
(19) United States 
US 20010030757A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0030757 A1 
SUMIUCHI et al. (43) Pub. Date: Oct. 18, 2001 

(54) IMAGE PROCESSING APPARATUS AND (30) Foreign Application Priority Data 
METHOD 

Jun. 7, 1996 (JP) ........................................... .. 8-145982 

(76) Inventors: KAZUYOSHI SUMIUCHI, TOKYO Publication Classi?ca?m‘ 

(TJOP)I;<%ASJ‘;HIR0 NAGATANL (51) Int. c1.7 .......................... .. G06F 15/00; B41B 1/00; 
( ) G06K 1/00; B41] 1/00 

(52) US. Cl. ............................................................. .. 358/19 

Correspondence Address: (57) ABSTRACT 
FITZPATRICK CELLA HARPER & SCINTO In image formation, one of a plurality of print modes having 
30 ROCKEFELLER PLAZA different allowable print-material discharge amounts is 
NEW YORK, NY 10112 (US) selected. Color image data inputted by an image generator is 

converted by a LOG converter into CMY data. An UCR & 
black-generation processor performs density control on the 

(*) Notice: This is a publication of a continued pros- CMY data by each color component, and performs under 
ecution application (CPA) ?led under 37 color removal and black-generation processing on the den 
CFR 1_53(d)_ sity-controlled image data. The UCR & black-generation 

processor controls a total amount value of the output image 
(21) Appl, No; 08/870,721 data, based on the allowable print-material discharge 

amount of the selected print mode. The obtained image data 
(22) Filed: Jun. 7, 1997 is y corrected and binariZed, then outputted to a printer. 

1 0O 
/ 

IMAGE PROCESSING APPARATUS 

1 O 20 3O 40 5O 60 200 
/ / / / / / / 
L -C—> —> CY ——> 

IMAGE a LOG 7* MASKING _" BLACK- , Y —’ BINARIZATION INTER 

GENERATOR -B_> CONVERTER l» PROCESSOR L» GENERATION Y CORRECTOR--> PROCESSOR PR 
PROCESSOR K _> 

70 CPU BUS i E / 
1 

CPU ROM RAM 8m?“ ' ON 

2 l l 2 
71 72 73 74 



Patent Application Publication Oct. 18, 2001 Sheet 1 0f 15 US 2001/0030757 A1 

15.2 _ E 

M 

com 

FAVE 



Patent Application Publication Oct. 18, 2001 Sheet 2 0f 15 US 2001/0030757 A1 

FIG.2 

MAIN~SCANNING DIRECTION 
+ 

360dpi 

360dp i1 



Patent Application Publication Oct. 18, 2001 Sheet 3 0f 15 US 2001/0030757 A1 

F|G.3 

MA I N-SCANN | NG DIRECTION 
b» 

720dpi 

I 
ssodpiI f N 

j 
\ 

j 

\ j 



Patent Applicat ion Publication Oct. 18, 2001 Sheet 4 0f 15 

FIG. 4 

US 2001/0030757 A1 

INPUT MULT I LEVED INPUT MULT I LEVEL 
MAGENTA DATA M 

INPUT MULTILEVEL )\S1003 CYAN DATA C YELLOW DATA Y 

V \SIOOI I \sIO02 I 
CYAN DENSITY MAGENTA DENSITY YELLOW DENSITY 
CONTROL CONTROL CONTROL \31006 

I, \sIOO4 \sIoos 
DENS ITY-CONTROLLED DENSITY-CONTROLLED DENS ITY—CONTROLLED 
MULTILEVEL CYAN MULTILEVEL MAGENTA MULTILEVEL YELLOW 
DATA C DATA M DATA Y 31009 

STOOT/ s1o08/ I I—_ 
I I 

OBTAIN MINIMUM VALUE 
OF C, M, AND Y DATA AS 
minCMY 

S1010 S1011\ S1012\ S1013\ 
C1=C—minCMY M1=M—minCMY Y1=Y—minCMY OBTAIN DQI’CMY 

l FROM minCMY 

I I 
OBTAIN MINIMUM OBTAIN MINIMUM OBTAIN MINIMUM S1014 
VALUE OF Y1 VALUE OF C1 VALUE OF M1 OBT N b CMY 
AND C1 DATA AS AND M1 DATA AS AND Y1 DATA AS FRO?“ . a” 
G DATA B DATA R DATA ( m'" 

I I I 
S1015 S1016 S1017 S1018 

II 

C2=C1 — I Im1 XG M2=M1 — I im3XR Y2=Y1 — I imSX R 
—Iim2XB —IIm4XB -—Iim6XG 

SIOIO/ sIO2O/ s102I/ 
II I’ I 

C3=C2+pgrCMY M3=M2+pgrCMY Y3=Y2+pgrCMY K=pgrCMY 

sT022/ sIO23/ sIO24f sI025/ " 
OUTPUT Y OUTPUT Y OUTPUT Y OUTPUT Y 
CORRECT I ON CORRECTION CORRECTION CORRECTION 

sIozef s1O2T/ s1O2s/ ' s1029/ 

BINARIZATION BINARIZAT ION BINARIZATION BINARIZATION 

sIO3D/ $1031] sIO32/ sI033/ 
BINARY CYAN BINARY MAGENTA BINARY YELLOW BINARY BLACK 
DATA C DATA M DATA Y DATA K 

$103M s1O35/ sIossf s1O3T/ 



Patent Application Publication Oct. 18, 2001 Sheet 5 0f 15 US 2001/0030757 A1 

F|G.5 

OUTPUT = DENSITY (INPUT) 

255_ _ _ _ ~ “ ~ _ _ _ _ “ ~ _ _ _ _ _ _— l I 

DENSITY IS INCREASED 

I 
i 

501 1 
i 

i 

OUTPUT 

i 
I 

502 I 

DENSITY IS DECREASED i 
I 

E 
O ; 

INPUT 255 



Patent Application Publication Oct. 18, 2001 Sheet 6 0f 15 US 2001/0030757 A1 

FDQPDO 
lllllllllllllllll ETiliiiiiiiioow ................ l Iomw 00m 

C52; mom n 5150 H N C312; mom n 5950 n F QUE 



Patent Application Publication Oct. 18, 2001 Sheet 7 0f 15 US 2001/0030757 A1 

GO 



Patent Application Publication Oct. 18, 2001 Sheet 8 0f 15 US 2001/0030757 A1 

00m 

00m 

PDmZ_ 
00F 

nl-lllllsIi-l... 

I'll-1:11.111!!! 

....... ‘111cm ....... ?lo? 
kzakno 

..................... -i-||-lii------¢----.|omF ...... --1.|OON ....... --.iomm 

APDQZC omnnknikno QUE 

00m 



Patent Application Publication Oct. 18, 2001 Sheet 9 0f 15 US 2001/0030757 A1 

oom 

vNM. mm. NNN. PHI 

:2: 

22 25% 2% E2 3% 
.A = > _ 

A A 4 ‘ 

ma 3% E\ i1 1 ¥ momma? E3528 

E3385 ‘£88118 1 > 222550 A1 Ewzwail $880? 1 > $558 1 m EQEEEQ 
2925;; A] > i _ .6; Al 105:1. 02:5; 1 2: 1 $2: 

.5 a mu: 2 0 

‘ll 1 ‘.l ‘I A“ i 

b o m 

o@\ 8\ £\ 3\ 8\ 8\ 2\ 
wE<m<nE< ozawwuoml moi; 

O2\ 

QUE 



Patent Application Publication Oct. 18, 2001 Sheet 10 0f 15 US 2001/0030757 A1 

32001 $2002 $2003 
/ / 

INPUT MULTILEVEL INPUT MULTILEVEL INPUT MULTILEVEL 
CYAN DATA C MAGENTA DATA M YELLOW DATA Y 

L____________ 

I 
OBTAIN MINIMUM VALUE 
OF C,M,AND Y DATA AS 
minCMY 

I I 
I $2004 

CI=C—minCMY MI=M—minCMY YI=Y~minCMY 

s20o5/ szooef s2o07/ 
I 

C2=DensitvC(CI) M2==DensityM(MI) Y2==DensityY(YI) 
s2008/ s2009/ s2010/ 

I I I 

C3=C2+minCMY M3=M2+minCMY Y3=Y2+minCMY 

s2011/ s2o12/ s2013f 
OUTPUT Y OUTPUT Y OUTPUT Y 
CORRECTION CORRECTION CORRECTION 

s2014/ s2o15/ s2o16/ 
I 

BINARIZATION BINARIZATION BINARIZATION 

s2017/ s2018/ s2019/ 
II 

BINARY CYAN BINARY MAGENTA BINARY YELLOW 
DATA C DATA M DATA Y 

S2020 S2021 S2022 



Patent Application Publication Oct. 18, 2001 Sheet 11 0f 15 US 2001/0030757 A1 

S3001 S3002 S3003 
// // // 

INPUT MULT I LEVEL INPUT MULT I LEVEL INPUT MULT I LEVEL 
CYAN DATA c MAGENTA DATA M YELLOW DATA Y 

I 
i I 

OBTAIN MINIMUM VALUE 
OF C, M, AND Y DATA AS 
mi nCMY 

53004 
I‘ I 

CI=C—minCMY MI=M—minCMY YT=Y—minCMY S3011 

$30051’ $30061’ $30071’ ( 
mi nCMY = 

C2 = Dens i tyC (CI) M2 = Densi tyM (Mi) Y2 = Dens i WY (YT) Deng i tyK (minCMY) 

s3008/' saoogf' s30T0/' 
OBTAIN pgrCMY 
FROM m i nCMYi 

I S 83012 3013 

DBTA I N bg rCMY 
FROM mi nCMYI 

V T 

C3=C2+pgrCMY M3=M2+pg rCMY Y3=Y2+pgrCMY K=bgrCMY 

s3oT4/' ssoisf' ssoief' ssoiTf' 
OUTPUT Y OUTPUT Y OUTPUT Y OUTPUT Y 
CORRECTION CORRECT I ON CORRECT I ON CORRECT I ON 

s3oT8/' ssoisf' $30201’ $30211’ 
BINARIZATIDN BINARIZATION BINARIZATIOND BINARIZATION 

ssozzf' saozaf' s3024/' s3025/ 
BINARY CYAN BINARY MAGENTA BINARY YELLOW BINARY BLACK 
DATA C DATA M DATA Y DATA K 

$30261’ $30271’ S3028!’ S3029 



Patent Application Publication Oct. 18, 2001 Sheet 12 0f 15 US 2001/0030757 A1 

1 800 

250 

BGR 
| 200 

F|G.1 2 
PGR 

1 | 100 150 INPUT 

50 

300 — 250 - 2OO — 

OUTPUT 
150 - 1OO - 



Patent Application Publication Oct. 18, 2001 Sheet 13 0f 15 US 2001/0030757 A1 

F|G.13 

DENSITY CONTROLLER ~401 

N402 

C1 
! lN/H Y1 lminCMY V 

403% SECONDARY—COLOR 
L iMITER 

C2 

TERTIARY-COLOR 
LIMITER 

___l 
Y2 D9!’ bgr 1 M2 

v v (= K) 

N404 

405w OUTPUT-VALUE GENERATOR 

1C3 M3 l Y3 



Patent Application Publication Oct. 18, 2001 Sheet 14 0f 15 US 2001/0030757 A1 

F|G.14 

80 

HI / 
801 W UNDER-COLOR SEPARATOR 

lCi M1 1Y1 minCMY 
V 

802“ DENSITY CONVERTER 

l” 1W1” , 
8 0 3 w OUTPUFVALUE GENERATOR 

1C3 1M3 1Y3 



Patent Application Publication Oct. 18, 2001 Sheet 15 0f 15 US 2001/0030757 A1 

F|G.15 
C M Y 

ill 
801% UNDER-COLOR SEPARATOR 

C1 M1 Y1 minCMY 

V 1 1 

ACHROMATlC-COLDR N 
CONTROLLER 804 L80 

TY 

802“ DENSITY CONTROLLER 

C2 M2 Y2 minCMY1 

Y ‘I V W 

803'“ OUTPUT—VALUE GENERATOR 

V 

851% UNDER-COLOR SEPARATOR 

C>l<1 M>i<1 Y>l<1 minCMY>l< 
V 

BLACK-GENERAT ION 
PROCESSOR N852 

> 85 

pgr bgr 
N T N N (= K) 

853“ OUTPUT—VALUE GENERATOR 

l l l T 
C3 M3 Y8 



US 2001/0030757 A1 

IMAGE PROCESSING APPARATUS AND METHOD 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to an image processing appa 
ratus and method and, more particularly to an image pro 
cessing apparatus and method Which appropriately controls 
print processing When an amount of ink to be discharged 
onto a print medium is limited. 

[0002] In an ink-jet printing method, an ink-discharge 
amount acceptable for a print medium (alloWable ink 
discharge amount) is determined based on the characteristic, 
e.g., absorptivity, of the print medium. Especially, in case of 
color printing, if ink-discharge amount exceeds the alloW 
able ink-discharge amount of the print medium, blur occurs 
at boundaries betWeen respective colors, thus degrading 
image quality. 

[0003] Assuming that the amount of ink droplets forming 
one pixel is 40 pl (picoliter) per color, the ink-discharge 
amount per unit area is about 220% With respect to normal 
paper; about 280% With respect to coated paper; about 300% 
With respect to an OHP sheet for ink-jet printing; and about 
340% With respect to a luster ?lm for ink-jet printing 
Wherein 40 pl is de?ned as 100%. In this manner, the 
alloWable ink-discharge amount depends on ink absorptivity 
of material of print medium. 

[0004] In consideration of the above situation, a printing 
technique, Which changes the siZe of ink droplet in accor 
dance With the type of print medium, thus controls ink 
discharge amount per unit area, has been proposed. 

[0005] Further, a printing technique Which alloWs to dis 
charge ink of respective colors as much as possible, Within 
the limitation of ink-discharge amount With respect to a print 
medium, thus Widens representable color space, has been 
proposed. This technique limits the minimum value (under 
color) of the multilevel yelloW, magenta and cyan compo 
nents in one pixel, based on multilevel yelloW, magenta, 
cyan data, and limits an ink-discharge amount of a primary 
color represented by a single ink color (any of yelloW, 
magenta, cyan), or an ink-discharge amount of a secondary 
color represented by combination of tWo primary colors 
such as yelloW and magenta, cyan and yelloW, and magenta 
and cyan. 

[0006] Conventionally, the above ink-jet printing method 
performs desirable density control to adjust each ink-dis 
charge amount for multilevel yelloW, magenta, cyan and 
black colors. The density control increases or decreases 
density of each color. 

[0007] HoWever, as a conventional density control is made 
by simply increasing or decreasing density of each color ink, 
in the above processing to limit respective ink-discharge 
amounts for alloWing discharge of respective color ink 
Within limitation of ink-discharge amount With respect to a 
print medium, if the density control is performed on multi 
level data, under the limitation of ink-discharge amount, to 
increase the ink density, the ink of an amount exceeding the 
alloWable ink-discharge amount With respect to the print 
medium is discharged as a result of the density control. 

[0008] Further, in the ink-jet printing method, density 
control corresponding to each ink-discharge amount of each 
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color ink is performed by each of multilevel cyan (C), 
magenta (M), yelloW (Y) and black color components, 
Which disturbs gray balance. 

[0009] In a loW-cost color printer Which mainly performs 
printing by using C, M and Y three color ink, a gray color 
is represented by overlaying the C, M and Y ink droplets. In 
this printer, if density control is performed by increasing or 
decreasing each color density, gray balance is disturbed. For 
example, if cyan density is increased, the resulted gray has 
a bluish tint. 

SUMMARY OF THE INVENTION 

[0010] The present invention has been made in consider 
ation of the above situation, and has its object to provide an 
image processing apparatus and method Which performs 
appropriate image density control, in a printer under limi 
tation of print-material-discharge amount. Note that “print 
material” generally means material for visible-image record 
ing such as ink used in an ink-jet method, toner in an 
electrostatic photographic method. 

[0011] Further, another object of the present invention is to 
provide an image processing apparatus and method Which 
performs appropriate image density control While maintain 
ing gray balance. 

[0012] Further, another object of the present invention is 
to limit a print-material discharge amount in accordance 
With a plurality of print resolutions, thus perform appropri 
ate control on the print-material discharge amount in a 
resolution-changeable printer. 

[0013] Further, another object of the present invention is 
to limit a print-material discharge amount in accordance 
With plural types of print media having different maximum 
print-material discharge amounts per unit area, thus perform 
appropriate control on the print-material discharge amount 
in accordance With the plural types of print media. 

[0014] 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 name or similar 
parts throughout the ?gures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
embodiments of the invention and, together With the 
description, serve to explain the principles of the invention. 

[0016] FIG. 1 is a block diagram shoWing an example of 
a construction of an image processing system according to 
a ?rst embodiment of the present invention; 

[0017] FIG. 2 is an explanatory vieW shoWing normal 
printing by an ink-jet method by a printhead corresponding 
to 360x360 dpi (dot per inch) resolution; 

[0018] FIG. 3 is an explanatory vieW shoWing 720x360 
dpi high-resolution printing by the printhead corresponding 
to 360x360 dpi resolution; 

[0019] FIG. 4 is a ?oWchart shoWing process procedure 
by UCR & black-generation processor, y corrector and 
binariZation processor; 
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[0020] FIG. 5 is a line graph showing an example of 
functions for density control; 

[0021] FIG. 6 is a line graph shoWing an example of 
functions BGR() and PGR(); 

[0022] FIG. 7 is a line graph shoWing the relation betWeen 
multilevel value and re?ection density in case of printing by 
using cyan ink, according to the ?rst embodiment of the 
present invention; 

[0023] FIG. 8 is a line graph shoWing y correction on cyan 
color; 

[0024] FIG. 9 is a block diagram shoWing an example of 
construction of the image processing system according to a 
second embodiment; 

[0025] FIG. 10 is a ?oWchart shoWing a procedure of 
image processing according to the second embodiment; 

[0026] FIG. 11 is a ?oWchart shoWing a procedure of 
image processing according to a third embodiment; 

[0027] FIG. 12 is a line graph shoWing the functions 
BGR()and PGR() according to the third embodiment; 

[0028] FIG. 13 is a block diagram shoWing the outline of 
operation of an UCR & black-generation processor accord 
ing to the ?rst embodiment; 

[0029] FIG. 14 is a block diagram shoWing the outline of 
operation of an image adjustment processor according to the 
second embodiment; and 

[0030] FIG. 15 is a block diagram shoWing the outline of 
the image-density controller and UCR & black-generation 
processor according to the third embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0031] Preferred embodiments of the present invention 
Will noW be described in detail in accordance With the 
accompanying draWings. 

[0032] [First Embodiment] 
[0033] FIG. 1 is a block diagram shoWing an example of 
a construction of an image processing system according to 
a ?rst embodiment of the present invention. The image 
processing system comprises an image processing apparatus 
100 and a printer 200. Note that the image processing 
apparatus 100 may be connected to a monitor, a scanner and 
the like. First, the construction of the image processing 
apparatus 100 Will be described. 

[0034] An image generator 10 generates R, G and B image 
data representing an arbitrary image, by an application 
program or the like. A LOG converter 20 performs lumi 
nance-density conversion on the RGB image data, and 
outputs CMY image data. A masking processor 30 performs 
color correction on the image data by using a matrix 
operation, based on characteristics of ink used by the printer 
200. 

[0035] An UCR & black-generation processor 40 per 
forms UCR (under-color removal) processing and black 
generation processing to be described later, based on the 
input CMY image data, and generates C‘M‘Y‘K image data. 
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[0036] Ay corrector 50 performs tonality correction to be 
described later on respective color components (CMYK) of 
the image data, so as to correct the tonality of the image data 
into a linear tonality. A binariZation processor 60 binariZes 
the image data having multilevel representation With respect 
to the respective CMYK color components, by using a dither 
processing method or error diffusion processing method. 
The dither processing method and error diffusion processing 
method are Well knoWn methods, therefore explanation of 
these methods Will be omitted. 

[0037] A CPU 71 performs various controls in accordance 
With control programs stored in a ROM 72. The ROM 72 is 
used for storing the various control programs for the CPU 71 
and various data. A RAM 73 provides a Work area When the 
CPU 71 performs the various processings. An operation unit 
74 is a user interface for various operations With respect to 
the image processing apparatus 100. Note that a user can 
perform density control of each of color components (CMY) 
via the operation unit 74. A CPU bus 70 data-communicably 
connects the above elements. The user can designate a print 
medium to be used or a print resolution (to be described 
later) from the operation unit 74. The image processing 
apparatus 100 controls an ink-discharge amount in accor 
dance With the designated print medium and resolution. 

[0038] Next, the printer 200 Will be described. The printer 
200 forms an image on a print medium by using printheads 
and print materials (ink) corresponding to respective CMYK 
color components, in accordance With the ink-jet printing 
method, based on image data (CMYK image data) inputted 
from the image processing apparatus 100. 

[0039] Speci?cally, the printer 200 performs printing by 
scanning a printhead Where a plurality of noZZles are 
arranged in a subscanning direction, in a main-scanning 
direction. As one-line printing is completed, the printer 200 
conveys a print medium in the subscanning direction, 
returns the printhead to a print-start position, and performs 
printing of the next line. This procedure is repeated for one 
page of print medium, as serial printing method. 

[0040] In the printer 200, to form a high-resolution image, 
movement of the printhead in the main-scanning direction is 
made at a pitch 1/2 of normal pitch, Without changing the dot 
diameter of the printhead. This seemingly increases the 
resolution in the main-scanning direction to tWice. FIGS. 2 
and 3 shoW this operation. FIG. 2 shoWs normal printing by 
an ink-jet method by a printhead corresponding to 360 
(Width)><360 (length) dpi (dot per inch) resolution. FIG. 3 
shoWs high-resolution (720x360 dpi) printing by the print 
head corresponding to 360x360 dpi resolution. In printing of 
the loW 360x360 dpi resolution, image dots are printed as 
shoWn in FIG. 2. On the other hand, in printing of the high 
720x360 dpi resolution, image dots are printed as shoWn in 
FIG. 3. 

[0041] HoWever, as it is designed such that ink droplets 
discharged from the printhead may have an appropriate siZe 
at a loW resolution, in case of high-resolution printing as 
shoWn in FIG. 3, a doubled amount of ink is discharged onto 
the print medium, Whereby the ink over?oWs on the print 
medium and the quality of formed image is degraded. 

[0042] As means of solving this problem, image-data 
processing for separating secondary and tertiary colors and 
limiting each ink-discharge amount has been proposed. 
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However, When image density control is performed on 
image data, obtained from the above image-data processing, 
Where the secondary and tertiary colors have been separated 
and each ink-discharge amount has been limited, image 
density control by simply increasing or decreasing an ink 
density may cause the folloWing problem. That is, if ink 
density is increased, even if the ink-discharge amount of the 
ink has been limited, the ink may be discharged by an 
amount exceeding the limited amount. Thus, the image 
density control may cause ink smear on the print medium, 
degrading the quality of formed image. 

[0043] Hereinafter, image processing for forming an 
image, While preventing over?oW of print material, regard 
less of loW-resolution printing or high-resolution printing, 
Will be described beloW. 

[0044] FIG. 13 is a block diagram shoWing the outline of 
operation of the UCR & black-generation processor 40 
according to the ?rst embodiment. A density controller 401 
changes values of respective color components of input 
CMY data, in accordance With an operation instruction from 
the operation unit 74. An UCR unit 402 performs under 
color removal on the CMY data inputted from the density 
controller 401, and obtains an under-color component value 
(minCMY) and color component values C1, M1 and Y1. A 
secondary-color limiter 403 limits an ink-discharge amount 
With respect to each secondary color component extracted 
from the values C1, M1 and Y1, and generates color 
component values C2, M2 and Y2. A tertiary-color limiter 
404 limits an ink-discharge amount With respect to the 
under-color component (minCMY), and generates a pgr 
component to be returned to the three color components and 
a bgr component for image formation by black ink. A 
chromatic-color output value generator 405 generates output 
data C3, M3 and Y3 by using the components C2, M2, Y2 
and the pgr component. HereinbeloW, these processings Will 
be described in detail. 

[0045] The present embodiment enables appropriate 
image-density control in image-data processing Which sepa 
rates secondary and tertiary colors and limits each ink 
discharge amount per each of these colors. In the image 
processing apparatus 100, the process procedure by the UCR 
& black-generation processor 40, the y corrector 50 and the 
binariZation processor 60 in a high-resolution mode Will be 
described With reference to FIG. 4. Note that the respective 
processors operate under the control of the CPU 71 as 
described above, and the control program for executing the 
control as shoWn in FIG. 4 is stored in the ROM 72. Further, 
a part or all the processing as described beloW may be 
performed by hardWare. In the present embodiment, the 
maximum ink-discharge amount in the high-resolution print 
mode is 170%. 

[0046] First, multilevel cyan (C), magenta (M) and yelloW 
(Y) image data are inputted (steps S1001 to S1003). In this 
embodiment, each of cyan, magenta and yelloW is repre 
sented by 8 bits, i.e., 0 to 255 level value. 

[0047] Next, density control is performed on the respec 
tive multilevel C, M and Y data (by density controller 401). 
The density control is performed in accordance With an 
instruction from the user via the operation unit 74. Note that 
the present embodiment is described in terms of density 
control of respective colors as image-density control, hoW 
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ever, the image-density control is not limited to the above 
density control. For example, luminance control (control on 
RGB) may be performed. 

[0048] Assuming that density-control functions are Den 
sityC(), DensityM() and DensityY(), density-controlled C, 
M and Y components are represented as: 

C=DensityC(C) (1) 
M=DensityM(M) (2) 
Y=DensityY(Y) (3) 

[0049] FIG. 5 is a line graph shoWing an example of the 
density-control function. If a linear density control as a 
density control method is performed, functions such as the 
function Density() in FIG. 5 are obtained for respective 
colors, and density-controlled output values corresponding 
to input values of the C, M and Y components are held in the 
form of table. Upon density control, these tables are used for 
conversion (steps S1004 to S1006), and density-controlled 
C, M and Y components are obtained (steps S1007 to 
S1009). Note that in FIG. 5, in case of control to increase 
density, tables of output values, as represented by a steeper 
sloped straight line 501, are used, While in case of control to 
decrease density, tables of output values, as represented by 
a gentle sloped straight line 502, are used. 

[0050] Next, processing for separating secondary and ter 
tiary colors is performed to limit each ink-discharge amount. 
The minimum value data is obtained from the density 
controlled multilevel C, M and Y data as minCMY data (step 
S1010). Next, the minCMY data is subtracted from the 
density-controlled C, M and Y data obtained at steps S1007 
to S1009, as under-color removed C1, M1 and Y1 data (steps 
S1011 to S1013). Note that the above processing is per 
formed by the UCR unit 402. 

[0051] That is, the under-color removed C, M and Y (C1, 
M1 and Y1) data are represented as: 

C1=C—minCMY (4) 

M1=M—minCMY (5) 

Y1=Y—minCMY (6) 

[0052] In the output values obtained at steps S1011 to 
S1013, When the input image data is a primary color, tWo of 
the C1, M1 and Y1 component data have value “0”, and 
When the input image data is a secondary or tertiary color, 
one of the C1, M1 and Y1 component data has value “0”. 

[0053] Next, the minimum value of the C1 and Y1 data 
obtained at steps S1011 and S1013 is obtained as G data 
(step S1015). Similarly, the minimum value of the C1 and 
M1 data obtained at steps S1011 and S1012 is obtained as B 
data (step S1016). Further, the minimum value of the M1 
and Y1 data obtained at steps S1012 and S1013 is obtained 
as R data (step S1017). In these output values (R, G and B) 
obtained at steps S1015 to 1017, When the input image data 
is a primary color, all the R, G and B data have value “0”, 
While When the input image data is a secondary or tertiary 
color, tWo of the R, G and B data have value “0”. The output 
values (R, G and B) are data in color space of R (red), G 
(green) and B (blue) components obtained from (M1, Y1), 
(C1, Y1) and (C1, M1) components. 

[0054] Note that “primary color” corresponds to YMC 
component data Where tWo color components have value 
“0”; “secondary color”, the YMC component data Where one 
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color component has value “0”; and “tertiary color”, the 
YMC component data Where no component has value “0”. 

[0055] Next, C2, M2 and Y2 component data are obtained 
from the following calculations by using the C1, M1 and Y1 
components obtained at steps S1011 to S1013 and the R, G 
and B values obtained at steps S1015 to S1017: 

0 and less than 1 

[0057] By using these component data C2, M2 and Y2, a 
maximum ink-discharge amount of primary colors derived 
from the input CMY data is determined. In this example, 
When the maximum ink-discharge amount is up to 170%, 
lim1 to lim6 are set as folloWs: 

lim1+lim6 20.3 (10) 

lim2+lim4§03 (11) 

lim3+lim5 20.3 (12) 

[0058] Note that coef?cients lim1 to lim6 correspond to a 
case Where the total ink-discharge amount is 170%. These 
coef?cients lim1 to lim6 are set as folloWs. First, regarding 
secondary colors, the total ink-discharge amount is 200%. If 
C1=M1=100%, and Y1=0% hold, as R=G=0%, and 
B=100% hold, 

[0059] Then the total ink-discharge amount is: 

[0060] C2+M2+Y2=200%—(lim2+lim4)><100% 
[0061] To limit the ink-discharge amount to 170%, from 
C2+M2+Y2§170%, 

[0062] 200%—(lim2+lim4)><100%<170% 
111114203 

lim2+ 

[0063] Accordingly, the right members of expressions (10) 
to (12) are 0.3. Accordingly, When the total ink-discharge 
amount is 160%, the right members of expressions (10) to 
(12) are 0.4. Similarly, When the maximum ink-discharge 
amount is limited to 180%, the right members of these 
expressions are 0.2. 

[0064] Regarding the B component, the coefficients 
(lim2and lim4) are independently set for the C and M 
components associated With the B component. The limita 
tion on the C and M components can be freely set by 
controlling the coefficients lim2 and lim4. Accordingly, 
color tint of the C, M and Y data in image formation can be 
controlled Within an alloWable range (170%) of the ink 
discharge amount. The above processing is performed by the 
secondary-color limiter 403. 

[0065] On the other hand, at step S1014, processing for 
generating a multilevel black data (bgrCMY) from the 
value of the minYMC data (black generating processing) is 
performed. Assuming that the function for this processing is 
BGR(), the generated bgrCMY data is represented by: 

bgrCMY=BGR(minCMY) (13) 
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[0066] Further, multilevel pgrCMY data to be returned to 
the respective Y, M and C data is obtained from the value of 
the minCMY data (step S1018). Assuming that the function 
for obtaining the pgrCMY data is PGR(), the obtained 
pgrCMY data is represented by: 

p grCMY=PGR(minCMY) (14) 

[0067] In a case Where the maximum ink-discharge 
amount is 170% With respect to the maximum multilevel 
values, the functions BGR() and PGR() are set so that the 
folloWing equation holds: 

pgrCMY><3+bgrCMY<1.7 minCMY (15) 

[0068] FIG. 6 also shoWs an example of the functions 
BGR() and PGR(). The above equation (15) is satis?ed by 
using the functions BGR() and PGR() as shoWn in FIG. 6. 
FIG. 6 shoWs that the amount of under-color removal 
(UCR) by the minCMY data is greater than the amount of 
black generation by using the functions bgrCMY and 
PGRCMY. Thus, similar to the secondary colors, the ink 
discharge amount With respect to tertiary colors is limited by 
setting the relation of these amounts as the UCR amount >K 
generation amount. In the present embodiment, to limit the 
ink-discharge amount to 170%, the relation betWeen the 
UCR amount and K generation amount is: 

[0069] UCR amount (Max 300%)>K generation 
amount (Max 170%) 

[0070] Further, the above expression (15) is used to limit 
the ink-discharge amount to 170%. HoWever, When the 
ink-discharge amount is limited to 160%, the following 
expression can be set: 

[0071] That is, the limitation on the tertiary colors is made 
by setting the relation of these amounts as UCR amount>K 
generation amount. The black generation amount is set by 
using the functions BGR() and PGR(). The above processing 
is performed by the tertiary-color limiter 404. 

[0072] The functions BGR() and PGR() as shoWn in FIG. 
6 are used only When the limitation of ink-discharge amount 
is 170%. As described above, When the limitation of ink 
discharge amount changes, the functions BGR() and PGR() 
change. Accordingly, these functions are set in accordance 
With a set-ink-discharge amount. 

[0073] Next, the folloWing processing is performed to 
obtain C3, M3 and Y3 data (steps S1022 to 1025), from the 
C2, M2 and Y2 data obtained at steps S1019 to S1021 and 
the pgrCMY and bgrCMY data obtained at steps S1014 and 
S1018: 

C3=C2+pgrCMY (16) 

M3=M2+pgrCMY (17) 

Y3=Y2+pgrCMY (18) 

K=bgrCMY (19) 

[0074] In this manner, the ink-discharge amount using the 
tertiary color can be limited to 170% by limiting the 
pgrCMY and bgrCMY data (expression (15)). The above 
processing is made by the output-value generator 405. The 
output-data generator 405 outputs the C3, M3 and Y3 data 
as C‘, M‘ and Y‘ data in FIG. 1. 

[0075] Next, the y correction Will be described. In a case 
Where multilevel CMYK values are converted into binary 
















