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IMAGE PROCESSING APPARATUS AND METHOD

FIELD OF THE INVENTION

[0001] The present invention relates to an image process-
ing apparatus and method and, more particularly, to an
image process that corrects an image.

BACKGROUND OF THE INVENTION

[0002] Digital cameras have prevailed rapidly, and per-
sonal computers (PC) are normally used at home. Images
sensed by a digital camera are printed using a PC and printer,
and are published on a home page or the like. However,
exposure and white balance of a digital camera are not
always perfect, and image correction of an image is required
before printing or publication in some cases. However,
image correction requires experience, and the user who has
little experience cannot desirably correct an image. For this
reason, various automatic image correction methods have
been proposed for inexperienced and unaccustomed users of
image correction.

[0003] Automatic image correction is mainly done based
on an analysis result such as the histogram of pixel values of
an image. However, more appropriate image correction can
be attained in consideration of meta data (additional infor-
mation) in addition to information of an image itself. For
example, image data compatible to Exif can record practical
values such as a shutter speed, aperture value, and the like.
Automatic image correction using such meta data is dis-
closed in, e.g., Japanese Patent Laid-Open No. 2001-
202509. The invention described in this reference classifies
noise reduction parameters according to the ISO speed, and
determines parameters according to the ISO speed.

[0004] An image is not always sensed as a photographer
intended. For example, an image which is darker than
expected or an image which appears unsharp as a whole due
to low sharpness by, e.g., camera shake is often obtained.
When such image is to be corrected, image processing
software such as Adobe® PhotoShop® and the like can be
used. Functions of PhotoShop® such as “brightness/con-
trast”, “tone curve”, “hue/saturation”, “color balance”,
“unsharp mask”, “edge emphasis”, “blur”, and the like are
applied to an original image in an arbitrary order to correct
the image. For example, arbitrary correction functions can
be applied at arbitrary timings by, e.g., applying “color
balance”, applying “tone curve” to that result, and further
applying “unsharp mask” to the result.

[0005] An image process applies various processes to an
original image in turn. When a plurality of processes are
applied in different orders, quite different correction results
are normally obtained.

[0006] Since it is very troublesome to apply various cor-
rection functions, a method of presenting similar correction
functions together in place of breaking up correction menu
items may be used. Japanese Patent Laid-Open No.
11-345321 describes a method of presenting parameters
associated with color tone correction to the user, and cor-
recting a color tone in a predetermined order.

[0007] However, in any of the above methods, parameters
of various processes having different characteristics such as
noise removal, color tone correction, sharpness, and the like
must be designated one by one in an application order. For
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example, when correction is to be applied in the order of
noise removal, color tone correction, and sharpness, and
noise removal parameters are to be changed, one of a
method of applying noise removal to an image as a result of
application of the three processes, or a method of redoing the
above processes from the beginning after undoing all the
processes must be selected. As the image process is applied
repetitively, an image to be corrected suffers tone jump or
the like. Hence, redoing these processes is basically selected.
In other words, all the correction results are discarded, and
correction processes are redone from the beginning.

[0008] Some printer drivers display a thumbnail image
that reflects the effect of correction to be applied, or retouch
software partially displays an image in an enlarged scale to
provide a preview. However, the user cannot observe such
image by freely changing the enlargement ratio or display
size, and can hardly recognize an actual print result.

SUMMARY OF THE INVENTION

[0009] According to the first aspect of the present inven-
tion, there is disclosed an image processing apparatus and
method, which acquire additional information appended to
input image data, set correction parameters for an image
process of the input image data using information upon
image acquisition, which is indicated by the acquired addi-
tional information, and apply a plurality of image processes
to the input image data using the correction parameter,
wherein an order of the plurality of image processes is
determined in advance.

[0010] According to this image process, correction can be
applied according to additional information appended to
image data.

[0011] According to the second aspect of the present
invention, there is disclosed an image processing apparatus
and method, which present correction parameters of a plu-
rality of image processes having different characteristics,
and accept a change in correction parameter, and apply the
plurality of image processes to an image in a predetermined
order.

[0012] With this image process, image data can be cor-
rected by processes in an appropriate order.

[0013] Other features and advantages of the present inven-
tion will be apparent from the following description taken in
conjunction with the accompanying drawings, in which like
reference characters designate the same or similar parts
throughout the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] FIG. 1 is a schematic block diagram showing an

image processing apparatus according to an embodiment;

[0015] FIG. 2 shows a graphical user interface for image
correction, which is displayed on a monitor;

[0016]
bar 202;

[0017] FIG. 4 shows a display window of image infor-
mation;

[0018]

FIG. 3 shows details of a button layout on a tool

FIG. 5 shows an option window;

[0019] FIG. 6 shows details of a statuEB)(a_r;»] 026 p. 17
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[0020] FIG. 7 is a block diagram showing the arrange-
ment of an image process;

[0021] FIG. 8 shows details of a noise removal designa-
tion window;

[0022] FIG. 9 shows details of a color tone correction
window;

[0023] FIG. 10 is a flowchart showing a luminance cor-
rection sequence;

[0024] FIG. 11 shows details of a USM designation win-
dow;

[0025] FIG. 12 is a view for explaining a process upon
displaying a full image;

[0026] FIG. 13 is a view for explaining a process upon
displaying a partial image;

[0027] FIG. 14 is a block diagram showing the arrange-
ment of an image process that can skip noise removal and
sharpness processes; and

[0028] FIG. 15 is a flowchart showing a skip process.
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0029] An image processing apparatus according to an
embodiment of the present invention will be described in
detail hereinafter with reference to the accompanying draw-
ings.

[0030] [Overview]

[0031] If the aforementioned meta data values themselves
can be used, more appropriate image correction can be
applied. For example, since nearly a pan-focus image is
obtained as an f-number is larger, the edge emphasis level
may be determined using an arithmetic operation using the
f-number itself. When the f-number is small, a filter process
that further blurs an out-of-focus portion and further sharp-
ens a focus portion may be applied. When the parameters of
this filter are calculated using the f-number itself, a camera
setup upon photographing can be directly reflected on the
correction result.

[0032] In the embodiment to be described below, addi-
tional information appended to input image data is acquired,
image processing parameters are generated on the basis of
information upon image acquisition, which is indicated by
the acquired additional information, and the input image
data is corrected using the generated image processing
parameters.

[0033] When an image is to be printed on the basis of
corrected image data, image processing parameters are
adjusted in accordance with the size and type of a medium
used in the print process. More specifically, the image
processing parameters are preferably adjusted to emphasize
contrast, to enhance sharpness, and/or to enhance noise
removal as the medium size is larger.

[0034] Information upon image acquisition includes an
exposure time, aperture value (f-number), flash intensity
(guide number), subject distance, focal length, ISO speed,
and the like.

[0035] An image process includes filter processes such as
color tone/saturation correction, sharpness, noise removal,
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color cast correction, blur, sepia conversion, monotone
conversion, solarization, emboss, and the like.

[0036] Correction includes a plurality of image processes,
the order of which is determined in advance.

[0037] In an embodiment to be described below, image
processing parameters of a plurality of image processes with
different characteristics are presented, a change in image
processing parameter is accepted, the plurality of image
processes are applied to an image in a predetermined order,
and the image that has undergone the plurality of image
processes is displayed on a monitor to have an arbitrary size
or at an arbitrary magnification.

[0038] The plurality of image processes can be automati-
cally executed. In this case, calculation formulas of image
processing parameters preferably include unique parameters
that reflect user’s favor or information upon image acquisi-
tion.

[0039] Furthermore, when an image size is larger than a
display region, the plurality of image processes are applied
to a partial image that can be displayed. Alternatively, when
predetermined conditions are met, one or more image pro-
cesses of the plurality of image processes are preferably
skipped. The conditions include a case wherein the image
size is larger than the display region, and a magnification is
smaller than a predetermined value, and the image display
position is being changed, or the magnification is smaller
than the predetermined value.

[0040] Moreover, the image that has undergone the plu-
rality of image processes is displayed on a monitor to have
an arbitrary size or at an arbitrary magnification. The image
process and image display are executed every time the
image processing parameters are changed.

First Embodiment

[0041] [Arrangement]

[0042] FIG. 1 is a schematic block diagram showing an
image processing apparatus of this embodiment.

[0043] A CPU 101 controls the operation of the overall
apparatus, and executes a program and the like stored in a
primary memory 102. The primary memory 102 mainly
comprises a RAM or the like. The CPU 101 loads a program
or the like stored in a secondary memory 103, and stores it
on the primary memory 102. The secondary memory 103
corresponds to, e.g., a hard disk or the like. In general, the
memory size of the primary memory is smaller than that of
the secondary memory 103, and programs, data, and the like
which cannot be stored in the primary memory 102 are
stored in the secondary memory 103. Also, data and the like,
which are to be stored for a long period of time, are stored
in the secondary memory 103. That is, the CPU 101 loads a
program of, e.g., an image process stored in the secondary
memory 103 onto the primary memory 102 upon executing
the program.

[0044] An input device 104 corresponds to a card reader,
scanner, film scanner, digital camera, and the like, which are
required to input image data, in addition to a mouse and
keyboard, which are used to control the image processing
apparatus. An output device 105 corresponds to, e.g., a
monitor, printer, and the like. Note that the input device 104

and output device 105 are connected to a EYRiey 612609pvia1 8
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a versatile interface (not shown). As the versatile interface,
a serial bus such as USB (Universal Serial Bus), IEE1394,
or the like, a parallel interface such as SCSI, GPIB, or the
like, a serial interface such as RS232C, RS422, or the like,
an infrared/wireless interface such as IrDA, Bluetooth, or
the like, and so forth may be used.

[0045] The system shown in FIG. 1 may have various
other arrangements. However, such arrangements are not the
gist of the present invention, and a description thereof will
be omitted.

[0046] [User Interface]

[0047] FIG. 2 shows a graphical user interface (GUI) for
image correction, which is displayed on a monitor by the
CPU 101.

[0048] When the user presses a file open button prepared
on a tool bar 202 or selects “open” from a file menu of a
menu bar 201, a file open dialog is displayed, and an image
file can be opened. Of course, the user can open an image file
by dragging and dropping an icon of that image file onto a
correction image display region 203.

[0049] After the image file is selected, the display region
203 displays an image to be corrected. When an image file
as a correction result is to be saved, it can be saved in the
secondary memory 103 or the like in a versatile image
format. The versatile image format includes BMP, JPEG,
TIFF, and the like.

[0050] A window 209 is a display magnification designa-
tion window which allows the user to set the display
magnification of the image to be corrected. The window 209
includes radio buttons for setting magnifications such as
“full display”, “100%”, “200%”, “400%”, and the like.
When “full display” is selected, the image to be corrected is
displayed to have a size that falls within the display region
203 while maintaining its aspect ratio. On the other hand, an
image is displayed at an equal magnification in case of
“100%”, a 2x-enlarged image is displayed in case of
“200%”, or a 4x-enlarged image is displayed in case of
“400%”. The “full display” mode will be simply referred to
as full display hereinafter, and other display modes will be
referred to as partial display hereinafter.

[0051] When the image to be corrected cannot be fully
displayed on the display region 203, a scroll bar appears.
The user can confirm the entire image by operating the scroll
bar. When the user drags the display region 203 clicked by
the mouse while the scroll bar is displayed, an image is
scrolled by the dragged amount.

[0052] A window 208 is an image direction/size designa-
tion window which is used to change the image direction and
size. The window 208 includes a check box which makes the
CPU 101 calculate and input a horizontal or vertical size for
the fixed aspect ratio with respect to a vertical (height) or
horizontal (width) size input by the user upon changing the
image size.

[0053] Windows 205 to 207 are respectively a color tone
correction window, USM designation window, and noise
removal designation window, and processing parameters can
be set (changed) by operating sliders arranged on these
windows. Details of image correction will be described later.

[0054] FIG. 3 shows a detailed button layout example of
the tool bar 202.
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[0055] The tool bar 202 includes a file open button 301
used to open a file, “strong”, “weak”, and “none” buttons
302 to 304 used to apply automatic correction, an open
button 305 used to open all the aforementioned windows
205 to 209, a close button 306 used to close all the windows,
buttons 307 to 311 used to open/close respective windows,
and an “Info” button 312 used to display image information.

[0056] When the “strong” button 302 is pressed, relatively
strong automatic correction is applied. When the “weak”
button 303 is pressed, relatively weak automatic correction
is applied. When the “none” button 304 is pressed, all
correction processes are canceled, and an image is reverted
to a non-correction state. Automatic correction determines
correction parameters using Exif information if data of the
image to be corrected is compatible to Exif, in addition to
image feature amounts such as a histogram and the like.
Note that the correction parameters are those which can be
set on the noise removal designation window 207, color tone
correction window 205, and USM designation window 206.
Details of automatic correction will be described later.

[0057] Upon depression of the “Info” button 312, image
information shown in FIG. 4 is displayed. In a “model”
field, Make and Model values stored in Oth IFD of Exif data
are displayed. In a “photographing information” field, Cap-
ture Scene type, Exposure Time (or Shutter Speed Value), F
Number, Exposure Bias Value, Focal Length Value (or Focal
Length In 35 mm Film), subject Distance, and Flash values,
which are stored in Exif IFD in Oth IFD, are displayed. These
values and ISO Speed Ratings value are used in automatic
correction to be described later.

[0058] The menu bar 201 includes three menu items “file”,
“automatic correction”, and “window”.

[0059] The “file” menu includes “open” used to display a
file open dialog, “close” used to quit image correction,
“print” used to print the image to be corrected, and “option”
used to designate user’s favor. FIG. 5 shows an example of
a window displayed upon selection of “option”. In the
example of FIG. 5, the user can select “brightness” and
“contrast” according to his or her favor. In addition, user’s
favor of other factors such as sharpness of an image repre-
sented by an unsharp mark, and the like may be reflected.

[0060] The “automatic correction” menu allows the user to
select “relatively strong”, “relatively weak”, and “none”
corresponding to the “strong”, “weak”, and “none” buttons
302 to 304, although not shown. Upon depression of the
“strong” button 302 or upon selection of “relatively strong”,
such state will be referred to as “automatic correction/
strong” hereinafter. Upon depression of the “weak” button
303 or upon selection of “relatively weak”, such state will be

referred to as “automatic correction/weak™ hereinafter.

[0061] The “window” menu allows the user to open the
“color tone correction”, “sharpness”, “noise removal”,
“image size”, and “display magnification” windows corre-
sponding to the buttons 307 to 311.

[0062] FIG. 6 shows details of a status bar 204. The status
bar 204 includes a basic information display field 601 and
photographing mode display field 602. The basic informa-
tion display field 601 displays basic information of an image
such as an f-number, shutter speed, average luminance, and
the like. The photographing mode display field 602 displays

a photographing mode upon photograph'Eg(e}n»]iB%. I\ﬁ)tezl 9
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that data extracted from the Exif information are displayed
except for the average luminance value.

[0063] [Image Correction]

[0064] Image correction of this embodiment includes
automatic correction and manual correction.

[0065] Automatic correction calculates correction param-
eters on the basis of the analysis result of an image, and
corrects the calculated correction parameters if Exif infor-
mation is available. Note that the analysis result of an image
reflects user’s favor designated on the “option” window.
Additional parameters used to reflect user’s favor will be
described later.

[0066] Manual correction requires the user to designate
correction parameters using the color tone correction win-
dow 205, USM designation window 206, and noise removal
window 207. Of course, the correction parameters set by
automatic correction can be corrected using sliders on these
windows.

[0067] Image correction to be described below is imple-
mented when the CPU 101 executes an application software
program stored in the aforementioned secondary memory
103. However, image correction may be implemented by a
software process such as a printer driver for the output
device 105 or the like.

[0068] The additional parameters used to reflect user’s
favor, manual correction, and automatic correction will be
described below.

[0069] Additional Parameters

[0070] The additional parameters used to reflect user’s
favor are set on the aforementioned user interface shown in
FIG. 5. The additional parameters include two parameters,
i.e., a saturation adjustment parameter S and contrast
adjustment parameter C

[0071] “Brightness” is selected from “low-key”, “nor-
mal”, and “high-key”. When “low-key” is selected, the
saturation adjustment parameter S,,.,=—1; when “normal” is
selected, S .,=0, and when “high-key” is selected, S,.,=1.

[0072] “Contrast” is selected from “relatively low”, “nor-
mal”, and “relatively high”. When “relatively low” is
selected, the contrast adjustment parameter C,,.,=—1; when

“normal” is selected, C___ =0; and when “relatuisxjély high” is
selected, C___.=1.

‘user

user

user’

user

‘user’

[0073] These additional parameters are used to determine
parameters in automatic correction.

[0074] Manual Correction

[0075] FIG. 7 is a block diagram showing the arrange-
ment of the image process. An input signal is a luminance/
color difference signal YCbCr or a luminance signal RGB,
and an output signal has the same format as the input signal.
For example, when a luminance/color difference signal
YCbCr is input, a luminance/color difference signal YCbCr
is output. When a luminance signal RGB is input, it is
converted into a signal YCbCr by a converter 701, and the
converted signal undergoes image processes such as a noise
removal process 703, histogram correction process 705,
saturation correction process 706, and the like. After that, the
processed signal is re-converted into a signal RGB by a
converter 702.
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[0076] When the correction parameters are changed by
operating the image quality adjustment sliders on the win-
dows 205 to 207, noise removal processes 703 for luminance
and color difference components, color tone correction pro-
cess (histogram correction 705 and saturation correction
706), and sharpness (USM) process 707 are applied to image
data in a predetermined order, and the application result
image is displayed on the display region 203. Note that this
embodiment will exemplify noise removal, color tone cor-
rection, and sharpness as examples of image processes, but
other image processes may be applied.

[0077] The order of image processes is preferably deter-
mined by a person who is well experienced in correction of
images such as photos and the like. In this embodiment, the
processes are applied in the order of noise removal, color
tone correction, and sharpness as a generally appropriate
order. By applying the processes in the predetermined order,
even inexperienced and unaccustomed users of the image
processes can obtain preferred correction results by execut-
ing appropriate image processes.

[0078] Noise Removal

[0079] The noise removal process 703 of this embodiment
includes two noise removal processes for luminance and
color difference components.

[0080] FIG. 8 shows details of the noise removal desig-
nation window 207, which includes two sliders “luminance”
and “color difference”. With these sliders, correction param-
eters Ny, and Nc,,, are designated. Ny, is a parameter
used to set the noise removal strength for a luminance
component, and Nc, , is a parameter used to set the noise
removal strength for color difference components. Ny, and
Nc,,, assume values ranging from 0 to 100.

[0081] As the noise removal process for a luminance
component, the following process is applied for the sake of
simplicity. That is, luminance Y ; of a pixel (i, j) is calcu-
lated using the luminance values of four neighboring pixels
by:

Y j=(2><Yi,j+Yi—1 j+Yi+1,j+Yi,j71+Yi,j+1)/6x(100_Nysys)/

100+Ny,,xY; /100 @)
[0082] Likewise, as the noise removal process for color
difference components, the following process is applied for
the sake of simplicity. That is, color differences Cb; ; and Cr; ;
of a pixel (i, j) are calculated using color difference values
of four neighboring pixels by:

Cb; =(2xCh; +Cb;_; +Cby,; +Cb;; +Cb;;,,)/6%

(100-Ne,,)A00+Nc:, xCh, /100 @

Cri7j=(2xCriy-+Cri,L-+Cr1+lyj+cﬂyj,1+Criyj+1)/6><(1 00-
Negys)/100+Negy xCr; /100 (©)]

[0083] Color Tone Correction

[0084] Parameters used in color tone correction include
three parameters, ie., gamma G, black level Bk, and
lightness L, for luminance, and one parameter, i.c., satu-
ration S_ for color differences. Note that the three param-
eters G, Bk, and L, will be referred to as histogram
change parameters hereinafter.

[0085] FIG. 9 shows details of the color tone correction
window 205. G, Bk, L, and S_, can be changed by
sliders on the color tone correction window 205. In this

embodiment, G, assumes a value rangi@ér(ﬂro(?%to I50,20
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Bk, assumes a value ranging from 0 to 255, L, assumes
a value ranging from -100 to 100, and S, assumes a value

ranging from O to 150.

[0086] FIG. 10 shows a luminance correction sequence. A
table hist[256] to calculate luminance values of pixels is
initialized to hist[i]=i (S1001), and the table hist[i] is
updated (S1002), ¢.g., by:
Rist[£1=255x[{v/(255-Bk}) V%) 4L
for v=0(1<Bk)
v=1-Bk(0<Bk<1)

x(255-v)/255 €]

sy

[0087] TLuminance values j of respective pixels are calcu-
lated by using the table hist[i] as j=hist[i] ($1003). Note that
the luminance values are reflected upon generating an image
to be displayed on an uppermost layer “display” in FIG. 12
or 13 (to be described later).

[0088] Note that various calculation formulas of the table
hist[i] are available, and formulas used to calculate the table
are not particularly limited. However, using equation (4), a
highlight part can be prevented from being cut, and consid-
erable image quality drop due to highlight saturation as a
result of color tone correction can be eliminated.

[0089] On the other hand, saturation correction corrects
color difference values of each pixel to those given by:

1'=S,,/100xu O]

sys
[0090] where u is a color difference vector (Cb, Cr) before
correction, and u' is a color difference vector (Cb', Cr'") after
correction.

[0091] Sharpness

[0092] The sharpness process applies a process called an
unsharp mask (USM). A detailed description of the USM
will be omitted. The USM includes three parameters, i.e.,
application radius R, application amount V, , and thresh-
old value Th,,, and the USM designation window 206
includes sliders used to adjust these three parameters. FIG.
11 shows details of the USM designation window 206.

[0093] Automatic Correction

[0094] Automatic image correction in this embodiment
automatically sets correction parameters using image feature
amounts such as a histogram and the like and photographing
conditions such as Exif information and the like. In Exif
information, “standard”, “landscape”, “portrait”, and “night-
scape” are prepared as photographing modes. This informa-
tion holds a camera mode set by the user upon photograph-
ing, and is effective to set the correction parameters more
satisfactorily.

[0095] Since the correction parameters are calculated by
formulas that adopt photographing conditions such as an
exposure time, f-number, and the like, correction that can
nearly fully reflect user’s intention can be applied. For
example, nearly a pan-focus image is obtained as an f-num-
ber is larger. In such case, the sharpness process may be
relatively strongly applied. Using a guide number indicating
the flash emission amount, an ISO speed indicating exposure
sensitivity, a subject distance as a distance to a subject, an
f-number upon photographing, and a focal length converted
to that of a 35-mm film upon photographing, whether or not
flash light has reached a subject, and a condition required for
flash light to reach a subject can be calculated. For example,
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in case of ISO100, the relationship among a guide number
Gn, subject distance D, and f-number f is given by:

Gn=Dxf (6)

[0096] Therefore, when a small guide number is selected
compared to the subject distance, lightness may be corrected
to an appropriate value using the f-number upon photo-
graphing and an ideal f-number.

[0097] The automatic setting method of the correction
parameters will be described below.

[0098] Noise Removal and Noise Correction Parameters
Nysys and Nc,

[0099] The noise removal parameter Ny, for a luminance
component assumes a value obtained by calculating the
average value of luminance differences of neighboring pix-
els for the entire image, dividing that average value YD g
by a maximum value YD,,,x of the luminance differences,
and multiplying the quotient by 100.

[0100] The noise correction parameter Nc,  for color
difference components assumes a value obtained by calcu-
lating the difference vectors of color difference vectors of
neighboring pixels, calculating the average values of norms
of the difference vectors for the entire image, dividing that
average value CD ,,; by a maximum value CD,,, of the

difference vectors, and multiplying the quotient by 100.

[0101] However, the above processes require much time.
Hence, this embodiment calculates Ny, and Nc, using an
exposure time TE (sec) by:

[0102] When TE>1 or in case of photographing mode
“nightscape”,

Nyyo=TEX2
[0103]

NYsye=0

Ny,ys=0 ™
[0104] Gamma Correction Parameter G,

In other cases,

[0105] Of the color tone correction parameters, the gamma
correction parameter G, is calculated using the exposure
time TE (sec) by:
[0106] (Automatic Correction/Strong)

When TE<30,

Gy=14-TE/T5

When TEZ30,

Giye=1.0 (8)
[0107] (Automatic Correction/Weak)

When TE<30,

Giye=1.2-TE/150

When TEZ30,

Giye=1.0 ©)
[0108] Black Level Correction Parameter Bk,
[0109] Of the color tone correction parameters, the black

level correction parameter Bk, is calculated using the
exposure time TE (sec) by:

[0110] When TE<0.03 or in case of photographing mode
“landscape”,

Bk, =C oo x0+p+Vf

Sys’
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[0111] When 0.03=TE<1 or in case of photographing
mode other than “landscape” and “nightscape”,

By =Cyerx0rtP

[0112] When TEZ21 or in case of photographing mode
“nightscape”,

By =CuseX 0t (10)

[0113] where f is the f-number obtained from the photo-
graphing information. However, if no photographing infor-
mation is available (for example, image data to be corrected
is incompatible to Exif), this term is ignored. o and 3 are
respectively given by:

[0114] (Automatic Correction/Strong)
a=3
When hist(Bkyign)<BRvatuertigns
B=hist(Blge)

Otherwise,
P=hist(Bkvaertign)
[0115] (Automatic Correction/Weak)
a=2
When hist(Bky ow)<Bkamerows

B=hist(Bk ow)

Otherwise,

B=ist(Bkyauer ow) (an

[0116] where hist(Bkyygrp) and hist(Bk; o) are the lumi-
nance values of the lightest and darkest pixels of those which
are selected at a predetermined ratio (n%) in ascending order
of luminance. For example, Bk;on=13, Bk; ow=4, and the
like. Bky,yemriam a0 BKyaiuer 0w ar€ constants that suppress
excessive black level correction, and Bky,,cprar=40 and
Bkyauer.ow=20 in this embodiment.

[0117] Lightness Correction Parameter L

[0118] Of the color tone correction parameters, the light-
ness correction parameter L is calculated using an average
luminance value L, of the entire image by:

When L,,e—128>Lijmir

L oys=ProdeX@+Liimis

When |L 40128 <Lyimaies

L, =P,

mode:

sys xa+128-L .

When 128-L, >Liimir

L sys=P 'modeX8—Liimit 12)

[0119] where L;;; is a constant that prevents application
of excessive lightness correction. The variable P__ . repre-
sents whether or not the photographing mode is “portrait”.
If the photographing mode is the “portrait” mode, P, _4.=1;
otherwise, P__4.=0. In case of automatic correction/strong,
L;;=16 and a=3; in case of automatic correction/weak,
Ly;;=8 and a=2. However, when the exposure time is 1 sec
or more, or when the photographing mode is “nightscape”,
L,,,=0 irrespective of the value of L_,..

[0120] Normally, photographing of a person prefers slight
overexposure. Using equations (12), appropriate correction
can be applied without any complicated processes such as
face detection or the like.
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[0121] Sharpness Correction Parameter V

[0122] The sharpness correction parameters include three
parameters, ie., the application radius R, application
amount V, and threshold value Th,, as described above.
However, in automatic correction of this embodiment, the
application amount V___ alone is automatically set by:

[0123] When TE>1 or in case of photographing mode
“nightscape”,

Vsys= USMyiaxcvaree=TE

[0124] Otherwise,
Vsys=USMMAXValue (13)

[0125] The application radius R, =1, and threshold value
Th,, =0.

[0126] where USMy,axcvuie 1S the maximum appli-
cation amount of the USM: USM;sxvare=80 in
case of automatic correction/strong, USMy ;s xcvatne=
50 in case of automatic correction/weak. When Vg ¢
assumes a negative value, V, =0.

[0127] In this way, appropriate image correction can be
applied using the Exif information.

Second Embodiment

[0128] In the first embodiment, the entire image is simply
corrected, and the corrected image is presented to the user.
However, an image process of the entire image often
requires much time, and it is practical to apply an image
process to only a portion displayed on the screen. The
second embodiment will exemplify a case wherein only a
portion to be displayed on the screen undergoes an image
process, and the corrected portion is presented to the user.

[0129] FIG. 12 is a view for explaining the process upon
displaying a full image. When the size of an image to be
corrected is larger than the display region 203, the image to
be corrected is reduced to a size that is inscribed in the
display region 203, and all correction processes are applied.
Conversely, if the size of the image to be corrected is smaller
than the display region 203, all correction processes are
applied, and the processed image then undergoes an enlarge-
ment process immediately before it is displayed. Various
methods can be applied as an enlargement/reduction algo-
rithm, but a detailed description thereof will be omitted.

[0130] FIG. 13 is a view for explaining the process upon
displaying a partial image. When the size of an image to be
corrected is larger than the display region 203, a partial
image with a size that is inscribed in the display region 203
is extracted from the image to be corrected, all correction
processes are applied to the partial image, and the processed
image is displayed on the display region 203. Conversely, if
the size of the image to be corrected is smaller than the
display region 203, all correction processes are applied, and
the processed image is then displayed at a predetermined
position (e.g., the center) of the display region 203.

[0131] With this process, the correction result can be
presented to the user more smoothly. In the system wherein
the correction processes are applied after the reduction
process, as shown in FIG. 12, some of correction processes
produce different results when the correction processes are
applied to the image to be corrected itself and when they are
applied to a reduced image. For example, in the USM used

in the sharpness process, if a radius useEkl_ tﬁme)ceia_iszz
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designated using pixels, it is virtually enlarged after the
reduction process. In such case, the application radius of the
USM may be reduced in correspondence with the reduction
ratio. For example, an application radius R, ' of the USM is
calculated using the correction parameter R, by:

Ryys'=RyyxDux 14)
for Dux=Widthy;e./Width, ;o

=R

[0132] where Width,;, is the width (pixels) of an image,
and Width,,., is the width (pixels) of an enlarged or reduced
image.

Third Embodiment

[0133] The second embodiment has explained the method
of speeding up the processes described in the first embodi-
ment. The third embodiment will explain a method of further
speeding up the processes.

[0134] For example, if the size of an image to be corrected
is larger than the display region 203 upon displaying a
partial image, when a partial image to be displayed on the
display region 203 is changed, the second embodiment
always extracts a partial image, applies all image processes
to that image, and displays the application result. When
image correction is implemented by hardware, it is more
likely that a sufficiently high processing speed can be
assured by the processes of the second embodiment. How-
ever, when image correction is implemented by software, the
scroll speed may lower or a smooth scroll operation may be
disturbed.

[0135] To solve such problem, some image correction
processes (e.g., noise removal and sharpness) may be
skipped during a size change process of an image to be
corrected upon displaying a full image and during a change
process of the display region by the scroll operation upon
displaying a partial image.

[0136] FIG. 14 is a block diagram showing the arrange-
ment of the image process that can skip the noise removal
and sharpness processes. Switches SW 711 to 719 are turned
on when one of the following skip conditions is met, thus
skipping the noise removal and sharpness processes:

[0137] (1) during the resizing operation of a window
including the display region 203; and

[0138] (2) during the scroll operation upon display-
ing a partial image: i.e., when the mouse is dragged
while the mouse button is held down on the display
region 203, or during the operation of the scroll bar.

[0139] In an event-driven system, upon reception of an
event corresponding to condition (2), the switches SW 711
to 719 are turned on to skip some of the correction processes.
Otherwise, the CPU 101 may execute a skip process shown
in FIG. 15 in response to a mouse operation.

[0140] Tt is checked if one of the skip conditions is met
(S1501). If one of the skip conditions is met, the switches
SW 711 to 719 shown in FIG. 14 are turned on to skip some
correction processes (S1502). The skip conditions are
checked again (S1504). If one of the skip conditions is met,
the flow returns to step S1502 to repeat steps S1502 and
$1504.

[0141] If none of the skip conditions are met in step S1501
or S1504, all the correction processes are applied (S1505),
thus ending the process.
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[0142] Since the need for presenting the correction result
to the user is low during the scroll or resizing operation,
some correction processes are skipped, thus providing a
more pleasant GUI operation to the user.

Fourth Embodiment

[0143] The fourth embodiment will explain a process for
printing an image corrected using the aforementioned GUI.

[0144] A print process generates a print image by enlarg-
ing or reducing an image signal obtained by applying image
correction by a system shown in FIG. 7 to an image size
corresponding to print data determined by the print resolu-
tion, and converts the print image into a print image signal
(e.g., signal CMYK or the like) independently of the
embodiments used to implement the image processing unit.
In this case, identical correction parameters may be applied
irrespective of a print size. However, the correction param-
eters may be corrected in correspondence with the printout
size. In general, when an image is printed on a small print
sheet (e.g., 3"x5" size), contrast tends to look high even
when identical data is printed, compared to a case wherein
that image is printed on a large print sheet (e.g., A4 size).
Hence, the correction parameters may be corrected accord-
ing to the area of a print sheet.

[0145] In the fourth embodiment, contrast is corrected
using an area ratio a when the area of the 3"x5" size is 1.
More specifically, contrast is adjusted by correcting the
black level Bk, of the histogram change parameters. Of the
correction parameters of the sharpness process, the USM
application amount V__is corrected. Ablack level Bk and
application amount V_ , upon printing are respectively given

prt
by:
Bl =0xBk s 15
Vor=(100+a)x V;, /100 (16)

oy
[0146] For example, in case of an A4-size print sheet,
since a>1, contrast is emphasized to assure strong sharp-
ness.

[0147] When the correction parameters are corrected in
this way, impression differences depending on the printout
size can be reduced.

[0148] Also, it is effective to correct the correction param-
eters in accordance with the type of print sheet used in a print
process or to correct the correction parameters to enhance
noise removal as a print sheet has a larger size. That is, as
a print sheet reflects light strongly or is white, contrast looks
high. Hence, Bk, for such print sheet is reduced to weaken
contrast. When an image enlarged from an original image is
printed to a print sheet with a large size, a noise image is
enlarged compared to the original image is printed to a print
sheet with a small size. Hence, noise removal is preferably
strengthened in accordance with the size of the print sheet.

[0149] As described above, according to the aforemen-
tioned embodiments, image correction that appropriately
reflects a camera setup upon photographing can be applied
using numerical values themselves of photographing infor-
mation stored as meta data.

[0150] The image correction result is presented to the user
in real time, and appropriate image correction can be applied
regardless of the order of processes. Arbitrary parameters
can be adjusted to obtain an automatic correction result that
reflects user’s favor.
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Other Embodiments

[0151] Note that the present invention can be applied to an
apparatus comprising a single device or to system consti-
tuted by a plurality of devices.

[0152] Furthermore, the invention can be implemented by
supplying a software program, which implements the func-
tions of the foregoing embodiments, directly or indirectly to
a system or apparatus, reading the supplied program code
with a computer of the system or apparatus, and then
executing the program code. In this case, so long as the
system or apparatus has the functions of the program, the
mode of implementation need not rely upon a program.

[0153] Accordingly, since the functions of the present
invention are implemented by computer, the program code
installed in the computer also implements the present inven-
tion. In other words, the claims of the present invention also
cover a computer program for the purpose of implementing
the functions of the present invention.

[0154] In this case, so long as the system or apparatus has
the functions of the program, the program may be executed
in any form, such as an object code, a program executed by
an interpreter, or scrip data supplied to an operating system.

[0155] Example of storage media that can be used for
supplying the program are a floppy disk, a hard disk, an
optical disk, a magneto-optical disk, a CD-ROM, a CD-R, a
CD-RW, a magnetic tape, a non-volatile type memory card,
a ROM, and a DVD (DVD-ROM and a DVD-R).

[0156] As for the method of supplying the program, a
client computer can be connected to a website on the Internet
using a browser of the client computer, and the computer
program of the present invention or an automatically-install-
able compressed file of the program can be downloaded to
a recording medium such as a hard disk. Further, the
program of the present invention can be supplied by dividing
the program code constituting the program into a plurality of
files and downloading the files from different websites. In
other words, a WWW (World Wide Web) server that down-
loads, to multiple users, the program files that implement the
functions of the present invention by computer is also
covered by the claims of the present invention.

[0157] 1t is also possible to encrypt and store the program
of the present invention on a storage medium such as a
CD-ROM, distribute the storage medium to users, allow
users who meet certain requirements to download decryp-
tion key information from a website via the Internet, and
allow these users to decrypt the encrypted program by using
the key information, whereby the program is installed in the
user computer.

[0158] Besides the cases where the aforementioned func-
tions according to the embodiments are implemented by
executing the read program by computer, an operating
system or the like running on the computer may perform all
or a part of the actual processing so that the functions of the
foregoing embodiments can be implemented by this pro-
cessing.

[0159] Furthermore, after the program read from the stor-
age medium is written to a function expansion board
inserted into the computer or to a memory provided in a
function expansion unit connected to the computer, a CPU
or the like mounted on the function expansion board or
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function expansion unit performs all or a part of the actual
processing so that the functions of the foregoing embodi-
ments can be implemented by this processing.

[0160] As many apparently widely different embodiments
of the present invention can be made without departing from
the spirit and scope thereof, it is to be understood that the
invention is not limited to the specific embodiments thereof
except as defined in the appended claims.

What is claimed is:
1. An image processing method comprising steps of:

acquiring additional information appended to input image
data;

setting a correction parameter for an image process of the
input image data using information upon image acqui-
sition, which is indicated by the acquired additional
information;

applying a plurality of image processes to the input image
data using the correction parameter, wherein an order
of the plurality of image processes is determined in
advance; and

outputting the corrected image data to an image forming

device.

2. The method according to claim 1, further comprising a
step of adjusting the correction parameter in accordance
with a size and/or a type of a medium used in a print process.

3. The method according to claim 2, wherein the correc-
tion parameter is adjusted to emphasize contrast with
increasing size of the medium.

4. The method according to claim 2, wherein the correc-
tion parameter is adjusted to strengthen sharpness with
increasing size of the medium.

5. The method according to claim 2, wherein the correc-
tion parameter is adjusted to enhance noise removal with
increasing size of the medium.

6. The method according to claim 1, wherein the infor-
mation upon image acquisition includes at least one of an
exposure time, aperture value (f-number), flash intensity
(guide number), subject distance, focal length, and ISO
speed upon photographing an image.

7. The method according to claim 1, wherein the plurality
of image processes include at least two of color tone/
saturation correction, sharpness, noise removal, color cast
correction, blur, sepia conversion, monotone conversion,
solarization, and emboss.

8. An image processing apparatus comprising:

an obtaining section, arranged to acquire additional infor-
mation appended to input image data;

a setting section, arranged to set a correction parameter
for an image process of the input image data using
information upon image acquisition, which is indicated
by the acquired additional information;

a processor, arranged to apply a plurality of image pro-
cesses to the input image data using the correction
parameter, wherein an order of the plurality of image
processes is determined in advance; and

an outputting section, arranged to output the corrected
image data to an image forming device.

9. A computer program for an image processing method,

the method comprising steps of:
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acquiring additional information appended to input image
data;

setting a correction parameter for an image process of the
input image data using information upon image acqui-
sition, which is indicated by the acquired additional
information;

applying an image process to the input image data using
the correction parameter, wherein the image process
includes a plurality of image processes, an order of
which is determined in advance; and

outputting the corrected image data to an image forming
device.

10. A computer program product stored in a computer

readable medium comprising computer program code, for an

image processing method, the method comprising steps of:

acquiring additional information appended to input image
data;

setting a correction parameter for an image process of the
input image data using information upon image acqui-
sition, which is indicated by the acquired additional
information;

applying an image process to the input image data using
the correction parameter, wherein the image process
includes a plurality of image processes, an order of
which is determined in advance; and

outputting the corrected image data to an image forming
device.
11. A method of performing image processing by soft-
ware, comprising steps of:

presenting correction parameters of a plurality of image
processes having different characteristics;

accepting a change in correction parameter;

applying the plurality of image processes to an image in
a predetermined order; and

outputting the processed image to an image forming

device.

12. The method according to claim 11, further comprising
a step of adjusting the correction parameters in accordance
with a size and/or a type of a medium used in a print process.

13. The method according to claim 12, wherein the
correction parameters are adjusted to emphasize contrast
with increasing size of the medium.

14. The method according to claim 12, wherein the
correction parameters are adjusted to strengthen sharpness
with increasing size of the medium.

15. The method according to claim 12, wherein the
correction parameters are adjusted to enhance noise removal
with increasing size of the medium.

16. The method according to claim 11, further comprising
a step of automatically executing the plurality of image
processes.

17. The method according to claim 16, wherein the
automatic execution step comprises a step of including a
parameter used to reflect user’s favor in calculation formulas
of the correction parameters.

18. The method according to claim 16, wherein the
automatic execution step comprises a step of including the
information upon image acquisition in calculation formulas
of the correction parameters.
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19. The method according to claim 11, wherein the
plurality of image processes include at least two of color
tone/saturation correction, sharpness, noise removal, color
cast correction, blur, sepia conversion, monotone conver-
sion, solarization, and emboss.

20. The method according to claim 11, further comprising
a step of applying, when a size of the image is larger than a
display region, the plurality of image processes to a display-
able partial image.

21. The method according to claim 11, further comprising
a step of skipping, when a predetermined condition is met,
at least one image process of the plurality of image pro-
cesses.

22. The method according to claim 21, wherein the
condition is met when a size of the image is larger than a
display region, and a magnification is smaller than a prede-
termined value.

23. The method according to claim 21, wherein the
condition is met when a size of the image is larger than a
display region, and a change process of a display position of
the image is in progress.

24. The method according to claim 21, wherein the
condition is met when a magnification is smaller than a
predetermined value.

25. The method according to claim 11, further comprising
a step of displaying an image that has undergone the
plurality of image processes on a monitor to have an
arbitrary size and at an arbitrary magnification.

26. The method according to claim 25, further comprising
a step of executing the plurality of image processes and the
image display process every time the correction parameter is
changed.

27. An apparatus for performing image processing by
using software, comprising steps of:

a presenting section, arranged to present correction
parameters of a plurality of image processes having
different characteristics;

a reception section, arranged to accept a change in cor-
rection parameter;

a processor, arranged to apply the plurality of image
processes to an image in a predetermined order; and

an outputting section, arranged to the processed image to
an image forming device.

28. A computer program product stored in a computer

readable medium comprising computer program code, for an

image processing method, the method comprising steps of:

presenting correction parameters of a plurality of image
processes having different characteristics;

accepting a change in correction parameter;

applying the plurality of image processes to an image in
a predetermined order; and

outputting the processed image to an image forming
device.
29. A method of performing image processing by soft-
ware, comprising steps of:

presenting correction parameters of a plurality of image
processes having different characteristics;

accepting a change in correction paraesier;‘] 026 p 25
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applying the plurality of image processes to an image in
a predetermined order; and

outputting the processed image to an image forming

device.

30. The method according to claim 1, wherein the apply-
ing step omits sharpness and noise removal from the plu-
rality of image processes when an image represented by the
input image data is scrolled.

31. The apparatus according to claim 8, wherein the
processor omits sharpness and noise removal from the
plurality of image processes when an image represented by
the input image data is scrolled.

32. The method according to claim 11, wherein the
applying step omits sharpness and noise removal from the
plurality of image processes when the image is scrolled.
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33. The method according to claim 27, wherein the
processor omits sharpness and noise removal from the
plurality of image processes when the image is scrolled.

34. An image processing method, comprising the steps of:
performing image processes on a part of an image;
outputting the processed image to an display; and
scrolling the processed image on the display,

wherein in the performing step, a part of the image
processes is skipped under the processed image is
scrolled.
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