

Having these features, the digital photoprinter is basically
composed of the following units: a scanner (image reading
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photoelectrically; an image processing apparatus that per-
forms specified image processing on the image data captured
with the scanner or the image data supplied from a digital
camera or the like, thereby producing image data for image
recording and exposing conditions; a printer (image record-
ing apparatus) that scans and exposures a light-sensitive
material to record a latent image on it, for example, by
scanning with optical beams in accordance with the image
data output from the image processing apparatus; and a
processor (developing apparatus) that performs develop-
ment processing on the printer exposed light-sensitive mate-
rial to produce a print reproducing the input image.

Users in general who intend to take ordinary pictures
seldom use expensive, high-performance cameras such as a
single-lens reflex camera but they normally use so-called
“compact cameras” that are inexpensive and which are
capable of automatic exposing and focusing. Most recently,
there are a lot of users who prefer using so-called “films with
lens” by the reason of easy handling.

In cameras such as a single-lens reflex camera that needs
a cost to some extent, high-precision lens elements are used,
and a plurality of lens elements are combined to record
images of very high quality.

In contrast, films with lens and inexpensive compact
cameras cannot afford the use of costly lenses and only one
or two lens elements may be adopted. With such lens design,
images of adequate quality cannot be taken and the image
reproduced on prints does not necessarily have high quality.

If the image recorded on films is deteriorated in quality,
there is a case that the quality of the output image on prints
cannot be adequately improved by the aforementioned cor-
rections. Major causes of the deterioration of the image
reproduced from films to be output on prints are lens
aberrations such as “chromatic aberration of magnification”
and “distortion” that originate from the low performance of
the lenses mounted in the camera used to take the input
image.

Color images are formed of three primary colors, for
example, red (R), green (G) and blue (B). The refractive
index (imaging magnification) of a lens, even if it is a single
element, varies subtly with wavelength and differing refrac-
tive indices occur with R, G and B lights. In other words,
even though the same position in a particular scene, a
focused position on a film are slipped off and differ among
the R, G and B lights. This is the phenomenon generally
called “chromatic aberration of magnification” and the
image reproduced from the film has a definite color diver-
gence.

In order to obtain a satisfactory and appropriately
recorded image, a plane of a scene of interest that is
perpendicular to the optical axis must be focused on the
same plane as the imaging plane perpendicular to the optical
axis. In fact however, ordinary lenses have the imaging
plane displaced along the optical axis and the resulting
displacement of the focused position in the axial direction
causes a distortion of the focused object. As a natural
consequence, the reproduction of the image on the film is
distorted.

Other causes of the image deterioration are the reduction
of the brightness at the edge of image field which means a
phenomenon in which the peripheral area of the image looks
darker than the central area which is closer to the optical axis
corresponding to the performance of the lens used, and the
point spread function (PSF) which is attributable to differing
focal positions in the plane of the film.
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As noted above, if one uses a camera such as a single-lens
reflex camera that needs a cost to some extent, high-
precision lens elements may be used and a plurality of lens
elements combined to correct various aberrations including
chromatic aberration of magnification, distortion, deteriora-

4

If one wants to accomplish the appropriate correction by
this technology, correction enhancement coefficients must
be made available for all patterns that are predicted for the
given lens characteristics and to meet this need, a memory
of sufficiently large capacity is required. What is more, if the

5
tion of marginal lumination and PSF and an appropriate available patterns are not simple concentric circles or
image can be recorded on the film. squares whose center coincides with that of the image, an

However, cameras such as films with lens and compact increased amount of data has to be calculated to correct
cameras required to be a low cost can not use high-cost matrices and the overall image processing speed is lowered.
lenses and aberrations will develop in the images recorded These practical problems with cost and processing speed are
on films. As a result, the images reproduced on prints will particularly serious in the case of print services that involve
eventually have color divergence and distortion. the volume reproduction of images.

To deal with this problem of image deterioration involv- As mentioned hereinabove, an image processing system is
ing the difficulty in improving the quality of output images  conventionally known that is able to perform various image
on prints, techniques have been proposed in connection with . processing schemes on the image data obtained by reading
image processing methods and apparatus that correct image the film image recorded on photographic films or on the
aberrat}ons in accordanc.e w1th the chara}cterlstlcs qf .lf‘:ns image data input from a digital camera or the like and which
aberrations that are pbtamed via certain 1mage acquisition then outputs an image in various output modes such as by
means anq two typl(;al examPles of such technology are recording the image on recording materials such as photo-
disclosed in Unexamined Published Japanese Patent Appli- raphic paper or storine the imaee data in information
cation (kokai) Nos. 311425/1994 and 281613/1997, the 20 8P HE PP, S & e "
latter being assigned to the present Applicant. According to fecording mecia. Compared to a conventional photographic
these patents, the proposed technology can correct aberra- processing system that recprds the ﬁ}m mage by areal
tions due to lenses and prevent the deterioration of image exposure, the image processing system just described abc?ve
quality in the marginal area, thereby ensuring the production can control the output image quality by image processing
of high-quality images at all times. 55 Onto thej image data, thereby output images of high quality

Specifically, Unexamined Published Japanese Patent are realized.

Application (kokai) No. 281613/1997 proposes a process of Speaking of films with lens, the lens is usually composed
correcting the problem of deterioration of marginal lumina- of an inexpensive plastic lens that inevitably suffers from
tion in a photographic processing apparatus and method. In great amounts of aberrations such as distortion and chro-
the process, the quantity of light f(i,j) on an image in a given 33 matic aberration of magnification. Hence, the film image
pixel position (i,j) is multiplied by a correction coefficient recorded on a photographic film by exposure with the film
2(i,j) based on lens characteristics and the obtained product with lens has a comparatively high level of geometric
f' (i,j) is substituted as the corrected quantity of light in the  distortion according to the lens distortion (so-called
pixel position (i,j). To make the correction for the entire part  «“pincushion-type distortions) as typically shown in FIG.
of the image, j is first moved with i held constant and then . 25A (FIGS. 25A and 25B illustrate how an image consisting
1 is moved, or alternatively, i is first moved with j held ™ o myltiple lines in a grid pattern appears if it is recorded on
constant and then j is moved; m.elthe‘r way, the whole image a photographic film by shooting with a film with lens); at the
can be e orrected. When correcting distortion and chr.o.matlc same time, a color divergence occurs at a comparatively
aberration of magnification by this method, the position of high level due to chromatic aberration of magnification. To
the subject in an image of interest is changed so that a huge d gl ith thi bl di . . gf .

frame memory is required to store the information about all 40 cal with this problem, distortion correction for correcting
pixel positions of not only before correction but also after the geometric dlsmmo? of an image due to th? distortion (,)f
the correction. In addition, a circuit is necessary that per- the 16“? on the ﬁlm with lens ar}d magmﬁcathn chromat}c
forms two processing schemes for i and j as described above aberration correction for correcting the color divergence in
and this not only increases the cost of the apparatus but also an image due to the chromatic aberration of magnification of
causes a significant drop in the correction speed, thus there 45 the same lens are being review in order to ensure that the
is a problem the practical use of the apparatus is difficult. Image processing system described above can produce an

On the other hand, unexamined Published Japanese Patent ~ output image of high quality from the original (input) image
Application (kokai) No. 311425/1994 discloses an image recorded with the film with lens.
correcting apparatus capable of rapid image correction in With a view to increasing the speed of the various
accordance with the characteristics of lens aberrations. In 50 processing schemes to be performed with the above-
this apparatus, the subjects of the correction are the amount ~ mentioned image processing system, the contents of image
of defocusing, the decrease in the quantity of light, and the processing and the value of a parameter to be applied in a
degree of unsharpness in the hue and chromas of a color specific image processing scheme have been set identical in
image. According to the disclosure, a quantity of deteriora- specified directions, such as vertical and horizontal, of the
tion in each of these correction subjects increases as it goes 55 image represented by the image data. For instance, if the
from the center of the image to the peripheral area so that the image processing to be done is electronic scaling, the
data of specified patterns that are increased as going from the electronic scaling ratio is set identical in both the vertical
center toward the peripheral in an image area that is formed and horizontal directions of the image represented by the
by concentric circles or squares extending radially outward ~ image data to be processed.
from the center of the image are only used for each of given 60 ~ What is unique about image data is that its volume is
lens characteristics as correction enhancement coefficients tremendous and that it represents an image having a two-
for correcting these correction subjects. This approach is dimensional extent. Hence, image processing schemes such
capable of rough correction but not image corrections aber- as ones for correcting distortion and chromatic aberration of
rant from the patterns that is prepared beforehand. Hence, magnification are so much complicated in contents that they
there is a problem that it is impossible to perform appropri- 65 not only take prolonged time but also require storage means

ate corrections according to the characteristics of individual
taking lenses.

of large capacity. As a result, the image processing section
capable of performing image processing schemes such as the
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correction of distortion and chromatic aberration of magni-
fication is considerably complicated in configuration and,
what is more, the processing performance of the image
processing system is eventually deteriorated.

6

processing method and apparatus that can output prints
(photographs) of high quality reproducing high-quality
images even if the original image has been taken with
inexpensive cameras such as films with lens and compact

Consider, for example, the correction of distortion. First, 5 cameras or taken with inexpensive digilal cameras.
distortion correcting data representing the direction and the A second object of the invention is to provide a digital
amout o he it e psiion f ko e pRco 1 i prcsing method and sppasus W, y o
referenced to the inherent position of each pixel (the position {)rocessgl g, can co:trlec(tj t,[ © }me;ge aberrations ?et t(zi pO(t)r
of its grid point) composing the film image, are preliminarily lens periormance (the de erioration 1 1mage quanty due to

d and stored for each of the lens tvpes used: eiven ens a!)erratlons) 50 that high-quality images free from
measure stor yp 5 g
the image data to be processed, the distortion correcting data dlStO,mon’ colo.r divergence and other defects can bf,: output
associated with the lens type used in actual shooting are consistently Wlthou,t regarq to the shooting magmﬁcatlf)n
captured; on the basis of the captured distortion correcting (focal lquth) even if the original image has been taken with
data, the positions of the pixels represented by their data in INEXpensIive cameras S‘}Ch as ﬁl.ms Wlt_tl lens and compact
the case where no distortion is present are evaluated; and the 1> cameras or taken with inexpensive digital cameras.
density value at the inherent position of a particular pixel A third object of the invention is to provide a digital image
(the position of its grid point) is determined by arithmetic processing method and apparatus which, by image
interpolation. Among the steps described above, arithmetic processing, can correct the image aberrations due to poor
interpolation of the density values at grid points requires  lens performance (the image deterioration due to lens
arithmetic estimation of the density value in the position of 20 aperrations) so that high-quality images free from distortion,
gfp;ir)t:eclilesllrl rgrgl(jnl()i(l)llllg sf;(i)(;ngtrtilg gg?;tlt(yl ‘C’ah&i’: gifxi lféhgilﬁz color divergence and other defects can be output even if the
o g ot e i e g ool mge s b wken wilh expnsve umers
point lying in the center) should be repeated for the two- inexpensive digital cameras P
dimensional distribution of the multiple grid points that are »5 : N . .
to be processed. Obviously, this involves quite complicated A fo‘,mh object of the invention is to provide an image
procedures. processing me.thod and apparatus Wh1§h are capable of

As is clear from the above, the distortion correction raplfily correcting aberratlor.ls su(?h as dlstortloq and chr.o-
involves the shift of the pixel positions represented by the ~ Mmatic aberration of magnification so that high-quality
yet to be corrected image data and, hence, the shape of the ,, 1Mages free from distortion, color divergence and other
outer edge of the image represented by the as-corrected defects can be produced at lower cost even if the original
image data also changes from a rectangular to a non- image has been taken with inexpensive cameras such as
rectangular form (such as a barrel or pincushion shape) as  films with lens and compact cameras or taken with inex-
the result of the aforementioned aberration (distortion) cor- pensive digital cameras.
rection. Consider, for example, the case of correcting an A fifth object of the invention is to provide an image
}};iilgcistzgrllcgip?’legefmStlrsit:or(ﬁ;r(l),r tilcl)érlls a:usﬁheorsvi ifrrlolr*PIGa processing method and apparatus that adopt a simple con-

N C : figuration and which can yet perform high-speed image
25A. After the correction, the figure qf the outer e.dg‘f‘: of the processing on the image data with a higher degree of
image represented by the corrected image data is “barrel- flexibility.
shaped” as shown in FIG. 25B. On the other hand, images . .
generally have rectangular outer edges. Therefore, if the 40 As alrea@y rr}entloned, films with lens and compact cam-
distortion corrected image data is simply output, blanks or ¢S do not justify the use of costly lenses, so they are unable
regions having indeterminate density values occur in some to shoot images of sufficient quality to guarantee finished
areas of the output image (blanks or so-called “pixel holes” prints of high quality that reproduce high-quality images. To
that appear in areas near the four corners of the image shown ~ correct such image quality deteriorations due to poor lens
in FIG. 25B). The same defect occurs in the correction of 45 performance, in particular, blurred images, the phase of the
chromatic aberration of magnification since it also involves image has to be taken into account, namely, an inverse
the shift of pixel positions although it is very small. transform of PSF must be performed. However, this

As already mentioned, the content of image processing approach requires a bulky processing circuit and involves
and the value of a parameter to be applied to a specific image complicated processing procedures.
processing scheme in the conventional image processing 55  The present inventor made intensive studies in order to
system have been set identical in specified directions, such — solve the aforementioned problems with the images taken
as vertical and horizontal, of the image represented by image with inexpensive cameras such as films with lens and found
data. Hence, it has Eeen 1rpp(21§§ble todperfgrm dﬂf‘er?t that by altering the intensity of sharpness enhancement
mse procsine shemes i it restons ind 15 procsing Glening). ikl y petoming mor
operation. 55 intense sharp.emng than in the usual case (in a default

pTake for example, the aforementioned case of performing condition), prints of 2 dequate image quality t.hat wers For
& . >, . ; . pensated for defocusing could be produced without difficult-
electronic scaling with the conventional image processing to-perform PSE correction. The inventor also found that

system, in which the electronic scaling ratio is set to be P L o
identical in both the vertical and horizontal directions. In this usIng an apparatus hav1‘ng & capablhty‘ for S harpness
situation, it has been impossible to perform a special image 99 enhance{ment, he could simply alter the 1nten§1ty (,)f tl}e
processing scheme such as a so-called “finish to slender” .sharpemng.process to compensate for the df.:terlore.ltlon n
technique by which a human subject in the original image is ~ 1Ma8¢ quality due to poor lens performance without increas-
finished to appear slender on the principal image. ing thc? cost of finished produ.cts and so forth. The present
invention has been accomplished on the basis of these

SUMMARY OF THE INVENTION 65 findings.

The present invention has been accomplished under these
circumstances and has as a first object providing an image

In order to attain the first object described above, an
image processing method of the present invention comprises

Samsung Exhibit 1018, Page 28 of 68
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00462



US 6,862,373 B2

7

the steps of: acquiring input image data from an image
recorded optically with a lens for taking a picture; acquiring
an information about the lens used to record the image; and
performing image processing schemes including at least

8

tion in image quality derived from the lens characteristics.
Here, in this image processing method, it is also preferable
that an information about a diaphragm used to record the
image is further acquired and taking account into the

sharpness enhancement on the input image data using the 5 obtained diaphragm information, correction of deterioration
acquired information about the lens to produce output image of marginal lumination is performed on the input image data
data; wherein a type of the lens used is identified from the as .the aberratlop correction. Preferabl}{, the lens character-
acquired information about the lens and an intensity of the istics of the .takmg len§ are calculat.ed 1n terms of the focal
sharpness enhancement of the corresponding image is length eff.ec.tlve at the time of recordmg.the 1Mage usig lens
. . . - characteristics of the taking lens obtained previously at a
altered in accordance with the identified type of the lens. 10 plurality of focal lengths
In this case, it is prc?ferable that.the intensity of the In the above-mentioned image processing of the first
sharpness §nhanc§ment is altered unlformly for an entire aspect, it is preferable that lens characteristics of the taking
part of the image in one frame or, alternatively, the image in lens are further acquired from the lens information and using
the one frame is divided into a plurality of image areas and the acquired lens characteristics and a position information
the intensity is altered for each of the divided image areas. 15 for the recorded image, the input image data is subjected to
Preferably, the intensity of the sharpness enhancement is the image processing schemes in a first direction of the
altered independently for each of three primary colors or recorded image and a second direction crossing the first
altered uniformly for the three primary colors. direction. Here, it is also preferable that the image process-
In the above-described image processing method, it is ing.schemes include at. least one of corregtion of aberrations
also preferable that a type of a film on which the image is 20 derived from the taking lens, electronic scaling and the
recorded is further acquired and the intensity of the sharp- sharpness enhancement. .Preferably, the image processing
ness enhancement is altered in accordance with not only the §chemes are performed in the first and second directions
type of the lens but also the acquired type of the film. %ndependently .Of cach other.. Preferably, an order of the
. . . . image processing schemes is selectable in the first and
In the above-described image processing methqd, 1t 1s 25 second directions. In the above-described image processing
further preferab@e that lens charact.erlstlcs Qf the taklr.lg lens method, it is further preferable that unidirectional image
are further acquired from the lens information and using the processing is further performed in at least one of the first and
acquired lens characteristics and a position information for second directions. Preferably, contents of the image process-
the recorded image, the sharpness enhancement is per- ing schemes are altered in each of the first and second
formed on the input image data at different intensities on a _ - directions. Preferably, alteration of the contents of the image
pixel basis. processing schemes is change in values of parameters in the
In the above-described image pI‘OCCSSing method, it is still image processing schemes in each of the first and second
further preferable that lens characteristics of the taking lens directions.
are further acquired from the lens information and using the Preferably, if the image processing schemes include at
acquired lens characteristics and a position information for .. Jeast correction of distortion and chromatic aberration of
the recorded image, the input image data for the image taken  magnification, either an amount of correction of the chro-
with the lens of the type requiring a change in the intensity  matic aberration of magnification or an amount of correction
of the sharpness enhancement is also subjected to aberration of the distortion or both amounts differ between the first and
correction for correcting deterioration In image quality second directions. Preferably, if the image processing
derived from the lens characteristics. 40 schemes include at least correction of distortion and chro-
Preferably, the aberration correction is for correcting at matic aberration of magnification, the correction in which-
least one of distortion, chromatic aberration of  ever of the first and second directions that requires the
magnification, deterioration of marginal lumination, and  chromatic aberration of magnification and the distortion to
defocusing derived from the lens characteristics. be corrected in smaller amounts precedes the correction in
Preferably, the defocusing is corrected by subjecting the 45 the other direction. Preferably, if the input image data is
sharpness enhancement to the input image data at different acquired by reading photoelectrically the recorded image
intensities on a pixel basis using the lens characteristics and with line sensors that have the first direction as a main
the position information for the recorded image. scanning direction and the second direction as an auxiliary
In the above-described image processing method, it is scanning direction, the image processing schemes in the
preferable that lens characteristics of the taking lens are so second direction further including correction of color diver-
further acquired from the lens information and using the gence caused by the line sensors.
acquired lens characteristics and a position information for Moreover, in the above-described image processing
the recorded image, at least one of aberration correction for method of the first aspect, if the image processing schemes
correcting deterioration in image quality derived from the include aberration correction for correcting aberrations in
lens characteristics, electronic scaling and sharpness 55 the image derived from the taking lens, preset parameters for
enhancement at different intensities on a pixel basis as the correcting the aberrations which the taking lens used to
sharpness enhancement is performed on the input image data record the image causes in a plane where the image is
as one of the image processing schemes. focused are scaled with at least one of an electronic scaling
In the above-described image processing method of the ratio for producing the output image data, number of input
first aspect, it is preferable that an information about the 60 pixels in the input image data, a size of the input image and
focal length effective at a time of recording the image is a size of the output image to produce aberration correction
further acquired in addition to the lens information and lens ~ parameters that are related to the output image data on a
characteristics of the taking lens are acquired from the lens pixel basis, and then is performed using the aberration
information, and using the acquired lens characteristics, a correction to correct the aberrations in the image derived
position information for the recorded image and the infor- 65 from the taking lens.

mation about the focal length, the input image data is
subjected to aberration correction for correcting deteriora-

In order to attain the first object described above, an
image processing apparatus of the first aspect of the present
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invention that acquires input image data from an image
recorded optically with a lens for taking a picture and
performs image processing schemes on the input image data
to produce output image data, and which comprises: first

10

sition means for acquiring an information about a focal
length of the taking lens effective at the time of recording the
image if the taking lens used to record the image is a lens of
variable focal length; wherein the image processing means

acquisition means for acquiring a lens information about the s comprises storage means for storing lens characteristics of
taking lens used to record the image; identifying means for  the taking lens used to record the image and aberration
1den§1fy1ng a lens type from the acqmred.lens information; correcting means for acquiring the lens characteristics of the
and Imi‘lge processu;ghmf;ans fc?r pﬁ:rfo.rmlﬁlg.at least sharp- corresponding lens from the storage means in accordance
ness enhancement of the image; wherein the Image process-  with the lens information acquired by the first acquisition
g]fgtt?elzegcr)lrsr :shecfxsl 511111] mit:r:lrzllﬁetzyir?fatc:t::i)fé];;gze\ifsitﬁnfsrig?rﬁigf 10 means and correcting aberrations in the image derived from
cation result IZ) f the flgens tg ¢ by the identifvine means the taking lens used to record the image using the acquired

In thi .. }f’p bly hat the i ying " lens characteristics, the position information of the image
me:n; ::i)rfpr?(s::s 1;;? grrﬁ ersellla c rtleesl; terfh;rll;%e I;;Ziflsss}régr and the information about the focal length of the taking lens
performing pthe sharpnessy enhg)lcemen t on theg image but acquired by the second acquisition means. In th1§ case, it is
also storage means for storing lens characteristics related to 1 also ptrefzretblfz thta.t whe;n the gbelrrla tion ctgrrecttlﬁlg meang
the lens type and aberration correcting means for receiving corrects deteriora 1fon hO margina upnfna ton, ebsecoE
the lens characteristics of the corresponding lens type and acquisition means turther acquires an information about the
correcting deterioration in image quality of the image based ~ diaphragm used at the time of image recording and the
on a position information of the image and the lens gberratlo.n correcting means addltlgnally uses the dlaphra.gm
characteristics, wherein correction the deterioration of the 20 information to correct the deterioration of the marginal
image quality by the aberration correcting means is also lummauo.n..Preferably, the storage means stores, as the lens
performed on the image that alters the intensity of the characteristics, the lens characterlstlcg at aplurah.ty of focal
sharpness enhancement. lengths of the lens and th.e .aberratlon correcting means

Preferably, the aberration correcting means corrects at i:almtllllak?s tthe lens f?ﬁraftenls?cs e:Ltthpltl.raht}; ?If ﬁ? foca%
least one of distortion, chromatic aberration of magnification 25 Eng, S 10 ermzo ; ocal lengt! Z gc lﬁe atthe d me o
and deterioration of marginal rumination derived from the the image recording that was acquired by the second acqui-
lens characteristics sition means to determine the lens characteristics of the lens

Preferably, the image processing means performs the at the’ focal length effective at the time of ‘the 1mage
sharpness enhancement by the sharpness enhancing means recprdlng. Preferably, .the aberration correcting means

. . . S 30 assigns one of three primary colors as a reference color,
after the correction of the image quality deterioration by the . ..
aberration correctine means calculates offsets in image positions of the other colors from
Preferably. th f i ’ " s th the image position of the reference color derived from the
relerably, the aberralion correcting means correc © chromatic aberration of magnification, uses the offsets
chrpmatic aberration of magni.ﬁc.ation and the distortip n derived from the chromatic abgerration of, magnification and
drivdfom he s chrtrstes o e et e fhes e g posionof e s cobe v
characteristics, and wherein the aberration correcting means from lh-e d%StOI‘thH to caleulate appropriate positions of the
. ,f th . | f g ) respective images as corrected for both the distortion and the
assighs onc ol hree primary Colors as a Iclerence colof, chromatic aberration of magnification, and corrects the
calcylates offo.:t.s in image positions of the Oth?r colors from distortion and the chromaticg aberratio’n of magnification
ttll]e 1ma§e pci)smortl' of thg referepffe fo lor derlvegl fron& ﬁie 40 based on the appropriate positions or uses the appropriate
chromatic aberration of magnification, uses the offsets e : :
. . . i . . ositions to perform electronic scaling.
derived from the chromatic aberration of magnification and P It is furthI::r referable that the abgove- described image
the offset in the image position of the reference color derived rocessing a fra s of the first aspect further inclu d%s
from the distortion to calculate appropriate positions of the gtora . mge anI;pfor storing lens characIt)eristics of the takin
respective images as corrected not only for the distortion but & ormng . . e
also for the chromatic aberration of magrification, and 45 lens in accordance with the lens information about the taking
corrects the image quality deterioration based on the appro- lf:.ns' anfl Wh.ereln the IMAgE Processing means has

. . - bi-directional image processing means for performing the
priate positions of the respective images or uses the appro- . . . . .

. . L . image processing schemes on the input image data in a first
priate positions of the respective images to correct the image di . £ th ded i d d di .
quality deterioration and perform electronic scaling trection of the recorded image and a second direction

Preferablv. the I ‘ that . h ", th 50 crossing the first direction, using an information about pixel

referably, the lens type that requires change in the . . . -

intensit of};he sha nessy Enhanceme?lt of the im%l e is the positions 0~f an input image and the characteristics of tl'}e
1 fy fil . hﬁp & related taking lens as read from the storage means in
en; Of a blm \;qt' cns. . I he i accordanc‘:e‘\yith the taking lens informat%on‘ acql}ired ‘py the
. refer; yflt ¢ 1mage ﬁ)rocessmg me}fans Zi tefrs the nten- first acquisition means. Preferably, the bi-directional image
sity ol the sharpness enhancement uniformly for an entire 55 rocessing means has at least one of a first and a second
part of the image in one frame or divides the image in the distortion correcting part that correct distortion in the first
one frame into a plurality of image arcas and alters the and second directions, respectively; a first and a second
intensity for each .Of the lelded. Image arcas. ) magnification chromatic aberration correcting part that cor-
_ Preferably, the image processing means alters the inten- rect chromatic aberration of magnification in the first and
sity of the sharpness enhancement. independently for each g, secqnd Qirection§, resPectively; a first and a second margir}al
color of thrf%e primary colors or uniformly for each color of lumination deterioration correcting part that correct deterio-
the three primary colors. ration of marginal lumination in the first and second

Preferably, the image processing means further alters the directions, respectively; a first and a second defocusing
intensity of the sharpness enhancement in accordance with  correcting part that correct defocusing in the first and second
a film type. 65 directions, respectively; a first and a second electronic

It is preferable that the above-described image processing
apparatus of the first aspect further comprises: second acqui-

scaling part that perform electronic scaling in the first and
second directions, respectively; and a first and a second
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sharpening part that perform sharpness enhancement in the
first and second directions, respectively. Preferably, the
bi-directional image processing means has a first image
processing part and a second image processing part that
perform image processing schemes independently of each

12

selected by the selection means is scaled with at least one of
an electronic scaling ratio for producing the output image
data, number of input pixels in the input image data, size of
an input image and the size of the output image, whereby the
parameter is converted to an aberration correcting parameter

5

other in the first and second directions, respectively. that is related to the output image data on a pixel basis; and
Preferably, the bi-directional image processing means is aberration correcting means which corrects the aberrations
capable of selecting an order of the image processing of the image derived from the image taking lens using the
schemes that are performed by the first and second image thus obtained, pixel-dependent aberration correcting param-
processing parts. It is still further preferable that the above- ,, eter. Preferably, the image is one that is recorded on a
described image processing apparatus further includes uni- photographic film and the size of the input image is equal to
directional image processing means for performing unidi- the size of the image as it is read from the photographic film.
rectional image processing in at least one of the first and In order to attain the second object described above, an
second directions. preferably, if the input image data is image processing method of the second aspect of the resent
acquired by line sensors that read the image recorded on the 15 invention that acquires not only input image data from an
film, the unidirectional image processing means has a color image recorded optically with a taking lens but also a lens
divergence correcting part that corrects the color divergence information about the taking lens used to record the image
derived from the line sensors. and which performs image processing schemes on the input

It is preferable that the above-described image processing image data using the obtained lens information, thereby
apparatus further includes control means for altering con- ,; producing output image data, and which comprises the steps
tents of the image processing schemes in each of the first and of: acquiring not only an information about focal length
second directions. Preferably, the control means alters the effective at the time of recording the image but also lens
contents of the image processing schemes by changing a characteristics of the taking lens from the lens information;
kind or degree of the image processing schemes. Preferably, and correcting aberrations in the image derived from the
the control means alters the contents of the image processing ,5 taking lens used to record the image using the obtained lens
schemes by changing values of parameters in the image characteristics, a position information for the recorded
processing schemes in each of the first and second direc- image and the information about the focal length.
tions. Preferably, the parameters in the image processing Preferably, the aberrations comprise at least one of chro-
schemes are at least one of a filter coefficient of a filter used; ~ matic aberration of magnification, distortion, deterioration
a correction coefficient for correction of distortion; a cor- 39 of marginal lumination and defocusing. It is preferable that
rection coefficient for the correction of chromatic aberration the above-described image processing method further com-
of magniﬁcation; a correction coefficient for correction of prises steps of acquiring an information about a diaphragm
deterioration of marginal rumination; a correction coefficient used to record the image and correcting deterioration of
for correction of defocusing; an electronic scaling ratio; and  marginal lumination of the input image data as the aberration
a coefficient of the sharpness enhancement. 35 taking account of the diaphragm information. Preferably, the

Preferably, if the bi-directional image processing means characteristics of the taking lens are calculated in terms of
includes at least a distortion correcting part and a magnifi- the focal length effective at image recording using prelimi-
cation chromatic aberration correcting part, either an amount narily obtained lens characteristics of the taking lens at a
of correction of chromatic aberration of magnification or an plurality of focal lengths. Preferably, the correction of
amount of correction of distortion or both amounts in the 40 aberrations includes distortion and chromatic aberration of
distortion and magnification chromatic aberration correcting magnification and comprises the steps of assigning one of
parts differ between the first and second directions. three primary colors as a reference color, calculating offsets
Preferably, if the bi-directional image processing means in image positions of the other colors from the image
includes at least a distortion correcting part and a magnifi- position of the reference color derived from the chromatic
cation chromatic aberration correcting part, correction in 45 aberration of magnification, calculating appropriate posi-
whichever of the first and second directions that requires the tions of the respective images as corrected for both the
chromatic aberration of magnification and distortion to be distortion and the chromatic aberration of magnification by
corrected in smaller amounts precedes the correction in the using the offsets derived from the chromatic aberration of
other direction. It is preferable that if the input image data magnification and the offset in the image position of the
is acquired by photoelectric reading of the recorded image so reference color derived from the distortion, and performing
with line sensors that have the first direction as a main either the correction of the distortion and the chromatic
scanning direction and the second direction as an auxiliary aberration of magnification or electronic scaling or both by
scanning direction, the image processing apparatus using the appropriate positions.
described above further includes a color divergence correct- In order to the second object described above, an image
ing part that corrects the color divergence derived from the ss processing apparatus of the second aspect of the present
line sensors in the second direction. invention which acquires input image data from the image

It is preferable that the above-described image processing recorded optically with a taking lens of variable focal length
apparatus of the first aspect further includes storage means and performs image processing schemes on the input image
for storing parameters for correcting aberrations which the data to produce output image data, and which comprises:
lens used to record the image causes in an imaging plane 60 first acquisition means for acquiring an information about
where the image is focused and the image processing means the taking lens used to record the image, second acquisition
further includes: selection means for selecting a parameter means for acquiring an information about the focal length of
which corrects the aberrations that the related taking lens the taking lens effective at the time of recording the image,
causes on the imaging plane from the storage means in storage means for storing lens characteristics of the lens
accordance with the lens information acquired by the first 65 used to record the image, and aberration correcting means

acquisition means; conversion means by which the param-
eter for correcting the aberrations on the imaging plane as

which, in accordance with the lens information acquired by
the first acquisition means, obtains the lens characteristics of
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the corresponding lens from the storage means and which
uses the obtained lens characteristics, a position information
for the image and the information about the focal length of
the lens acquired by the second acquisition means, thereby

14

means in accordance with the lens information acquired by
the first acquisition means; conversion means by which the
parameter for correcting the aberrations on the imaging
plane as selected by the selection means is scaled with at

correcting the aberrations in the image derived from the 5 least one of an electronic scaling ratio for producing the
taking lens used to record the image. output image data? num!)er of input p}xels in the input image
. .. . . data, a size of the input image and a size of the output image,
In this case, it is preferable that the aberrations comprise hereby th ter i ted t berrati i
at least one of chromatic aberration of magnification, whereby the parameter 15 converted 1o an aberration cor
distortion, deterioration of marginal lumination and defo- recting parameer that is rglated o th? output 1mage.data on
> g .
cusing. 10 @ pixel be‘151s, and aberfatlon correcting means which cor-
) . ) ) rects the image aberrations derived from the image taking
Preferably, if the aberration correcting means is to correct  epg by using the aberration correcting parameter on the
deterioration of r.narglna.l lumma.tlon, the secqnd acquisition pixel basis converted by the conversion means.
means also acquires an information ab'out a dlaph.r agm used In this aspect, it is preferable that the image is one that is
to record the 1mage and the. abf.:rratlon correcting means 15 recorded on a photographic film and the size of the input
corrects the m?rgmal lu.mlnatlop deterioration taking image is equal o a size of the image as it is read from the
account of the diaphragm information. photographic film. Preferably, the aberration comprises at
Preferably, the storage means stores, as the lens least one of chromatic aberration of magnification,
characteristics, characteristics of the lens at a plurality of distortion, deterioration of marginal lumination and defo-
focal lengths and the aberration correcting means calculates 50 cusing.
the lens characteristics at the plurahty of.focal lengths. in In order to attain the fourth object described above, an
terms of the focal length effectlve at the time of recqrfl%ng image processing method of the fourth aspect of the present
the image that was acquired by the second acquisition  jnvention comprises the steps of: acquiring not only input
means, thereby determining the.lens charact.erlstlcs Qf the image data from the image recorded optically with a taking
lens at the focal length effective at the time of image .. |ens but also an information about the taking lens used to
recording. record the image; obtaining lens characteristics of the taking
Preferably, the aberration correcting means assigns one of lens from the acquired lens information; and performing
three primary colors as a reference color, calculates offsets image processing schemes on the input image data by using
in image positions of the other colors from the image the obtained lens characteristics and a position information
positions of the reference color derived from chromatic 35 for the recorded image; wherein the input image data is
aberration of magnification, calculates the appropriate posi- subjected to the image processing schemes a first direction
tions of the respective images as corrected for both distor- of the recorded image and a second direction crossing the
tion and chromatic aberration of magnification by using the first direction. Preferably, the image processing schemes
offsets derived from chromatic aberration of magnification include at least one of correction of aberrations derived from
and the offset in the image position of the reference color ;5 the taking lens, electronic scaling and sharpening.
derived from distortion, and corrects the distortion and Preferably, the correction of the aberrations includes at least
chromatic aberration of magnification based on the appro- one of distortion, chromatic aberration of magnification,
priate positions or performs electronic scaling by using the deterioration of marginal lumination, and defocusing.
appropriate positions. Preferably, the image processing schemes are performed in
In order to attain the third object described above, an 49 the first and second directions independently of each other.
image processing method of the third aspect of the present Preferably, an order of the image processing schemes is
invention which acquires input image data from an optically selectable in the first and second directions. It is preferable
recorded image and performs image processing schemes on that the above-described image processing method further
the input image data to produce output image data, and comprises the step of performing unidirectional image pro-
which comprises the steps of: scaling preset parameters for 45 cessing in at least one of the first and second directions.
correcting the aberrations which the lens used to record the Preferably, when the input image data is acquired by line
image causes in the plane where the image is focused by sensors that read the image recorded on a film, the unidi-
means of at least one of an electronic scaling ratio for rectional image processing is color divergence correction
producing the output image data, number of input pixels in that corrects the color divergence derived from the line
the input image data, a size of the input image and a size of s5p sensors. Preferably, contents of the image processing
the output image to produce aberration correction param- schemes are altered in each of the first and second directions.
eters that are related to the output image data on a pixel Preferably, the contents of the image processing schemes are
basis; and correcting the aberrations in the image derived altered by changing a kind or degree of the image processing
from the lens used to record the image by using the aber- schemes. Preferably, the contents of the image processing
ration correction parameters on the pixel basis. 55 schemes are altered by changing values of parameters in the
In order to attain the third object described above, an image processing schemes in each of the first and second
image processing apparatus of the third aspect of the present directions. Preferably, parameters in the image processing
invention which acquires input image data from an optically schemes are at least one of a filter coefficient of a filter used,
recorded image and performs image processing schemes on a correction coefficient for correction of distortion; a cor-
the input image data to produce output image data, and 60 rection coefficient for correction of chromatic aberration of
which comprises: acquisition means for acquiring an infor- magnification; a correction coefficient for correction of
mation about taking lens used to record the image; storage deterioration of marginal lumination; a correction coefficient
means for storing parameters for correcting the aberrations for correction of defocusing; an electronic scaling ratio; and
which the lens used to record the image causes in an imaging a coefficient of sharpening.
plane where the image is focused; selection means by which 65  Preferably, if the image processing schemes include at

a parameter for correcting the aberrations which the related
lens causes on the imaging plane is selected from the storage

least correction of distortion and chromatic aberration of
magnification, either an amount of correction of chromatic
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aberration of magnification or an amount of correction of
distortion or both amounts differ between the first and
second directions. Preferably, if the image processing
schemes include at least correction of distortion and chro-
matic aberration of magnification, the correction in which-

16

and second directions. Preferably, the control means alters
the contents of the image processing schemes by changing
a kind or degree of the image processing schemes.
Preferably, the control means alters the contents of the image
processing schemes by changing values of parameters in the

5

ever of the first and second directions that requires the image processing schemes in each of the first and second
chromatic aberration of magnification and distortion to be directions. Preferably, the parameters in the image process-
corrected in smaller amounts precedes the correction in the ing schemes are at least one of a filter coefficient of a filter
other direction. Preferably, if the input image data is used; a correction coefficient for correction of distortion; a
acquired by photoelectric reading of the recorded image correctiop coc;ﬂicient for co‘rrection of'chromatic aber'ration
with line sensors that have the first direction as a main of magnification; a correction coefficient for correction of
scanning direction and the second direction as an auxiliary deterioration of marginal lumination; a correction coefficient
scanning direction, the image processing schemes in the for correction of defocu§1ng; an electronic scaling ratio; and
second direction further include correction of color diver- a coefficient 9f shar.pemng. . .

gence caused by the line sensors. Preferably, the first and 5 Preferably, if the image processing means includes at least
second directions cross at right angles. a dlStOFthl’l correcting part.and a magnification chro'rnatlc

In order fo attain the fourth object described above. an aberration correcting part, either an amount of correction of
. . J > chromatic aberration of magnification or an amount of
Image processing apparatus ,Of Fhe fqurth aspect of the correction of distortion or both amounts in the distortion and
present invention WI.HCh acquires 1np1.1t image data from the magnification chromatic aberration correcting parts differ
image recorded optically with a taking lens and performs 5y pepween the first and second directions. Preferably, if the
specified image processing schemes on the input image data image processing means includes at least a distortion cor-
to produce output image data, and which comprises: acqui- recting part and a magnification chromatic aberration cor-
sition means for acquiring an information about the taking recting part, correction in whichever of the first and second
lens used to record the image; storage means for storing directions that requires chromatic aberration of magnifica-
characteristics of the taking lens in accordance with the 55 tion and distortion to be corrected in smaller amounts
information about the taking lens; and image processing precedes the correction in the other direction. Preferably, if
means which performs the image processing schemes on the the input image data is acquired by photoelectric reading of
input image data in both a first direction, of the recorded the recorded image with line sensors that have the first
image and a second direction crossing the first direction, by direction as a main scanning direction and the second
using an information about pixel positions of the input 33 direction as an auxiliary scanning direction, it further
image and the characteristics of the related taking lens as includes a color divergence correcting part that corrects the
read from the storage means in accordance with the infor- color divergence derived from the line sensors in the second
mation about the taking lens acquired by the acquisition direction. Preferably, the image processing means allows the
means. first and second directions to cross at right angles.

In this aspect, it is preferably that the image processing 35  In order to attain the fifth object described above, an
means has at least two parts of first and second distortion image processing method of the fifth aspect of the present
correcting parts that correct distortion in the first and second invention comprises the step of subjecting image data rep-
directions, respectively; first and second magnification chro- resenting an image recorded on an image recording medium
matic aberration correcting parts that correct chromatic to image processing schemes in either a first direction or a
aberration of magnification in the first and second directions, 49 second direction crossing the first direction or both
respectively; first and second marginal lumination deterio- directions, wherein if the image processing schemes are to
ration correcting parts that correct deterioration of marginal be performed in both the first and second directions, contents
lumination in the first and second directions, respectively; of the image processing schemes in each of the first and
first and second defocusing correcting parts that correct second directions are altered. In this aspect, the alternation
defocusing in the first and second directions, respectively; 45 of contents of the image processing schemes in each of the
first and second electronic scaling parts that perform elec- first and second directions includes cases that the kind of the
tronic scaling in the first and second directions, respectively; image processing scheme is altered and that the degree of the
and first and second sharpening parts that perform sharpen- image processing scheme is altered while the kind of the
ing in the first and second directions, respectively. image processing scheme is the same.

Preferably, the image processing means has a first image so For example, if the above-mentioned image data is
processing part and a second image processing part that  obtained with the three-line color CCD corresponding to
perform image processing schemes independently of each each of R, G and B components, the image which is formed
other in the first and second directions. Preferably, the image on the basis of the above-mentioned image data may have
processing means is capable of selecting an order of the color divergence in the direction (auxiliary scanning
image processing schemes that are performed by the first s5 direction) that is perpendicular to the direction (main scan-
and second image processing parts. It is preferable that the ning direction) in which lines of the three-line color CCD
above-described image processing apparatus further extend. In this case, the image processing may be performed
includes unidirectional image processing means for per-  to correct the color divergence only in the auxiliary direc-
forming unidirectional image processing in at least one of tion. Therefore, the above-mentioned color divergence can
the first and second directions. Preferably, if the input image 60 be corrected by the image processing only in one direction
data is acquired by line sensors that read the image recorded  which applies the auxiliary direction as either one of the first
on a film, the unidirectional image processing means has a  and second directions in the image processing method of the
color divergence correcting part that corrects the color present aspect, as well as the above-mentioned correction
divergence derived from the line sensors. processing of color divergence as the image processing
It is also preferable that the above-described image pro- 65 whereby the image processing only in one direction can be

cessing apparatus further includes control means for altering
contents of the image processing schemes in each of the first

performed at a higher speed than the image processing in
both first and second directions can.
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Moreover, for example, when the image recorded in the
image recording medium is projected through the lens so
that the correction of the aberrations of the above lens is
performed as the image processing, the correction process-

18

the values of parameters in the image processing schemes in
each of the first and second directions; hence, highly flexible
image processing can be accomplished by a simple method
of only changing the values of pertinent parameters.

ing must normally be performed in both main scanning and 5 In order to attain the fifth object described above, an
auxiliary scanning directions; hence, by adopting the main image processing apparatus of the fifth aspect of the present
scanning and the auxiliary scanning directions as the first invention comprises: image processing means for perform-
and second directions respectively in the image processing ing unidirectional image processing schemes on image data
method of the present aspect, the correction of the aberra- that represents an image recorded on an image recording
tiOHS Of the leHS iS performed in both direcﬁons as the image 10 medium; and Control means for COHtrOllng the image pro-
processing in this method. In this case, in the method of the cessing means such that image processing schemes are
present aspect, aberration correction is performed in each performed on the image data in either a first direction or a
direction of the first and second directions. Therefore, a second direction crossing the first direction or both
moving direction of a pixel position caused by the aberration directions, wherein if the control means controls the image
correction is limited to one direction so that, for example, the processing means such that the image processing schemes
interpolation operation can be performed using data of 15 i d in both the first and d directi th
pixels lined along one direction to allow the aberration afe pertormed 11 bo © st and second directions, the
correction processing to be performed in a high speed. control means alters contents of the LMage processing
. . . schemes in each of the first and second directions.

On the other hand, for example, if the image recorded in . . .
the image recording medium is projected through the lens, According to th.e lmage processing apparatus of .the
as well as the data thereof are obfained corresponding to 20 Present aspect, the image processing means for performing
each of R, G and B components with the three-line color the unidirectional image processing schemes on the image
CCD, it may be in cases required that only aberration data that represents the image recorded on the image record-
correction of lens is performed in the main scanning direc- ing medium is provided, and the image processing means is
tion while both the correction processing of color divergence controlled by the control means such that the image pro-
caused by the three-line color CCD and the aberration ,s5 cessing schemes are performed on the image data in at least
correction processing of lens are performed. In this case, the one of the first direction and the second direction crossing
aberration correction of lens in the auxiliary direction is the first direction, as well as, if image processing means is
normally performed with a different correction coefficient controlled such that the image processing schemes are
from that of the aberration correction in the main scanning performed in both the first and second directions, contents of
direction. Also in this case, image processing in each direc- 5, the image processing schemes in each of the first and second
tion can be realized by adopting the main scanning and directions are altered.
auxiliary scanning directions as the first and second direc- Thus, according to the apparatus of the present aspect, in
tions in the method of the present aspect respectively, as well the same way as the method of the present aspect, since the
as the aberration correction as the image processing for the image data representing the image recorded on the image
first direction, and the above-mentioned color divergence ;5 recording medium is subjected to image processing in either
correction and the aberration correction which has different the first direction or the second direction crossing said first
correction coefficient from that for the first direction as the direction or both directions, the image processing of the
image processing for the second direction. image data can be performed at high speed. And if the image

Thus, according to the method of the present aspect, the  processing is to be performed in both the first and second
image data representing the image recorded on the image 4y directions, the contents of the image processing in the first
recording medium is subjected to the image processing direction are changed from those in the second direction;
schemes in either the first direction or the second direction hence, compared to the case of making no changes in their
crossing said first direction or both directions, so that the contents, the intended image processing schemes can be
image processing of the image data can be performed at high ~ performed with a higher degree of flexibility. As well as, if
speed. As well as, if the image processing is to be performed 45 the image processing is to be performed in both the first and
in both the first and second directions, the contents of the  second directions, the image processing in the first direction
image processing in the first direction are changed from and that in the second direction can be executed by a single
those in the second direction; hence, compared to the case of image processing means and this helps simplify the con-
making no changes in their contents, the intended image struction of the image processing apparatus.
processing schemes can be performed with a higher degree 59 A preferred embodiment of the image processing appa-
of flexibility. ratus is characterized in that the control means alters the

In the present aspect of the invention, a preferred embodi- contents of image processing schemes by changing the
ment of the image processing method is characterized in that values of parameters in image processing schemes in each of
the contents of the image processing schemes are altered by the first and second directions. According to the preferred
changing values of parameters in the image processing ss embodiment, the values of the parameters of the image
schemes in each of the first and second directions. Therefore, processing schemes in each of the first and second directions
for example, if the electronic scaling processing is per- are varied by the control means in the apparatus of the
formed as the image processing schemes, the parameter in present aspect, thereby the contents of the image processing
the image processing schemes in each of the first and second schemes are changed. Thus, according to the apparatus of
directions is rendered to the electronic scaling ratio and 6o the preferred embodiment, since the contents of the image
thereby the aspect ratio of the image represented by the processing schemes are altered by changing the values of the
image data after the image processing allow to differ from parameters in the image processing schemes in each of the
the aspect ratio of the image represented by the image data first and second directions, in the same way as the preferred
before the image processing, for example, it is able to embodiment of the method, highly flexible image processing
perform a finish to slender. 65 can be accomplished by a simple method of only changing

Thus, according to the preferred embodiment, the con-
tents of image processing schemes are altered by changing

the values of pertinent parameters. It should be noted that as
the parameters in the image processing schemes described
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above, at least one of a filter coefficient of a filter used, a
coefficient of sharpening, a correction coefficient for correc-
tion of aberrations, and an electronic scaling ratio can be
applied.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram for an exemplary digital
photoprinter using the image processing apparatus of the
invention;

FIG. 2A shows in conceptual form an example of the
carrier in the digital photoprinter shown in FIG. 1;

FIG. 2B shows in conceptual form an example of the
image sensor assembly in the digital photoprinter shown in
FIG. 1,

FIG. 3 is a block diagram for an example of the image
processing apparatus of the invention that is applied to the
digital photoprinter shown in FIG. 1;

FIG. 4 is a block diagram for an example of the aberration
correcting portion of the image processing apparatus shown
in FIG. 3;

FIG. 5 is a block diagram for the processing means that
performs sharpening in the image processing apparatus
shown in FIG. 3,

FIGS. 6A, 6B, 6C and 6D are plan views of films where
the lens information to be used in the image processing
apparatus of the invention are recorded in code form;

FIG. 7 is a plan view of an exemplary film that may be set
in the image processing apparatus in the digital photoprinter
shown in FIG. 1,

FIG. 8 is a block diagram for another example of the
image processing apparatus of the invention which is
applied to the digital photoprinter shown in FIG. 1;

FIG. 9 is a block diagram for yet another example of the
image processing apparatus of the invention which is
applied to the digital photoprinter shown in FIG. 1;

FIG. 10 is a block diagram for a further example of the
image processing apparatus of the invention which is
applied to the digital photoprinter shown in FIG. 1;

FIG. 11 is a flowchart for an example of the image
processing method of the invention;

FIG. 12 is a flowchart for an example of the characterizing
portion of the image processing method of the invention;

FIG. 13 shows in conceptual form the difference between
the image processing method of the invention and a prior art
method,

FIG. 14 is a block diagram showing an outline of an
exemplary digital laboratory system using the image pro-
cessing apparatus of the invention;

FIG. 15 is a perspective view showing the external
appearance of the digital laboratory system of FIG. 14;

FIG. 16 is a block diagram showing an outline configu-
ration of the image processing unit of the invention that is
applied to the digital laboratory system of FIG. 14;

FIG. 17 is a block diagram showing an outline configu-
ration of the image processor in the image processing
apparatus of FIG. 16;

FIGS. 18A and 18B show in conceptual form the xy and
x,y,, coordinate systems, respectively, that are set against a
film image;

FIG. 19 is a flowchart showing the steps that may be
followed in an auto-setup process that is executed by the
auto-setup engine in the image processing apparatus of FIG.
16;

10

15

20

25

30

35

40

45

50

55

60

65

20

FIG. 20 is a flowchart showing an example of the elec-
tronic scaling ratio routine that is executed during the
auto-setup process shown in FIG. 19;

FIGS. 21A, 21B and 21C show in conceptual form the
procedure of computing the electronic scaling ratio in the
process of FIG. 20, in which FIG. 21A shows the outer edge
of the original image, FIG. 21B shows the outer edge of an
image that has been corrected for LF aberrations (distortion
and chromatic aberration of magnification) and subjected to
electronic scaling in y-direction only, and FIG. 21C shows
the outer edge of an image that has been subjected to LF
aberration correction and electronic scaling in x-direction
only;

FIGS. 22A, 22B, 22C, 22D and 22E show in conceptual
form the action of the one-dimensional image processing
portion in the image processor of FIG. 17, in which FIG.
22A shows the outer edge of the original image, FIG. 22B
shows the outer edge of an image that has been subjected to
LF aberration correction and electronic scaling in
y-direction, FIG. 22C shows the outer edge of an image that
has been freed of pixel losses in y-direction, FIG. 22D shows
the outer edge of an image that has also been subjected to LF
aberration correction and electronic scaling in x-direction,
and FIG. 22E shows the outer edge of an image that has been
freed of pixel losses in y-direction;

FIGS. 23A and 23B show graphically how a human
subject in the original image comes out in a print if it is
processed by the “finish to slender” technique and reduced
or enlarged by electronic scaling in the image processing
method of the invention;

FIG. 24 is a block diagram outlining another construction
of the image processor in the image processing apparatus of
FIG. 16;

FIG. 25A shows graphically the geometric distortion of an
image due to lens distortion; and

FIG. 25B shows graphically the outer edge of an image
that is represented by image data after it has been corrected
for the distortion.

DETAILED DESCRIPTION OF THE
INVENTION

The image processing method and apparatus of the inven-
tion are now described with reference to the preferred
embodiments shown in the accompanying drawings.

FIG. 1 is a block diagram of an exemplary digital pho-
toprinter using the image processing apparatus of the inven-
tion which implements the image processing method of the
invention.

The digital photoprinter (hereinafter referred to simply as
“photoprinter”) generally indicated by 10 in FIG. 1 com-
prises basically a scanner (image reading apparatus) 12 for
photoelectrically reading the image recorded on a film F, an
image processing apparatus 14 which performs image pro-
cessing on the thus read image data (image information) and
with which the photoprinter 10 as a whole is manipulated
and controlled, and a printer 16 which performs imagewise
exposure of a light-sensitive material (photographic paper)
with light beams modulated in accordance with the image
data delivered from the image processing apparatus 14 and
which performs development and other necessary process-
ing to produce a print (photograph).

Connected to the image processing apparatus 14 are a
manipulating unit 18 having a keyboard 184 and a mouse
18b for inputting (setting) various conditions, selecting and
commanding a specific processing step and entering a com-
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mand and so forth for effecting color/density correction, as
well as a display 20 for representing the image captured with
the scanner 12, various manipulative commands and pic-
tures for setting and registering various conditions.

The scanner 12 is an apparatus with which the images
recorded on the film F are read photoelectrically frame by
frame. It comprises a light source 22 is a variable diaphragm
24, a diffuser box 28 which diffuses the reading light
incident on the film F so that it becomes uniform across the
plane of the film F, a carrier 30 for holding the film F in a
specified position, an imaging lens unit 32, an image sensor
34 having line CCD sensors capable of reading R (red), G
(green) and B (blue) images, an amplifier (Amp) 36 and an
A/D (analog/digital) converter 38.

In the photoprinter 10, dedicated carriers 30 are available
that can be loaded freely in the scanner 12 in accordance
with the type and size of the film used such as a film of the
Advanced Photo System (APS; see FIG. 7), a negative (or
reversal) film of 135 size, or a film with lens, and in
accordance with the format of the film such as a strip (a long
film or a piece containing more than one, say, six frames)
and a slide. By replacing one carrier with another, the
photoprinter 10 can be adapted to process various kinds of
films in various modes. The images (frames) that are
recorded on the film and which are subjected to the neces-
sary procedure for print production are transported to and
held in a specified reading position by means of the carriers
30.

The scanner 12 captures the images recorded on the film
F in the following manner: the reading light from the light
source 22 has its quantity adjusted by means of the variable
diaphragm 24 and is incident on the film F held in the
specified reading position by means of the carrier 30 and
thereafter passes through the film to produce projected light
bearing the image recorded on the film F.

As shown in FIG. 2A, the carrier 30 has a pair of transport
roller pairs 30z and 30b and a mask 40 having a slit 40a. The
transport rollers 30z and 30b are provided on opposite sides
of the specified reading position in an auxiliary scanning
direction which is perpendicular to the main scanning direc-
tion (i.e., the direction in which the line CCD sensors in the
image sensor 34 extend) and they transport the film F with
its length being parallel to the auxiliary scanning direction as
the film F is held on the reading position. The slit 40a
extends in the main scanning direction and defines the
projected light from the film F to have a specified narrow
shape, on a position corresponding to the reading position.

Being held on the reading position, the film F is trans-
ported in the auxiliary scanning direction by means of the
carrier 30 as it is illuminated with the reading light.
Consequently, the film F is subjected to two-dimensional slit
scan with the reading light passing through the slit 40a
extending in the main scanning direction, whereupon the
image of each frame recorded on the film F is captured.

As is well known, an APS film F has a magnetic recording
medium formed in regions S1 and S2 as shown in FIG. 7.
The carrier 30 adapted to the APS film (or its cartridge FC)
is equipped with magnetic heads 42 for reading the infor-
mation recorded in said magnetic recording media and
recording any necessary information. The information
recorded in the magnetic recording media in the film F is
read with the magnetic heads 42 and sent from the scanner
12 itself to any necessary sites such as the image processing
apparatus 14 and so forth; alternatively, various kinds of
information are recorded on the magnetic recording media in
the film F by means of the magnetic heads 42. Specifically,
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referring to the APS film F shown in FIG. 7, a magnetic
recording media is provided on the back side of the film F
(where there is no emulsion layer) in regions S2 both above
and below the image regions G1, G2, G3 and so forth of
respective frames, so that information about the taking lens
and the time when the image was recorded can be recorded
as magnetic information during shooting or printing; during
prescan, the thus recorded magnetic information can be read
with the magnetic heads 42 shown in FIG. 2A and thereafter
sent to the image processing apparatus 14.

In this way, various kinds of information such as the type
of the lens used in shooting and the code identifying the type
of that lens can be acquired. Alternatively, various kinds of
information such as the type of the lens used in shooting and
the code identifying the type of that lens may be acquired
from the IC memory fitted in the film cartridge FC.

Indicated by numeral 44 in FIG. 2A is a sensor (or bar
code reader) for reading bar codes such as a DX code, an
expanded DX code and an FNS code that are optically
recorded on the film, as well as various kinds of information
recorded optically on the film and the image recording
regions of individual frames; the various kinds of informa-
tion read with the sensor 44 are sent to any necessary sites
just like the image processing apparatus 14 and so forth.
Stated specifically, irrespective of whether the film F is an
APS film shown in FIG. 3 or a conventional 135 film or
brownie film, the sensor 44 reads the bar codes printed in
regions S1 at an end of the film F and in regions S2 both
above and below the image regions of respective frames G1,
G2 and so forth. If desired, the bar codes in regions S1 and
S2 may be read with the image sensor 34 simultaneously
with the reading of the image regions G1 and G2. In the case
of a film with lens on which an image was taken with a lens
of large aberrations, the taking lens is already known, so in
region S1 (see FIG. 7), a lens type identifying code is
exposed for each type of the lens used and a latent image is
printed as a part of the film’s lot code so that the bar code
is presented on the film F after development. In this way, the
bar code can be read either simultaneously with or sepa-
rately from the image as it is captured with the scanner 12
and the taking lens identifying code can thus be acquired. In
FIG. 7, symbol P designates perforations.

As already mentioned, the reading light passes through
the film F held in a predetermined position by means of the
carrier 30 and the resulting image bearing, projected light is
focused by the imaging lens unit 32 to form a sharp image
on the light-receiving plane of the image sensor 34. As
shown in FIG. 2B, the image sensor 34 is a 3-line color CCD
sensor comprising a line CCD sensor 34R for reading a R
image, a line CCD sensor 34G for reading a G image and a
line CCD sensor 34B for reading a B image. As already
mentioned, each line CCD sensor extends toward the main
scanning direction. The projected light from the film F is
separated into three primary colors R, G and B and captured
photoelectrically by means of the image sensor 34.

The output signals from the image sensor 34 are amplified
with Amp 36, converted to digital form in A/D converter 38
and sent to the image processing apparatus 14.

In the scanner 12, the images recorded on the film F are
captured by two scans, the first being “prescan” at low
resolution and the second being “fine scan” for obtaining
output image data. Prescan is performed under preset read-
ing conditions for prescan that ensure that the images on all
films to be handled by the scanner 12 can be read without
saturating the image sensor 34. Fine scan uses the pres-
canned data and is performed under reading conditions for
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fine scan that are set for each frame such that the image
sensor 34 is saturated at a slightly lower density than the
minimum density of the image (frame) of interest.

A series of image reading operations in the prescan mode

24

FIG. 3 shows only the sites related to image processing
and besides these sites, the processing apparatus 14 includes
a CPU for controlling and managing the overall operation of
the photoprinter 10 including the processing apparatus 14,

that start with the photoelectric reading with the image 5 memories for storing the information necessary for the
sensor 34 and which involve the amplification of the output ~ operation and otherwise of the photoprinter 10, and other
signals, A/D conversion and the final step of outputting ~ components. The manipulating unit 18 and the display 20
digital signals to the image processing apparatus 14 are not are connected to related sites via the CPU and the like (CPU
performed for each of the image recording frames of the film bus).

F but, instead, the necessary information is read by a single 10 The R, G and B digital signals output from the scanner 12
continuous movement of a roll of film at a constant speed. are sent to the data processing section 50, where they are
This is not the case with fine scan, in which the film F is subjected to specified data processing steps such as DC
stopped at each image recording frame and a series of image offset correction, dark correction and shading correction.
reading operations are performed on the basis of the infor- Thereafter, the processed digital signals are transferred into
mation about the center position of each image frame that 15 the log converter 52, where they are converted to digital
has been obtained in the prescan mode. form (density data), of which prescanned (image) data is

Hence, the output signals for prescan and fine scan are stored in the prescan memory 54 and fine scanned (image)
essentially the same except for resolution and output level. data is stored in the fine scan memory 56.

It should be noted that the scanner 12 to be used in the It should be noted that the prescanned data and the fine
present invention is by no means limited to a type that relies 20 scanned data are essentially the same except for resolution
upon the slit scan technique described above but that it may (pixel density) and signal level.
be of a type that relies upon areal exposure, or a technique The prescanned data stored in the prescan memory 54 is
that uses an area CCD sensor to have the image in one frame processed in the prescanned data processing section 58 and
scanned across at a time for R, G and B colors which are the fine scanned data stored in the fine scan memory 56 is
sequentially read on an area basis. » processed in the fine scanned data processing section 60.

The scanner 12 which performs photoelectric reading of The prescanned data processing section 58 has an image
the images recorded on negative, reversal or other kinds of processing subsection 64 and a data converting subsection
films is not the only source of supplying image data to the 66, whereas the fine scanned data processing section 60 has
photoprinter 10 and various other image supply sources may ,, an image processing subsection 68, a data converting sub-
be employed, including image reading apparatus that read section 70 and a lens type identifying subsection 74.
the image on a reflection original, imaging devices such as Both the image processing subsection 64 in the pres-
a digital camera and a digital video camera, communication canned data processing section 58 and the image processing
means such as on-line service, and image recording media  subsection 68 in the fine scanned data processing section 60
such as an FD (floppy disk), MO (magneto-optical recording . are the sites where the image (image data) captured with the
medium) and smart media. These image data supply sources ~ scanner 12 is subjected to specified image processing steps
may be connected to the image processing apparatus 14 in accordance with the image processing conditions that are
either directly or via the associated drive unit so that prints set by means of the condition setting section 62 to be
can be prepared from the supplied image data. described later in this specification. The two image process-

The present invention is particularly useful if it is applied ,, ing subsections 64 and 68 perform essentially the same
to the processing of digital image data, or the image in which processing except that they process image data of different
the subject of interest has been directly recorded with an pixel densities and that the image processing subsection 64
imaging device such as a digital camera or a digital video does not have an aberration correcting portion 72; hence, the
camera. In the illustrated photoprinter 10, the digital image following explanation is directed to the image processing
data obtained by direct recording of the subject with an ,5 subsection 68 of the fine scanned data processing section 60
imaging device such as a digital camera is recorded on an which is taken as a typical example. It should be noted that
image recording medium 25 and a recording medium drive in the present invention, an aberration correcting portion
unit 26 that drives the medium 25 to capture the recorded may also be provided in the image processing subsection 64
digital image data is connected to the image processing of the prescanned data processing section 58 so that the
apparatus 14. Needless to say, a digital camera or other s, prescanned image can optionally be corrected, in the manner
imaging device may be directly connected to the image described below, for the image deterioration due to aberra-
processing apparatus 14 so that the recorded image data can tions such as distortion, chromatic aberration of magnifica-
be directly input to the image processing apparatus 14. tion and deterioration of marginal lumination.

As already mentioned, the output signals (image data) LUT in the image processing subsection 68 (or 64) is a
from the scanner 12, the recording medium drive unit 26 or 55 site where the image is subjected to color balance
the like are sent to the image processing apparatus 14. The adjustment, contrast adjustment (toning) and brightness
following description mainly concerns a typical case where adjustment (density adjustment) by means of LUTs (look-up
image data for one frame is supplied from the scanner 12 to tables). MTX in the image processing subsection 68 (or 64)
the image processing apparatus 14. is a site where the image is subjected to chroma adjustment

FIG. 3 is a block diagram of the image processing 6o DY matrix operations.
apparatus (hereinafter referred to as the “processing The image processing subsection 68 of the fine scanned
apparatus”) 14 according to the first embodiment of the data processing section 60 has an aberration correcting
invention. The processing apparatus 14 comprises a data portion 72 provided between the MTX and a block 68A not
processing section 50, a log converter 52, a prescan memory only for correcting aberrations such as distortion and chro-
54, a fine scan memory 56, a prescanned data processing 65 matic aberration of magnification and correcting image

section 58, a fine scanned data processing section 60, and a
condition setting section 62.

deterioration such as deterioration of marginal lumination
(the correction of these phenomena is hereunder collectively
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referred to as “aberration correction”) but also for perform-
ing electronic scaling. A lens type identifying subsection 74
is connected to the aberration correcting portion 72 and the
block 68A.

As will be described later in this specification, the pro-
cessing apparatus 14 according to the first embodiment of
the invention identifies the type of the lens with which the
subject was recorded on the film F or the lens in an imaging
device which was used to shoot the subject directly and if the
image to be processed is such that it was taken with either
one of preset (preselected) lens types, the processing appa-
ratus 14 performs intense sharpness enhancement
(sharpening) in the block 68A. This is how prints of high
quality that reproduce high-quality images can be output in
the present invention without performing complicated PSF
correction and other operations even if the input image is
recorded with low-cost lenses such as those in films with
lens, compact cameras and digital cameras.

In a preferred embodiment, if the image to be processed
is of such a type that it was taken with a specified lens type
and that it need be subjected to intense sharpening, the
illustrated processing apparatus 14 also performs the cor-
rection of aberrations due to poor lens characteristics so that
the synergistic effect with the intense sharpening contributes
to the production of an image of even better quality.

Thus, in the first embodiment, if the image to be processed
is of such a type that it was taken with low-performance
lenses and that it need be corrected for aberrations to
produce an output image of high quality, at least intense
sharpening and, optionally, aberration correction is per-
formed to realize reproducing a high-quality image. It
should be noted here that in the present invention intense
sharpness enhancement may be applied at the same intensity
for the entire picture in one frame or, alternatively, as in
aberration correction the intensity may be varied in accor-
dance with the lens characteristics, namely, with the distance
from the image center. This not only enables fine correction
of the defocusing (PSF) due to poor lens characteristics but
also the reproduction of a high-quality image that has been
subjected to an appropriate degree of sharpening. In other
words, the correction of defocusing (PSF) may be performed
by varying the intensity of sharpness enhancement in accor-
dance with the lens characteristics of the taking lens, i.e.,
with the distance from the image center.

The lens type identifying subsection 74 acquires lens
information for identifying the lens type, identifies the type
of the lens used to record the image onto the film F,
determines if, on the basis of the identification, it is neces-
sary to perform intense sharpening and aberration
correction, and issues the appropriate instruction to the
aberration correcting portion 72 and the block 68A while
supplying the aberration correcting portion 72 with the
characteristics of the lens of the identified type.

The type of the lens that need perform intense image
sharpening in the present invention is not limited in any way
but at least the image taken with a film with lens (which is
hereunder abbreviated as “LF”) is preferably subjected to
intense sharpening.

The lens information for identifying the type of the lens
used to take the image onto the film F and the means of
acquiring said information are not limited in any particular
way and various methods can be employed.

Usually, lens type can be identified if the model of the
camera used is known. In the case of an APS LF, the
cartridge ID and/or film type that are magnetically recorded
on the film F may be read with the scanner 12 (or the carrier
30) and used to identify the camera model, or the lens type.
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Various kinds of lens information may be used in the
present invention and they include: lens information itself;
information that is an indirect representation of the lens
information such as information of camera model; and codes
of such lens information, namely, codes that are either direct
or indirect representations of the lens information, as exem-
plified by codes of lens type and camera model. Examples
of such codes may represent the film cartridge ID and
camera model from which the above-mentioned lens infor-
mation can be obtained. The lens information under consid-
eration may be the information about the lens itself or its
performance; alternatively, it may be the information about
LF or camera model or the information about the amount of
image deterioration due to lens, for example, the amount of
distortion, chromatic aberration of magnification, deteriora-
tion of marginal rumination and other factors.

The lens information exemplified above is recorded
optically, magnetically or electrically during film
manufacture, film loading, insertion of an image recording
medium into a digital camera or other imaging device or
during shooting and the lens information recorded on the
film F may be read with the scanner 12 (or carrier 30) and
subsequently used to identify the lens type. For details of
this procedure, see below.

In a case where the subject is shot directly, without using
a film, with an imaging device such as a digital camera so
that image data is directly recorded on an image recording
medium, lens information may be recorded electrically in
the header of the image data in a series of frames or of the
image data in one frame (data file) when the image recording
medium is inserted or during shooting and the recording
information is subsequently read to identify the lens type.

In the case of an LF, before loading the camera with the
film F (i.e., during its manufacture), lens information such as
lens type may be recorded on the film F either magnetically
(if it is an APS-LF) or optically (if it is 135-LF or APS-LF)
and used to identify the lens type.

For example, in the case of LF such as a 135-LF or
APS-LF, the lens information can be optically recorded in
the non-recording area of the film (outside the effective area)
beforehand during its manufacture as a separate entity from
a DX code and an expanded DX code. In the same way, in
the case of an APS-LF, the lens information can also be
optically recorded beforehand (also during film
manufacture) in lot codes at the beginning and end of the
APS film that are freely available to the film manufacturer.
Alternatively, the lens information can also be magnetically
recorded in the magnetic layer of the APS-LF beforehand
during film manufacture. In the case of a 135-LF and an
APS-LF that use a film cartridge with IC, the lens informa-
tion can also be electrically recorded in the cartridge IC
beforehand during film manufacture.

In the case of an APS camera or an APS-LF, lens
information such as camera model or lens type may be
magnetically recorded on the film F during film loading or
shooting and subsequently used to identify the lens type in
the manner described above.

Depending on camera model such as a camera using
ordinary 135 films, an APS camera, 135-LF or APS-LF, lens
information such as lens type (camera model) can also be
optically recorded outside the effective area of the film from
the camera side using an LED or the like during film loading
or shooting. Alternatively, with the same types of various
cameras, notches on the edge of the exposing aperture’s
frame of the camera may be exposed (printed) on the film
during shooting so that notch marks 46 shown in FIGS. 6A
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and 6B may be optically recorded outside the effective area
of the film, or jaggedness setting on the aperture which
defines the recording areas of the film in the camera may be
exposed on the film during shooting so that jaggedness 48

28

magnification, deterioration of marginal lumination and,
optionally, image blurring can be approximated to some
extent by a cubic function using as a parameter the distance
from the optical axis of the lens, or the center of the image

shown in FIGS. 6C and 6D may be recorded outside the 5 recorded on the film F (typically represented by x-y
effective area of the film. In the case of the notch marks 46 coordinates); hence;, for (?aCh of the lens‘ types that r}eed be
shown in FIGS. 6A and 6B, lens information can be recorded corre.cted. for d1§t0rt}0n, chrorpatlc abefFaUO,H of
by means of codes representing their number, shape, interval magglﬁcatlon, deterioration o.f marginal lumination, image
or the like. In the case of the jaggedness 48 shown in FIGS. blu.rrlvng and so f.orth,'a function that EXpresses the charac-
6C and 6D, lens information can also be recorded by means 10 '<11StS qf .the distortion and‘ a functhn that expr@sses’the
’ Y haracteristics of the chromatic aberration of magnification
of codes, preferably bar codes that can be read with a bar ¢ 1 function th he ch o fih K
code reader, which represent their number, shape, interval or gs wellas a lunction that expresses the characteristics of the
. . . eterioration of marginal lumination and a function that

the like. In these cases, a range wider than the image . . . )

. . . . expresses the characteristics of the image blurring suffice to
recording area (effective area) is first read with the scanner be stored as 1 haracteristics in the lens t dentifvi
12 (or carrier 30) and from the thus read notch marks 46 or 15 ¢ storec a3 'ens charactenistics m the fens type identilying
. . . . . subsection 74.
jaggedness 48, lens information may be read to identify the If the aberrati i ¢ ain i is found
fens type. necessary by the lens type identifying subsection 74, the

. While all frames in an APS film are “S“auy shot with a aberration correcting portion 72 corrects it for distortion,
smgle.(?amera, some AP S cameras hav.e.a mid-replacement 20 magnification chromatic aberration and marginal lumination
capability (MRC) anfl using this capability, one .roll of APS deterioration together with electronic scaling using both the
ﬁlm may be shot with different cameras. In this case, the lens characteristics of the film F supplied from the lens type
Intensity of Sh?rpn?ss enhancement' to be performed in the identifying subsection 74 and the position information about
present invention in accordance with lens type should of the image data (pixels), such as the positions of the coor-
course be changed in consideration of the MRC with refer- dinates from the center,of the image (how many pixels are
ence to the lens types identified for the respective cameras. 25 from the center pixel). The coordinates may be x-y or polar

In another method, when a photo shop accepts an order, coordinates and various kinds of position information may
a customer tells a model of LF or a model of camera which be used as long as the relative position of the image (pixels)
is used to snoot onto a 135 film or other films; the infor- can be detected.
mation a.bout the model is reco.rded and, at the time of print 5  If the lens type identifying subsection 74 finds that there
preparation, an operator enters it from the keyboard 184 and is no need to perform intense sharpening on a certain image,
the like to identify the lens type. the aberration correcting portion 72 concludes that the image
Identification of lens type is not particularly necessary and has suffered no deterioration in quality due to the taking lens
in the case of a specified film F, say, one that has been shot and performs only electronic scaling. Even if it is found that
with an LF, detection of the film of the LF may be substi- 35 the jmage need be Subjected to intense sharpening, the
tuted for detection of the lens type and intense sharpness aberration correcting portion 72 performs only electronic
enhancement is performed under uniform conditions, scaling if no lens characteristics have been stored in the lens
optionally aberration correction may also be performed. To type identifying subsection 74.
determine whether the film F is an LF, not only the afore- If the correction of chromatic aberration of magnification
mentioned methods of identifying lens type but also various . and that of distortion are performed independently of each
other means may be employed, as exemplified by lens type other using the lens characteristics and the position infor-
information, camera identifying codes recorded on the film mation about the image (which is hereunder referred to as
and the like, and an AP S SSU (snap shooting unit) indicator the “pixel position”), much time is taken by calculations
that is recorded during film manufacture. and, in addition, the need to perform more than one arith-
The lens type identifying subsection 74 stores the infor- ,5 metic operation for interpolation causes the problem of
mation about lens characteristics corresponding to various image deterioration.
lens types, as exemplified by the information about the To deal with this difficulty, it is recommended that a
distortion and chromatic aberration of magnification of the certain color which serves as a reference for three primary
lens and the deterioration of marginal lumination. If the colors R, G and B is selected (typically, G is used as the
intensity of sharpness enhancement is varied with the dis- s reference) and the magnifications for R and B images are
tance from the image center, the necessary information  transformed to match them with the G image, thereby the
about the characteristics of image blurring (c.g., defocusing chromatic aberration of magnification is corrected;
characteristics, or PSF characteristics) is stored in the lens thereafter, the distortion of the G image is corrected to
type identifying subsection 74. If uniform correction is complete the correction of the chromatic aberration of
performed on an LF as described above, the lens type 55 magnification and distortion of the overall image. On the
identifying subsection 74 may include the information about basis of this correction, the appropriate positions of the
the average lens characteristics of the LF. individual pixels are calculated and used to compute their
If the lens type identifying subsection 74 concludes that image data by interpolation, whereupon image data is
the image to be processed was shot with a specified lens type obtained that has been corrected for the chromatic aberration
and needs intense sharpness enhancement and aberration ¢y of magnification and distortion of the image initially
correction, the information about the lens characteristics recorded on the film.
corresponding to the identified lens type is read out of a Since the correction of distortion requires only the cal-
memory and supplied to the aberration correcting portion culations for the G image, the volume of arithmetic opera-
72. tions including those for interpolation can be reduced and
The lens characteristics are not particularly limited but, 65 yet the correction of chromatic aberration of magnification

generally speaking, the characteristics of lens distortion or
characteristics such as those of chromatic aberration of

and distortion can be accomplished in a more efficient
manner.
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In most image processing apparatus, electronic scaling, or
image enlargement or reduction by image data processing, is
usually performed so that the image (image data) is adjusted
to the size appropriate for the output image before it is

30

image data that has been corrected for chromatic aberration
of magnification and distortion.

Thus, in these calculations, R and B images are corrected
for chromatic aberration of magnification with reference to

finally output. The step of electronic scaling is commonly 5 the G image so that the overall image is aligned with the G
performed on the image data by arithmetic operations for image and, then, the overall distortion is corrected using the
interpolation. offset D of the G image due to distortion, thereby calculating

In fact, however, arithmetic operations for interpolation pixel positions that have been corrected for the chromatic
are also required in the aforementioned correction of chro- aberration of magnification and distortion of the R, G and B
matic aberration of magnification and distortion and, 10 images.
eventually, two interpolations are performed, causing occa- The process then goes into the enlarging/reducing part
sional deterioration in the image quality. 72B which, using the pixel positions Ir, Ig and Ib which have

A more recommended practice for dealing with this been corrected for the chromatic aberration of magnification
difficulty is as follows: using the aforementioned lens char- and distortion, performs interpolation of the image data
acteristics and pixel positions of the image data, the appro- 1% (N-times interpolation) in accordance with the enlargement/
priate position for each pixel is calculated from the offsets in reduction ratio, whereby image scaling is effected to produce
the R and B pixel positions with respect to the reference image data that has been corrected for chromatic aberration
color (G) that are caused by chromatic aberration of mag- of magnification and distortion and which has been sub-
nification and from the offset in the G pixel position that is jected to electronic scaling; the image data is thereafter
caused by distortion and, using the information about the 29 output to the block 68A. The method of electronic scaling is
thus calculated pixel position of each pixel, the image data not limited to any particular type and various known meth-
for each pixel is interpolated to perform electronic scaling of ods may be employed, as exemplified by the use of bilinear
the image. In other words, the offsets in the pixel positions interpolation and the use of spline interpolation.
due to the chromatic aberration of magnification and distor- It should be noted that the correction of distortion some-
tion are calculated for the purpose of detecting the position 25 {imes results in the loss of an image from the area of
where each pixel should inherently be located and, in reproduction (a phenomenon generally called “vignetting”);
accordance with the detected appropriate pixel position, the to avoid this problem, the correction of distortion is prefer-
image data is subjected to calculations for interpolation so as ably accompanied by electronic scaling (interpolation) at a
to perform electronic scaling. ratio about 0.1-5% higher than in the case where no such

In this way, only one procedure of calculations for inter- 39 correction is effected.
polation suffices for correcting distortion and chromatic The ratio of the electronic scaling to be done may be set
aberration of magnification while performing electronic at various values depending on the lens type used. The
scaling. amount of distortion often varies between vertical and

The illustrated aberration correcting portion 72 is a site .. horizontal directions of the image, so the ratio of electronic
for implementing the above-described method and, as scaling may accordingly be varied between the two direc-
shown in conceptual form in FIG. 4, it has a coordinate tions.
transforming part 72A and an enlarging/reducing part 72B. In the illustrated apparatus, both distortion and chromatic

Further referring to FIG. 4, ir, ig and ib each represent the aberration of magnification are corrected since this is a
pixel position (address) of the image data (input image data) ,, preferred embodiment. It should, however, be noted that
supplied from the MTX; Ir, Ig and Ib each represent the pixel only one of the two aberrations may be corrected. In this
position of the image data that has been corrected for alternative case, too, the aberration correction should pref-
chromatic aberration of magnification and distortion; Ar and erably not be performed independently from electronic
Ab represent the offsets (or the amounts to be corrected) in scaling; as in the aforementioned method, it is recommended
the R and B pixel positions, respectively, with respect to the 45 that appropriate positions corrected for the offsets due to the
G pixel position that are caused by chromatic aberration of aberration should first be calculated and the information
magnification; and D represents the offset in the G pixel about them is used to perform N-times interpolation of the
position due to distortion. image data for effecting electronic scaling.

When the aberration correcting portion 72 is supplied If desired, not only the distortion and chromatic aberra-
with the image data from the MTX, the coordinate trans- sg tion of magnification but also the characteristics of the
forming part 72 A calculates the following parameters using lens-caused deterioration of marginal lumination and defo-
the lens characteristics supplied from the lens type identi- cusing (PSF) may be stored so that in addition to, or in place
fying subsection 74: Ar and Ab, which represent the offsets of, said aberration correction, correction is made for defo-
in the R and B pixel positions ir and ib due to chromatic ~ cusing and deterioration of marginal lumination.
aberration of magnification with respect to the G pixel s5  The image data processed in the MTX in the image
position ig, and D which represents the offset in the G pixel processing subsection 64 and in the aberration correcting
position ig due to distortion. portion 72 are then processed in the blocks 64A and 68A.

Subsequently, ir or each pixel position of the input image These blocks are the sites where various image processing
data for R is added with Ar and D to calculate Ir, or the pixel schemes other than those mentioned previously, as exem-
position of the R image data that has been corrected for 60 plified by dodging (compressing the dynamic range of an
chromatic aberration of magnification and distortion; image that maintains intermediate tones) and synthesis of
similarly, ib or each pixel position of the input image data for characters and images, are performed in addition to sharp-
B is added with Ab and D to calculate Ib, or the pixel ening. It should be noted that block 64A may be absent from
position of the B image data that has been corrected for the prescanned data processing section 58 and that sharp-
chromatic aberration of magnification and distortion; then, 65 ening may not be performed in the block 64A. The following

ig or each pixel position of the input image data for G is
added with D to calculate Ig, or the pixel position of the G

description assumes that sharpening is performed only in the
block 68A.
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As already mentioned, the processing apparatus 14 of the
invention is such that in response to a command issued by
the lens type identifying subsection 74, the image taken with
a specified lens type is subjected to sharpening in the block
68A (and optionally further in the block 64A) by a greater
extent than in the usual case.

FIG. 5 is a block diagram of an exemplary processing
means for sharpening the image in the block 68A. As shown,
the processing means generally indicated by 90 comprises a
first low-pass filter (hereunder abbreviated as LPF) 92, a first
subtracter 94, a luminance computing means 96, a second
LPF 98, a second subtracter 100, a first Amp 102, a second
Amp 104, a first adder 106 and a second adder 108.

In the processing means 90, S(R,G,B) or the image data
that have been input after the end of predetermined process-
ing schemes (which data is hereunder referred to as the “feed
signals™) are processed with the first LPF 92 to extract their
low-frequency components R,, G; and B; of the feed
signals S(R, G, B). The first LPF 92 may typically be a 9x9
LPF.

The first subtracter 94 subtracts these low-frequency
components R;, G, and B, from the feed signals Sy to
extract medium and high frequency components R, G,z
and B,

The remaining low-frequency components R, , G, and B,
are free from the edges and fine texture of the optically
recorded color image and any coarseness due to the graini-
ness of the film. On the other hand, the medium-frequency
components R,,, G,, and B involve coarseness due to the
graininess of the film, whereas the high-frequency compo-
nents R, G, and B involve the edges and fine texture of
the color image.

Subsequently, the medium and high frequency compo-
nents R, ., G, and B,,,, obtained in the first subtracter 94
are sent to the luminance computing means 96 to extract the
luminance component Y, which represents the luminance
(at medium and high frequencies) as obtained by transform-
ing R,z Gy and B, into the YIQ standards; Y, may
typically be computed by the following equations:

Y3=0.3R+0.59G+0.11B
L1111 =Q =0

It is empirically known that the color components I,,,, and
Q,zzr are substantially absent from images that record ordi-
nary subjects. Therefore, by equating the components I,,,,
and Q,,; to zero (assuming that they represent the color
coarseness due to the graininess of the film), a satisfactory
reproduced image can be obtained that is suppressed in
coarseness.

Then, the luminance component Y,,,, is filtered by the
second LPF 98 to obtain its medium-frequency component
Y,, The second LPF 98 may typically be a 5x5 LPF.

In the second subtracter 100, the medium-frequency com-
ponent Y,, is subtracted from the luminance component
Y 54z to obtain its high-frequency component Y,,.

The medium-frequency component Y,, obtained in the
second LPF 98 is sent to the first Amp 102 where it is
multiplied with a corresponding sharpness gain M to pro-
duce a processed component Y',,; on the other hand, the
high-frequency component Y,, obtained by subtraction is
sent to the second Amp 104 where it is multiplied with a
corresponding sharpness gain H to produce a processed
component Y'.

In the processing means 90, sharpening is preferably
performed in such a way as to enhance the edges and fine
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texture of the image while ensuring that the coarseness due
to the graininess of the film is not very noticeable. To
suppress the graininess, gain M is preferably set in such a
way that the medium-frequency components R,,, G,, and
B,, (luminance component Y,,) which involve the coarse-
ness due to the graininess of the film are not unduly
enhanced; on the other hand, gain H is preferably set in such
a way that the high-frequency components R, G;; and B,
(luminance component Y,;) which involve the edges and fine
texture of the image are enhanced. In this way, sharpening
can be accomplished by the processing means 90 while
suppressing graininess.

The processed component Y',, obtained by the first Amp
102 and the processed component Y' obtained by the
second Amp 104 are combined in the first adder 106 to
produce a processed luminance component Y', ;.

In the second adder 108, the processed luminance com-
ponent Y',,;; is further combined with the aforementioned
low-frequency components R,, G, and B, of the feed
signals Sy to produce sharpened image data R', G' and B'.

Since the aforementioned components I,,,, and Q,,,; are
equated to zero, RGB data obtained by inverse transforma-
tion of the processed luminance component Y',,; are com-
pletely identical to Y', . In other words, simpler processing
can be done by omitting the inverse transformation and by
combining the as-processed luminance component Y',,,
with R;, G, and B,.

As already mentioned, one major feature of the present
invention is that the image taken with a specified lens type
that has been identified by the lens type identifying subsec-
tion 74 is subjected to more intense sharpening than the
ordinary step of sharpness enhancement, preferably one that
achieves suppressed graininess. In the illustrated case, this
need is accomplished by more emphasizing the high-
frequency components, or multiplying Y,, in the second
Amp 104 with gain H having a greater value than the
ordinary setting. In the case under consideration, the inten-
sity of sharpness enhancement is increased as the gain H for
the high-frequency components increases and, hence, it is
the gain H for the high-frequency components that deter-
mines the intensity of sharpness enhancement.

In the processing means 90, appropriate values of gains M
and H which depend on film type, print size and other
parameters are set as defaults. Consider, for the example, the
case of reproducing prints of 2L size from a film shot with
a camera such as a single-lens reflex camera that has a lens
outside the range of specified lens types. Exemplary default
settings are a digital value of 10 for gain M (this value may
correspond to a gain of 1.25) and a digital value of 28 for
gain H (this value may correspond to a gain of 2.50).
Normally, the processing means 90 uses these values of
sharpness gain to perform sharpening.

In the case of an image such as one that was taken with
a specified lens type, for example, an image taken with an
LF and for which the lens type identifying subsection 74
gave an instruction for intense sharpening, the processing
means 90 performs sharpening at an increased intensity
using a greater value of gain H than the default, for example,
a digital value of 32 for gain H (which may correspond to a
gain of 3.50) in the example described above.

In the present invention, the aforementioned method is
not the only way to perform more intense sharpening than in
the ordinary case and various other methods may be
employed as appropriate for the specific sharpening method
used.

When performing intense sharpening, the sharpening con-
ditions such as gain H and gain M which provide the
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intensity of sharpening may be identical for all lens types;
alternatively, optimal conditions may be set for the lens
characteristics of each lens type.

In the above-described case of sharpening at high
intensity, if the intensity of sharpness enhancement, or gain
H for the high-frequency components, is changed uniformly
for the whole image of one frame. This is not the sole case
of the invention and, if desired, the image of one frame may
be divided into a plurality of regions and gain H may be
changed for each of the images in the individual regions. The
way to divide the image of one frame into a plurality of
regions is not particularly limited and it may be divided in
any ways; the size and shape of the regions into which the
image is divided are not particularly limited, either, and it
may be divided into regions of any size and shape. For
instance, the image of one frame may be divided into a
plurality of rectangles, specifically, 20x20 rectangles, or it
may be divided into concentric circles about its center so that
it consists of the center circle and a plurality of surrounding
rings in flat form; alternatively, the image may be divided
pixel by pixel or it may be divided into one or more regions
containing the principal subject in the image and several
regions not containing the principal subject or it may be
divided into the principal subject region and other regions.
Needless to say, gain M for the medium-frequency compo-
nents which is one of the remaining conditions for sharpness
enhancement may be changed for each of the image in the
divided regions.

In the case just described above, the intensity (gain H) and
another condition (gain M) of sharpness enhancement differ
from one divided region to another, so in order to provide
smooth continuity across the boundary between regions, the
intensity of sharpening (gain H) and another condition (gain
M) for every adjacent region are preferably set to vary
smoothly.

In this case, defocusing due to poor lens characteristics
and, hence, the blurring (PSF) of the recorded image tends
to increase with the increasing distance from the image
center as in the case of aberrations such as distortion and
chromatic aberration of magnification or image deterioration
as exemplified by deterioration of marginal lumination. An
effective way to deal with this problem is as follows: in
addition to the information about the characteristics of
aberrations such as distortion and chromatic aberration of
magnification and about the characteristics of brightness at
the edge of image field, the blurring characteristics of the
image under consideration are stored in the lens type iden-
tifying subsection 74 as the information about the lens
characteristics as appropriate for each lens type and, when
the processing means 90 performs sharpness enhancement in
accordance with the present invention, the information about
the blurring characteristics of the image as appropriate for
the identified lens type are read out of the memory so that the
intensity (gain H) and another condition (gain M) of sharp-
ening for each of the divided regions are determined from
the position of each divided region and the extent of the blur.

The advantage of this approach is that even if PSF
correction is not performed in the aberration correcting
portion 72, the blurred image due to the lens can be corrected
as appropriate for the extent of the blur, thus a high-quality
image that is totally or virtually free of blurs can be
reproduced.

In this case, the image of one frame is preferably divided
into a plurality of rectangles, say, 20x20 rectangular regions,
or into concentric circles about the image center to produce
a combination of the central circle and a plurality of rings in
flat form. If the image of one frame is divided into a plurality
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of rectangular regions, their symmetry may be used and the
intensity (gain H) and another condition (gain M) of sharp-
ening are determined for the respective unit rectangular
regions in a quarter of the one-frame whole image; to give
an example, if the image of one frame is divided into 20x20
unit rectangular regions, only 10x10 unit rectangular regions
need be taken into account.

In the above-mentioned case of sharpening at high
intensity, the intensity of sharpening (gain H) is changed
uniformly for the image data of three primary colors, say,
RGB image data. However, this is not the sole case of the
invention and gain H may be changed for R, G and B image
data independently of one another. Needless to say, another
condition for sharpening (gain M) may also be changed for
R, G and B image data independently of one another.

If the intensity (gain H) and another condition (gain M) of
sharpening are changed for R, G and B image independently
of one another, the sharpening circuit 90 shown in FIG. §
may be provided for R, G and B and gains HR, HG and HB
instead of gain H and gains MR, MG and MB instead of gain
M may be independently set in the first and second Amps
(corresponding to Amps 102 and 104) in the sharpening
circuit separately provided for R, G and B.

Rather than obtaining the luminance component Y,
from the medium and high frequency components R,
G,z and B,,;;, the latter may individually be subjected to
filtering with the second LPF 98 to obtain medium-
frequency components R;,, G,, and B,,, which are then
subtracted from R,,;;, G, and B,,,, respectively, to obtain
high-frequency components R,;, G, and B,,. Thereafter, the
obtained medium-frequency components R,,, G,, and B,,
are multiplied by gains Mg, M and My to produce pro-
cessed medium-frequency components R,,, G,, and B,/,
respectively, whereas the obtained high-frequency compo-
nents R;;, G, and B,, are multiplied by gains HR, HG and
HB to produce processed high-frequency components R,;,
G, and B/, respectively.

As described above, the obtained processed medium-
frequency components R,,, G,, and B,, are added to the
obtained processed high-frequency components R/, G;/
and B/, respectively, to produce not the processed lumi-
nance component Y', ., but the medium and high frequency
components R,./, G,,; and B,,;/, which are respectively
combined with the low-frequency components R;, G, and
B, to produce sharpened image data R', G' and B'.

If the intensity of sharpening (gain H) and another con-
dition (gain M) are changed for R, G and B image data
independently of one another, the independency may be
unconditional. From a practical viewpoint, however, that
takes into account various factors including the lens char-
acteristics relative to the three primary colors R, G and B and
the luminosity characteristics of the human eye, either one
of the following two methods is preferably adopted.

In the first method, a default intensity is set for C and
higher intensities are set for R and B (G<R=B). It is because,
normally, R and B are less focused and less sharp than G. In
the second method, a default intensity is set for G and B and
a higher intensity is set for R (G=B<R) only. It is because the
human eye has such luminosity characteristics that are
G>R>B, R and B are less focused and less sharp than G and
B is less noticeable to the human eye.

By using either one of these methods, the volume of the
overall processing can be reduced.

In the above-described case, in order to change the
intensity of sharpening, the gain for the high-frequency
components and the gain for the medium-frequency com-
ponents are changed for the R, G and B image data either
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uniformly or independently of one another. The present
invention is by no means limited to these cases and any other
methods may be employed. In one example, neither gain is
changed but the threshold frequency band in which the feed
signals are separated into high-, medium- and low-frequency

36

fine scanned data processing section 60 are set by the
condition setting section 62.

The condition setting section 62 comprises a setup sub-
section 76, a key correcting subsection 78 and a parameter
coordinating subsection 80.

5
components may be changed. Alternatively, the sharpness The setup subsection 76 uses the prescanned data to set
enhancing method itself may be changed or its intensity may the reading conditions for fine scan; at the same time, it
be changed. For example, in the case of sharpness enhance- selects what image processing steps to be performed, sets the
ment by unsharp masking (USM), coefficients of enhance- conditions for the image processing steps to be performed in
ment may be changed. 10 the image processing subsections 64 and 68, as well as the
In the above-described case, the intensity of sharpness data converting subsections 66 and 70, and supplies those
enhancement is changed as appropriate for a particular lens conditions to the parameter coordinating subsection 80.
type. If the film shot with a camera having a lens of the Specifically, the setup subsection 76 uses the prescanned
particular type has high sensitivity, an increase in the inten- data to perform various operations including the construc-
sity of sharpening results in the enhancement of the graini- tion of density histograms and calculation of various image
ness of the film and the coarseness of the reproduced image 15 characteristic quantities such as average density, highlights
may potentially become noticeable. To deal with this (minimum density) and shadows (maximum density), which
situation, the intensity of sharpening may be changed not may be combined with commands optionally entered by the
only in accordance with the lens type but also as appropriate operator to set the reading conditions for fine scan. In
for the film type. For example, in case of a high-sensitivity addition, the setup subsection 76 determines the image
film, the percentage of increase in the intensity of sharpening 20 processing conditions such as construction of LUTs for the
(gain H) is preferably lowered or so controlled as not to aforementioned gray (or color) balance adjustment and
exceed a certain limit and, optionally, gain M for the grainy matrix operational formulae for chroma adjustment.
medium-frequency components is adjusted to be lower than The key correcting subsection 78 responds to commands
the default value, thereby assuring more positive suppres- from the keyboard 18z and the like for correction of
sion of graininess. 25 brightness, color, gradation and chroma, calculates the
In this way, even images that have been recorded on amounts of image correction, and supplies them to the
high-sensitivity films with a specified lens such as one in a parameter coordinating subsection 80.
compact camera or an LF can be adequately processed to After receiving the image processing conditions set by the
produce high-quality prints that reproduce high-quality setup subsection 76, the parameter coordinating subsection
images with smaller amounts of grainy roughness and image 30 80 sets them in the image processing subsection 64 of the
blur. prescanned data processing section 58 and in the image
If there is one-to-one correspondence between the lens processing subsection 68 of the fine scanned data processing
and film types just like LF, the film type may be identified section 60. Further, in accordance with the amounts of image
from the lens type. Generally speaking, the film type can be correction computed in the key correcting subsection 78, the
identified by reading the information optically recorded on 35 parameter coordinating subsection 80 constructs LUTs and
the film, such as a DX code and an expanded DX code, or the like for performing the correction and sets them at
magnetically recorded information (in the case of an APS specified sites; in addition, the subsection 80 corrects the
film), and such information may effectively be used to image processing conditions set at various sites.
identify the film type. The foregoing description concerns the basic features of
In the illustrated case, sharpening is performed after 40 the image processing method according to the first embodi-
aberration correction is done. This is not the sole case of the ment of the invention and the image processing apparatus
invention and sharpening may be followed by aberration for implementing the method. Needless to say, in the present
correction. It should, however, be noted that from an image invention, the above-described method and apparatus may
quality viewpoint, sharpening is advantageously performed be combined with one or more of the image processing
after aberration correction as illustrated in figure. 45 methods according to below mentioned second, third, fourth
Remember that in the present invention, aberration cor- and fifth embodiments of the invention, as well as the image
rection is not absolutely necessary and the image taken with processing apparatus for implementing those methods.
a specified lens type may only be subjected to intense On the following pages, the operation of the digital
sharpening. photoprinter 10, particularly those of the scanner 12 and the
The image data processed in the image processing sub- 50 image processing apparatus 14 of the present invention will
sections 64 and 68 are sent to the data converting subsec- be described by referring to FIGS. 1-5.
tions 66 and 70. The operator loads the scanner 12 with a carrier 30 that is
The data converting subsection 66 in the prescanned data adapted to the film F, sets the film F (or its cartridge to be
processing section 58 is a site where the image data pro- more exact) in a specified position on the carrier 30, enters
cessed in the image processing subsection 64 is converted 55 the necessary information such as the size of the prints to be
with a 3D (three-dimensional) LUT or the like into a form prepared, and thereafter instructs to start print preparation.
suitable for representation by the display 20. Depending on In response to the instruction of starting print preparation,
the need, electronic scaling may be done in the data con- the stop-down value of the variable diaphragm 24 in the
verting subsection 66. scanner 12 and the storage time of the image sensor (line
On the other hand, the data converting subsection 70 in 60 CCD sensor) 34 are set in accordance with the reading
the fine scanned data processing section 60 is a site where conditions for prescan; thereafter, the carrier 30 transports
the image data processed in the image processing subsection the film F in the auxiliary direction at a suitable speed to start
68 is likewise converted with a 3D-LUT into a form suitable prescan; as already mentioned, the film F is subjected to slit
for image recording with the printer 16 and the resulting scan in the specified reading position and the projected light
image data is supplied to the printer 16. 65 is focused on the image sensor 34 so that the image recorded

The conditions for the various kinds of processing to be
done in the prescanned data processing section 58 and the

on the film F is captured photoelectrically as R, G and B
separations.
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During the transport of the film F, the magnetic heads 42
on the carrier 30 read the information recorded magnetically
on the film F and the sensor 44 reads a DX code or other
kinds of information, so that the necessary information is
sent to a specified site as in the processing apparatus 14,
whereupon the lens type identifying subsection 74 in the
processing apparatus 14 acquires pertinent identifying infor-
mation. As already mentioned, the identifying information
may be provided by various methods including operator
input.

In the present invention, both prescan and fine scan may
be performed frame by frame. Alternatively, all frames may
successively be subjected to prescan and fine scan. If
desired, prescan and fine scan may continuously be per-
formed on frame groups each consisting of a given number
of frames. On the pages that follow, the case of reading the
image in one frame is described for the sake of simplicity.

The output signals produced from the image sensor 34 by
prescan are amplified by Amp 36 and sent to the A/D
converter 38, where they are converted to digital form. The
digital signals are sent to the processing apparatus 14, where
they are subjected to specified data processing steps in the
data processing section 50 and converted to prescanned data
(digital image data) in the log converter 52, with the
prescanned data being then stored in the prescan memory 54.

The prescanned data stored in the prescan memory 54 is
read out of it by means of the setup subsection 76 of the
condition setting section 62, which then constructs density
histograms, calculates image characteristic quantities such
as highlights and shadows and performs any other necessary
operations to set the reading conditions for fine scan, which
are then supplied to the scanner 12. The setup subsection 76
also sets the conditions for various image processing steps
including tonal adjustment, and supplies them to the param-
eter coordinating subsection 80.

Upon receiving the image processing conditions, the
parameter coordinating subsection 76 sets them at a speci-
fied site (hardware) in the prescanned data processing sec-
tion 58 and the fine scanned data processing section 60.

If verification is performed, the prescanned data is read
from the prescan memory 54 by the prescanned data pro-
cessing section 58, image processed in the image processing
subsection 64 under the preset conditions, converted to a
suitable form in the data converting subsection 66, and
represented as a simulated image on the display 20.

Looking at the representation on the display 20, the
operator checks (verifies) the image, or the result of the
processing, and, if necessary, manipulates the adjustment
keys set on the keyboard 18a and so forth to correct the
color, density, gradation and other features.

The inputs for this adjustment are sent to the key correct-
ing subsection 78 which, in response to the entered inputs
for correction, calculates the amounts of correction and
sends them to the parameter coordinating subsection 80. In
response to the supplied amounts of correction, the param-
eter coordinating subsection 80 sets the correcting condi-
tions for implementing them; other operations performed by
the parameter coordinating subsection 80 include the cor-
rection of the previously set image processing conditions.
Hence, the image being represented on the display 20 also
varies in response to this correction, or the inputs for
adjustment entered by the operator.

If the operator concludes that the image in the frame of
interest being represented on the display is appropriate
(verification OK), he or she manipulates the keyboard 18a
and so forth to give a instruction for print start, whereupon
the image processing conditions are finalized and set in the
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scanner 12 in accordance with the reading conditions for fine
scan including the stop-down value of the variable dia-
phragm 24 and, at the same time, carrier 30 transports the
film F at a suitable speed, whereby fine scan gets started.

If no image verification is performed, the image process-
ing conditions are finalized at the point of time when the
parameter coordinating subsection 80 ends setting of the
image processing conditions in the image processing sub-
section 68 of the fine scanned data processing section 60,
and fine scan gets started. Whether image verification should
be performed or not is preferably selectable between modes.

Fine scan is performed in essentially the same manner as
prescan except that the reading conditions are those for fine
scan including the stop-down value of the variable dia-
phragm 24; the output signals from the image sensor 34 are
amplified with Amp 36, converted to digital form in the A/D
converter 38, processed by the data processing section 50 in
the processing apparatus 14, converted to fine scanned data
in the log converter 52 and sent to the fine scan memory 56.

The fine scanned data being sent to the fine scan memory
54 is read by means of the fine scanned data processing
section 60 and subjected to tonal and chroma adjustments in
the LUT and MTX in the image processing subsection 68;
the thus processed data is then sent to the aberration cor-
recting portion 72.

In a separate step, the lens type identifying subsection 74
identifies the lens type from the acquired identifying infor-
mation and determines whether the image to be processed is
one that was taken with a specified lens type and which need
be subjected to intense sharpening and aberration correction.
If both treatments are found necessary, the lens type iden-
tifying subsection 74 sends a command for them to the block
68A and the aberration correcting portion 72; in addition, it
reads the lens characteristics of the identified lens type and
sends them to the aberration correcting portion 72.

On the basis of the lens characteristics and the pixel
positions of the image data, the aberration correcting portion
72 computes the chromatic aberration of magnification and
distortion corrected pixel positions Ir, Ig and Ib in the
coordinate transforming part 72A in the manner already
described above, and sends the computed pixel positions to
the enlarging/reducing part 72B. In the enlarging/reducing
part 72B, the pixel positions Ir, Ig and Ib are used to perform
N-times interpolation of the image data so that electronic
scaling of the image is performed. As a result, the image data
that has been subjected to aberration correction and elec-
tronic scaling is output to the block 68A.

If the lens type identifying subsection 74 concludes that
the input image need not be subjected to intense sharpening,
no treatment is performed in the coordinate transforming
part 72A and only electronic scaling is performed in the
enlarging/reducing part 72B.

The image data supplied to the block 68A is subjected to
any necessary image processing steps including sharpening
and dodging before it is sent to the data converting subsec-
tion 70.

Regarding to the image for which an instruction for
intense sharpening has been issued from the lens type
identifying subsection 74, it is processed by the sharpening
means 90 in the block 68A in the intense manner already
described, i.e., gain H which is a sharpness gain with which
the high-frequency components are to be multiplied is
adjusted to a higher value (e.g. a digital value of 32) than the
default (e.g. a digital value of 28).

The image data supplied to the image data converting
subsection 70 is converted to a form suitable for image
recording with the printer 16 and thereafter sent to the
printer 16.
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The printer 16 records a latent image on a light-sensitive
material (photographic paper) by exposing it in accordance
with the supplied image data and performs development and
other necessary steps for the light-sensitive material, which
is then output as a (finished) print. To give one example of
the printer’s operation, the light-sensitive material is cut to
a specified length in accordance with the size of the print to
be prepared; thereafter, the printer records a back print and
three light beams for exposure to red (R), green (G) and blue
(B) in accordance with the spectral sensitivity characteristics
of the light-sensitive material are modulated in accordance
with the image data (or the image to be recorded); the three
modulated light beams are deflected in the main scanning
direction as the light-sensitive material is transported in the
auxiliary scanning direction (perpendicular to the main
scanning direction) to record a latent image; the latent image
bearing light-sensitive material is then subjected to a wet
development process comprising color development,
bleach-fixing and rinsing; the thus processed light-sensitive
material is dried to produce a print; a plurality of prints thus
produced are sorted and stacked.

As described in detail on the foregoing pages, the first
embodiment of the invention enables the reproduction of
high-quality image in output prints even if the input image
was taken with a film with lens, an inexpensive compact
camera and so forth.

Described above are the basic features of the image
processing method according to the first embodiment of the
invention, as well as the basic construction of the image
processing apparatus for implementing the method.

We now describe in detail the image processing method
and apparatus according to the second embodiment of the
invention with reference to FIG. 8.

The digital photoprinter 110 and image processing appa-
ratus 112 shown in FIG. 8 are the same as the digital
photoprinter 10 and image processing apparatus 14 shown in
FIG. 3 except that a characteristics supply subsection 114 is
substituted for the lens type identifying subsection 74 and
that the block 68A does not perform sharpening at variable
intensity by means of the sharpness enhancing circuit 90;
hence, the same constituent elements are identified by the
same numerals and will not be described in detail.

Like the image processing apparatus 14 shown in FIG. 3,
the image processing apparatus 112 shown in FIG. 8 also
comprises a data processing section 50, a log converter 52,
a prescan memory 54, a fine scan memory 56, a prescanned
data processing section 58, a fine scanned data processing
section 60, and a condition setting section 62. The pres-
canned data processing section 58 has an image processing
subsection 64 and a data converting subsection 66 whereas
the fine scanned data processing section 60 has an image
processing subsection 68, a data converting subsection 70
and a characteristics supply subsection 114.

While the following description is directed to the image
processing subsection 68 of the fine scanned data processing
section 60 as a typical case, it should be noted that in the
second embodiment of the invention, an aberration correct-
ing portion may also be provided in the image processing
subsection 64 of the prescanned data processing section 58
so that the aberration correction described below may be
optionally performed on the prescanned image.

In the image processing subsection 68 of the fine scanned
data processing section 60, an aberration correcting portion
72 that not only corrects the distortion and chromatic
aberration of magnification due to poor lens characteristics
but also performs electronic scaling is provided between an
MTX and a block 68A and the characteristics supply sub-
section 114 is connected to the aberration correcting portion
72.
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The characteristics supply subsection 114 acquires the
identifying information to identify the type of the lens used
to record the image onto the film F; it also acquires the
information about the focal length effective at the time of
shooting the frame of interest (or taking its image) and
supplies the aberration correcting portion 72 with the char-
acteristics of the identified lens at the focal length effective
at the time of taking that image.

The second embodiment under consideration is not lim-
ited to the case of performing aberration correction on all
images and there is no need to perform aberration correction
on the image that was taken with a camera such as a
single-lens reflex camera that uses high-performance lenses
and which has little or no lens aberrations. Whether aber-
ration correction should be performed or not may be deter-
mined depending upon the type of the lens (or the model of
the camera) used to take the image, as typically done by the
lens type identifying subsection 74 in the image processing
apparatus 14 shown in FIG. 3; alternatively, determination
may be made depending upon whether the characteristics
supply subsection 114 stores the characteristics of the lens
type used to take the image. If desired, the operator may look
at the film magazine, cartridge, package, the surface of a film
with lens and so forth and then enter the pertinent informa-
tion from the keyboard 18a and so forth.

The identifying information for identifying the type of the
lens used to take the image on the film F and the means of
acquiring said information are not limited in any particular
way and various methods can be employed. Briefly, all kinds
of the lens information described above that are used to
identify the lens type in the lens type identifying subsection
74 in the first embodiment can be employed.

The focal length (zoom ratio) effective at the time of
taking the image can also be acquired by the same methods.

Some models of APS camera have a capability of mag-
netically recording the focal length effective at the time of
image recording and this capability may be utilized to
acquire the zoom ratio. In another method, when an order for
image processing is placed at a photo shop, the customer
tells the object distance and this information together with
the model of the camera used to take the image may be used
to detect the focal length. In yet another method, the focal
length may be optically printed on the film F during image
taking and likewise read with the sensor 44.

If the camera used to take the image is a fixed focal length
type which has no zooming capability, the focal length may
be acquired from the information for identifying the lens
type (or the camera model).

The focal length need not be indicated in numerals but
may be distinguished as WIDE (wide-angle), MID (middle-
distance) and TELE (telephoto).

While the information about focal length need be acquired
for each frame (or image), the information about lens type
may be acquired for the volume of a single order for print
preparation, for example, a roll of film F or all frames asked
by one customer to be processed at a time for print prepa-
ration.

A word must be said here. Some APS cameras have a
mid-replacement capability (MRC) and the cartridge of film
F, before shooting of all frames ends, may be replaced in a
different camera for continued shooting. To take advantage
of this capability, if image is recorded on a roll of APS film
with a plurality of camera models, it is preferred that the
information for identifying the lens type (or camera model)
may be recorded magnetically to acquire the information
about focal length for each frame or at each camera change.

The characteristics supply subsection 114 stores in it the
information about the lens characteristics for various lens
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types which, in the illustrated case, stores the information
about the distortion and magnification chromatic aberration
characteristics of lens. On the basis of the identified lens
type and the acquired information about focal length, the

42

The aberration correcting portion 72 not only corrects
aberrations such as distortion and chromatic aberration of
magnification but also performs electronic scaling using the
lens characteristics calculated in terms of the focal length

characteristics supply subscction 114 computes the lens s effective at the time of image taking as supplied from the
cha.racterlsylcs for. the focal lengt.h cffective at the.tlme of characteristics supply subsection 114 and the position infor-
taking the image in the frame of interest and supplies them mation about the image data (pixels), such as the positions
to the aberration correcting portion 72. . . of the coordinates from the center of the image (how many

Most of the compact cameras commerc1ally avallabl.e pixels are counted from the center pixel). An image that need
today are capable of zooming up to a ratio of 2 or 3 but their b ted for aberrations is only subjected fo elec-
characteristics of lens aberrations vary with the focal length 10 not be corrected lor . -y subjec

. . . . . tronic scaling in the aberration correcting portion 72.
(image magnification). Therefore, in the accordance with the . . .
second embodiment of the invention which utilizes the lens Note‘ that the processing (o be done mn the.aberratlon
characteristics of the focal length effective at the time of correcting portion 72 mn the.second embod.lment is the same
taking the image, the image aberrations due to the poor lens as the processing which is performed in the aberration
performance (i.e., image deterioration due to lens 15 correcting portion 72 of the image processing apparatus 14
aberrations) can be effectively corrected in accordance with ~ according to the first embodiment which is shown in FIG. 3,
the focal length effective at the time of image taking so that except that the lens characteristics to be supplied are those
aberration-free, high-quality images can be output in a which have been calculated in terms of the focal length
consistent manner. effective at the time of image taking.

The zooming capability of cameras is usually such that 20  As already mentioned, if chromatic aberration of magni-
the zoom ratio does not take discrete values but varies fication and distortion are corrected independently of each
continuously to enable the photographer to take pictures at other using the lens characteristics and the position infor-
any ratio he likes. mation about the image (which is hereunder referred to as

Therefore, if lens characteristics are stored for a plurality the “pixel position”), much time is taken by calculations
of lens types at all possible values of focal length, the 25 and, in addition, the need to perform more than one arith-
volume of data increases to an impracticable huge level. metic operation for interpolation causes the problem of

To deal with this difficulty, in the second embodiment, as image deterioration.

a preferred case setting, the focal length at a plurality of To deal with difficulty, it is also recommended in the
basic points, say, two points, one being a minimum and the second embodiment that a certain color which serves as a
other a maximum, or three points consisting of a minimum, 30 reference for three primary colors R, G and B is selected
a mid-point and a maximum, the lens characteristics at these (typically, G is used as the reference) and the magnifications
multiple points are stored. for R and B images are transformed to match them with the

Two typical methods of correcting aberrations are as G image, thereby correcting the chromatic aberration of
follows: first, in accordance with the identified lens type and magnification; thereafter, the distortion of the G image is
the acquired focal length effective at the time of image 35 corrected to complete the correction of the chromatic aber-
taking, the lens characteristics of the corresponding lens ration of magnification and distortion of the overall image.
type at a plurality of basic points are calculated in terms of Briefly, on the basis of the offsets in the R and B pixel
the focal length effective at the time of image taking by, for positions relative to the reference color (G) that originates
example, spline interpolation to calculate the lens charac- from chromatic aberration of magnification and the offsets in
teristics at the focal length effective at the time of taking the 40 the pixel positions of the reference color that originates from
image in the frame of interest, which are then supplied to the distortion, the appropriate positions of the individual pixels
aberration correcting portion 72; in the second method, are computed. With the aid of the thus calculated appropriate
correction coefficients and the like for correcting the basic positions of the individual pixels, their image data are
lens characteristics to be the lens characteristics effective at computed by interpolation, whereupon image data is
the time of image taking are calculated and then supplied to 45 obtained that has been corrected for the chromatic aberration
the aberration correcting portion 72 together with the basic of magnification and the distortion of the image initially
lens characteristics. recorded on the film.

In one of these methods, a comparatively small volume of Since the correction of distortion requires only the cal-
data is used and yet efficient aberration correction can be culations for the G image, the volume of arithmetic opera-
achieved in relation to a multiple of lens types and a desired 50 tions including those for interpolation can be reduced and
value of imaging magnification (focal length). yet the correction of chromatic aberration of magnification

As in the first embodiment, the lens characteristics are not and distortion can be accomplished in a more efficient
particularly limited but, generally speaking, the character- manner.
istics of lens aberrations such as distortion, chromatic aber- In most image processing apparatus, electronic scaling, or
ration of magnification, deterioration of marginal lumination 55 image enlargement or reduction by image data processing, is
and defocusing (PSF) can be approximated to some extent usually performed so that the image (image data) is adjusted
by cubic functions using as a parameter the distance from the to the size appropriate for the output image before it is
optical axis of the lens, or the center of the image recorded finally output. The step of electronic scaling is commonly
on the film F (typically represented by x-y coordinates); performed on the image data by arithmetic operations for
hence, as in the first embodiment, for those lens types which 60 interpolation.
need be corrected for aberrations such as distortion and In fact, however, arithmetic operations for interpolation
chromatic aberration of magnification, a function that are also required in the aforementioned correction of chro-
expresses the characteristics of the distortion, a function that matic aberration of magnification and distortion and,
expresses the characteristics of the chromatic aberration of eventually, two times of interpolations are performed, caus-
magnification, and functions that express the characteristics 65 ing occasional deterioration in the image quality.

of any other aberrations suffice to be stored as lens charac-
teristics in the characteristics supply subsection 114.

To deal with this problem, a more preferable method that
is recommended in the embodiment under consideration is
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to perform electronic image scaling simultaneously with the
aberration correction by performing N-times interpolation of
the image data in accordance with the scaling ratio using the
information about the appropriate positions of the individual

44

formed by known procedures. Note that the various pro-
cessing schemes described above may be performed in the
block 68A alone.

The image data processed in the image processing sub-

pixels that have been computed in the manner described 5 sections 64 and 68 are sent to the data converting subsec-
above. tions 66 and 70 to produce two kinds of image data, one for

In other words, the offsets in the pixel positions due to the display and the other for image recording, which are respec-
chromatic aberration of magnification and distortion are tively supplied to the display 20 and the printer 16.
calculated for the purpose of detecting the position where On the following pages, we describe the operation of the
each pixel should inherently be located and, in accordance 10 digital photoprinter 110, particularly those of the scanner 12
with the detected appropriate pixel position, the image data and the image processing apparatus 112 according to the
is subjected to calculations for N-times interpolation so as to second embodiment. The operations of the digital photo-
perform electronic scaling. printer 110, scanner 12 and image processing apparatus 112

In this way, only one procedure of calculations for inter- according to the second embodiment are identical to those in
polation suffices for correcting distortion and chromatic 15 the first embodiment except for a part of the actions to be
aberration of magnification while performing electronic performed by the image processing apparatus 112 and,
scaling. therefore, the following description mainly concerns the

The illustrated aberration correcting portion 72 is a site differences between the two embodiments and is made with
for implementing the above-described method and, as reference to FIG. 8.
shown in conceptual form in FIG. 4, it has a coordinate 20  The operator sets the film F (or its cartridge) in a specified
transforming part 72A and an enlarging/reducing part 72B. position on the compatible carrier 30, enters the necessary
In the embodiment under consideration, lens characteristics information such as the size of the prints to be prepared, and
calculated in terms of shooting focal length are supplied not thereafter instructs for starting print preparation.
from the lens type identifying subsection 74 indicted by a In response to the instruction for starting print
solid line in FIG. 4 but from the characteristics supply 25 preparation, scanner 12 starts prescan and the image
subsection 114 indicated by a dashed line. Except of these recorded on the film F is captured photoelectrically as R, G
above two points, the coordinate transforming part 72A and and B separations by the image sensor 34.
the enlarging/reducing part 72B that are shown in FIG. 4 In the meantime, the magnetic heads 42 on the carrier 30
perform the same processing as in the first embodiment. read the information recorded magnetically on the film F and

Again, as in the first embodiment, not only the charac- 30 the sensor 44 reads a DX code or other kinds of information,
teristics of distortion and chromatic aberration of magnifi- so that the necessary information is sent to a specified site as
cation but also the characteristics of other aberrations such in the processing apparatus 112. By this exemplary method
as defocusing (PSF) due to lens and deterioration of mar- or by inputting with the operator or the like, the character-
ginal lumination may be stored so that in addition to, or in istics supply subsection 114 in the processing apparatus 112
place of, said aberration correction, correction may be made 35 acquires the lens information, related identifying informa-
for defocusing and deterioration of marginal lumination. tion and the information about the focal length effective at
Note here that the characteristics of deterioration of mar- the time of taking the image in the frame of interest.
ginal lumination are also affected significantly by the dia- The prescanned data acquired by prescan is sent from the
phragm used in shooting. Therefore, if images are taken with scanner 12 to the processing apparatus 112 and stored in the
a camera having a variable diaphragm and if correction is 40 prescan memory as digital image data. The condition setting
made for the deterioration of marginal lumination, the section 62 reads the stored image data out of the prescan
information about the diaphragm used in shooting is pref- memory 54, sets the reading conditions for fine scan and
erably acquired in addition to the aberration characteristics supplies them to the scanner 12. The condition setting
so that the deterioration of marginal lumination is corrected section 62 also sets the conditions for various image pro-
in accordance with the stop-down value. 45 cessing schemes and supplies them to specified sites

The information about the diaphragm may be acquired in (hardware) in the prescanned data processing section 58 and
the same manner as the aforementioned information about the fine scanned data processing section 60 via the parameter
the focal length. coordinating subsection 80.

The characteristics of the diaphragm-related deterioration After verification by the operator, fine scan is started (if no
of marginal lumination may preferably be treated in the sane 50 verification is performed, fine scan is started after the
manner as the aforementioned distortion and chromatic scanner 12 is set in accordance with the reading conditions
aberration of magnification: it is preferable that only a for fine scan). The fine scanned data read by fine scan is sent
plurality of basic points is stored and used to perform from the scanner 12 to the processing apparatus 112 and
calculations for interpolation so as to provide the character- stored in the fine scan memory 56 as digital image data.
istics of brightness at the edge of image field effective during 55  The fine scanned data stored in the fine scan memory 56
shooting. is read by means of the fine scanned data processing section

The image data processed in the MTX in the image 60 and subjected to tonal and chroma adjustments in the
processing subsection 64 and in the aberration correcting LUT and MTX in the image processing subsection 68; the
portion 72 are then processed in the blocks 64A and 68A. thus processed data is then sent to the aberration correcting
These blocks are the sites where various image processing 60 portion 72.
schemes other than those mentioned previously, as exem- In a separate step, the characteristics supply subsection
plified by sharpening, dodging (compressing the dynamic 114 identifies the lens type from the acquired identifying
range of an image maintaining intermediate tones) and information and reads out the corresponding lens character-
synthesis of characters and images are performed. The istics. In addition, using the acquired information about the
sharpening to be performed in the embodiment under con- 65 focal length effective at the time of taking the image of

sideration may be the same as what is performed in the first
embodiment or it may be the sharpness enhancement per-

interest, the characteristics supply subsection 114 typically
interpolates the lens characteristics at a plurality of basic
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points in accordance with the focal length, calculates the
lens characteristics at the focal length effective at the time of
taking the image in the frame of interest, and sends them to
the aberration correcting portion 72.

46

72 that not only corrects the distortion and chromatic
aberration of magnification due to the lens characteristics of
the camera used to take the image of interest but also effects
electronic scaling is provided between an MTX and a block

On the basis of the supplied lens characteristics and the 5 68A and the correction parameter supply subsection 124 and
pixel positions of the image data, the aberration correcting the correction parameter transforming subsection 126 are
portion 72 computes the chromatic aberration of magnifi- connected to the aberration correcting portion 72.
cation and distortion corrected pixel positions Ir, Ig and Ib In the correction parameter supply subsection 124, the
in the coordinate transforming part 72A in the manner aberration correcting parameters for correcting the image
already described above, and sends the computed pixel 10 deterioration due to the aberration characteristics of lens
positions to the enlarging/reducing part 72B. In the (ie., for correcting the image aberrations in the imaging
enlarging/reducing part 72B, the pixel positions Ir, Ig and Ib plane, namely, in the film plane or the light-receiving plane
are used to perform N-times interpolation of the image data of an image sensor such as a digital camera) are stored in
so that electronic scaling of the image is effected. As a result, relation to various lens types that may be used to take
the image data that has been subjected to aberration correc- 15 images. In the illustrated case, aberration correcting param-
tion and electronic scaling is output to the block 68A. eters for correcting chromatic aberration of magnification

If the input image need not be corrected for aberrations, and those for correcting distortion are stored in relation to
no treatment is done in the coordinate transforming part 72A various lens types.
and only electronic scaling is effected in the enlarging/ Like the characteristics supply subsection 114 in the
reducing part 72B. 20 second embodiment, the correction parameter supply sub-

The image data supplied to the block 68A is subjected to section 124 acquires lens type identifying information, iden-
any necessary image processing steps including sharpening tifies the type of the lens used to take the image recorded on
and dodging before it is sent to the data converting subsec- the film F or the like, searches through the stored aberration
tion 70. In the data converting subsection 70, the image data correcting parameters, selects the aberration correcting
is converted to output image data suitable for image record- 25 parameters for the identified lens, and supplies them to the
ing with the printer 16. The image data is then sent to the correction parameter transforming subsection 126.
printer 16, where a light-sensitive material is exposed, The third embodiment under consideration is not limited
developed and otherwise treated in accordance with the to the case of performing aberration correction on all images
output image data and thence outputs as a finished print. and whether aberration correction should be performed or

As described above in detail, in accordance with the 30 not may be determined depending upon the type of the lens
second embodiment of the invention, even images that were (or the model of the camera) used to take the image.
taken with inexpensive compact cameras having a zooming Alternatively, determination may be made depending upon
capability can be effectively corrected for aberrations such whether the correction parameter supply subsection 124
as distortion and chromatic aberration of magnification in stores the lens characteristics of the lens type used to take the
accordance with the taking magnification, or focal length, 35 image.
and prints reproducing high-quality images can be output The identifying information for identifying the type of the
consistently. lens used to take the image on the film F or the like and the

Described above are the basic features of the image means of acquiring said information are not limited in any
processing method according to the second embodiment of particular way and various methods can be employed, as in
the invention, as well as the basic construction of the image 40 the second embodiment.
processing apparatus for implementing the method. As already mentioned, the correction parameter supply

We now describe in detail the image processing method subsection 124 selects aberration correcting parameters
and apparatus according to the third embodiment of the related to the type of the lens used to take the image of
invention with reference to FIG. 9. interest and supplies them to the correction parameter trans-

The digital photoprinter 120 and the image processing 45 forming subsection 126.
apparatus 122 shown in FIG. 9 are the same as the digital The aberration correcting parameters stored in the cor-
photoprinter 110 and the image processing apparatus 112 rection parameter supply subsection 124 are related to the
shown in FIG. 8, except that a correction parameter supply correction of the aberrations in the imaging plane of the
subsection 124 and a correction parameter transforming camera used to take the image of interest; typically, they are
subsection 126 are substituted for the characteristics supply 50 parameters in millimeters that correspond to positions on the
subsection 114. Hence, the same constituent elements are imaging plane.
identified by the same numerals and will not be described in In the correction parameter transforming subsection 126,
detail. the parameters for correcting aberrations on the imaging

Like the image processing apparatus 112 shown in FIG. §, plane are subjected to scaling with at least one of the four
the image processing apparatus 122 shown in FIG. 9 com- 55 factors, the ratio at which the image is scaled electronically,
prises a data processing section 50, a log converter 52, a the number of input pixels (i.e., the number of pixels before
prescan memory 54, a fine scan memory 56, a prescanned electronic scaling or the number of pixels captured with the
data processing section 58, a fine scanned data processing image processing apparatus 122), the size of the film F read
section 60, and a condition setting section 62. Here, the with the scanner (the input image size) and the output image
prescanned data processing section 58 has an image pro- 60 size (the number of output pixels), so that they are trans-
cessing subsection 64 and a data converting subsection 66 formed to aberration correcting parameters in terms of the
whereas the fine scanned data processing section 60 has an pixels in the output image, which are then supplied to the
image processing subsection 68, a data converting subsec- aberration correcting portion 72.
tion 70, a correction parameter supply subsection 124 and a When the image optically recorded on films and the like
correction parameter transforming subsection 126. 65 are reproduced on prints, the lens-related image aberrations

In the image processing subsection 68 of the fine scanned
data processing section 60, an aberration correcting portion

are different corresponding to the input/output conditions
such as the size of the prints to be output (i.e., the number
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of output pixels). Hence, in order to achieve the appropriate
aberration correction, the correction parameters have to be
changed in accordance with the print size and other input/
output conditions. However, in order to provide correction

48

The electronic scaling ratio, input pixel number, input
image size and output image size may be acquired from
various kinds of information such as the operator’s instruc-
tions entered for the output print size, film size (film type)

parameters for a multiple of lens types and in relation to all 5 and so forth, the magnetic record on the before mentioned
kinds of conditions including the sizes of the prints that may APS film, the optical record on the film and the record on the
be output, a memory of large capacity is required but this is header of the image data. The film size may also be acquired
disadvantageous from the viewpoint of efficiency and cost. by means of the carrier 30 loaded in the scanner 12.

In the third embodiment, aberration correcting parameters If desired, the focal length effective at the time of image
for correcting the aberrations in the imaging plane are stored 10 taking may be acquired from the magnetic, optical or
in relation to various lens types and scaled with at least one otherwise recorded information on the film F (as in the
of the electronic scaling ratio, input pixel number, film second embodiment) and the aberration correcting param-
reading size and output image size so that they are trans- eters are corrected in accordance with the thus acquired
formed to aberration correcting parameters in terms of the focal length.
pixels in the output image. Thus, the above-described dis- 15  The aberration correcting parameters are not limited to
advantage that accompanies the image processing for cor- any particular kinds and they may include correction func-
recting the lens-related image aberrations is eliminated to be tions and coefficients for performing aberration corrections,
able to provide an efficient image processing apparatus. as well as coefficients and functions with which the correc-

Which of the four factors (i.e., electronic scaling ratio, tion functions used to perform aberration corrections in the
input pixel number, film reading size and output image size) 20 aberration correcting portion 72 are multiplied or modified.
should be used to perform scaling may be determined as Generally speaking, the characteristics of lens aberrations
appropriate for the system configuration of the photoprinter such as distortion and chromatic aberration of magnification
120. can be approximated to some extent by cubic functions

If the film reading size and the area of output from the using as a parameter the distance from the optical axis of the
image sensor (i.e., input image size) are fixed but the output 25 lens, or the center of the image recorded on the film F
image size is variable, scaling may be performed only with (typically represented by x-y coordinates); hence, such cubic
the electronic scaling ratio and the input pixel number. There functions themselves may be used as the aberration correct-
is no need to use the output image size which is determined ing parameters or, alternatively, coefficients and functions
by the electronic scaling ratio and the input pixel number. for multiplying or modifying such cubic functions may be

In the case of a photoprinter in which both the input image 30 used as the aberration correcting parameters.
size and the output image size are variable, scaling is The aberration correcting portion 72 corrects the distor-
performed with the electronic scaling ratio, input pixel tion and chromatic aberration of magnification of the image
number and film reading size. using the aberration correcting parameters supplied from the

In order to obtain more advantageous image information, correction parameter transforming subsection 126. In a
many models of the scanner which performs photoelectric 35 preferred embodiment of the illustrated case, both the sup-
reading of the image on the film F are adapted to change the plied aberration correcting parameters and the information
film reading size depending on the size of the print to be about the image data position (pixel position), such as the
output, such as panoramic and L sizes (in the case of a 135 positions of the coordinates from the center pixel (how many
film) or C, H and P types (in the case of the APS film). pixels are counted from the center pixel which corresponds

With ordinary lenses, aberrations are different corre- 40 to the center of the optical axis of the taking lens) are used
sponding to the position on the film plane and, hence, the to correct the distortion and chromatic aberration of mag-
aberration characteristics differ according to the reading size nification while performing electronic scaling. If the image
of the film F. Therefore, in order to be compatible with the of interest need not be corrected for aberrations, only
scanner of the type just mentioned above, scaling is per- electronic scaling is performed in the aberration correcting
formed not only with the electronic scaling ratio and input 45 portion 72.
pixel number but also with the film reading size. In the case It should be noted that the treatments to be performed by
of a digital camera, the output area of the image sensor the aberration correcting portion 72 in the third embodiment
should be used as a scaling factor in addition to the elec- are essentially the same as the treatments performed by the
tronic scaling ratio and the input pixel number. aberration correcting portion 72 of the image processing

In the case of a system having a fixed number of input 50 apparatus 112 shown in FIG. 8 according to the second
pixels, scaling can be performed with either the electronic embodiment, except that the aberration correcting param-
scaling ratio or the output image size. However, if the input eters supplied from the correction parameter transforming
image size (e.g. shape) is variable despite the fixed number subsection 126 are used in the third embodiment.
of input pixels, the input image size must be added as a It should also be noted that if the center of the image cut
scaling factor as described above. 55 with a mask or the like substantially coincides with the

In the case of a system having a fixed output image size, center of the optical axis of the taking lens, various kinds of
scaling can be performed with either the input pixel number aberrations including distortion, chromatic aberration of
or the electronic scaling ratio, optionally in combination magnification, deterioration of marginal lumination and
with the input image size. blurred image (PSF) may be corrected assuming that the

The method scaling is not limited in any particular way 60 pixel at the center of the cut image is equivalent to the center
and the aberration correcting parameters related to positions of the optical axis of the lens.
on the imaging plane may be transformed (scaled) to aber- As already mentioned, if the correction of chromatic
ration correcting parameters related to the pixels in the aberration of magnification and that of distortion are per-
output image, with reference being made to the electronic formed independently of each other, much time is taken by
scaling ratio, input pixel number or some other factor 65 calculations and, in addition, the need to perform more than

according to the aberration correcting parameters to be
transformed.

one arithmetic operation for interpolation causes the prob-
lem of image deterioration.
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To deal with this difficulty, the following method using
the aberration correcting parameters and the pixel positions
is recommended: a certain color which serves as a reference
for three primary colors R, G and B is selected (typically, G

50

subsection 126. The subsequent steps are identical to those
performed in the second embodiment and need not be
described.

If desired, not only the aberration correcting parameters

is used as the reference) and the magnifications of R and B 5 related to positions in the imaging plane for correcting
images are transformed to match them with the G image, distortion and chromatic aberration of magnification but also
thereby correcting the chromatic aberration of magnification those aberration correcting parameters for correcting other
and, thereafter, the distortion of the G image is corrected to aberrations such as the lens-caused defocusing (PSF) and
complete the correction of the chromatic aberration of deterioration of marginal lumination may be stored and
magnification and the distortion of the overall image. 10 scaled in the manner already described above to be trans-
In this method, the correction of distortion requires only formed into aberration correcting parameters related to
the calculations for the G image and, hence, the volume of pixels in the output image so that in addition to, or in place
arithmetic operations including those for interpolation can of, the correction of distortion, correction may also made for
be reduced and yet the intended correction can be accom- defocusing and deterioration of marginal lumination.
plished in a more efficient manner. 15 The image data processed in the MTX in the image
In most image processing apparatus, electronic scaling, or processing subsection 64 and in the aberration correcting
image enlargement or reduction by image data processing, is portion 72 are then processed in the blocks 64A and 68A.
usually performed so that the image (image data) is adjusted The subsequent steps are also the same as in the second
to the size appropriate for the output image before it is embodiment and need not be described.
finally output. The step of electronic scaling (which has a 20  On the following pages, we describe the operation of the
certain impact on the aforementioned scaling of the aberra- digital photoprinter 120, particularly those of the scanner 12
tion correcting parameters related to positions on the imag- and the image processing apparatus 122 according to the
ing plane) is commonly performed on the image data by third embodiment. The operations of the digital photoprinter
arithmetic operations for interpolation. In fact, however, 120, scanner 12 and image processing apparatus 122 accord-
arithmetic operations for interpolation are also required in 25 ing to the third embodiment are identical to those in the
the aforementioned correction of chromatic aberration of second embodiment except for a part of the actions to be
magnification and distortion and, eventually, two times of performed by the image processing apparatus 122 and,
interpolations are performed, causing occasional deteriora- therefore, the following description mainly concerns the
tion in the image quality. difference between the two embodiments and is made with
A more recommended practice for dealing with this 30 reference to FIG. 9.
difficulty comprises calculating the offsets in the pixel The operator loads the scanner 12 with the carrier 30
positions due to the chromatic aberration of magnification compatible with the film F, sets the film F (or its cartridge)
and distortion to detect the position where each pixel should in a specified position on the carrier 30, enters the necessary
inherently be located and then performing electronic scaling information such as the size of the prints to be prepared, and
by making calculations for N-times interpolation of the 35 thereafter instructs for starting print preparation.
image in accordance with the detected appropriate pixel The print size and other necessary information are sent to
positions. In this way, only one procedure of calculations for the image processing apparatus 122. As a result, the image
interpolation suffices for correcting distortion and chromatic processing subsection 68 and the correction parameter trans-
aberration of magnification while performing electronic forming subsection 126 acquire the information about the
scaling. 40 electronic scaling ratio, input pixel number, film reading
The illustrated aberration correcting portion 72 is a site size, output image size and so forth.
for implementing the above-described method and, as In response to the print start instruction, scanner 12 starts
shown in conceptual form in FIG. 4, it has a coordinate prescan and the image recorded on the film F is captured
transforming part 72A and an enlarging/reducing part 72B. photoelectrically as R, G and B separations.
In the third embodiment under consideration, the aberration 45  In the meantime, the magnetic heads 42 on the carrier 30
correcting parameters are supplied not from the lens type read the information recorded magnetically on the film F and
identifying subsection 74 and the characteristics supply the sensor 44 reads a DX code and other kinds of optically
subsection 114 which are indicated by a solid line and a recorded information or the operator enters pertinent data, so
dashed line, respectively, in FIG. 4 but from the correction that the necessary information is sent to a specified site as in
parameter transforming subsection 126 also indicated by a 50 the processing apparatus 122. In this way, the correction
dashed line in FIG. 4, and the image is corrected for parameter subsection 124 in the processing apparatus 122
distortion and chromatic aberration of magnification using typically acquires the lens type identifying information.
the supplied aberration correcting parameters. Excepting The prescanned data acquired by prescan is sent from the
this point, the coordinate transforming part 72A and the scanner 12 to the processing apparatus 122 and stored in the
enlarging/reducing part 72B shown in FIG. 4 perform essen- 55 prescan memory 54 as digital image data. The condition
tially the same treatments as in the second embodiment. setting section 62 reads the stored image data out of the
Briefly, when the aberration correcting portion 72 is prescan memory 54, sets the reading conditions for fine scan
supplied with the image data from the MTX, the coordinate and supplies them to the scanner 12. The condition setting
transforming part 72A calculates Ar and Ab (the offsets in the section 62 also sets the conditions for various image pro-
R and B pixel positions ir and ib due to chromatic aberration 60 cessing schemes and supplies them to specified sites
of magnification with respect to the G pixel position ig) (hardware) in the prescanned data processing section 58 and
using the magnification chromatic aberration correcting the fine scanned data processing section 60 via the parameter
parameters supplied from the correction parameter trans- coordinating subsection 80.
forming subsection 126; the coordinate transforming part After verification by the operator, fine scan is started (if no
72A also calculates D (the offset in the G pixel position ig 65 verification is performed, fine scan is started after the

due to distortion) using the distortion correcting parameters
also supplied from the correction parameter transforming

scanner 12 is set in accordance with the reading conditions
for fine scan). The fine scanned data read by fine scan is sent
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from the scanner 12 to the processing apparatus 122 and
stored in the fine scan memory 56 as digital image data.

The fine scanned data being sent to the fine scan memory
56 is read by means of the fine scanned data processing
section 60 and subjected to tonal and chroma adjustments in
the LUT and MTX in the image processing subsection 68;
the thus processed data is then sent to the aberration cor-
recting portion 72.

In a separate step, the correction parameter supply sub-
section 124 identifies the lens type from the acquired iden-
tifying information, reads out the corresponding lens type
aberration correcting parameters related to positions in the
imaging plane and sends them to the correction parameter
transforming subsection 126.

In the correction parameter transforming subsection 126,
the supplied aberration correcting parameters related to
positions in the imaging plane are scaled with a suitable
factor detected from the information about the input print
size and so forth, as exemplified by electronic scaling ratio,
input pixel number, film reading size (input image size) and
output image size, whereby those parameters are trans-
formed to aberration correcting parameters related to indi-
vidual pixels in the output image data, which are then sent
to the aberration correcting portion 72.

On the basis of the supplied aberration correcting param-
eters and the pixel positions of the image data, the aberration
correcting portion 72 computes the chromatic aberration of
magnification and distortion corrected pixel positions Ir, Ig
and Ib in the coordinate transforming part 72A in the manner
already described above, and sends the computed pixel
positions to the enlarging/reducing part 72B. In the
enlarging/reducing part 72B, the pixel positions Ir, Ig and Ib
are used to perform N-times interpolation of the image data
so that electronic scaling of the image is effected. As a result,
the image data that has been subjected to aberration correc-
tion and electronic scaling is output to the block 68A.

If the input image need not be corrected for aberrations,
no treatment is done in the coordinate transforming part 72A
and only electronic scaling is effected in the enlarging/
reducing part 72B.

The image data supplied to the block 68A is subjected to
any necessary image processing steps including sharpening
and dodging before it is sent to the data converting subsec-
tion 70. In the data converting subsection 70, the image data
is converted to output image data suitable for image record-
ing with the printer 16. The image data is then sent to the
printer 16, where a light-sensitive material is exposed,
developed and otherwise treated in accordance with the
output image data and thence output as a finished print.

As described above in detail, in accordance with the third
embodiment of the invention, even images that were taken
with inexpensive compact cameras having a zooming capa-
bility can be effectively corrected for aberrations such as
distortion and chromatic aberration of magnification and
prints can be output that reproduce high-quality images.

Described above are the basic features of the image
processing method according to the third embodiment of the
invention, as well as the basic construction of the image
processing apparatus for implementing the method.

We now describe in detail the image processing method
and apparatus according to the fourth embodiment of the
invention with reference to FIGS. 10-13.

The digital photoprinter 130 and the image processing
apparatus 132 shown in FIG. 10 are the same as the digital
photoprinter 110 and the image processing apparatus 112
shown in FIG. 8, except that a prescanned data processing
section 134, a fine scanned data processing section 136 and
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a correction coefficient setting section 138 in the image
processing apparatus 132 have different constructions from
the prescanned data processing section 58, fine scanned
processing section 60 and characteristics supply subsection
114 in the image processing apparatus 112. Hence, the same
constituent elements are identified by the same numerals and
will not be described in detail.

Like the image processing apparatus 112 shown in FIG. 8,
the image processing apparatus 132 shown in FIG. 10
performs specified image processing schemes on the digi-
tized input image data from the scanner 12 and outputs the
processed image data to the printer 16. The image process-
ing apparatus 132 comprises a data processing section 50, a
log converter 52, a prescan memory 54, a fine scan memory
56, a prescanned data processing section 134, a fine scanned
data processing section 136, a condition setting section 62
and a correction coefficient setting section 138.

The prescanned data processing section 134 comprises an
image processing subsection 140 and an image data trans-
forming subsection 66, and the image processing subsection
140 consists of an image data extracting portion 142, a
LUT/MTX operation performing portion 144, an image
correcting portion 146 and a portion 148 for performing
other image processing schemes. The image data extracting
portion 142 is subdivided into a lens type recognizing part
142A and a center position computing part 142B (see FIG.
11).

The following description should be read with reference
to FIG. 11 in addition to FIG. 10.

As FIG. 11 shows, the lens type recognizing part 142A of
the image data extracting portion 142 extracts the taking lens
type recognizing code in the lot code information out of the
data that was captured by prescan simultaneously with the
image; the extracted code is recognized and sent to the
correction coefficient setting section 138. The lot code is
represented in eight decimal digits and the taking lens type
recognizing code consists of the lower three and four digits
in the lot code and is one of code numbers from zero to 99.
To give an example, a taking lens type recognizing code of
01 is recognized as lens type 1 and one of 02 is recognized
as lens type 2.

Further referring to FIG. 11, the center position comput-
ing part 142B detects the recorded image from the pres-
canned image data for a roll of film, cuts it and computes its
center position. The center position of the image is com-
puted since the correction formulae to be described below
for correcting chromatic aberration of magnification and
distortion are represented as functions of the distance from
the center position of the image. The computed center
position of the prescanned image data is correlated in a
reasonable precision to the fine scanned image data and this
relationship can be used to determine the center position of
the image represented by the fine scanned image data.

In the illustrated case, the lens type recognizing part 142A
is provided in the prescanned data processing section 134 so
that the taking lens type recognizing code in the lot code
information optically printed on the film (in the film F shown
in FIG. 7, the taking lens type recognizing code is recorded
in region S1) can be read not only with the sensor 44 such
as a bar code reader but also with the image sensor 34
simultaneously with the image (as in the image regions G1,
G2 and G3 of the same film F). However, this is not the sole
case of the invention and other configurations may be
employed if, as in the first, second and third embodiments,
the lens information is read with the magnetic heads 42 or
the sensor 44 such as a bar code reader or acquired by
operator input to recognize and identify the lens type; for

Samsung Exhibit 1018, Page 51 of 68
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00462



US 6,862,373 B2

53

example, the lens type recognizing part 142A may be
provided within the correction coefficient setting section 138
as it is connected to the scanner 12 and the manipulating unit
18 or, alternatively, the lens type recognizing part 142A

54

The lens aberration correcting part 154 A corresponds to the
coordinate transforming part indicated by reference numeral
72A in FIG. 4 and corrects aberrations such as chromatic
aberration of magnification and distortion and, optionally,

connected to the scanner 12 and the manipulating unit 18 5 the color divergence in the scanner by using correction
may be provided ahead of the correction coefficient setting formulae based on the characteristics of the imaging lens
section 138. In these modifications, various kinds of lens that. have been determined b}’ the correction coefﬁcwnt
information may be utilized as in the foregoing embodi- setting section 138 to .be described below more specifically.
ments. The e.nlargmg/.reducmg. part 154B corresponds to the

The LUT/MTX operation performing portion 144 shown 10 en}argmg/ redu(;:mg pﬁrt}ndlcalt)ed t1>y 72B. mn ?G 4 and
in FIG. 10 corresponds to the sites indicated by reference enia‘lrlges or reduces the image by clectronic scaling.

. . . . e portion 156 in FIG. 10 which performs other image
symbols LUT and MTX in the IMAgE processig subsecthn processing schemes corresponds to the block 68A shown in
64 of the pr.escanned da.ta processing section 58 shown in FIG. 8 and, in response to an operator’s instruction, the
FIG. 8 and it performs image processing schemes such as ortion 156 performs image processing schemes such as
color balance adjustment, contrast correction and brightness 15 gharpening and dodging. In the image data transforming
correction. subsection 70, the image data that has been given various

The image correcting portion 146 has a lens aberration image processing treatments in the image processing sub-
correcting part 146A and an enlarging/reducing part 146B section 150 is transformed with a 3D (three-dimensional)
(see FIG. 11). The lens aberration correcting part 146A LUT or the like so that it is processed into a form suitable
corrects not only aberrations such as chromatic aberration of 20 for outputting of prints from the printer 16.
magnification and distortion but also the color divergence in As in the foregoing embodiments, the condition setting
the scanner using correction formulae based on the charac- section 62 is used to read the prescanned image data from
teristics of the imaging lens that have been determined by the prescan memory 54 and determine the image processing
the correction coefficient setting section 138 to be described conditions.
below more specifically. The enlarging/reducing part 146B 25  Asis clear from FIG. 11, the correction coefficient setting
enlarges or reduces the image by electronic scaling. The section 138 has a correction coefficient storing subsection
image correcting portion 146 performs a characterizing part 138A and a correction parameter computing subsection
of the image processing method according to the fourth 138B. The correction coefficient storing subsection 138A
embodiment of the invention; briefly, the corrections of stores the chromatic aberration of magnification and distor-
chromatic aberration of magnification and distortion and 30 tion correcting coefficients for each taking lens type recog-
electronic scaling are performed in each of two crossed nizing code. The correction parameter computing subsection
directions of the image, preferably independently of each 138B detects, analyzes and recognizes the taking lens type
other, with the first direction being perpendicular to the recognizing code that has been read by the scanner together
second direction. with the image; it is then loaded from the correction coef-

The portion 148 for performing other image processing 35 ficient storing subsection 138A with the formulae for cor-
schemes corresponds to the block 64A shown in FIG. 8 and, recting the characteristics of the chromatic aberration of
in response to an operator’s instruction, the image data that magnification and distortion of the lens corresponding to the
has been subjected to aberration corrections and electronic recognized code and calculates the correction formulae of
scaling is given other treatments in the portion 148, as the image for one pixel to another that are determined from
exemplified by sharpening and dodging. In the image data 40 the number of pixels input by the scanner 12, the print output
transforming subsection 66, the image data that has been size, the number of pixels to be output on a print, and the
given image processing in the image processing subsection electronic scaling ratio. If distortion is corrected, loss of
140 is transformed with a 3D (three-dimensional) LUT or pixels occur in the peripheral areas of a rectangular image,
the like so that it is processed into a form suitable for so in order to ensure that the image is enlarged at an
representation on the display (monitor) 20. 45 electronic scaling ratio greater than a preset value and yet the

The fine scanned data processing section 136 consists of image is contained within a desired print size, fine adjust-
an image processing subsection 150 and an image data ment is made to provide a minimum electronic scaling ratio
processing transforming subsection 70. The image process- that will not cause undue enlargement; the correction param-
ing subsection 150 is subdivided into an LUT/MTX opera- eter computing subsection 138B also computes the amount
tion performing portion 152, an image correcting portion 50 of anticipated loss of pixels for calculating the coefficient of
154 and a portion 156 for performing other image process- this fine adjustment.
ing schemes. The correction coefficient setting section 138 may option-

The LUT/MTX operation performing portion 152 corre- ally have a correction coefficient supply subsection 138C for
sponds to the sites indicated by reference symbols LUT and updating the correction coefficients in correction formulae
MTX in the image processing subsection 68 of the fine 55 that are stored for each lens type recognizing code in the
scanned data processing section 60 shown in FIG. 8 and, on correction coefficient storing subsection 138A for correcting
the basis of the image processing conditions determined by aberrations such as chromatic aberration of magnification
using the prescanned image data, the fine scanned image and distortion; in this case, correction coefficients for new
data is subjected not only to color balance adjustment, lens types can be updated from the correction coefficient
contrast correction (toning), brightness correction and so 60 supply subsection 138C into the correction coefficient stor-
forth by processing with LUT but also to chroma correction ing subsection 138 A by means of various storage media such
and so forth by MTX operations; both LUT processing and as an FD (floppy disk), an MO (magneto-optical disk) and
MTX operations are performed by known methods. Zip. Another way to update the correction coefficients may

The image correcting portion 154 corresponds to the be by using telephone lines in addition to networks such as
aberration correcting portion indicated by reference numeral 65 the Internet.

72 in FIG. 8. As shown in FIG. 11, it has a lens aberration
correcting part 154A and an enlarging/reducing part 154B.

In the correction parameter computing subsection 138B,
correction coefficients on a pixel basis that are specified by
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the input/output conditions are computed from the accessed
correction coefficients in millimeters so as to determine the
correction formulae. If desired, correction coefficients that
are determined by such conditions as the print size, input

56

The correction parameter computing subsection 138B of
the correction coefficient setting section 138 is loaded from
the correction coefficient storing subsection 138A with the
coefficients for the correction of chromatic aberration of

pixel number, output pixel number, document size and 5 magnification and distortion that are related to the supplied
electromc scaling ratio may prellmlnarlly be calqllated and taking lens type recognizing code. The accessed correction
st.ored in look-up tableg, frorp which th.e.correctlon poefﬁ- coefficients correspond to the function coefficients in speci-
cients that Comply with stven conditions are directly fied correction formulae of the image and are expressed in
accessed to deterrpme the correction forrr}ulae. . millimeters. Hence, the correction parameter computing
We next describe the actions of the image processing bsection 138B computes the final coefficients in correction
apparatus 14 shown in FIG. 10 with reference to the flow- 10 ;u seetion comp . . .

. - . ormulae of the image on a pixel basis that are determined
chart in FIG. 11 which shows an example of the image £ h ber of pixels i by th 12 the si
processing method of the invention. rom f{l ¢ number of pixels 1pput y tl le scanner 12, the size

As shown in FIG. 10, the prescanned data stored in the of the display on the monutor, the.51ze of the print to be
prescan memory 54 is accessed by the image processing output, the numbe.r of p{xels to be. displayed on the monitor,
condition setting subsection 76 and the conditions for the 15 the number of pixels in the print to be output, and the
various image processing schemes that need be performed electronic scaling ratio. If distortion is corrected, loss of
are determined as in the aforementioned embodiments. The pixels occur in the peripheral areas of a rectangular image,
determined image processing conditions are adjusted in the so in order to ensure that the image is enlarged at an
key adjusting subsection 78 to set the required image electronic scaling ratio greater than a preset value and yet the
processing conditions again. All pertinent conditions are 20 image is contained within a desired size of the image to be
coordinated in the parameter coordinating subsection 80 and displayed or the print to be output, fine adjustment is made
thereafter sent to the image processing subsections 140 and to provide a minimum electronic scaling ratio that will not
150. cause undue enlargement; the correction parameter comput-

In a separate step, the data for a roll of film that has been  jng subsection 138B also computes the amount of antici-
read~ by the scanner 12 Is sent to the 1mage data extracting »s pated loss of pixels for calculating the coefficient of this fine
portion 142 and the }akmg lens recognizing codq n tl}e lot adjustment. The computed final coefficients in the formulae
codp recorded in reglon S,l of the film F is recogplzed n .the for correcting chromatic aberration of magnification and
taking lens type recognizing part 142A. .If there is no taking distortion are sent to the lens aberration correcting part 146A
lens type recognizing code, or if no taking lens type recog- f the imace correcting portion 146 whereas the computed
nizing codes are recognized in the taking lens type recog- 0 1mfg. 11 g p h or 20 which di pl
nizing part 142A, or if the prescanned data for monitor 30 amount of pixel loss 1s sent (o the monitor 20 which displays
display is not subjected to the aberration corrections to be Fhe. prescanned 1mage for Verlﬁca.tlon by the operator. This
described later, color balance adjustment, contrast correction is in order to display, together. with the prescapned 1mage,
(toning), brightness correction and other operations are Fhe rectangular frame surrounding the areas of pixel loss that
performed in the LUT/MTX operation performing portion is determined from the amount of pixel loss. The prescanned
144 under the conditions input by the operator; thereafter, 35 data is also sent to the enlarging/reducing part 146B for
the steps to be described below of correcting chromatic calculating the coefficient a for fine adjustment of the
aberration of magnification and distortion are skipped and electronic scaling ratio K. The product of a and K provides
the image data just passes through the lens aberration a finely adjusted electronic scaling ratio, which is used to
correcting part 146A; electronic scaling is performed in the effect electronic scaling when a print is output.
enlarging/reducing part 146B at a ratio suitable for the size 40  In the fourth embodiment under consideration, the pres-
of the prints to be output; sharpening, dodging and other  canned data is corrected for chromatic aberration of mag-
treatments are performed in the portion 148; subsequently, nification and distortion and the rectangular frame surround-
the image data is sent to the image data transforming  ing the areas of pixel loss is displayed. For rapid processing,
subsc.actlor} 66, where it 1s.tr.ansf0rmed to a form sulta.ble for the correction of chromatic aberration of magnification and
monitor dlsplay and then it is rep.re.sented on the monitor 29' 45 distortion may be omitted and the prescanned image that has
. If the taking lens type fecogizing Coqe 15 rec.ogmzed? 1t been subjected to only electronic scaling may be displayed
1ls3tshereafter sent to the correction coefficient setting section on the monitor 20 together with the frame surrounding the

The image data accessed from the prescan memory 54 is areAai Ofé) 1).(el losbs.. d fied . h .
equivalent to the data for a roll of film, so in the center ter being subjected to specilied processing schemes in
position computing part 142B of the image data extracting so the LUT/MTX operation processing portion 144 (see FI(,;'
portion 142, image data corresponding to a frame of image 10), thef prescanneq image data 15 corr.ecte.d for chromatic
is detected from the accessed data and sent to the LUT/MTX aberration of magnification and distortion in the lens aber-
operation performing portion 144 (see FIG. 10) while, at the ~ ration correcting part 146A by using the correction formulae
same time, the center position of the image data is calcu- having the final coefficients sent from the correction coef-
lated. The center position of the image data is computed 55 ficient setting section 138, the center position of the image
since the correction formulae for correcting chromatic aber- data sent from the center position computing part 142B and
ration of magnification and distortion are represented as the information about the positions of the pixels in the image
functions of the distance from the center position of the to be corrected; if necessary, the data may be corrected for
image data. In addition, the calculated center position of the the color divergence caused by the scanner 12.
prescanned image data is correlated in a reasonable preci- 60  In the next step, electronic scaling is effected in the
sion to the fine scanned image data and this relationship can enlarging/reducing part 146B of the image correcting por-
be used to determine the center position of the fine scanned tion 146. Electronic scaling is effected after the correction of
image data. chromatic aberration of magnification, distortion and scan-

The computed center position is sent to the lens aberration ner’s color divergence because the image must be enlarged
correcting part 146A so that it is used in correction formulae 65 or reduced with reference to the appropriate position infor-

for correcting chromatic aberration of magnification and
distortion.

mation. In the enlarging/reducing part 146B, the electronic
scaling ratio K at which the image data corrected in the lens
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aberration correcting part 146A is enlarged or reduced in
accordance with the size of the display on the monitor and
the number of pixels in the monitor display. Using the thus
calculated K, the enlarging/reducing part 146A performs

58

rectly be expressed as Dx(x0, y0) and Dy as Dy(x0, y0).
After image processing, the pixel position AO(x0, y0) shifts
to the position A1(x0+Dx(x0, y0), y0+Dy(x0, y0)). In the
image processing under consideration, the amounts of cor-

electronic scaling. 5 rection Dx and Dy are determined by using the pixel position
If there is no lens type recognizing code or if no lens type A0(x0, y0) before image processing, so in order to process
recognizing code has been recognized, neither chromatic the overall image, a memory for two screens is required that
aberration of magnification nor distortion is corrected in the is capable of storing not only the position information for the
lens aberration correcting part 146 A but electronic scaling is overall image before image processing but also the position
directly performed in the enlarging/reducing part 146B. In 10 information after image processing.
this case, the coefficients for the correction of distortion and This is in sharp contrast with the image processing
chromatic aberration of magnification are set to zero. method according to the fourth embodiment of the inven-
Speaking further of the lens aberration correcting part tion. As in the conventional case, assume one point in a
146A and the enlarging/reducing part 146B, they constitute certain subject within the input image whose pixel position
the characterizing feature of the image processing means in 15 is represented as AO0(x0, y0). Also assume that the
the image processing method and apparatus according to the y-direction is taken as the first direction or the main scanning
fourth embodiment of the invention, namely, they are the direction whereas the x-direction is taken as the second
sites where the corrections of chromatic aberration of mag- direction or the auxiliary scanning direction. In the first step,
nification and distortion and electronic scaling are per- consider no movement in the x-direction but make a move-
formed in each of two crossed directions of the recorded 20 ment in the y-direction (main scanning direction) and deter-
image independently of each other, with the first direction mine the amount of correction Dy(x0, y0). As a result, the
being perpendicular to the second direction. FIG. 11 is a pixel position AO(x0, y0) before processing shifts to A2(x0,
flowchart for an example of the image processing method y0+Dy(x0, y0)) after processing. Then, using the thus pro-
according to the fourth embodiment of the invention and it cessed information, consider a movement in the x-direction
shows briefly the flows of the corrections of chromatic 25 (auxiliary scanning direction) and determine the amount of
aberration of magnification and distortion, as well as elec- correction Dx. Since this involves the processing of the pixel
tronic scaling without distinguishing between the first and position A2(x0, y0+Dy(x0, y0)), the amount of correction in
second directions. In FIG. 12, an example of the character- the x-direction (auxiliary scanning direction) is expressed as
izing flow in the image processing method according to the Dx(x0, y0+Dy(x0, y0)) and eventually the pixel position
fourth embodiment of the invention is shown with distinc- 30 A0(x0, y0) shifts to A3(x0+Dx(x0, y0+Dy(x0, y0)), y0+Dy
tion being made not only between the corrections of chro- (x0, y0)) after image processing.
matic aberration of magnification and distortion and elec- The new position A3(x0+Dx(x0, y0 Dy(x0, y0)), y0+Dy
tronic scaling but also between the first and second (x0, y0)) attained by the invention method is not in complete
directions. The flow assumes producing an input image by agreement with the pixel position A1(x0, Dx(x0, y0), y0+Dy
photoelectric reading with a line sensor in two directions, the 35 (x0, y0)) which is attained by correct image processing in
first being the main scanning direction and the second being the above-described prior art method. However, considering
the auxiliary scanning direction. In the first direction (main an output image, the difference is small enough to be
scanning direction), chromatic aberration of magnification tolerable from all practical viewpoints. In addition, the
and distortion are corrected and then electronic scaling is processing performed in the invention is one-dimensional in
effected; thereafter and in the second direction (auxiliary 40 that no movement is first considered in the x-direction but a
scanning direction), chromatic aberration of magnification movement is made in the y-direction to determine the
and distortion are corrected, then the color divergence in the amount of correction Dy in the y-direction and then using
scanner is corrected and finally electronic scaling is effected. the data after movement in the y-direction, a movement is
The reason for performing image processing in the first made in the x-direction to determine the amount of correc-
and second directions independently of each other is 45 tion Dx; hence, a one-dimensional line memory suffices to
described below with reference to FIG. 13 which shows store the position information for the entire image so that the
conceptually how the position of one pixel in an image required memory volume is lower than in the prior art. What
moves by the image processing if it is image processed in the is more, the time required by the corrective processing is
first and second directions independently of each other sufficiently shortened to increase the processing speed. As a
according to the fourth embodiment of the invention. 50 further advantage, since the amounts of correction Dx and
Conventionally, to perform image processing which con- Dy are calculated separately, one only need change the
tains at least one step selected from the group consisting of correction coefficients which are the parameters in the
the corrections of chromatic aberration of magnification and correction formulae and, in terms of hardware, the same
distortion and electronic scaling and which may additionally circuit can be used to achieve a substantial cost reduction.
involve the correction of scanner’s color divergence, the 55  Described above is the most characterizing part of the
input image data is transformed at a time so that as-corrected processing means in the image processing method and
output image data is produced. Consider that one point A0 apparatus according to the fourth embodiment of the inven-
in a certain subject within the input image whose pixel tion. In the foregoing description, processing is first per-
position before correction is represented by the coordinates formed in the main scanning direction, then in the auxiliary
(x0, y0) is corrected by image processing in which the 60 scanning direction. The order may be reversed so that
correction of distortion, the correction of chromatic aberra- processing is first performed in the auxiliary scanning
tion of magnification and the increase or decrease of the direction, then in the main scanning direction.
electronic scaling ratio at a time. If the pixel position A0 is Generally speaking, the aberration characteristics of
corrected by Dx and Dy as the result of image processing, lenses are uniform in a plane perpendicular to the optical
the respective amounts of correction Dx and Dy are 65 axis. However, if the film curves in form of concave as seen

expressed as functions of x and y since they vary with the
pixel position AO(x0, y0). In other words, Dx should cor-

from the taking lens in a direction (main scanning direction)
that is a right angle to the length of the film, the distortion
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and magnification chromatic aberration developing in that
direction are smaller than in the longitudinal direction
(auxiliary scanning direction); as a result, the input image
data need be corrected for distortion and chromatic aberra-

60

the monitor 20. Looking at the display on the monitor 20, the
operator checks if the image processing has been accom-
plished appropriately. If not, the operator adjusts the pro-
cessing conditions.

tion is smaller amounts in the main scanning direction than 5 If the operator adjusts the processing conditions for all of
in the auxiliary scanning direction. In this case, if correction the prescanned images, fine scan starts. During fine scan, the
is first made in the direction for the smaller amount of image data is read with the scanner 12 at a higher resolution
correction, less distortion and chromatic aberration of mag- than in the prescan and image processing is performed under
nification develop than in the case where correction is first the conditions already determined by the prescanned image
made in the direction for the greater amount of correction 10 and image data suitable for outputting prints is produced.

and the extent of image deterioration can be reduced. When prescan has ended, the film F has been withdrawn
Therefore, if aberrations need be corrected in differing from the film cartridge FC (see FIG. 7) to the frame of the
amounts between the main and auxiliary scanning last image and as the film F is rewound, fine scan is
directions, processing in the direction for the smaller amount performed to read the successive image frames. In this
of correction (which is either the main scanning direction or 15 process, the center position of each image frame on the film
the auxiliary scanning direction) preferably precedes pro- is calculated from the center position of the prescanned
cessing in the other direction. image data and, hence, the information about the center

In the example shown in FIG. 12, considering that the film position is used to fine scan image frame by frame.
with lens curves in form of concave as seen from the taking The output R, G and B signals from the scanner 12 are
lens in a direction (main scanning direction) perpendicular 20 subjected to various corrections (e.g. DC offset correction,
to the length of the film, the corrections of chromatic dark correction and shading correction) and log conversion
aberration of magnification and distortion and electronic to produce fine scanned image data as digital density data,
scaling are first performed in the main scanning direction which is then stored in the fine scan memory 56.
and then the same corrections and electronic scaling are The fine scanned image data stored in the fine scan
performed in the auxiliary scanning direction. 25 memory 56 is transferred to the LUT/MTX operation per-

Note that in the processing in the auxiliary scanning forming portion 152 and, on the basis of the image process-
direction, the correction of scanner’s color divergence is ing conditions adjusted and determined for the prescanned
performed between the correction of chromatic aberration of image by the operator, the data is subjected to various image
magnification or distortion and image enlargement or reduc- processing schemes by look-up tables (LUT) which perform
tion by electronic scaling. As already mentioned, when 30 gray balance adjustment and by matrix operations (MTX)
reading the image data with the scanner 12, the line CCD which perform chroma adjustment. The data processed in
sensors 34R, 34G and 34B are respectively used to read R, the LUT/MTX operation performing portion 152 is there-
G and B images; in practice, however, these line sensors after sent to the image correcting portion 154.
each extending in the main scanning direction are arranged As in the case of the prescanned image data, the image
by fixed spacing in the auxiliary scanning direction so that 35 correcting portion 154 corrects chromatic aberration of
the individual images may sometimes be offset from one magnification and distortion and, optionally, scanner’s color
another as they are read with a preset reading method. To divergence, in the lens aberration correcting part 154A and
deal with this situation, the offsets between R, G and B performs electronic scaling in the enlarging/reducing part
images, namely, the color divergence in the scanner, is 154B. The image correcting portion 154 performs these
corrected before image enlargement or reduction is per- 40 operations using the lens type information obtained during
formed by electronic scaling. prescan. Since the fine scanned image data is output as an

Thus, different processing schemes are performed in the image suitable for output in print form, the correction
main and auxiliary scanning directions. However, in the coefficients vary with several factors such as the number of
fourth embodiment of the invention, one processing circuit pixels to be output by the printer, the size of the output from
is provided that is capable of performing four operations, the 45 the printer which is an output condition that was set at
correction of chromatic aberration of magnification, the prescan and the number of pixels in the input image data and
correction of distortion, the correction of scanner’s color eventually become different from the final correction coef-
divergence and electronic scaling, and when correction is ficients determined by the prescanned image data for display
effected in the main scanning direction, parameters are set on the monitor 20. The final correction coefficients to be
such that the image data simply passes unprocessed through 50 used by the fine scanned image data are computed at the
the step of correction of the scanner’s color divergence and point in time when the prescanned image is checked and
when correction is effected in the auxiliary scanning verified by the operator. Also calculated are the amount of
direction, all corrective steps are performed. In this way, one pixel loss that results from the correction of distortion and
and the same circuit can process the image data without the coefficient a for fine adjustment of the electronic scaling
regard to the direction of processing. 55 factor K that assures the occurrence of no pixel loss.

The aforementioned method of image processing which The image correcting portion 154 corrects the image data
performs corrections in the first and second directions inde- by using the above-described final correction coefficients,
pendently of each other is not limited to the correction of electronic scaling ratio K and fine adjustment coefficient a.
chromatic aberration of magnification and distortion and it As in the case of the prescanned image data, the correction
may be applied to correct other lens-dependent aberrations 60 of chromatic aberration of magnification, the correction of
such as deterioration of marginal lumination and defocusing. distortion and electronic scaling are performed in each of the

After the necessary corrective steps are taken in the image image’s main and auxiliary scanning directions, indepen-
correcting portion 146, the data is sent to the portion 148 for dently of each other, that are determined when the fine
performing other image processing schemes such as sharp- scanned image data is obtained. Specifically, as in the case
ening and dodging; the data is then sent to the image data 65 of the prescanned image data, as shown in FIG. 12, the

transforming subsection 66, where it is transformed to a
form suitable for monitor display and thereafter displayed on

correction of chromatic aberration of magnification and
distortion and electronic scaling are first performed in the
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main scanning direction and then the correction of chromatic
aberration of magnification and distortion and electronic
scaling are performed in the auxiliary scanning direction,
with the correction of scanner’s color divergence being
performed after the correction of chromatic aberration of
magnification and distortion but before the electronic scal-
ing. The correction of scanner’s color divergence is per-
formed in order to correct the color divergence that occurs
to the R, G and B images in the auxiliary scanning direction
due to the line sensors 34R, 34G and 34B which are arranged
by fixed spacing in the auxiliary scanning direction of the
scanner 12.

The corrective steps are taken earlier in the main scanning
direction than in the auxiliary scanning direction for the
same reason as set forth in connection with prescan. The film
under fine scan occasionally curves in form of concave as
seen from the taking lens in a direction (main scanning
direction) perpendicular to the length of the film. Since less
correction need be performed in that direction (main scan-
ning direction), the overall image will deteriorate in a
smaller amount if it is first corrected in the direction less
correction needed.

If there is no lens type recognizing code or if no lens type
recognizing code has been recognized, neither chromatic
aberration of magnification nor distortion is corrected and
only electronic scaling is performed as in the case of the
prescanned image data.

After being subjected to the correction of chromatic
aberration of magnification, distortion (and optionally scan-
ner’s color divergence), as well as to electronic scaling, the
data is transferred from the image correcting portion 154 to
the image processing portion 156 where sharpening, dodg-
ing and any other necessary treatments are performed. The
processed data is then sent to the image data transforming
subsection 70.

In the image data transforming subsection 70, the data is
transformed to a form suitable for outputting by the printer
and thereafter sent to the printer 16 as output image data. If
desired, image data for several frames may be composited
on the basis of the fine scanned image data to construct
output image data for index prints.

Using one of these kinds of output image data, the printer
16 exposes the image on a light-sensitive material
(photographic paper), develops and otherwise treats it to
produce finished prints or index prints which are subse-
quently output.

As described above in detail, in accordance with the
fourth embodiment of the invention, the correction of
distortion, the correction of chromatic aberration of
magnification, electronic scaling and, optionally, the correc-
tion of scanner’s color divergence are performed in the main
and auxiliary scanning directions independently of each
other and, hence, one needs to change only the correction
coefficients used as parameters in correction formulae and
all processing steps can be accomplished with one and the
same circuit without distinguishing between the main and
auxiliary scanning directions; as a result, the cost and size of
the image processing apparatus can be reduced and yet the
processing speed is increased, thereby ensuring that high-
quality images free from distortion and color divergence can
be processed in practicably large volumes even if the input
image is taken with inexpensive cameras such as films with
lens.

Described above are the basic features of the image
processing method according to the fourth embodiment of
the invention, as well as the basic construction of the image
processing apparatus for implementing the method.
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We now describe in detail the image processing method
and apparatus according to the fifth embodiment of the
invention with reference to FIGS. 14-25.

(Outline of the overall system configuration)

FIG. 14 shows an outline of the overall configuration of
the digital laboratory system 210 which applies the image
processing apparatus that implements the image processing
method according to the fifth embodiment of the invention.
FIG. 15 shows the exterior view of the digital laboratory
system 210. As shown in FIG. 14, the laboratory system 210
comprises a line CCD scanner 214, an image processing unit
216 as an example of the image processing apparatus
according to the fifth embodiment, a laser printer unit 218
and a processor unit 220. The line CCD scanner (which is
hereunder referred to simply as “scanner”) 214 is made
integral with the image processing unit 216 to form an input
section 226 (see FIG. 15) whereas the laser printer unit 218
is made integral with the processor unit 220 to form an
output section 228 (also see FIG. 15).

A photographic material such as a photographic film (e.g.
a negative film or a reversal film; the photographic material
is hereunder referred to simply as a “photographic film”) has
a recorded film image (i.e., a negative or positive image of
an object that has been rendered visible by development
after shooting). The scanner 214 is for reading this film
image. Film images that can be read with the scanner 214
include those on a photographic film of 135 size, a photo-
graphic film of 110 size, as well as on a photographic film
having a transparent magnetic layer formed thereon (i.e., a
photographic film of 240 size, or so-called “APS film”) and
photographic films of 120 size and 220 size (i.e., Brownie
size). The scanner 214 uses a 3-line color CCD sensor
assembly to read the film image on one of these photo-
graphic films and outputs R,G,B image data.

As shown in FIG. 15, the scanner 214 is mounted on a
work table 230. The image processing unit 216 is contained
in a receptacle 232 formed under the work table 230 and a
hinged door 234 is fitted into the opening of the receptacle
232. The receptacle 232 is normally closed to conceal its
interior but if the door 234 pivots to open, the interior is
exposed, making it possible to withdraw the image process-
ing unit 216.

A display 364 is fitted on the work table 230 in a position
away from the operator. In front of the display 364, two
keyboards 366A and 366B are provided. The keyboard 366 A
is buried in the top surface of the work table 230. The other
keyboard 366B, if it is not used, is contained in a drawer 236
slidable beneath the work table 230. When in use, the
keyboard 3668 is taken out of the drawer 236 and placed on
top of the keyboard 366A. When the keyboard 366B is in
use, a connector (not shown) provided at the tip of a cord
(signal line) extending from the keyboard 366B is then fitted
over a jack 237 on the work table 230, whereupon the
keyboard 366B is electrically connected to the image pro-
cessing unit 216 via the jack 237.

A mouse 240 is provided on the working surface 230U of
the table 230. The cord (signal line) of the mouse 240 passes
through a hole 242 in the work table 230 to reach into the
receptacle 232 so that it is connected to the image processing
unit 216. As long as it is not used, the mouse 240 is placed
in a mouse holder 240A but if it need be used, the mouse 240
is taken out of the mouse holder 240A and replaced on the
working surface 230U.

As already mentioned, the image processing unit 216 is
supplied with the image data (scanned image data) output
from the scanner 214. It is also designed to be such that other
kinds of image data such as the one obtained by shooting
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with a digital camera, the one obtained by scanner reading
of originals other than film images (as exemplified by
reflection originals) and the one generated from a computer
(these kinds of image data are hereunder collectively
referred to as “file image data™) can be supplied as input
from external circuits (as by inputting via storage media
such as memory cards or by inputting from other informa-
tion processing machines over communication lines).

The image processing unit 216 performs image process-
ing including various kinds of correction on the received
image data and outputs it to the laser printer unit 218 as the
recording image data. The image processing unit 216 is also
designed to be capable of outputting the processed image
data to an external circuit as-an image file (as by outputting
to information recording media such as memory cards or by
outputting to other information processing machines over
communication lines).

The laser printer unit 218 has three (R,G,B) laser light
sources, from which laser light modulated in accordance
with the recording image data supplied from the image
processing unit 216 is applied to photographic paper, on
which the original image is recorded by subsequent scan
exposure. In the processor unit 220, the photographic paper
on which the image has been recorded by scan exposure in
the laser printer unit 218 is subjected to a photographic
process consisting of color development, bleach-fixing,
rinse and drying. This completes the process of image
formation on the photographic paper.

(Configuration of the Image Processing Unit)

We now describe the configuration of the image process-
ing unit 216 with reference to FIG. 16. As shown, the image
processing unit 216 has line scanner correcting portions
322R, 322G and 322B in correspondence with R,G,B data
supplied from the scanner 214. The line scanner correcting
portions 322R, 322G and 322B have identical configurations
and in the following description they are not distinguished
from each other but are collectively referred to as “line
scanner correcting portions 3227,

Upon receiving the scanned image data from the scanner
214 when the line CCD sensors (which are hereunder
referred to simply as line CCDs) have read the photographic
film, the line scanner correcting portions 322 perform the
following processing schemes in the order written: “dark
correction” in which the dark output level of a correspond-
ing cell is subtracted for each pixel from the received
scanned image data; “density conversion” in which the dark
corrected data is converted by logarithmic transformation to
data representing the density of the photographic film;
“shading correction” in which said density converted data is
corrected pixel by pixel in accordance with the unevenness
in the quantity of the light illuminating the photographic
film; and “defective pixel correction” in which the data that
has been subjected to said shading correction and that
represents cells (so-called “defective pixels”) that do not
produce a signal in exact correspondence to the quantity of
the incident light is generated by interpolation from the data
representing the surrounding pixels.

The output terminals of the line scanner correcting por-
tions 322 are connected to corresponding input terminals of
a selector 332 such that the data that has been subjected to
the above-mentioned processing schemes in the line scanner
correcting portions 322 are input as scanned data to the
selector 332. The selector 332 has one more input terminal
that is connected to a data output terminal of an I/O
controller 334 so that file image data input from an external
circuit is transferred from the I/O controller 334 to the
selector 332. The output terminal of the selector 332 is
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connected to the data input terminals of the I/O controller
334, and image processor portions 336A and 336B. The
selector 332 is adapted such that the input image data can be
selectively output to the I/O controller 334 or image pro-
cessor portion 336A or 336B.

The image processor portion 336A has a memory con-
troller 338, an image processor 340, and three frame memo-
ries 342A, 342B and 342C. Each of the frame memories
342A, 342B and 342C has a sufficient capacity to store the
image data representing at least one frame of the film image.
The image data input from the selector 332 is controlled by
the memory controller 338 such that it is stored directly in
either one of the three frame memories 342; alternatively,
the input image data is stored after it is subjected to specified
image processing in a one-dimensional image processing
portion 254 (to be described below in detail) of the image
processor 340.

The order in which image data is supplied from the
scanner 214 to the image processing unit 216 agrees with the
direction of reading of the photographic film with the
scanner 214, or the direction of raster scan in which auxil-
iary scanning is performed in the direction of transport of the
photographic film. When image data is input to the image
processor portion 336 via the line scanner correcting por-
tions 322 and the selector 332, the data representing indi-
vidual pixels are input in the order that coincides with the
direction of raster scan [stated more specifically, lines par-
allel to the main scanning direction which is perpendicular
to the transport of the photographic film (and which corre-
sponds to “the first direction” of the present invention; to be
hereunder referred to as “y-direction”) are assumed and the
data representing the pixels composing the individual lines
are input line by line, starting with the pixel located at the
end where main scanning of each line starts].

The memory controller 338 controls the reading address
such that when image data is read from either one of the
frame memories 342A, 342B and 342C (the one that stores
the image data to be processed and which is hereunder
referred to simply as “frame memory 342”), the order of
image data reading agrees with the direction coinciding with
the aforementioned direction of raster scan or a direction
coinciding with a scan direction 90° offset from the direction
of raster scan [stated more specifically, lines parallel to the
auxiliary scanning direction which coincides with the direc-
tion of transport of the photographic film (and which cor-
responds to the “second direction” of the present invention;
to be hereunder referred to as “x-direction”) are assumed
and the data representing the pixels composing the indi-
vidual lines are read out line by line, starting with the pixel
located at the end of each line].

As shown in FIG. 17, the image processor 340 has a
controller 250, a one-dimensional image processing portion
254, a switching portion 252 and a portion 256 for perform-
ing other image processing schemes. The one-dimensional
image processing portion 254 is composed of a one-
dimensional distortion correcting amount calculating part
258, a one-dimensional magnification chromatic aberration
correcting amount calculating part 260R, a one-dimensional
magnification chromatic aberration correcting amount cal-
culating part 260B, a one-dimensional electronic scaling
part 262 and an effective image area extracting part 264.
Note that the one-dimensional distortion correcting amount
calculating part 258, the one-dimensional magnification
chromatic aberration correcting amount calculating parts
260R and 260B and the one-dimensional electronic scaling
part 262 correspond to the “image processing means” of the
present invention whereas the controller 250 corresponds to
the “control means™ of the present invention.
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The image data input to the image processor 340 is first
entered in the one-dimensional image processing portion
254. To this end, the controller 250 refers to the image
processing conditions being notified from an auto-setup

66

254. The first image processing scheme to be done is in the
y-direction corresponding to the order of image data input
from the selector 332 to the image processor 340. The
controller 250 controls the switching portion 252 such that

engine 344 (to be described later) and determines whether s the image data that has been subjected to the image pro-
the image data input to the image processor 340 (and. to be cessing in the y-direction is stored temporarily in the frame
processed therein) is one that represents the film image memory 342 via the switching portion 252. Thereafter, the
recorded on a photographic film by“meins of 2 film with lens controller 250 controls, via a memory controller 338, the
(which is hereunder referred to as “LE );fuCh image data is order of reading said image data such that it is read from the
hereunder referred to as “LF image data”). £ 342 i der different f the above-
If the image data to be processed is not LF image data, the 10 lram¢ memory [0 an orcer querent from Ihe above
controller 250 controls the one-dimensional image process- mentioned qrder 9f input by 90°. Th.e 1hu§ read mage data
ing portion 254 such that the data is only subjected to are .sequentl.ally wnput to the one-dimensional !mage pro-
one-dimensional electronic scaling in the one-dimensional cessing portion 25‘," which then performs one-dlmen51onal
electronic scaling portion 262. One-dimensional electronic ~ 1Mage processing in the x-direction corresponding to the
scaling is the process of transforming the number of pixels 15 above-mentioned order of image data reading. The control-
in the image data (i.e., resolution) in order to ensure that the ~ ler 250 then controls the switching portion 252 such that the
image represented by the image data can be recorded on a image data that has been subjected not only to the image
recording material in a specified size at a specified recording processing in the y-direction but also to the image process-
density; according to the electronic scaling ratio which is ing in the x-direction is input to the image processing portion
one of the image processing conditions being notified from 20 256 via the switching portion 252.
the auto-setup engine 344, the number of pixels (resolution) In the image processing portion 256, the input image data
is transformed in a single direction (x- or y-direction) is subjected to various image processing schemes in accor-
corresponding to the order of input of the image data. In dance with the processing conditions that have been deter-
transformation of the number of pixels, each position of a mined for each original film image with the auto-setup
pixel after transformation does not usually overlap each 25 engine 344 and notified to the controller 250. The image
position before transformation, so the value of the density at processing schemes to be executed in the image processing
the position of each pixel after transformation is also cal- portion 256 include, for example, gradation conversion,
culated by arithmetic interpolation. color transformation, hypertoning for compressing the gra-
If the image data to be processed is LF image data, the dation of an ultra-low frequency brightness component of
controller 250 controls the one-dimensional image process- 30 the image and hyper-sharpening for enhancing the image
ing portion 254 to perform not only the above-described sharpness while suppressing its graininess. In short, image
one-dimensional electronic scaling but also the following processing schemes for improving the quality of the output
processing schemes in the other parts of the one-dimensional image (which may be designated as “standard image pro-
image processing portion 254: one-dimensional distortion cessing schemes”) are executed in the image processing
correction which is performed in the one-dimensional dis- 35 portion 256.
tortion correcting amount calculating part 258 such that any The image processing portion 256 may be adapted to be
geometrical distortion in the image due to the distortion of capable of executing “non-standard” image processing
the lens of the LF is corrected in a single direction corre- schemes that should be executed selectively on the basis of
sponding to the order of image data input; one-dimensional individual images (or a group of images such as one of the
magnification chromatic aberration correction which is per- 40 images recorded on a single roll of photographic film).
formed in the one-dimensional magnification chromatic Examples of such “non-standard” image processing
aberration correcting amount calculating parts 260R and schemes include one that changes the tone of image inten-
260B such that any color divergence in the image due to the tionally (as by processing the output image to have a finish
chromatic aberration of magnification of the lens of the LF in monotone or like portrait or in sepia) and one that trims
is corrected in a single direction corresponding to the order 45 the image. The image taken with a LF may also be subjected
of image data input; and effective image area extraction to various LF aberration correcting schemes for correcting
which is performed in the effective image area extracting the deterioration in the quality of the output image that
part 264 to extract an effective image area that is free from occurs from the characteristics of the lens of the LF;
any loss of pixels that has occurred in end portions of the examples of such LF aberration correcting schemes include
image along a single direction (x- or y-direction) corre- 50 marginal lumination deterioration correction that corrects
sponding to the order of image data input as the result of the the decrease in the brightness at the edge of the image
above-mentioned one-dimensional distortion correction and resulting from the marginal lumination deterioration of the
one-dimensional magnification chromatic aberration correc- lens of the LF and defocusing correction that corrects the
tion. decrease in the sharpness of the image resulting from the
The image data that has been subjected to the above- 55 characteristics of the lens of the LF.
described processing schemes in the one-dimensional image The image processor 340 is connected to the I/O control-
processing portion 254 is then input to the switching portion ler 334 so that the processed image data is stored temporarily
252. The switching portion 252 is composed of a switching in the frame memory 342 before it is output to the I/O
element and so forth and controlled by the controller 250 to controller 334 at a specified timing. The image processor
be able to select either the first state in which the input image 60 336B has an identical configuration to the above-described
data is output to the portion 256 for performing other image image processor 336A and need not be described in detail.
processing schemes or the second state in which the input In the embodiment under consideration, individual film
image data is output to the frame memory 342 (i.e., stored images are read twice in the scanner 214 at different reso-
in the frame memory 342 without being further processed in lutions. In the first reading at a comparatively low resolution
the portion 256). 65 (which is hereunder referred to as “prescan”), the entire

This is how the image input from the selector 332 is
processed in the one-dimensional image processing portion

surface of the photographic film is read under the reading
conditions (the quantities of the R, G and B components of
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the light to be incident on the photographic film and the
charge accumulation times of the line CCDs) that have been
so determined that the line CCDs will not be saturated with
accumulated charges even if the density of the film image is

68

described above to determine the conditions for the image
processing of the file image data input from an external
circuit.

In the ROM 350 in the auto-setup engine 344, the

very low (as in the case of an underexposed negative image 5 distortion correcting data and the magnification chromatic
on a negative film). The data obtained by prescan (which is aberration correcting data to be used in the aforementioned
hereunder referred to as “prescanned data”) is output from corrections of distortion and chromatic aberration of mag-
the selector 332 to the I/O controller 334. nification are preliminarily stored for each type of the lenses
The auto-setup engine 344 is connected to the I/O con- used in various kinds of LF.
troller 334. The auto-setup engine 344 has a CPU 346, a 10  The distortion correcting data is used in distortion aber-
RAM 348 (such as DRAM), a ROM 350 (such as ROM of ration correction, or the process of correcting the geometri-
which storage content is rewritable) and an I/O port 352; cal distortion of the image resulting from the lens distortion.
these components are interconnected with a bus 354. This data is set for each lens type on the basis of the results
On the basis of the prescanned data input from the I/O of lens-by-lens measurements of the direction and amount of
controller 334, the auto-setup engine 344 determines the 15 the change in pixel position at each position on the film
frame position of the film image and extracts the data image that results from the lens distortion. In the embodi-
(prescanned image data) corresponding to the region of the ment under consideration, G is selected as a reference color
photographic film where the film image is recorded. On the and the distortion correcting data is obtained by the follow-
basis of the prescanned image data, the auto-setup engine ing procedure: the result of measurement of the change in
344 determines the size of the film image and calculates 20 pixel position for G (i.e., the amount of distortion) in each
image characteristic quantities such as density to determine position on the film image that occurs from the lens distor-
the reading conditions under which the prescanned photo- tion is resolved in x- and y-directions, and the amount of
graphic film is subjected to a second reading with the distortion in each position on the image is represented with
scanner 214 which is performed at a comparatively high reference to an Xy, coordinate system [as shown in FIG.
resolution (and which is hereunder referred to as “fine 25 18B, a given pixel on the image is expressed by coordinate
scan”). The thus determined frame position and reading values (X,,, ¥,,), with the center of the image (x,,,, y,,,) being
conditions are output to the scanner 214. the origin (=(0, 0))] such that the amount of distortion in
The auto-setup engine 344 has another function. On the x-direction is expressed as Dx(x,, y,) and the amount of
basis of the prescanned image data representing two or more distortion in y-direction as Dy(x,, y,).
frames of the film image, the auto-setup engine 344 auto- 30  The magnification chromatic aberration correcting data is
matically determines by arithmetic operations the conditions used in the correction of chromatic aberration of
for the image processing to be performed on the image data magnification, or the process of correcting the color diver-
(fine scanned image data) obtained by fine scan with the gence of the image resulting from the chromatic aberration
scanner 214; the auto-setup engine 344 then outputs the of magnification of the lens. This data is set for each lens
determined image processing conditions to the image pro- 35 type on the basis of the results of lens-by-lens measurements
cessor 340 in the image processor portion 336. To determine of the direction and amount of the change in pixel position
the image processing conditions, a check is first made to see for non-reference colors with respect to the pixel position of
if similar scenes were shot in a plurality of film images (the the reference color at each position on the film image that
check is based on the amount of exposure at the shooting, the results from the chromatic aberration of magnification of the
type of the shooting light source and other characteristic 40 lens.
features or quantities) and if the answer is yes, the conditions In the embodiment under consideration, R and B are
for processing those film images are determined such that selected as the non-reference colors and the magnification
they are identical or close to one another. chromatic aberration correcting data for R is obtained by the
Optimal image processing conditions also depend on following procedure: the result of measurement of the
whether the processed image data is used in recording an 45 change in pixel position (i.c., the amount of chromatic
image on photographic paper in the laser printer unit 218, or aberration of magnification) for R with respect to G at each
presentation on a suitable means such as a display or storage position on the film image that results from the chromatic
in an information recording medium. The image processing aberration of magnification of the lens is resolved in x- and
unit 216 has two image processor portions 336A and 336B, y-directions and the amount of chromatic aberration of
so if the image data is not only used in recording an image 50 magnification for R at each position on the image is repre-
on photographic paper but also output to an external circuit, sented with reference to the x,y,, coordinate system such that
the auto-setup engine 344 performs arithmetic operations for the amount of chromatic aberration of magnification for R in
setup for the respective uses, determines optimal processing x-direction is expressed as ARx(x,, y,,) and the amount of
conditions for each use and outputs them to the image chromatic aberration of magnification for R in y-direction as
processor portions 336A and 336B, in which the same fine 55 ARy(x,, y,). The chromatic aberration of magnification data
scanned image data is subjected to image processing under for B is obtained by the following similar procedure: the
different conditions. result of measurement of the change in pixel position (i.e.,
The auto-setup engine 344 has the following additional the amount of chromatic aberration of magnification) for B
function to perform; on the basis of the prescanned image with respect to G at each position on the film image that
data about the film image that has been input from the I/O 60 results from the chromatic aberration of magnification of the
controller 334, the auto-setup engine 344 calculates image lens is resolved in x- and y-directions and the amount of
recording parameters that define the gray balance and other chromatic aberration of magnification for B at each position
requirements to be met for recording the image on photo- on the image is represented with reference to the xy,
graphic paper in the laser printer unit 218 and outputs them coordinate system such that the amount of chromatic aber-
simultaneously with the recording image data (to be 65 ration of magnification for B in x-direction is expressed as

described later) to the laser printer unit 218. The auto-setup
engine 344 also performs the arithmetic operations as

ABx(X,, y,) and the amount of chromatic aberration of
magnification for B in y-direction as ABy(x,, v,,).
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The I/O controller 334 is connected to the laser printer
unit 218 via an I/F circuit 356. If the processed image data
is used in recording an image on photographic paper, the
image data that has been subjected to image processing in
the image processor portion 336 leaves the 1/O controller
334 and passes through the I/F circuit 356 to be output as
recording image data into the laser printer unit 218.

The auto-setup engine 344 is also connected to a personal
computer 358. If the processed image data is output as an
image file to an external circuit, the image data that has been
subjected to image processing in the image processor por-
tion 336 passes through the I/O controller 334 and the
auto-setup engine 344 to be output to the personal computer
358.

The personal computer 358 has a CPU 360, a memory
362, a display 364, a keyboard 366 (corresponding to the
keyboards 366A and 366B in FIG. 15), a mouse 240 (also
see FIG. 15), a hard disk 368, a CD-ROM driver 370, a
transport control section 372, an extension slot 374 and an
image compressing/decompressing section 376. These com-
ponents are interconnected via a bus 378.

The personal computer 358 incorporates the prescanned
image data that has been extracted from the prescanned data
by the auto-setup engine 344; it also incorporates the image
processing conditions that have been determined with the
auto-setup engine 344 and, on the basis of the incorporated
image processing conditions, generates simulated image
data from the prescanned image data by subjecting it to an
image processing scheme that is equivalent to the image
processing to be performed on the fine scanned image data
in the image processor 340.

The personal computer 358 converts the generated simu-
lated image data to a signal for image presentation on the
display 364 and presents a simulated image on the display
364 on the basis of the signal. The operator verifies the
image quality and other features of the simulated image on
the display 364; when a command for modifying the pro-
cessing conditions is input from the keyboard 366 as infor-
mation on the result of the verification, the same command
is output to the auto-setup engine 344, which then performs
the necessary schemes such as another set of arithmetic
operations to modify the image processing conditions.

The transport control section 372 of the personal com-
puter 158 is connected to a film carrier 238 set in the scanner
214 and controls the transport of the photographic film by
means of the film carrier 238. In the case where an APS film
is set in the film carrier 238, the information that the film
carrier 238 reads from the magnetic layer on the APS film
(for example, the print size) is input to the transport control
section 372.

A driver (not shown) for reading data from and writing
data to an information storage medium such as a memory
card and a communication control apparatus for establishing
communication with other information processing machines
are connected to the personal computer 358 via the exten-
sion slot 374. If the I/O controller 334 supplies the personal
computer 358 with image data to be output to an external
circuit, this image data passes through the extension slot 374
to be output as an image file to an external circuit (e.g. the
aforementioned driver or communication control apparatus).
If the file image data is input to the personal computer 358
from an external circuit via the extension slot 374, the input
file image data is output to the I/O controller 334 via the
auto-setup engine 344, which then outputs the received file
image data to the selector 332.

(Operation)

We now describe the operation of the embodiment under

consideration. The scanner 214 performs two readings
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(prescan and fine scan) on the film image recorded on a
photographic film. When the entire surface of the photo-
graphic film to be processed (from which image information
is to captured) is prescanned with the scanner 214 to have
the prescanned data input to the image processing unit 216
from the scanner 214, dark correction, density conversion,
shading correction and defective pixel correction are per-
formed on the input prescanned data by means of the line
scanner correcting portions 322.

The prescanned data output from the line scanner cor-
recting portions 322 are fed into the auto-setup engine 344
via the selector 332. In the auto-setup engine 344, process-
ing schemes such as the determination of the frame position
of the film image, extraction of the prescanned image data
and determination of the reading conditions for fine scan are
sequentially performed and, thereafter, an auto-setup pro-
cess is performed for computing the conditions for the
various image processing schemes to be executed in the
image processor 340. On the following pages, the auto-setup
process is described with reference to the flowchart in FIG.
19. Note that FIG. 19 shows the flow of the auto-setup
process that is performed on a single film image and in
practice the images recorded on the same photographic film
are sequentially subjected to the process described below.

First, in step 400, the electronic scaling ratio computing
routine shown in FIG. 20 is executed. In step 430 (see FIG.
20), determination is made as to whether the photographic
film inserted into the film carrier 238 is an APS film or not.
As already mentioned, in the case of APS film, the print size
(the size of the image to be recorded on photographic paper)
is recorded on the magnetic layer of an APS film. Therefore,
if the photographic film is found to be an APS film in step
430, the process goes to step 432 and the print size ax in
x-direction and the print size ay in y-direction are acquired
from the magnetic layer of the APS film. Thereafter, the
process goes to step 438.

If the photographic film is not found to be an APS film in
step 430, the process goes to step 434 and the personal
computer 358 requests the operator to input the print size by
representing a message on the display 364 to the effect that
the print sizes in x- and y-directions should be input. In
subsequent step 436, the computer 358 waits for the operator
to enter those print sizes.

If the display 364 shows the message requesting the input
of the print sizes, the operator enters the desired print sizes
ax and ay in x- and y-directions from the keyboard 366.

If the operator keys in the print sizes ax and ay (if the
answer to the question asked in step 436 is affirmative), the
process goes to step 438.

In step 438, on the basis of XX and YY which denote the
desired numbers of pixels in x- and y-directions in the output
image (either recorded on the photographic paper or repre-
sented on the display or represented by the image data stored
in an information recording medium) that are determined on
the thus acquired print sizes ax and ay, as well as X and Y
which denote the numbers of pixels in x- and y-directions in
the fine scanned image data obtained by fine scan, electronic
scaling ratios mx and my in x- and y-directions that are
employed in the electronic scaling of the fine scanned image
data are calculated (mx=XX/X, my=YY/Y).

The reading resolution for fine scan may be varied with
the type of the document to be read (e.g. whether it is a
photographic film of 135 size, 110 size, 240 size (APS), 120
size or 220 size (brownie size)) and the pixel numbers X and
Y in x- and y-directions of the fine scanned image data are
determined in accordance with the reading resolution for
fine scan and the size of the image to be read.
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The electronic scaling ratios mx and my in x- and
y-directions are usually set at equal values (i.e., X/Y=XX/
YY) so that the aspect ratio of the image represented by the
image data after electronic scaling will not vary from the
original image. However, in other cases such as where the
reading resolution for fine scan differs between x- and
y-directions and where a special finishing technique (e.g.
“finish to slender”) for slightly reducing or enlarging the
image in either x- or y-direction is to be adopted, different
values are set for mx and my. The following description
concerns the case of performing a “finish to slender” tech-
nique in which the proportion of the print size ay to the print
size ax is preliminarily set to be slightly larger than the
proportion of the size of the original image in y-direction to
its size in x-direction.

When the calculation of the electronic scaling ratios ends,
the process goes to step 402 (see FIG. 19), in which
determination is made as to whether the image to be pro-
cessed is LF image data which represents the film image
recorded on the photographic film by taking with an LF (film
with lens). Photographic films used as LF are brought into
the image processing system as they are contained in the LF
body. In view of this fact, one way to determine whether the
image data to be processed is LF image data or not is by
removing the photographic film from the LF body, identi-
fying the type of the LF, providing the photographic film
with a mark indicating which of the many types of LF
currently on the market was used to take the image, and
checking to see if such mark is present in the film to be
processed. A different method may be employed if the
photographic film has a magnetic layer with it; an identify-
ing code showing information of the same nature as the
above-mentioned mark is preliminarily recorded on the
magnetic layer and check is made to see if such identifying
code is recorded on the film to be processed. Alternatively,
during the manufacture of LFs, the above-described mark
may be attached to photographic films to be used as LFs or
the identifying code may be recorded on the magnetic layer.

If the answer to the question asked in step 402 is negative,
the process jumps to step 424, in which various image
characteristic quantities are calculated on the basis of the
prescanned image data and the conditions for the various
image processing schemes to be performed in the image
processing portion 256 in the image processor 340 are also
calculated on the basis of the thus calculated image charac-
teristics quantities, whereupon the auto-setup process ends.
In this case, the calculated image processing conditions are
subjected to a verification step and then notified to the image
processor 340 (to its controller 250 to be more exact)
together with the electronic scaling ratios mx and my (as
computed in step 400) when the image processor 340
performs image processing on the image data.

If the image data to be processed is LF image data, the
answer to the question asked in step 402 is affirmative and
the process goes to step 404. In the example under
consideration, the LF image data (more particularly, the fine
scanned image data representing the film image recorded on
the photographic film by taking with the LF) is corrected for
distortion and chromatic aberration of magnification in the
one-dimensional image processing portion 254 of the image
processor 340. To this end, the center position of the image
as the reference for the correction of distortion and chro-
matic aberration of magnification is calculated in step 404
on the basis of the prescanned image data.

The center position of the image can be calculated in the
following manner: X, or the number of pixels in the
prescanned image data in x-direction and Y, or the number
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of pixels in the same data in y-direction are calculated and
with reference to the pixel corresponding to a corner of the
film image [if an xy coordinate system having the origin at
the upper left corner of the film image (see FIG. 18A) is
assumed, said corner is the origin of this coordinate system],
the pixel moved by (X,/2) in x-direction and by (Y/2) in
y-direction (the pixel has the coordinates (Xp,, ¥po) in the
xy coordinate system shown in FIG. 18A; Xp,=X,/2, Ypo=
Y,/2) is extracted as the pixel at the center position of the
image.

In next step 406, the type of the lens used to take the film
image represented by the prescanned image data is identified
and the identified lens type is stored. This lens type identi-
fication can be accomplished by reading the aforementioned
mark or identifying code to know what type of film with lens
was used to take and record the image on the photographic
film. In next step 408, the distortion correcting data corre-
sponding to the thus identified lens type is captured.

When image data are corrected for distortion and chro-
matic aberration of magnification, pixel losses accompany
the correction, as typically shown in FIG. 25B. To deal with
this situation, in step 410 and onward, the one-dimensional
electronic scaling portion 262 in the image processor 340
performs electronic scaling and the electronic scaling ratios
are corrected in such a way that the number of pixels in the
image data for the effective image area (the number of pixels
in the output image) that will be extracted by the effective
area extracting portion 264 to become free of any loss of
pixels is equal to a predetermined value.

In the image processor 340 of the example under
consideration, the correction of distortion and chromatic
aberration is performed in y- and x-directions independently
of each other. Assume here image data of the type shown in
FIG. 21A that represents an original image having a rect-
angular contour and which has X pixels in x-direction sand
Y pixels in y-direction. Also assume that this image data is
first corrected for distortion and chromatic aberration of
magnification in y-direction and then subjected to electronic
scaling in y-direction at the electronic scaling ratio my. As
shown in FIG. 21B, the number of pixels in y-direction is
equal to the desired number YY (=Y'my) but blanks or
regions having indeterminate density values occur at the
four corners of the image. If the region excluding such pixel
losses (the region is delineated by a thick line in FIG. 21B)
is regarded as the image area, the shape of its outer edge also
changes only in y-direction. While the image area has four
sides to define its outer edge, the change appears on the two
sides parallel to the y-direction (they are curved).

Assume a different case where the image data of the type
shown in FIG. 21A is first corrected for distortion and
chromatic aberration of magnification in x-direction and
then subjected to electronic scaling in x-direction at the
electronic scaling ratio mx. As shown in FIG. 21C, the
number of pixels in x-direction is equal to the desired
number XX (=X-'mx) but blanks or regions having indeter-
minate density values occur at the four corners of the image.
If the region excluding such pixel losses (the region is
delineated by a thick line in FIG. 21C) is regarded as the
image area, the shape of its outer edge also changes only in
x-direction. While the image area has four sides to define its
outer edge, the change appears on the two sides parallel to
the x-direction (they are curved).

The above-described fact is used to perform the following
operation in step 410. Namely, on the basis of the electronic
scaling ratios mx and my calculated in step 400 and the
distortion correcting data captured in step 408, Ay, or the
amount of pixel loss that occurs when distortion and chro-
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matic aberration of magnification are corrected in
y-direction (more specifically, Ay denotes the amount by
which the two sides parallel to y-direction are curved; see
FIG. 21B) and Ax, or the amount of pixel loss that occurs

74

corrected with the same coefficient Am. Therefore, if elec-
tronic scaling is performed in x- and y-directions at the
corrected ratios mx' and my', together with distortion and
chromatic aberration of magnification are each corrected in

when distortion and chromatic aberration of magnification 5 x- and y-directions, the largest rectangular region that is
are corrected in x-direction (more specifically, Ax denotes inscribed in the image area represented by the processed
the amount by which the two sides parallel to x-direction are image data is such that the numbers of pixels in x- and
curved; see FIG. 21C) are each computed. y-directions coincide with the desired pixel numbers XX and
In next step 412, the percentage of vignetting in YY, respectively. The rectangular region of interest can be
x-direction (=2*Ax/XX) that occurs when distortion and 10 extracted by trimming the image area represented by said
chromatic aberration of magnification are corrected in processed image data in the following manner: the parts
x-direction and then electronic scaling is effected in corresponding to Ax' are excluded from the two sides
x-direction and the percentage of vignetting in y-direction parallel to the x-axis and the parts corresponding to Ay' are
(=2*Ay/YY) that occurs when distortion and chromatic excluded from the two sides parallel to the y-axis.
aberration of magnification are corrected in y-direction and 15  In next step 424, the conditions for the various image
then electronic scaling is effected in y-direction are each processing schemes to be performed by the portion 256 of
computed. To understand the percentage of vignetting, first the image processor 340 are computed as already mentioned
consider the image area represented by the image data that above, whereupon the auto-setup process ends. If the image
has been corrected for distortion and chromatic aberration of data to be processed is LF image data, the thus computed
magnification and subjected to electronic scaling in a speci- 20 image processing conditions are subjected to a verification
fied direction (y- or x-direction); if the largest rectangular step and, when the image processor 340 performs image
region that is inscribed in this image area (which is delin- processing on the image data, they are notified to said
eated by a thick line in FIG. 21B or 21C) is assumed as the processor (or its controller 250 to be more exact) together
effective image area, the percentage of vignetting represents with the center position of the image as computed in step
the ratio between the number of pixels, as counted in the 25 404, the data for correcting distortion and chromatic aber-
specified direction, in those parts which are within said ration of magnification that correspond to the lens type as
image area but outside the effective image area and the total identified in step 406, the corrected electronic scaling ratios
number of pixels in said image area as counted in the mx' and my' as determined in step 420, and the corrected
specified direction. amounts of pixel loss Ax' and Ay' as determined in step 422.
In step 414, comparison is made between the percentages 30 ~ When the prescan of the photographic film ends, the
of vignetting in x- and y-directions as computed in step 412 scanner 214 performs fine scan to read the same photo-
and the next step will be taken depends on which percentage graphic film for each film image at a higher resolution than
of vignetting is greater. If the percentage of vignetting in in the prescan. To effect fine scan, the reading conditions for
x-direction is greater than that in y-direction, the process individual film images are notified to the scanner 214 from
goes to step 416 and Am, or the coefficient for fine adjust- 35 the auto-setup engine 344 so that the scanner 214 reads the
ment of the electronic scaling ratio, is computed in accor- individual film images (performs fine scan) in accordance
dance with the following equation (1) before the process with the notified reading conditions.
goes to step 420: As the result of the fine scan, the image data (fine scanned
image data) is supplied from the scanner 214 into the image
Am=XX/(XX~2-*Ax) () 40 processing unit 216; the input image data passes through the
It . . S line scanner correcting portions 322 and the selector 332 to
the percentage of vignetting in y-direction is greater be fed into the i 340. where i .
than that in x-direction, the process goes to step 418 and Am De 1ed 1to ThE IMASE Processor S0, WCIE IMAge Processing
. . . . . is performed in the one-dimensional image processing por-
is computed in accordance with the following equation (2) 1on 254 in the v-directi hich ds to the order of
before the process goes fo step 420: tion in the y-direction which corresponds to the order o
45 image data input. If the photographic film to be processed
Am=YY/(YY-2*Ay) @ that is set on the scanner 214 has the image taken or recorded
with cameras other than LF, the one-dimensional image
If the percentage of vignetting in x-direction is equal to processing portion 254 performs only electronic scaling in
that in y-direction, either equation (1) or (2) may be used to y-direction in the one-dimensional electronic scaling part
compute Am. In step 420, the electronic scaling ratios mx 50 262 in accordance with the electronic scaling ratio my that
and my are corrected in accordance with the following has been calculated in step 400 of the previous auto-setup
equations by using Am as computed in step 416 or 418: process.

If the photographic film to be processed has the image
mx'=mcAm taken or recorded with an LF, the correction of distortion, the
my'=my-Am 55 correction of chromatic aberration of magnification and

electronic scaling are respectively performed in y-direction

In next step 422, the corrected amounts of pixel loss Ax' in the one-dimensional image processing portion 254. The
and Ay' are computed in accordance with the following individual functional parts of the one-dimensional image
equations by using mx' and my' as computed in step 420: processing portion 254 perform their own operations. First,
60 the one-dimensional distortion correcting amount calculat-

Ar=(XX"-XX)/2=(X mx-XX)/2 ing part 258 does the following: with reference being made
AY=(YY=Y¥)2=(Fmy'-Y¥)/2 to the center position of th.e image as calculatefi by the
previous auto-setup process in step 404, the coordinates (X,

Thus, in order to determine mx' and my', Am is first y) of each pixel in the input image data are transformed to
calculated from the amount of pixel loss in whichever of the 65 the coordinates (Xp, Yp) in an Xpy, coordinate system (see

x- and y-directions that cause the higher percentage of
vignetting and then mx and my in the x- and y-directions are

FIG. 18B), namely, they are normalized to Xp=X-Xp, and
Vp=Y-Ypo; thereafter, for the pixel having the normalized
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coordinates (X, y,,) and with the coordinates (x,, y,) being
used as a key, the corresponding amount of distortion in the
y-direction Dy(xp, yp) is searched from the distortion cor-
recting data notified from the auto-setup engine 344; the

76

of the corrected electronic scaling ratio my' in y-direction as
calculated in step 420 of the previous auto-setup process
(said inherent position is hereunder expressed by the coor-

dinates (Xp, Yp0))-
Then, the density value of R at the position of the

coordinates of da“.l R(xp yp), G(xp, yp) and B(xp »Yp ) thh % coordinates (Xps Ypo) Is determined by arithmetic operations
represent the density values of R, G and B colors in the pixel for interpolation on the basis of data R(x,,, ypr) that has been
having the coordinates .(XP> ¥p) are transformed in accor- subjected to the correction of distortion and chromatic
dance with the following formulae; and these steps are aberration of magnification and which is located in two
repeated for all pixels: adjacent positions interposed by the coordinates (Xp, Ypo) in
10 y-direction. The density value of G at the position of the
R(xp, ypr')<R(xp: yp) coordinates (Xp, Ypo) is determined by arithmetic operations
o Y6 ) for interpolation on the basis of data G(XP, Vpg) that has
2 Voo e been subjected to the correction of distortion and chromatic
B(tps vpg)<—B(ips vp) aberration of magnification and which is located in two
15 adjacent positions interposed by the coordinates (X, ¥ ) in
where Y pg'=Yps=Yrs'=yp+DY(Xp, ¥p)- y-direction. The density value of B at the position of the
The one-dimensional magniﬁca[ion chromatic aberration coordinates (XP, YPO) is determined by arithmetic Operations
correcting amount calculating part 260R does the following: for @nterpolation on the ba§is of data. B(XI?, Ypg) that has beqn
for the R data of the pixel having the normalized coordinates subjected to the correction of distortion and chromatic
(Xp, ¥p), namely, the pixel having the coordinates (Xp, Ypz') 20 abfzrratlon o.f.mag.mﬁcatlon and which is located in two
after the correction of distortion in y-direction, and with the adjacent positions interposed by the coordinates (Xp, Ypo) in
coordinates (Xp, yp) being used as a key, the corresponding y-direction. These. proceflurqs are repe.ated. for all pixels to
amount of R’s chromatic aberration of magnification in the complete electronic scaling in the y-direction.
y-direction ARy(Xp, ¥p) is searched from the R’s magnifi- ) If t}}e image data representing an image having X pixe!s
cation chromatic aberration correcting data notified from the in x-direction %ﬂd Y.plxels n y-dlre(.:tlon (see.FIG. 22A) 18
auto-setup engine 344; the coordinates of data R(Xp, ypz") 25 corrf;cted for dlSt.OI‘tIOIl and chrome}tlc ab&j,rrat}on of magni-
that represent the density value of R in the pixel having the ﬁcatlor} and subjected to electrqmc scaling in y-dlrectlon
coordinates value (Xp, ypg') after the correction of distortion accord!ng to the procedurps descrl.bed .above, the 1mage arca
in y-direction are transformed in accordance with the fol- excluding blanks or regions having indeterminate density
lowing formula; and these steps are repeated for all pixels: values has an outer edge that is curved on two of the four
30 edge-defining sides of the image area that are parallel to the
RGtp, yor) < RGxps yo) y-d@rect}'on and has a maximum of YY' pixels in the
’ ’ y-direction (see FIG. 22B)
where ypg = Ypg + ARY(xp, yp) The effective image area extracting part 264 does the
= yp+ Dy(xp, yp) + ARY(xp, p). following: in accordanpe with the corrected amount of pixel
35 loss Ay' as calculated in step 422 of the previous auto-setup
process and with reference being made to the center position
Further, the one-dimensional magnification chromatic of the image, the region corresponding to Ay' (pixel loss) is
aberration correcting amount calculating part 260B does the ~ excluded from both sides of the image area parallel to the
following: for the B data of the pixel having the normalized y-direction so that the effective image area is extracted. In
coordinates (Xp, ¥p), namely, the pixel having the coordi- 40 this way, the effective image area extracting part 264
nates (Xp, Ypg') after the correction of distortion in extracts image data that still has X pixels in x-direction but
y-direction, and with the coordinates (xp, y») being used as in which the number of pixels in y-direction has been
a key, the corresponding amount of B’s chromatic aberration brought into agreement with the desired number YY (see
of magnification in the y-direction ABy(xp, y,,) is searched FIG. 22C).
from the B’s magnification chromatic aberration correcting When the image processing has been thusly performed in
data notified from the auto-setup engine 344; the coordinates 45 the y-direction, the controller 250 allows the image data
of data B(Xp, yp5') that represent the density value of B in output from the one-dimensional image processing portion
the pixel having the coordinates value (Xp, ypg) after the 254 to be stored temporarily in the frame memory 342 via
correction of distortion in y-direction are transformed in the switching portion 252. Therefore, the controller 250
accordance with the following formula; and these steps are controls, via the memory controller 338, the order of reading
repeated for all pixels: 50 the image data such that it is read from the frame memory
342 in an order different from the raster scan direction by 90
Ble, yon)  Bxp, Yog) degrees. The thl}s reaq image data are sequs:ntially input to
the one-dimensional image processing portion 254.
where ypg = ypp + ABy(xp, yp) Then, the correction of distortion, the correction of chro-
= yp + Dy(xp, yp) + ABY(xp, V). 55 matic aberration of magnification and electronic scaling are
respectively performed in x-direction in the one-
dimensional image processing portion 254. The individual
By these procedures, the distortion is corrected in functional parts of the one-dimensional image processing
y-direction and the R and B chromatic aberration of mag- portion 254 perform their own operations. First, the one-
nifications are corrected in y-direction, whereupon the posi- dimensional distortion correcting amount calculating part
tions of the individual pixels represented by the image data °° 258 does the following: with reference being made to the
are shifted in the y-direction for each of the R, G and B center position of the image, for the pixel in the input image
colors in an independent manner. data that has the coordinates value (Xp, ¥p,) and with the
The one-dimensional electronic scaling part 262 does the coordinates (Xp, ¥po) being used as a key, the corresponding
following: it first determines the inherent position of each amount of distortion in the x-direction DxX(Xp, Vpo) IS
pixel in the original image in y-direction for the case where 65 searched from the distortion correcting data notified from

Y, or the number of pixels in the original image as counted
in the y-direction, was changed to YY' (=Y my') on the basis

the auto-setup engine 344 (if the amount of distortion at the
coordinates (Xp, ¥po) is not stored as data, it is determined
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by arithmetic operations for interpolation on the basis of the
amounts of distortion in surrounding positions of the coor-
dinates described above); the coordinates of data R(Xp, Y0),
G(Xp, Ypo) and B(Xp, ypo) Which represent the density
values of R, G and B colors in the pixel having the

78

pixel in the original image in x-direction for the case where
X, or the number of pixels in the original image as counted
in the x-direction, was changed to XX' (=X'mX') on the
basis of the corrected electronic scaling ratio mx' in
x-direction as calculated in step 420 of the previous auto-

5
coordinates (Xp, ¥ po) are transformed in accordance with the setup process (said inherent position is hereunder expressed
following formulae; and these steps are repeated for all by the coordinates value (Xpo, Yro))-
pixels: Then, the density value of R at the position of the
, coordinates value (Xpo, Ypo) is determined by arithmetic
R(xpr', ypo)=R(p: o) 1o Operations for interpolation on the basis of data R(Xpg, Yro)
G(tpas Yro)—Gltp Ypo) that has‘been subjected to thf; cor;ection of d.isto.rtion and
Blew B chromatic aberration of magnification and which is located
(ees’, yro) =Bt yro) in two adjacent positions interposed by the coordinates (Xpo,
where Xpg'=Xp=Xpg' =X p+DX(Xp, Vpo)- Vpo) I X-.direction. The density \{alue of G at the p0§iti0n Qf

The one-dimensional magnification chromatic aberration s the coordinates value (Xpo, Ypo) is determined by arithmetic
correcting amount calculating part 260R does the following: operations for interpolation on the basis of data G(Xpe, ¥ o)
for the R data of the pixel having the coordinates value (xp, that has been subjected to the correction of distortion and
Vpo) before the correction of distortion in x-direction chromatic aberration of magnification and which is located
namely, the pixel having the coordinates value (Xpg's Ypo) in two ad]ace;nt positions interposed by the coordinates value
after the correction of distortion in x-direction, and with the (XP.O’. Ypo) in X-dlrf;ctlon. The density va.lue of B at the
coordinates (Xp, ¥5,) being used as a key, the corresponding 20 position .Of the coc.)rdmateslvalue xp, 0> VP o) is deter.mmed by
amount of R’ sP ,chfoomatic aberration of rr,lagniﬁcation in the arithmetic operations for interpolation on the basis of data
x-direction ARX(Xp, Ypo) Is searched from the R’s magni- B.(XPB’. Ypo) that has been subje.cted to the cprregtion of
fication chromatic aberration correcting data notified from dlSt.OIIIF) n and chromatlc Aaberratlon. o £ magmﬁcaﬂon and
the auto-setup engine 344 (if the amount of chromatic which is located in two adjacent positions interposed by the

. . . . .- 25 coordinates value (Xpp, Ypo) In x-direction. These proce-
aberration of magnification at the coordinates (Xp, Ypo) is p) ted for 2l mixels t lete electroni
not stored as data, it is calculated by arithmetic operations urfs are trhepeade' t(?r all prxels 1o complete electronic
for interpolation as described above); the coordinates of data scei fl rtll% 1 the X(-i 1trec 1on. " . havine X pixel
R(Xpx'> Yro) that represent the density value of R in the pixel 0 xodi © u:ylge ;;Xr(epf esle oung gn mt]'age aVi:nIgG Zgge’s
having the coordinates value (Xpz', Ypo) after the correction 10 x-direction and ¥ ¥ p1xeis 10 y-direction (see.: . ) 18
of distortion in x-direction are transformed in accordance > corrc.:cled for dlSt.OI‘tIOIl and chrome}tlc abc?rrat}on of.mag.nl-
with the following formula; and these steps are repeated for fication and subjected to electronic scaling in x-direction
all pixels: ? according to the procedures described above, the image area

P ) excluding blanks or regions having indeterminate density
Rxpr; ypo)<R(xpr', Ypo) values has an outer edge that is curved on two of the four
35 edge-defining sides of the image area that are parallel to the
where Xpr=Xpg'+ARX(Xpg' =Xp+Dy(x +ARx(x S . . .
Yro) PRTTER (er', Yro)=XptDy(Xp: Yro) <z x-direction and has a maximum of XX' pixels in the
PO/ . .

Further, the one-dimensional magnification chromatic X-ql};ecu(f)fn (ts.ee F.IG' 22D). tracti {264 d ih
aberration correcting amount calculating part 260B does the foll ©¢ .e.c e 1rr(1iage are.ih?ﬁ racting tpgr ¢ OES . ei
following: for the B data of the pixel having the coordinates o 0w1{1g. 10 accordance wi © correcied amount of pixe

. - P — 40 loss Ax' as calculated in the previous auto-setup process and
(Xp, Ypo) before the correction of distortion in x-direction, . . s
. . . ' with reference being made to the center position of the
namely, the pixel having the coordinates value (Xpg', Ypo) . . . A .
. : L A ; image, the region corresponding to Ax' (pixel loss) is
after the correction of distortion in x-direction, and with the . ;
. . . excluded from both sides of the image area parallel to the
coordinates (Xp, ¥p0) being used as a key, the corresponding . L .
amount of B’s chromatic aberration of magnification in the x-direction so that the effective image area is extracted. In
N . s . 45 this way, the effective image area extracting part 264
x-direction ABX(Xp, Ypo) is searched from the B’s magni- . . .

. : . . . extracts image data that has the number of pixels in
fication chromatic aberration correcting data notified from N o . . .
the auto-setup engine 3d4; the coordinates of data B(Xpg' y-direction maintained at the desired value Y'Y and in which
Vro) that represent the den;ity value of B in the pixel havlijgg’ the number (.)f pixels i.n x-direction has been brought inl.o
the coordinates value (Xpz', Ypo) after the correction of agreement with the desired number XX (sce FIG. ZZE)'Th}S

. L - . .. 50 provides image data that has been corrected the geometric

distortion in x-direction are transformed in accordance with . . . . .
the followine formula: and these steps are repeated for all distortion and color divergence due to the lens distortion and
ixels: & ’ P P chromatic aberration of magnification in high precision in
P ’ both x- and y-directions with reference to the center position
, of the image, that has been subjected to electronic scaling
Blxps, yro) < Blxpg, ypo) 55 such that the numbers of pixels in x- and y-directions after
where Xpg = Xbg + ABX(Xp, Yr0) removal of p.ixel.losses agree Wit.h the desired values XX and

= 2p + Dx(xp. yro) + ABx(xp, Yp0) YY, and which is free of any pixel losses.

F i P oRon In the example under consideration, the print size ay is set
to be slightly larger than the print size ax in order to perform

By these procedures, the distortion is corrected in 60 the “finish to slender” technique, so compared to the pro-
x-direction and the R and B chromatic aberration of mag- portion of the size of the original image in y-direction to that
nifications are corrected in x-direction, whereupon the posi- in x-direction, the image represented by the image data
tions of the individual pixels represented by the image data obtained as the result of the above-described procedures has
are shifted in the x-direction for each of the R, G and B a slightly increased size in y-direction relative to the size in
colors in an independent manner. 65 x-direction. Therefore, if the image to be read is a film image

The one-dimensional electronic scaling part 262 does the
following: it first determines the inherent position of each

that shows a human subject taken from the front, he appears
more slender than he actually is.
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In this connection, consider the case of printing using the
image data obtained by the above-described procedures. If
the preset print size is such that the original image need be
reduced, the percentage of reduction is greater in x-direction

80

The example under consideration has been described with
particular reference to the case where the correction of lens
aberrations (distortion and chromatic aberration of
magnification) and electronic scaling are performed in both

than in y-direction (see FIG. 23A) and the human subject 5 x- and y-directions. However, this is not the sole case of the
310" in the printed image is more slender than the human invention and, if desired, either the correction of lens
subject 310 in the original image. If the preset print size is aberrations or electronic scaling or both may be performed
such that the original image need be enlarged, the percentage in either x- or y-direction only. In another case, the correc-
of enlargement is greater in y-direction than in x-direction tion of the color divergence that occurs in y-direction due to
(see FIG. 23B) and the human subject 310" in the printed 10 the line CCDs may be corrected only in the y-direction.
image is more slender than the human subject 310 in the The example under consideration has been described on
original image. the assumption that the invention is applied to the case of
After the image data has been thusly subjected not only to performing the “finish to slender” technique in accordance
the image processing in the y-direction but also to he image with the print size preset by the operator. However, this is
processing in the x-direction in the one-dimensional image 15 not the sole case of the invention and it may be applied to
processing portion 254, the controller 250 allows said image the case where the reading resolution differs between the
data to be input to the image processing portion 256 via the main and auxiliary scanning directions. Take, for example,
switching portion 252. In the image processing portion 256, the case where the image read with an area CCD sensor
the supplied image data is subjected to various image (which is hereunder referred to simply as “area CCD”) is
processing schemes under the processing conditions notified 20 adjusted to a certain size. The electronic scaling ratio may be
from the auto-setup engine 344. The image data that has identical between the x- and y-directions since the area CCD
been subjected to various image processing schemes in the typically has the same reading resolution in the main and
image processing portion 256 is delivered from the image auxiliary scanning directions. However, if the image read
processor 340 as output image data, which is either used for with line CCDS is to be adjusted to a certain size as in the
image recording on photographic paper in the laser printer 25 example described above, the reading resolution in the main
unit 218 or stored in an information storage medium such as scanning direction may sometimes differ from that in the
a memory card via the extension slot 374. auxiliary scanning direction; if this is the case, the electronic
As described above in detail, in the image processing scaling ratio has to be varied between the x- and
method and apparatus of the example under consideration, y-directions.
the three different image processing schemes, the correction 30  The foregoing description concerns the case where the
of distortion, the correction of chromatic aberration of removal of pixel losses (the extraction of the effective image
magnification, and electronic scaling, are performed in x- area) is achieved by the effective image area extracting part
and y-directions independently of each other and these are 264 in the image processor 340. However, this is not the sole
accomplished by a single image processing means case of the invention and the image processor 340 may be
(consisting of the one-dimensional aberration correcting 35 constructed as shown in FIG. 24; a switching portion 266 of
amount computing part 258, one-dimensional magnification the same configuration as the switching portion 252 is
chromatic correcting amount computing parts 260R, 260B, provided at the input of the one-dimensional image process-
and one-dimensional electronic scaling part 262); hence, the ing portion 254 and the effective image area extracting part
intended image processing schemes can be performed at 264 is omitted. In this alternative case, the controller 250
high speed using a simple configuration. 40 ensures that the image data output from the one-dimensional
In the image processing method and apparatus of the electronic scaling part 262 after it has been corrected for
example under consideration, the electronic scaling ratio distortion and chromatic aberration of magnification and
used in electronic scaling is varied between x- and subjected to electronic scaling in y-direction is stored tem-
y-directions and, hence, prints of different sizes from stan- porarily in the frame memory 342 without removing any
dardized ones can be generated to increase the flexibility of 45 pixel losses and controls the reading address of the image
electronic scaling. data via the memory controller 338 such that the pixel losses
The example under consideration has been described with on both sides of the image that are parallel to the y-direction
particular reference to the case of applying the “finish to are removed as the image data is read out of the frame
slender” technique by setting the electronic scaling ratio in memory 342.
accordance with the print size preset by the operator. 50  As for the removal of the pixel losses on both sides of the
However, this is not the sole case of the invention and, if image that are parallel to the x-direction, the controller 250
desired, one may apply a known technology to determine ensures that the image data output from the one-dimensional
automatically whether the film image to be read contains a electronic scaling part 262 after it has been corrected for
human subject and perform the “finish to slender” technique distortion and chromatic aberration of magnification and
with specified aspect ratios only when a human subject is 55 subjected to electronic scaling in x-direction is stored tem-
contained. This alternative approach has the advantage of porarily in the frame memory 342 without removing any
skipping the time required to set the print size. pixel losses and controls the reading address of the image
The example under consideration has been described with data via the memory controller 338 such that the pixel losses
particular reference to the case where the electronic scaling on both sides of the image that are parallel to the x-direction
ratio used in electronic scaling and the correction coeffi- 60 are removed as the image data is read out of the frame
cients used in the correction of lens aberrations are selected memory 342. Then, the switching portion 266 is connected
as parameters that are varied between x- and y-directions. to the other contact so that the image data thus read out of
However, this is not the sole case of the invention and, if the frame memory 342 can bypass the one-dimensional
desired, other parameters such as the filter coefficients of image processing portion 254 to be input to the image
various types of filters used in the image processing appa- 65 processing portion 256.

ratus and the parameters used in sharpness enhancement
may be employed.

In the foregoing description, the deterioration in image
quality due to the lens characteristics is corrected only when
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the image data to be processed represents a film image that
was recorded on the photographic film by means of a film
with lens. However, this is not the sole case of the invention
and the correction may be performed in other cases such as

82

In the preferred case of the image processing method
according to the fifth embodiment, the contents of image
processing are changed by varying the values of parameters
in image processing between the first and second directions;

where the image data to be processed represents a film image 5 he.nce, highly ﬂexible image processing can be accom-
that was recorded on the photographic film by means of a plished by a simple method of changing the values of
comparatively cheap compact camera and other cameras that pertinent parameters. .
will undergo an extensive drop in image quality due to the In th,e Image processing apparatus according to the fifth
lens characteristics and where the image data to be pro- f:mbodlment of the lnyention, 1mage data representing the
cessed is stored in an information storage medium by 10 mmage recorded on an image recordlng'med‘lum is subjected
. . . . to image processing in either the first direction or the second
shooting with a digital camera that undergoes an extensive direction crossine said first directi both directi As
.S . L ¢ said first direction or both directions.
drop in image quality due to the lens (?haracter.lstlcs. The a result, the image processing of the image data can be
correction may also be applied to a.ll kinds of mage data performed at high speed. If the image processing is to be
irrespective of how much of the image quality may be  performed in both the first and second directions, the con-
compromised by the lens characteristics and they include the 15 (ents of the image processing in the first direction are
image data that represent the images recorded on recording  changed from those in the second direction; hence, com-
materials by using lenses and the image data obtained by pared to the case of making no changes in their contents, the
shooting with lenses. intended image processing schemes can be performed with
In the foregoing description, the correction of distortion, a higher degree of flexibility. As a further advantage, if the
chromatic aberration of magnification, electronic scaling 20 image processing is to be performed in both the first and
and the extraction of the effective image area are first second directions, the image processing in the first direction
performed in y-direction, then in x-direction. Selecting this ~ and that in the second direction can be executed by a single
order is based on the following fact: considering the curva- image processing means and this helps simplify the con-
ture of field of the lens, a particular LF is designed according ~ struction of the image processing apparatus.
to the bulge aberration of the lens surface such that the 25 In a preferred case of the. Image processing apparatus
image is exposed and recorded on the photographic film as accordlr}g to the fifth embodm.lent, the contents of image
it is curved in y-direction and, accordingly, the image processing are changed by varying the values of pe}ram.eters
exposed and recorded on the photographic film by means of in image processing between the first and §ec0nd dlrectlops;
the particular LF is geometrically or otherwise distorted by ~ hence, as in the preferred case of the image processing
a smaller amount in y-direction than in x-direction (this is 30 method according to the fifth embodiment, highly flexible
also the case of FIG. 22B, in which the corrected amount of image processing can be accomplished by a simple method
pixel loss Ay’ is greater than the curvature on the two sides ~ ©Of changing the values of pertinent parameters. )
of the image that are parallel to the y-direction). Therefore, Described above are the basic features of the image
the above-described correction and processing schemes may processing method according to the fifth embodiment of the
be performed first in x-direction, then in y-direction; 35 invention, as well as the‘ basic construction of the image
alternatively, the order of performing the correction and ~ Processing apparatus for implementing the method.
processing schemes (from y-direction to x-direction and vice ~ While the image processing method and apparatus of the
versa) may be changed according to the lens type, the model invention have been d.escrl.bed above with referf.:nce to many
of cameras including LF, and other factors. examples, the 1nvent19n is by no means hmlted to thes;
The foregoing description also assumes that the geometric 40 €Xamples only and various improvements and design modi-
distortion of the image caused by lens distortion and the fications are of course possible without departing from the
color divergence of the image due to the chromatic aberra- scope and spirit of the invention.
tion of magnification of the lens are both corrected in the What is claimed is: )
one-dimensional image processing portion 254. However, 1. An image processing method that acquires not only
this is not the sole case of the invention and either one of the 45 Input image data from an image recorded optically with a
stated corrections alone may be performed in the one- taking lens but alsp e}lens 1nf0rmat}0n about the .takmg lens
dimensional image processing portion 254. used' to record said image anq which perfo‘rrns image pro-
If the image recorded on a recording material such as a cessing schemes on said input image data using the obtained
photographic film is read with an image reading apparatus lens information, thereby producing output image data,
such as the scanner 12 to produce the image data to be 50 COMPIISINE the steps of: ) )
processed, the deterioration in image quality due to the acquiring not only an information about focal length
characteristics of the lens provided in the image reading effective at the time of recording said image but also
apparatus may also be corrected. !ens char.acterlstlcs of said taking lens from said lens
As described on the foregoing pages in detail, the image information
processing method according to the fifth embodiment of the 55  correcting aberrations in the image derived from the
invention is so designed that image data representing the taking lens used to record said image using the obtained
image recorded on an image recording medium is subjected lens characteristics, a pOSitiOH information for said
to image processing in either the first direction or the second recorded image and the information about said focal
direction crossing said first direction or both directions. As length; and
a result, the image processing of the image data can be 60  acquiring an information about a diaphragm used to
performed at high speed. If the image processing is to be record said image and correcting deterioration of mar-
performed in both the first and second directions, the con- ginal lumination of the input image data as said aber-
tents of the image processing in the first direction are ration taking account of said diaphragm information.
changed from those in the second direction; hence, com- 2. The image processing method according to claim 1,
pared to the case of making no changes in their contents, the 65 wherein said aberrations comprise at least one of chromatic

intended image processing schemes can be performed with
a higher degree of flexibility.

aberration of magnification, distortion, deterioration of mar-
ginal lumination and defocusing.
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3. An image processing method that acquires not only
input image data from an image recorded optically with a
taking lens but also a lens information about the taking lens
used to record said image and which performs image pro-

84

acquisition means for acquiring an information about
the focal length of said taking lens effective at the time
of recording said image, storage means for storing lens
characteristics of the lens used to record said image,

cessing schemes on said input image data using the obtained 5 and aberration correcting means which, in accordance
lens information, thereby producing output image data, with the lens information acquired by said first acqui-
comprising the steps of: sition means obtains the }ens characteristics of Fhe
acquiring not only an information about focal length correspondmg lens from said slorage means an d V.VhICh
: . . P uses the obtained lens characteristics, a position infor-
effective at the time of recording said image but also tion for said imace and the information about the
lens characteristics of said taking lens from said lens 10 Ifna | lenoth of g 1 red b d d
information; and ocal length of said lens acquired by said secon
X i . . . acquisition means, thereby correcting the aberrations in
correcting aberrations in the image derived from the the image derived from the taking lens used to record
taking lens used to record said image using the obtained said image;
lens chare.lcterlstlcs, a position lpformatlon f.0r said 15 wherein, if said aberration correcting means is to correct
recorded image and the information about said focal deterioration of marginal lumination, said second
length; acquisition means also acquires an information about
wherein the characteristics of said taking lens are calcu- diaphragm used to record the image and said aberration
lated in terms of the focal length effective at image correcting means corrects the marginal lumination
recording using preliminarily obtained lens character- 20 deterioration taking account of the diaphragm informa-
istics of said taking lens at a plurality of focal lengths. tion.

4. The image processing method according to claim 3, 8. The image processing apparatus according to claim 7,
wherein said aberrations comprise at least one of chromatic  wherein said aberrations comprise at least one of chromatic
aberration of magnification, distortion, deterioration of mar- aberration of magnification, distortion, deterioration of mar-
ginal lumination and defocusing. ) 5 ginal lumination and defocusing.

5. An image processing method that acquires not pnly 9. An image processing apparatus which acquires input
Input image data from an lmage rf.:corded optlcally. with a image data from the image recorded optically with a taking
taking lens but alsp a lens mformat}OH about the .takmg lens lens of variable focal length and performs image processing
used to record said image and which performs image pro- schemes on the input image data to produce output image
cessing schemes on said input image data using the obtained 50 data, comprising:
lens 11.1f.0rmat10n, thereby producing output image data, first acquisition means for acquiring an information about
comprising the steps of: the taking lens used to record said image, second
acquiring not only an information about focal length acquisition means for acquiring an information about
effective at the time of recording said image but also the focal length of said taking lens effective at the time
!CHS ChaI:aCteriStiCS of said taklng lens from said lens 35 of recording said image’ Storage means for S[oring lens
information; and characteristics of the lens used to record said image,
correcting aberrations in the image derived from the and aberration correcting means which, in accordance
taking lens used to record said image using the obtained with the lens information acquired by said first acqui-
lens characteristics, a position information for said sition means, obtains the lens characteristics of the
recorded image and the information about said focal 4 corresponding lens from said storage means and which
length; uses the obtained lens characteristics, a position infor-
wherein said correction of aberrations includes distortion mation for said image and the information about the
and chromatic aberration of magnification and com- focal length of said lens acquired by said second
prises the steps of assigning one of three pri[nary colors acquisition means, thereby correcting the aberrations in
as a reference color, calculating offsets in i[nage posi- 45 the image derived from the taking lens used to record
tions of the other colors from the image position of the said image;
reference color derived from said chromatic aberration wherein said storage means stores, as said lens
of magnification, calculating appropriate positions of characteristics, characteristics of said lens at a plurality
the respective images as corrected for both said distor- of focal lengths and said aberration correcting means
tion and said chromatic aberration of magnification by so calculates said lens characteristics at said plurality of
using said offsets derived from the chromatic aberration focal lengths in terms of the focal length effective at the
of magnification and the offset in the image position of time of recording the image that was acquired by said
said reference color derived from said distortion, and second acquisition means, thereby determining the lens
performing either the correction of said distortion and characteristics of said lens at the focal length effective
said chromatic aberration of magnification or electronic 55 at the time of image recording.
scaling or both by using said appropriate positions. 10. The image processing apparatus according to claim 9,

6. The image processing method according to claim 5, wherein said aberrations comprise at least one of chromatic
wherein said aberrations comprise at least one of chromatic aberration of magnification, distortion, deterioration of mar-
aberration of magnification, distortion, deterioration of mar- ginal lumination and defocusing.
ginal lumination and defocusing. 60  11. An image processing apparatus which acquires input

7. An image processing apparatus which acquires input image data from the image recorded optically with a taking
image data from the image recorded optically with a taking lens of variable focal length and performs image processing
lens of variable focal length and performs image processing schemes on the input image data to produce output image
schemes on the input image data to produce output image data, comprising:
data, comprising: 65  first acquisition means for acquiring an information about

first acquisition means for acquiring an information about
the taking lens used to record said image, second

the taking lens used to record said image, second
acquisition means for acquiring an information about
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the focal length of said taking lens effective at the time
of recording said image, storage means for storing lens
characteristics of the lens used to record said image and
aberration correcting means which, in accordance with
the lens information acquired by said first acquisition
means obtains the lens characteristics of the corre-
sponding lens from said storage means and which uses
the obtained lens characteristics, a position information
for said image and the information about the focal

86

correcting the aberrations in said image derived from the
lens used to record the image by using said aberration
correction parameters on the pixel basis.

14. An image processing apparatus which acquires input

5 image data from an optically recorded image and performs

image processing schemes on the input image data to
produce output image data, comprising:

acquisition means for acquiring an information about
taking lens used to record said image;

length of said lens acquired by said second acquisition 10
means, thereby correcting the aberrations in the image storage means for storing parameters for correcting the
derived from the taking lens used to record said image; aberrations which the lens used to record said image
wherein said aberration correcting means assigns one of causes in an imaging plane where said image is
three primary colors as a reference color, calculates focused;
offsets in image positions of the other colors from the 15  selection means by which a parameter for correcting the
image positions of the reference color derived from aberrations which the related lens causes on said imag-
chromatic aberration of magniﬁcation, calculates the lng plane 1s selected from said Storage means in accor-
appropriate positions of the respective images as cor- dance with the lens information acquired by said first
rected for both distortion and chromatic aberration of acquisition means;
magnification by using said offsets derived from chro- 20 . . .
> . . . . conversion means by which the parameter for correcting
matic aberration of magnification and the offset in the . . . .
image position of said reference color derived from the abF: rrations on 1 he imaging Plane as selected by said
distortion, and corrects the distortion and chromatic selectlog mea?‘s 1s ‘scaled Wlth. at le.ast one ,Of an
aberration of magnification based on said appropriate clectronic Scallng ratio fgr produc1gg §a1d ogtput Image
positions or performs electronic scaling by using said 25 data, number of input pixels in said input image data,
appropriate positions. a size of the input image and a size of the output image,
12. The image processing apparatus according to claim whereby said parameter is converted to an aberration
11, wherein said aberrations comprise at least one of chro- correcting parameter that is related to said output image
matic aberration of magnification, distortion, deterioration data on a pixel basis; and
of marginal lumination and defocusing. 30 aberration correcting means which corrects the image
13. An image processing method which acquires input aberrations derived from the image taking lens by using
image data from an optically recorded image and performs the aberration correcting parameter on the pixel basis
image processing schemes on the input image data to converted by said conversion means.
produce output image data, comprising the steps of: 15. The image processing apparatus according to claim
scaling preset parameters for correcting the aberrations 3 14, wherein said image is one that is recorded on a photo-
which the lens used to record said image causes in the graphic film and the size of said input image is equal to a size
plane where said image is focused by means of at least of the image as it is read from said photographic film.
one of an electronic scaling ratio for producing said 16. The image processing apparatus according to claim
output image data, number of input pixels in said input 14, wherein said aberration comprises at least one of chro-
image data, a size of the input image and a size of the 40" matic aberration of magnification, distortion, deterioration
output image to produce aberration correction param- of marginal lumination and defocusing.
eters that are related to said output image data on a
pixel basis; and ¥k % % %
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