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IMAGE PROCESSING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an image process 
ing apparatus Which carries out predetermined image pro 
cessing on input image data and outputs them. 

[0003] 2. Description of the Related Art 

[0004] In an original to be used in a printer, PPC (plane 
paper copier), or the like, a half tone image having density, 
such as a photograph, and a character image comprising 
draWings and characters sometimes coeXist. 

[0005] Image processing Which is appropriate for either a 
half tone image or a character image needs to be carried out 
thereon respectively. Therefore, in the case of such an 
original, it is necessary to judge the areas of photographs and 
characters and to sWitch to image processing appropriate for 
each. 

[0006] In Japanese Unexamined Patent Publn. No. 
8(1996)-51538, the present applicant has proposed an image 
processing apparatus Which judges a binary image area and 
a half tone image area by a grade and converts density by 
selecting a density conversion curve appropriate for each of 
the images above. 

[0007] FIG. 2 is a block diagram shoWing a con?guration 
of the image processing apparatus disclosed therein. 

[0008] Image data having been read by an image sensor 50 
are input to binary conversion means 51 for character 
processing and binary conversion means 52 for photograph 
processing. 
[0009] The binary conversion means 51 for character 
processing outputs the result of simple binary conversion on 
the input image data by using a single threshold value. 

[0010] A plurality of density conversion curves (A, B, C, 
and D) shoWn in FIG. 3 are stored in advance in gamma 
correction means 55. Prior to binary conversion by the 
binary conversion means 52 for photograph processing, 
judging means 56 selects one of the density conversion 
curves for each target piXel based on the input image data. 
Some of the density conversion curves are appropriate for 
processing a character image and some are not. As a result, 
the binary conversion means 52 for photograph processing 
appropriately carries out binary conversion on each target 
piXel in the image data comprising both characters and 
photographs by use of the appropriately selected density 
conversion curves. 

[0011] Among the image data having been binary con 
verted by the both means, image data selected in advance by 
an operator are output selectively by image processing 
selecting means 53. 

[0012] The above apparatus is con?gured so that binary 
conversion of a half tone image is carried out by the binary 
conversion means 52 for photograph processing Which uses 
a predetermined error diffusion method. 

[0013] As in the above case, When there is only one image 
processing method for a half tone image area, the choice 
made by an operator is very limited and it is not guaranteed 
that desired print is obtained With certainty. 
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[0014] As a method of image processing for a half tone 
image, 2 kinds of methods, namely the error diffusion 
method and a dither method, have been generally used. 

[0015] The dither method eXcels in tone eXpression of a 
half tone image, While it has a problem in reproducing an 
edge or a character When the edge or the character is located 
in a half tone image area on an original. Furthermore, since 
it fundamentally has periodicity, it has a draWback that it 
tends to create moiré of a mesh dot original. 

[0016] On the contrary, the error diffusion method is good 
at reproducing an edge or a character When the edge or the 
character is located in a half tone image area in an original, 
and it has a characteristic that it is not prone to created moiré 
When a mesh dot original is processed by this method. 
HoWever, in tone expression of a half tone image, graininess 
becomes Worse and a problem in smoothness occurs. 

[0017] A variety of image processing methods other than 
the above have been proposed as half tone image processing, 
and each of them has advantages and disadvantages. 

[0018] As described above, a con?guration Wherein an 
optimal image processing Whose advantages are utiliZed in 
response to the content of a half tone image in an original is 
carried out by sWitching has been desired. 

SUMMARY OF THE INVENTION 

[0019] The present invention has been created in order to 
solve the problems described above. The object of the 
present invention is to provide an image processing appa 
ratus Which enables an operator to select image processing 
on a half tone image area among a plurality kinds of image 
processing, and carries out image processing suitable for the 
content of an image. 

[0020] To solve the problems described above, an image 
processing apparatus of the present invention Which com 
prises judging means Which judges the degree of likelihood 
of being a half tone image piXel or a character image piXel 
of a target piXel in an original and outputs a judged degree 
in stepWise values, gamma correction means Which has a 
plurality of density conversion curves shoWing relations 
betWeen input density of image data and output density 
thereof and converts the image data by using the density 
conversion curve corresponding to the judgment result by 
the judging means, and binary conversion means for pho 
tographic processing Which carries out binary conversion on 
a half tone image by using a predetermined method, is 
characteriZed in that it further comprises: 

[0021] an image processor installed in the binary con 
version means for photographic processing, Which car 
ries out binary conversion processing on the half tone 
image by using at least tWo different kinds of image 
processing methods and outputs binary-converted 
image data; and 

[0022] a selector Which selects a binary-converted 
image data output by any one of said at least tWo kinds 
of image processing methods. 

[0023] The binary conversion means for photographic 
processing may comprise 

[0024] error diffusion processing means Which carries 
out an error diffusion method Wherein density differ 
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ence created When input image data as a target pixel are 
binary converted by using a threshold value is dealt 
With as an error and the target pixel is diffused to its 
surrounding pixels scanned afterWards; and 

[0025] dither processing means Which carries out dither 
processing Wherein a half tone image is expressed by 
changing density of black pixels in a minute area. 

[0026] An operator sets in advance Which half tone image 
processing is used for binary conversion of image data of an 
original. 

[0027] Whether the input image data are likely to be of a 
character or a half tone image are judged by the judging 
means on each pixel in the input image data. Based on the 
judgment result, an optimal density conversion curve is 
selected among the plurality of density conversion curves, 
and the density of the target pixel is converted by the density 
conversion curve having been selected. 

[0028] The density-converted image data are processed 
according to the half tone image processing Which has been 
set. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is a block diagram shoWing an embodiment 
of an image processing apparatus of the present invention; 

[0030] FIG. 2 is a block diagram shoWing a con?guration 
of a conventional image processing apparatus; and 

[0031] FIG. 3 shoWs an example of density conversion 
curves set in judging means of the image processing appa 
ratus of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0032] FIG. 1 is a block diagram shoWing a con?guration 
of an image processing apparatus of the present invention. 

[0033] An image sensor 1 having a built-in scanner means 
reads an original and outputs image data thereof. 

[0034] As the image data (for example, 8-bit), density 
signals in 256 gray levels Wherein White is represented by 
“0” and black is represented by “255” are output, and the 
density signals are input to binary conversion means 2 for 
photograph processing and binary conversion means 3 for 
character processing. 

[0035] The image data Which have been binary converted 
by these means are input into image processing selecting 
means 5. The image processing selecting means 5 selec 
tively outputs image data input through scanning from either 
binary conversion means 2 or 3 corresponding to a judgment 
result based on a judgment signal shoWing Whether an image 
area having been output from a CPU is a half tone image 
area or a character area. 

[0036] A threshold value (for example, the mean 128 of 
the density signals) is set in the binary conversion means 3 
for character processing, and image data having been input 
are simply binary converted to White “0” if the density of the 
image data does not exceed the threshold value, and to black 
“1” if exceeds. In this manner, signals output from the binary 
conversion means 3 for character processing have com 
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pletely separated areas of black and White, and contour of a 
character is clear, While half tones are not expressed by this 
means. 

[0037] A con?guration of the binary conversion means 2 
for photograph processing Will be explained hereinbeloW. 
[0038] The binary conversion means 2 for photographic 
processing judges the likelihood of a binary image according 
to the means described in Japanese Unexamined Patent 
Publn. No. 8(1996)-51538. 
[0039] The binary conversion means for photograph pro 
cessing comprises degree calculating means Which calcu 
lates the degree of likelihood of being a thin line pixel, that 
of being an edge pixel, and the degree of edge sharpness or 
the like by operations using density of neighboring pixels in 
image data, length calculating means Which calculates 
length of a line segment if the line segment Which catches a 
target pixel betWeen a pixel thereon With density rise and a 
pixel thereon With density descent along the main or vertical 
scanning directions exists, distance calculating means Which 
calculates distance betWeen the target pixel and an edge 
pixel closest to the target pixel, and density conversion 
means Which includes a binary image density conversion 
curve, a half tone image density conversion curve, and 
density conversion curves interpolating the tWo density 
conversion curves (see FIG. 3) and selects the density 
conversion curve corresponding to features of the target 
pixel. 
[0040] To judge the state of the target pixel, a variety of 
methods have been used. For example, the state of the target 
pixel is judged by (1) detecting edge sharpness thereof based 
on density of neighboring pixels, (2) by judging Whether or 
not the target pixel is an edge pixel based on the density of 
the neighboring pixels and calculating the distance betWeen 
the target pixel and the edge pixel closest to the target pixel, 
and (3) by features of the target pixel Which are obtained by 
Whether or not the target pixel is a thin line pixel, Whether 
or not the target pixel is an edge pixel, the degree of edge 
sharpness of the target pixel, the distance from the target 
pixel to the edge pixel, and the length of the line segment on 
Which the target pixel lies in the middle. 

[0041] If there is the line segment Which catches the target 
pixel betWeen a pixel thereon With density rise and a pixel 
thereon With density descent along the main or vertical 
scanning direction, the length of the line segment is then 
calculated. The shorter the line segment is, the more likely 
the line is a line composing a character. The distance 
betWeen the target pixel and the edge pixel closest to the 
target pixel is also calculated. The shorter the distance is, the 
more likely the target pixel is in a character image, While the 
longer, the more likely in a half tone image. 

[0042] Based on the above feature indicative values esti 
mated for each pixel, a binary image density conversion 
curve Ais selected if the feature indicative values shoW high 
“likelihood of a binary image”. If the feature indicative 
values shoW high “likelihood of a half tone image”, a half 
tone image density conversion curve B is selected. If the 
feature indicative values shoW the likelihood of neither of 
the images, an appropriate density conversion curve is 
selected betWeen density conversion curves C and D Which 
interpolate the tWo density conversion curves A and B, in 
response to the degree of the “likelihood of a binary image” 
or the “likelihood of a half tone image” shoWn by the feature 
indicative values. 
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[0043] In this manner, incongruity due to an abrupt change 
in output image data caused by misjudgment of an image 
area because of feature indicative values having been cal 
culated in a limited portion of the image, or caused by 
feature indicative values Which do not shoW high likelihood 
of a binary image or a half tone image can be reduced. 

[0044] Furthermore, by selecting the density conversion 
curve C closer to the binary image density conversion curve 
AWhen the target pixel is closer to an edge, and by selecting 
the density conversion curve D closer to the half tone image 
density conversion curve B When the target pixel is farther 
from an edge, a character in thick lines or a ?atly blackened 
portion is made to look darker, and tone characteristics of a 
half tone image portion in high density can be preserved. 

[0045] Judging means 6 installed in the input stage of the 
binary conversion means 2 for photograph processing judges 
the likelihood of a binary image based on the image data 
input through the above processing, and the judgment result 
is input to a CPU and gamma address controlling means 7. 

[0046] The gamma address controlling means 7 outputs an 
address signal to shoW Which of the density conversion 
curves is selected based on the judgment result. 

[0047] Gamma correction means 8 stores each of the 
density conversion curves A~D in different addresses in a 
memory. The gamma correction means 8 carries out gamma 
correction on input image data by using the density conver 
sion curve corresponding to the address signal having been 
input, and outputs the gamma-corrected image data. 

[0048] Binary conversion means for photograph process 
ing Which carries out image processing on a half tone image 
in different methods takes over the processing from the 
gamma correction means 8. In this embodiment, the binary 
conversion means for photograph processing includes error 
diffusion processing means 10 and dither processing means 
11. 

[0049] The error diffusion processing means 10 carries out 
binary conversion on image data by using the error diffusion 
method. In the error diffusion method, input image data as 
a target pixel are binary converted by using a threshold 
value, and the density difference created upon the conver 
sion betWeen the target pixel density and the threshold value 
is dealt With as an error. The target pixel is then diffused to 
surrounding pixels Which Will be scanned thereafter. 

[0050] The dither processing means 11 carries out binary 
conversion on image data by using the dither method. In the 
dither method, a half tone image is represented by changing 
the density of black pixels in a minute area. A square area of 
n><n pixels (a dot matrix) is dealt With as a unit of tone 
expression, and a threshold value to judge Whether each 
pixel therein is black or White is changed for each pixel. The 
Whole threshold values are represented by an n><n matrix 
Which is called a dither matrix. 

[0051] The dither processing means 11 in this embodiment 
carries out binary conversion by using a systematic dither 
method. The systematic dither method makes a threshold 
value array according to a rule, and by assigning different 
threshold values to n2 pixels, (n2+ 1) tones can be expressed. 

[0052] The image processing selecting means 5 selects 
any one of output from the error diffusion processing means 
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10, the dither processing means 11, or binary conversion 
means 3 for character processing, based on setting set by 
setting means 13. 

[0053] The setting means 13 is installed in an operation 
panel or the like of the image processing apparatus, and to 
enable an operator to set an appropriate binary conversion 
processing. 

[0054] As has been described above, the error diffusion 
processing means 10 and the dither processing means 11 
have both the advantages and the disadvantages. Therefore, 
binary conversion processing With ?delity to an original 
image can be carried out by choice made by an operator of 
appropriate binary conversion means corresponding to the 
original image. 

[0055] The error diffusion method preserves the density of 
image data. Therefore, reproduction of a character or an 
edge portion of an original is ?ne, and it is not prone to 
create moiré When a mesh dot original is processed. HoW 
ever, graininess in tone expression of a half tone image 
becomes poor, and there is a problem in smoothness. 

[0056] On the other hand, a hardWare con?guration for the 
dither processing is simple and does not create a heavy 
processing load. The dither processing is also good at tone 
expression of a half tone image. HoWever, the dither pro 
cessing has a problem in reproducing characters or an edge 
portion of an original. Furthermore, since it basically has 
periodicity, moiré tends to occur in a mesh dot original. 

[0057] Therefore, an operator selects the appropriate pro 
cessing betWeen the error diffusion processing and the dither 
processing by looking at a half tone image in an original 
When the operator places the original on the image process 
ing apparatus to read image data thereof. For example, to 
prevent moiré of a half tone image from occurring, the error 
diffusion processing is selected, While the dither processing 
is selected to put Weight on tone expression of the half tone 
image. 

[0058] In the above embodiment, the image processing 
apparatus is con?gured so that either the error diffusion 
processing or the dither processing is selected. HoWever, it 
may be con?gured so that other kinds of processing is 
selected. 

[0059] Other methods for binary conversion of a half tone 
image is listed beloW. To classify roughly, there are dither 
methods, density pattern methods, and pixel distribution 
methods. 

[0060] The dither methods include a) conditional decision 
methods and b) individual decision methods. The condi 
tional decision methods include a mean error minimiZing 
method, the error diffusion method having been described 
above, a mean value limiting method, and a dynamic thresh 
old value method. The individual decision methods include 
a random dither method and the systematic dither method 
(Which has been described above). 

[0061] The density pattern methods include a random 
pattern method and a systematic pattern method. 

[0062] The pixel distribution methods include a mesh 
pixel distribution method and a multi-step division quanti 
Zation method. 
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[0063] By installing the binary conversion means 2 for 
photograph processing including a variety of binary conver 
sion methods such as the above and using the con?guration 
Wherein the binary conversion methods can be selected by 
the setting means 13, choice of image processing on a half 
tone image area is extended, and image processing appro 
priate for reproducing an original image can be selected. 

[0064] According to the present invention, since the 
binary conversion means for photograph processing 
includes the processing means Which outputs binary-con 
verted data of a half tone image by using different methods 
and the image processing apparatus is con?gured so that the 
binary conversion output by using any one of the processing 
means is selected by the setting means, a half tone image 
area in image data are binary converted by the processing 
means Which has been selected upon image data input. As 
has been described above, since an operator can select image 
processing for a half tone image area in an original, image 
processing appropriate for the content of the image area can 
be carried out, and an output image desired by the operator 
can be obtained. 

[0065] Furthermore, since the image processing apparatus 
of the present invention is con?gured so that the image 
processing based on either the error diffusion method or the 
dither method can be selected, the advantages of the error 
diffusion method, such as prevention of moiré of a half tone 
image, can be utiliZed if the error diffusion method is 
selected, While the advantages of the dither method, such as 
eXcellent tone expression, can be utiliZed if the dither 
method is selected. 

[0066] In other Words, the image processing apparatus of 
the present invention is con?gured so that image processing 
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according to output desired by an operator can be carried out 
thereby, functions and convenience of the image processing 
apparatus can be improved. 

What is claimed is: 
1. An image processing apparatus of the present invention 

Which comprises judging means Which judges the degree of 
likelihood of being a half tone image piXel or a character 
image piXel of a target piXel in an original and outputs a 
judged degree in stepWise values, gamma correction means 
Which has a plurality of density conversion curves shoWing 
relations betWeen input density of image data and output 
density thereof and converts the image data by using one of 
the density conversion curves corresponding to the judgment 
result by the judging means, and binary conversion means 
for photographic processing Which carries out binary con 
version on a half tone image by using a predetermined 
method, is characteriZed in that it further comprises: 

an image processor installed in the binary conversion 
means for photographic processing, Which carries out 
binary conversion processing on the half tone image by 
using at least tWo different kinds of image processing 
methods and outputs binary-converted image data; and 

a selector Which selects a binary-converted image data 
output by any one of said at least tWo kinds of image 
processing methods. 

2. The image processing apparatus as claimed in claim 1, 
Wherein error diffusion processing means and dither pro 
cessing means are installed in the image processing means 
for photograph processing. 


