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Color Image Proc~ssing Apparatus 

The present invention relates to a color image .. 
processing apparatus for processing color image data so as 

to obtain data which are necessary for forming a color 

image. 

The applicant has already proposed, in the 

specification of United States Patent No. 4,204,728, a color 

copying apparatus which is capable of conducting conversion 

between a predetermined number of colors which are 

15 combinations of R. G and B colors. This color copying 

apparatus, however, is not suitable for use in the field of 

graphic designing because the number of colors available for 

the color conversion is limited. In order to obviate this 

shortcoming, the applicant also has proposed, in the 

20 "specification of the United =states Patent Appln. S.N. 084,080 

filed on August 11, 1987, a copying apparatus capable of 

conducting col.or conversion between a greater number of 

colors. 

The color copying apparatus, however, suffers from the 

25 
following disadvantage. The conversion from a first color 

into a second color is conducted by appointing these colors 
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l in terms of color information. In this operation, the 

color information which identifies the first color is used 

as a reference and all the colors with information falling 

within a predetermined range around the reference color 

s information are regarded as being the same as the first 

color so that all these co~ors are converted into the second 

color. In consequence, problems are encountered such as 

failure in the conversion of the desired color or conversion 

of a color which the user does not wish to convert. This 

10 drawback is attributable to the fact that, while the ranges 

of colors which the user wishes to convert vary depending on 

factors such as the type of the document, intention of the 

user, and so forth, the copying apparatus employs fixed 

tolerances of hue and color density so that it regards and 

15 processes all the colors having hues and color densities 

falling within the fixed tolerances from those of the 

appointed color as being the same as the appointed color. 
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A concern of the present invention is to provide a 

color image processing apparatus which allows the colors 

to be converted into desired colors only in the appointed 

regions on an original. 

5 According to the invention there is provided a color 

image processing apparatus comprising: 

setting means for setting a color conversion-· mode; 

and 

guide means for interactively guiding a color 

10 conversion indication by displaying characters, in said 

color conversion mode set by said setting means. 
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The invention will now be described by way of 

example with reference to the accompanying drawings in 

which: 

Fig. 1 is a digital color copying machine 

5 incorporating a color image processing apparatus of the 

present invention; 

Fig. 2 is a control block diagram of a controller 

of a reader portion of_ the copying apparatus, 

Fig. 3 is an illustration of a protocols of a motor 

10 driver and a CPU incorporated in the control block shown 

15 

20 

in Fig. 2; 

Fig. 4A is a timing chart illustrating timing of 

exchange of a control signal between the reader portion 

and a printer portion; 

Fig. 4B is an illustration of a video signal 

transmission circuit between the reader portion and the 

printer portion; 

Fig. 4C is a timing chart showing timings of various 

signals on a signal lin~ SRCOM; 
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Fig. 5 is a detailed circuit diagram showing the 

circuit of a video processing unit incorporated in the 

controller shown in Fig. 2; 

Fig. 6A shows the arrangement of a CCD sensor~ 

Fig. 6B is a signal timing chart illustrating timhig~" 

of various signals in various portions of the arrangement 

shown in Fig. GA; 

Fig. 7A is a circuit diagram of a CCD driving signal 

generating circuit in a system control pulse generator: 

Fig. 7B is a signal timing chart showing the timings of 

signals available at various portions of the circuit shown · 

in Fig. 7A; 

Fig. SA is a block diagram of an analog color signal 

processing circuit in the video processing unit as shown in 

Fig. 5; 

Fig. BB is a detailed circuit diagram of one CCD 

channel in the block shown in Fig. 8A; 

Fig. BC is a signal timing chart showing timings of 

signals in the circuits shown in Figs. BA and 8B; 

Fig. SD is a driving timing chart for driving the CCD; 

Fig. BE is an input/output conversion characteristic 

diagram; 

Figs. 9A, 9B, 9C and 90 are illustrations of the 

manners in which line signals are derived from staggered 

sensors; 
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1 Fig. lOA is a circuit diagram of a black correction 

circuit; 

. Figs. lOB, lOC and 100 are illustrations of black 

correction; 

5 Fig. 11-lA is a circuit diagram of a white level 

correction circuit; 

Figs. 11-lB, 11-lC and 11-lD are illustrations of the 

manner in which the white-level correction is conducted; 

Figs. 11-2A, 11-2B, ll-2C and 11-3 are illustrations of 

10 the manner in which CCD channels are connected; 

Fig. 12 is an illustration of a line-data pickup mode; 

Fig. 13A is a circuit diagram of a logarithmic 

conversion circuit; 

Fig. 13B is a chart illustrating the logarithmic 

15 conversion characteristic; 

Fig. 14 is a spectral characteristic chart showing the 

spectral characteristic of a reading sensor; 

Fig. 15 is a spectral characteristic chart showing the 

spectral characteristics of color developing toners; 

20 Fig. 16A is a circuit diagram showing a masking 

25 

circuit, an inking circuit, and a UCR circuit; 

Fig. 16B is an illustration of the relationships 

between selection signals Co, C1, C2 and color signals; 
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1 Figs. 17A, 17B, 17C, 170, 17E, 17F and 17G are 

illustrations of manners in which region signals are 

generated; 

Figs. 18A, 18B, 18C, 180, 18E and 18F are illustrations 

5 of color conversion; 

Figs. 19A, 19B, 19C, ~90, 19E, 19F, 19F-Y, 19F-M, 19F-C 

and 19F-BK are illustrations of gamma conversion for 

controlling the color balance and the color density; 

Figs. 20A, 20B, 20C, 200, 20E, 20F and 20G are 

10 illustrations of magnification variation control; 

Figs. 21A, 21B, 21C, 210, 21E, 21F and 21G are 

illustrations of edge emphasizing and smoothing operations; 

Fig. 22 is a circuit diagram of a control circuit in a 

control panel; 

15 Fig. 23 is an illustration of the construction of a 

film projector; 

Fig. 24 is a diagram showing the relationship between a 

film exposure control input and lighting voltage: 

Figs. 25A, 25B and 25C are illustrations of the manner 

20 in which the film projector is used: 

25 

Figs. 26A, 26B and 26C are illustrations of a PWM 

circuit and its operation; 

Figs. 27A and 27B are characteristic charts showing 

gradation correction characteristics; 
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l Figs. 28A and 2BB are illustrations between a 

5 

triangular wave and laser lighting time; 
-· Figs. 29A and 29B are control flow charts showing the 

control executed when the film projector is used; 

Fig. 30 is a perspective view of a laser print unit·: 

Fig. 31 is a top pla~ view of a control section; 

Fig. 32 is a top plan view of a digitizer; 

Fig. 33 is an illustration of a standard display 

pattern of liquid crystal display; 

10 Fig. 34 is an illustration of operation in zoom mode; 

Figs. 35A and 35B are illustrations of operation in 

moving mode; 

Fig. 36 is an illustration of operation in area 

appointing mode; 

15 Fig. 37 is -an illustration of operation in color create 

mode; 

Fig. 38 is an illustration of operation in an enlarging 

..) continuous copying mode; 

Fig. 39 is an illustration of operation in fitting 

20 synthesizing mode; 

25 

Fig. 40-1 is an illustration of operation in 

registration mode; 

mode; 

Fig. 40-2 is an illustration of operation in service 
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1 Fig. 41 is an illustration of functions of a color 

copying apparatus embodying the present invention; 

Figs. 42A to 42G are illustrations explanatory of the 

fitting synthesi~ing mode; 

5 Fig. 43 is an illustration of the print image as 

obtained when the corner rn9ving operation is conducted; 

Fig. 44 is a flow chart of a control executed in 

operation of the apparatus in color registration mode; 

Fig. 45 is an illustration of color components of a 

10 standard color; 

Fig. 46 is a control flow chart illustrating the 

control of the whole system; 

Fig. 47 is a time chart showing the timing of operation 

of the whole system; 

15 Fig. 48 is a flow chart showing an interruption control 

flow; 

Fig. 49 is an illustration of a memory ~ap in a RAM; 

Fig. 50 is an illustration of a bit map; 

Fig. 51 is an illustration of operation of the 

20 projector; 

25 

Figs. 52A is a circuit diagram of a multiplier 258 as 

shown in Fig. 8B; 

Fig. 52B is a chart showing the codes of the 

multiplier; 
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1 Fig. 53A is a circuit diagram of a multiplier 258 as 

shown in Fig. SB; 

Fig. 53B is a chart.showing the codes of the 

multiplier; 

5 Figs. 54A, 54B, 54C, 540 and 54E are illust~ations of 

operation in free-color mope; 

Fig. 55 is a control flow chart executed when the free 

color mode is set; 

Fig. 56 is a block diagram of a color conversion 

10 circuit; 

Fig. 57 is a block diagram of a ratio computing 

circuit; 

Fig. SBA is a schematic illustration of an image 

reading portion; 

15 Fig. 58B is an illustration of construction of RAM; and 

Fig. 59 is a flow chart of operation in accordan·ce with 

a threshold setting program. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be 

20 explained hereinunder with reference to the drawings. 

Fig. 1 is a schematic illustration of the internal 

structure of a digital color image processing apparatus in 

accordance with the present invention. As will be seen 

from this Figure, the digital color image processing 

25 apparatus has a digital color image reading unit (referred 

--------------
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I to as "color reader" hereinafter) 1 installed on an upper 

part thereof and a digital color image printing unit 

(referred to as "color printer" hereinafter) 2 inst~lled on 

a lower part thereof. The color reader 1 has a later-

5 mentioned color separation means and photoelectric 

conversion elements such ap CCDs which cooperate with each 

other in reading color image data of different colors from 

the original and converting the read data into electric 

digital image signals. On the other hand, the color 

10 printer 2 is an electrophotographic laser beam color printer 

which is capable of reproducing color images of different 

colors in accordance with the digital image signals and 

recording the color images in the form of dot patterns on a 

recording paper through a plurality of transfer cycles. 

15 The description will be made first as to the outline of 

the color printer 1. The color printer 1 has a platen 

glass 4 for carrying an original_ 3. The original 3 is 

exposed to and scanned by a light from a halogen exposure 

lamp 10 and the light reflected form the original 3 is 

20 focused and projected onto a= real-size full-color sensor 6 

through a rod lens array s. These constituents 5, 6, 7 and 

10 constitute an original scanning unit 11 which moves in 

the direction of an arrow Al so as to expose the original. 

Color-separated image signals obtained from each line of 

25 scan are amplified to predetermined voltage level by a 

----------------
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1 sensor output signal amplifier circuit 7 and are then 

transferred through a signal line 501 to a later-mentioned 

video processing unit so as to be processed in the latter. 

The detail of this signal processing operation will be 

5 described later .. A numeral 501 indicates a coaxial cable 

which is intended for ensu~ing high fidelity of signal 

transfer. The real-size full-color sensor 6 is adapted to 

be driven by driving pulses which are generated in the video 

processing circuit and supplied to the sensor 6 through a 

10 signal line 502. White and black boards 8 and 9 are used 

for the purpose of white and black level correction which 

will be detailed later. Briefly, the correction is 

conducted by illuminating these boards 8 and 9 with the 

halogen exposure lamp and obtaining signal levels of 

15 predetermined densities of respective colors by means of 

which the white and black levels of the video signals are 

corrected. A reference numeral 13 designates a control 

:.I unit having a microcomputer. The control unit 13 performs. 

through a BUS 508, all the controls performed in the color 

20 reader 1, including.indication on a.control panel 20, 

control of key input and control of the video processing 

unit 12, detection of position of the scanning unit 11 by 

neans of position sensors Sl, S2 through signal lines 509, 

510, control of the stepping motor circuit for driving, by 

25 iriving pulses, a stopping motor 14 for moving the scanning 

-------. 
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1 unit 11 through a signal line 503, on/off control of the 

halogen exposure lamp by an exposure lamp driver through a 

signal line 504, control of the light quantity, cont-rols of 

a digitizer 16, internal keys and display through a signal 

s line 505, and so forth. The color image signals read by 

the exposure scanning unit 11 during the exposure/scanning 

are delivered through the amplifier 7 and the signal line 

501 into the video processing unit 12 and are processed in 

various ways within the unit 12. The signals obtained 

iothrough the signal processing operation are then delivered 

to the printer unit 2 through an interface circuit 56. 

The construction of the color printer 2 will be 

explained briefly. The color printer 2 has a scanner 711 

which has various parts including a laser output portion for 

is converting the image signals from the color reader l into 

light signals, a polygonal mirror 712 such as an octahedral 

mirror, a motor (not shown) for rotating the mirror 712, and 

~ an f/9 lens (image-forming lens) 713. A reference numeral 

714 designates a reflection mirror capable of altering the 

2o path of laser light, while 715 denotes a photosensitive 

drum. The laser light emitted from a laser output section 

is reflected by the polygonal mirror 712 so as to conduct a 

raster scan of the surface of the photosensitive drum 715 

through a lens 713 and a mirror 714, whereby a latent image 

2s corresponding to the original image is formed. 

------------

. Sheet Has Been Replaced 

10\\\\\\\\ \U\\\ \~\ \\\ \\\\ 



·-. 

·······••y , . . .. ..... ... .. 

14 

l The color printer 2 further has a primary charger 717, 

3 whole-area exposure lamp 718, a cleaner unit 723 for 

=ollecting residual toner which has not directly contributed 

to the image transfer, and a pre-charger 724 for charging 

5 before transfer. These constituents are arranged around 

the photosensitive drum 71?. 

The color printer 2 further has a developing unit for 

developing the electrostatic latent image formed on the 

surface of the photosensitive drum 715 through exposure to 

lOthe laser light. The developing unit 726 includes 

developing sleeves 731Y, 731M, 731C and 731Bk which are 

adapted to conduct development upon direct contact with the 

photosensitive drum 715, toner hoppers 730Y, 730M, 730C and 

730Bk which are adapted to hold spare toners, and screws 732 

lSfor transferring toners. These sleeves 731Y to 731Bk, 

toner hoppers 730Y to 730Bk and the screws 732 in 

combination constitute a developing unit 726. These 

..t constituents are arranged about the axis P of rotation of 

the developer unit. For instance, when an yellow toner 

2oimage is to be formed, the development is conducted while 

the developing unit 726 is in the position shown in Fig. 1 

so that the yellow toner is supplied to develop the latent 

image in yellow color. For the purpose of forming a 

magenta toner image, the developing unit 726 is rotated 

2sabout the axis P so as to bring the developing sleeve 731M 
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l in the magenta developing device into contact with the 

photosensitive drum 715. Development in cyan and black 

colors can be conducted in similar manners as that for 

development in black color. 

5 A reference numeral 716 denotes a transfer drum through 

which the toner image formed on the photosensitive drum is 

transferred to a copy paper. A reference numeral 719 

designates an actuator plate for detecting the position to 

which the transfer drum 716 has been moved. A home position 

lOsensor 720 is adapted to cooperate with the actuator plate 

719 when the same has been brought to a position near the 

actuator plate 719 so as to detect the returning of the 

transfer drum 716 to the home position. A reference numeral 

725 denotes a drum cleaner, 727 denotes a paper pressing 

is roller, 728 denotes a charge eliminator and 729 denotes a 

transfer charger. These constituents 719, 720, 725, 727 

and 729 are arranged around the transfer roller 716. 

Copy papers are adapted to be fed from paper cassettes 

735, 736 by means of paper feed rollers 737, 738. The 

2otiming of feed and convey of the copy papers is controlled 

by timing rollers 739, 740 and 741. The copy paper fed by 

the operation of these parts is guided by a paper guide 749 

and is wound on the transfer drum 716 with its leading end 

gripped by a later-mentioned gripper, so as to be subjected 

2sto a subsequent image forming process. 
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1 The photosensitive drum 715 and the transfer drum 716 

are adapted to be driven in synchronism with each other by a 

drum driving motor 550. A reference numeral 750 denotes 9 a 

separation claw for separating the copy paper from the 

5 transfer drum 716 after the formation of the image. The 

separated copy paper is tl)en conveyed by a conveyor belt 742 

to an image fixing section which employs a pair of heat­

pressing rollers 744, 745 which cooperate with each other in 

pressing the copy paper therebetween so as to fix the image 

lOon the copy paper. 

A description will be made hereinunder as to the 

control section 13 of the reader portion with specific 

reference to Fig. 2. 

<Control Section> 

15 The control section 13 includes a CPU 22 constituted by 

a microcomputer.. In order to obtain desired copies, the 

CPU 22 conducts, through signal lines 508 (BUS), 504, 503, 

~ 505 and so forth, various controls such as control of the 

video signal processing, control of the lamp driver 21 for 

20 the purpose of controlling the exposure/scanning. control o~ 

the stepping motor driver 15, control of the digitizer 16, 

control of the control panel 20, and so forth, in accordance 

with programs stored in the ROM 23 and RAMs 24 and 25. A 

back-up battery power 31 of the RAM 25 ensures non-

25 volatility of the RAM 25. The signal line 505 is an 
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1 ordinary signal line used in serial data conununication. The 

input of data is conducted by the operator through the 

digitizer 16 in accordance with protocols of the CPU-i2 and 

the digitizer 16. The signal line 505 therefore is used in 

5 edition of the original, e.g., for inputting coordinates and 

regions for the purpose of ,shifting and synthesizing images, 

as well as instructions such as those for appointing the 

copying mode, magnification, and so on. The signal line 

503 carries signals which are delivered from the CPU 22 to 

lOthe motor driver 15 for the purpose of instructing the motor 

driver of various factors such as the scanning speed, 

distance, forward stroking, backward stroking,and so forth. 

In accordance with these instruction signals derived from 

the CPU 22, the motor driver 15 delivers predetermined 

15 pulses to the stepping motor 14 so as to cause the motor 14 

to operate stepwise. Serial interfaces 29, 30 may be 

ordinary interfaces which may be composed of, for example, 

_I serial interface LSis such as Model 8251 of Intel 

Company. Although not shown, similar circuits are provided 

20 in the digitizer 16 and the motor driver 15. A protocol 

between the CPU 22 and the motor driver 15 is shown in Fig. 

3 by way of example. 

The position sensors Sl and S2 are adapted for sensing 

the position of the original exposure/scanning unit 11 (see 

25 Fig. 1). The positioning of the exposure/scanning unit 11 

--
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l at the home position is detected by the sensor Sl. The 

white-level correction is conducted when the unit 11 is 

positioned in this home position. On the other hand, the 

sensor S2 senses that the exposure/scanning unit is on one 

5 end of the image. This position is used as·~ reference 

position for the original.~ 

<Printer Interface> 

Signals ITOP, BD, VCLK, VIDEO, HSYNC, and SRCOM, 

denoted by numerals 511 to 516, are interface signals which 

lOact between the color printer portion 2 and the reader 

portion 1 of the color copying apparatus as shown in Fig. 1. 

All the image sign~ls VIDEO 514 read by the reader portion l 

are delivered to the color printer portion 2 on the basis of 

these interface signals. More specifically, ITOP 

15 represents a synchronous signal in the direction of feed of 

the image (sub-scan direction). The signal ITOP is 

produced once for each frame of image and for each color of 

image. Thus, when the image is to be output in four colors 

including yellow, magenta, cyan and black, the signal ITOP 

20 is generated four times for e'ach frame. This signal is 

synchronized with the rotation of the transfer drum 716 and 

the rotation of the photosensitive drum 715 so that, when 

the toner image on the photosensitive drum 715 is 

transferred to the copy paper wound on the transfer drum 

25716, the leading end of the copy paper is correctly aligned 
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l with the image on the leading end of the original. This 

signal is delivered to the video processing unit in the 
--reader 1 and is used as an interruption to the CPO 22 in the 

controller 13, as denoted by 511. 

5 The CPU 22 conducts a control of image in the direction 

of sub-scan for the purpo&e of, for example, edition, on the 

basis of the interruption by ITOP. The signal BO denoted 

by 512 is a synchronizing signal in the raster scan 

direction (referred to as "main scan direction" 

10 hereinafter). This signal is produced once for each 

rotation of the polygonal mirror 712, i.e., for each raster 

scan. The image signals read by the reade·r portion 1 are 

delivered to the printer portion 2 in a line-by-line fashion 

in synchronism with the signal BD. 

15 The signal VCLK denoted by 513 is a synchronizing clock 

signal for delivering an 8-bit digital video signal 514 to 

the color printer portion 2. For instance, video data 514 

~ is transmitted through the flip-flops 32 and 35 in a manner 

as shown in Fig. 4B. The signal HSYNC denoted by 515 is a 

20 main scan synchronizing signal which is formed from the BD 

signal 512 in synchronization with the VCLK 513. This 

signal has a period which is the same as that of the BO 

signal. More strictly, the video signal 514 is formed in 

synchronism with the HSYNC signal 515. Since the BO signal 

25 515 is produced in synchronism with the rotation of the 

-----------· 
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1 polygonal mirror, the BD signal 515 contains a large noise 

attributable to jitter of the motor which drives the 

polygonal mirror 712. If the video signal is formed in 

synchronism with the BD signal, therefore, the quality of 

s the image is deteriorated by the jitter. It is therefore 

highly desirable that the YIDEO signal is produced in 

synchronism with the HSYNC signal 515 which is formed from 

the BD signal in synchronism with the VCLK signal which does 

not have any jitter component. The signal line SRCOM is a 

10 signal line for semi-double bidirectional communication. 

As shown in Fig. 4C, a command CM is produced in 

synchronization with the 8-bit serial clock SCLK between 

successive synchronizing signals CBUSY (command busy) coming 

from the reader portion. In response to this command, the 

15 printer portion sends back a status ST in synchronism with 

the 8-bit serial clock between successive SBUSY (status 

busy). This timing chart shows that a status 3CH is sent 

) back in response to a command 8EH. Thus, exchange of 

signals such as instructions from the reader portion to the 

20 printer portion. e.g., color ~ode selection and cassette 

selection, and information given from the printer portion, 

e.g., jamming, absence of copy paper, weight and so forth, 

are conducted through this communication line SRCOM. 

Fig. 4A is a timing chart showing timing of 

2S transmission of signals corresponding to a single 4-color 

------
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1 image in accordance with the ITOP and HSYNC signals. The 

ITOP 511 is produced once for each revolution of the 
.. transfer drum 716 or for every two revolutions of the same. 

Signals corresponding to the yellow image, magenta image, 

5 cyan image and black image are delivered in sections (1), 

(2), (3) and (4), respectiv.ely, and are delivered from the 

reader portion 1 to the printer portion 2, whereby a full­

color image with four superposed color images is formed on 

the copy paper. Assuming here that the A3 size image has a 

1-0 length of 420 mm and an image density of 16 pet/mm in the 

direction of feed, the HSYNC signal is transmitted for 6720 

times (420 x 16 = 6720). The HSYNC signals are also 

delivered to the clock input of a timer circuit 28 in the 

controller circuit 28. When a predetermined number of HSYNC 

15 signals have been counted, an interruption HINT 517 is made 

to the CPU 22, so as to allow the CPU to conduct an image 

control in the feeding direction, e.g., extraction or 

) movement of an image. 

<Video Processing Unit> 

20 A description will be made hereinunder as to the video 

processing unit 12, with reference to Figs. 5 onwards. 

When the original is illuminated by the exposure lamp 10 

(see Figs. land 2), the light reflected from the original 

is read by the color reading sensor 6 in the scanning unit 

25 11 in a color-separated manner, so that color image signals 
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1 representing different colors are formed. The color image 

signals thus obtained are amplified to a predetermined level 
.. 

by an amplifier circuit 42. A reference numeral 41 

designates a CCD driver for supplying pulse signals for 

5 driving the color reading sensor 6. Pulses constituting 

these driving pulses are g.enerated by a system contro~ pulse 

generator 57. Figs. 6A and 6B show the construction of the 

color reading sensor and trains of driving pulses. 

Referring to Fig. 6A, the color ~eading sensor used in this 

10 embodiment has five chips 58 to 62 each being adapted to 

read one fifth (1/5) of each scanning line at a time. To 

this end, each chip of the sensor has 976 pixels each having 

a length of 62.Sµm (1/16 mm). As shown in Fig. 6A, each 

pixel is divided in the direction of main scan into three 

15 portions, i.e., portions corresponding to G. B and R. Thus, 

the color reading sensor has 2928 (976 x 3 = 2928) pixels. 

The chips 58 to 62 are formed on the same ceramics 

_) substrate. The first, third and fifth chips 58, 60, 62 on 

the sensor are arranged on the same line LA, while the 

20 second and the fourth chips 59, 61 are arranged on a line LB 

which is spaced from the line LA by an amount corresponding 

to four lines. i.e., 250µm {62.5µm x 4 = 250µm). During 

reading, the scanning is conducted.in the direction of an 

arrow AL. The first, third and the fifth CCDs are 

25 synchronously driven by a driving pulse group ODRV 518, 
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1 while the second and the fourth CCDs are synchronously 

driven by a driving pulse group EDRV. 

Pulses 001. 001 and ORS contained by the pulse group 

ODRV 518 and the pulses E01, E01 and ERS contained by the 

5 pulse group EDRV 519 are charge .transfer clocks and charge 

reset pulse in the respectLve sensor chips. In order to 

eliminate any mutual interference or disturbance by noises 
.. 

between the first, third and fifth chips ~nd the second and 

fourth chips, the corresponding pulses of both pulse groups 

10 are generated in such a manner as to eliminate jitter, i.e., 

in complete synchronism with each other. To this end, the 

pulses are generated by a single reference oscillation 

source OSC58 1 {see Fig. 5). Fig. 7A shows blocks of 

circuits for generating the pulse groups ODRV 518 and EDRV 

15 519, while Fig. 7B is a timing chart illustrating the 

operation of these circuits. These circuits are includes 

by the system control pulse generator 57 shown in Fig. 5 • 

. .t Clocks K0535, which are produced by demultiplying original 

clocks CLKO generated by a single OSC 58' are used in 

20 generation of reference signals SYNC2 and SYNC3 which 

determine timings of generation of the pulse groups ODRV and 

EDRV. The timings of output of the reference signals SYNC2 

and SYNC3 are determined in accordance with set values of 

presettable counters 64 and 65 which are presettable through 

25 a signal line 539 connected to the CPU BUS. The reference 
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1 signals SYNC2 and SYNC3 serve to initialize demultipliers 

66, 67 and the driving pulse generating portions 68, 69. 

Namely, since the reference signals SYNC2 and SYNC3 are 

formed by using the HSYNC signal 515 as the reference and in 

5 accordance with the original clocks CLOKO produced by the 

single OSC and demultiplied clocks which are all 

synchronous, the pulses of the pulse groups ODRV 518 and 

EDRV 519 are produced in complete synchronism without 

zitter, whereby disturbance of signals due to interference 

10 between the sensors can be eliminated. 

The sensor driving pulses of the pulse group ODRV 518 

are delivered to the first, third and the fifth sensor 

chips, while the driving pulses of the pulse group EDRV 519 

are delivered to the second and the fourth sensors, whereby 

15 video signals Vl to VS are independently derived from the 

sensor chips 58, 59, 60, 61 and 62, respectively. These 

video signals are then arnplif ied by the independent channels 

_t of the amplifier circuit 42 to a predetermined level of 

voltage and the thus amplified signals are delivered through 

20 the coaxial cable 501 (see Fig. l} to the video processing 

unit 12. More specifically, the delivery of the amplified 

video signals Vl, V3 and VS is conducted at the timing 

indicated by OOS529 in Fig. GB, while the amplified video 

signals V2 and V4 are delivered at the timing indicated by 

25 EOS534 in Fig. 6B. 
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1 The color image signals thus received by the video 

processing unit 12 represent data corresponding to the 

respective one fifths of the original data. These signals 

are delivered to a sample hold circuit S/H 43 and are 

5 separated into three types of color signals, i.e., G 

{green), B (blue) a·nd R (r ... ed). Thus, fifteen channels (3 x 

5 = 15) are required for the processing of color image 

signals after the color separation. Fig. SC shows timings 

of operations in a process in which the color image signal 

10 of each channel is subjected to the sample-hold processing, 

amplification and multiplexed and A/D converted by an A/D 

converter so as to become digital data A/D out. Figs. 8A 

and SB illustrate processing blocks. 

The analog color image signal of each channel read by 

15 the 5-chip type real-size color sensor is delivered to one 

of the analog color signal processing circuits shown in Fig. 

SA. The constructions of the analog color signal 

_t processing circuits A to E are the same. so that the 

description will be made as to the circuit A by way of 

20 example, with reference to the processing block diagram 

shown in Fig. 8B and the timing chart shown in Fig. SC. 

As will be seen from Fig. ac, the analog color image 

signal of each channel is delivered such that the green 

color signal G comes first, followed by blue color signal B 

25 and then by the red color signal R. The analog color 

------·------
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1 signals of each channel include, besides the effective 
< 

portion constituted by 3072 pieces of effective pixels, a 

blank transfer portion constituted by 12 pixels pricii to the 

effective pixels. In the period of this blank transfer 

5 period, the analog color processing circuit is not connected 

to the photodiodes of the 9olor sensor. The blank transfer 

portion is followed by a dark output portion {optical black) 

constituted by 24 pixels of photodiodes covered by A!, ·and a 

dummy output portion constituted by 36 pixels immediately 

10 before the effective portion. The effective portion is 

succeeded by a dummy portion corresponding to 24 pixels. 

Thus, the analog color image signal is a composite signal 

constituted by 3156 pixels (see Fig. 8D). 

The analog color image signal SiGA is input to an 

15 amplifier 250 and is amplified to a predetermined signal 

level while it is maintained in the form of the composite 

signal. The thus amplified signal SiGA has D.C. level which 

oscillates in a manner like an A.C. Then, a zero-level 

clamp is conducted by a feedback clamp circuit 251 so as to 

20 fix the D.C. level of the SiGA at the level optimum for the 

operation of the amplifier 250 through eliminating the 

oscillation of the o.c. level. The feedback clamp circuit 

251 is constituted by the S/H circuit 25lb and a comparator 

circuit 25la. The dark output portion (optical black) of 

25 the analog color image signal SiGA derived from the 

----------
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l amplifier 250 is detected by the S/H circuit 25lb, and is 

compared with a reference voltage Refl which is received by 

the minus input of a comparator amplifier 25la. The· 

difference is fed back to the amplifier 250 so that the 

5 level of the dark output portion is fixed at the level of 

the reference voltage Refl.~ A signal DK is a signal which 

represents the duration or length of the dark output portion 

of the analog color image signal SiGA. This signal is 

delivered to the S/H circuit 25lb so that the o.c. level of 

10 the dark output portion of the analog color image signal 

SiGA is detected once in the period (lH) of each horizontal 

scan. 

The output signal from the amplifier 250 is color­

separated into G. B and R signals by the S/H circuit 43 and 

15 the thus obtained color signals are amplified -to a level 

matching for the dynamic range of the A/D conversion 

circuit. Since the same process is conducted on these color 

.) signals, the description will be made as to the B color 

signal by way of example. It will be seen that the same 

20 process is conducted also on other color signals, i.e., the 

G and R signals. The composite output signal from the 

amplifier 250 is supplied through the buffer circuit 252 to 

a S/H circuit 253 in which a sampling is conducted in 

accordance with the SHG signal so as to extract only the 

25 pixel outputs corresponding to B signals in the composite 

-----------· 
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1 signal. The thus separated B signal 538 are amplified by 

the amplifiers 254 and 255 and are input to a low-pass 

filter LPF 256. The low-pass filter 256 removes th~ 

frequency components produced by the sampling pulses and 

5 involved in the output derived from the S/H circuit 253, so 

that only the_ variance of the sampled S/H output signal is 

extracted. Namely, representing the driving frequency of 
.. 

the CCD by fo, each color signal is changed into discrete 

signal of a frequency of fo/3, as a result of the sampling 

10 executed by the S/H circuit 253. This effect is obtained .by 
l i., -~. 

a nyquist filter having a cut-off frequency fc of ~n/6 -(;fc = 

(fo/3) x 1/2 = fo/6. In consequence, only the variance of 

the signal is extracted and the frequency bandwidth of the 

signal processing system for the subsequent signal 

15 processing can be maintained low. 

The color signal now composed solely of the signal 

component extracted by the low-pass filter 256 is subjected 

.) to a gain adjustment (see characteristic G in Fig. SE) 

through a CPU control conducted by the amplifier 257, 

20 multiplier 258 and the buffer amplifier 259. The color 

signal after the gain adjustment is clamped at a desired 

D.C. level by means of a feedback clamp system composed of a 

multiplier 260 and a feedback clamp circuit 261. The 

operation of this system is identical to that of the 

25 feedback clamp circuit 251. 
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1 In the embodiment under the description, the multiplier 
-

258 is of the type which makes use of a multiplying D/A 

(digital-to-analog) converter, as shown in Fig. 52A~- More 

specifically, the multiplier 258 is composed of a 

5 multiplying D/A converter 521, an operation amplifier 522 

and a latch 523. The output signal Vout from the multiplier 

258 meets the following condition •. 

Vout = -Vrn/N 0 < N < 1 

10 

where, N represents a binary fractional number of the 

digital code. 

The basic multiplying D/A converter circuit is similar 

to an analog potentiometer which is unloaded by the 

15 operation amplifier. In this sense, the described circuit 

20 

25 

is similar to a follower constituted by a feedback circuit 

and a trim circuit connected thereto. In consequence, in a 

channel connecting operation which will be explained later, 

the image data produced when the uniform white board is read 

by the scanning unit is amplified to the level which is 

determined by the digital data which is set in the internal 

latch 523 •. Fig. 52B shows a code table. The latch 523 is 

allocated as I/O of the CPU 22 and setting of data in the 

latch 523 is conducted through a control line WR.SEL. 
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1 A description will be made hereinunder as to the 

feedback clamp system composed of a multiplier 260 and a 

feedback clamp circuit 261. The feedback clamp system has 

a construction which is substantially the same as the 

5 feedback clamp circuit 251 of the preceding stage. More 

specifically, this feedbac~ clamp system includes a S/H 

circuit 26lb and a comparator amplifier 26la. The 

multiplier 260 under the control of the CPU is connected to 

the reference voltage Ref2 of the feedback clamp circuit. 

10 In the channel connection correcting operation which will be 

explained later, the reference voltage Ref2 is varied by the 

multiplier 260· a~ the level determined by the digital data 

which is set in the internal latch 537 through the data BUS 

508 of the CPU in order to shift the level of the black 

15 level image signal read from the black portion, and each 

color signal processed and amplified through the amplifier 

257, multiplier 258 and the buffer amplifier 259 is clamped 

at the level of the reference voltage Ref2. The latch 537 

is allocated as the I/O of the CPU 22, and setting of data 

20 therein is conducted through a control line WR.SEL. The 

multiplier 260 is a 4-quadrant mode multiplier composed of a 

multiplying D/A converter 531, operation amplifiers 532, 

533, resistors 534, 535 of a resistance value R, and a 

resistor 536 of the resistance value 2R, as shown in Fig. 

25 53A. This multiplier 260 outputs voltages of both 

------. Replaced 
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1 polarities as shown in Fig. 538, in accordance with a-bit 

digital data set by the CPU. 

The color signals 541 (G), 542 (B) and 543 (R) 

amplified to predetermined white and black levels and 

5 clamped at predetermined D.C. level are again multiplexed 

into a series of signal by~the multiplier (MPX) 260 in 

accordance with multiplex pulses GSEL, BSEL and RSEL (544 to 

546}and the thus formed series of signal is supplied to the 

A/D converter circuit 45 so as to be converted in accordance 

10 with A/D clock 547, whereby a digital data ADOUT 548 is 

.obtained as the output. In this arrangement, the A/D 

conversion is conducted after the multiplexing by the MPX 

260, so that five A/D converters are used to deal with 15 

channels of color signals, i.e., five channels for each of 

15 three colors G, B and R. The same applies also to other 

circuits B to E. 

In this embodiment, the original is read by a sensor 

having five staggered sensor chips which are arranged in 

such a staggered manner that these chips cover the 

20 respective one fifths of the ~riginal in the direction of 

the main scan and that a coverage or spacing corresponding 

to four lines (62.5µm x 4 = 250µm) in the direction of the 

sub-scan. It will be seen that there is a difference in 

reading position or reading timing between the channels 2,4 

25 on the leading side and the channels 1,3,5 on the trailing 

liiiiiiili1i11r 
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1 side. In order to correctly connect the data derived from 

these channels, the described embodiment employs memories 

corresponding to a plurality of lines. The constru6~ion of 

the memories adopted in this embodiment is shown in Fig. 9B. 

5 In this Figure, numerals 70 to 74 denote memories each 

containing data from a plurality of lines. Thus, these 

memories are arranged to provide an arrangement known as 

FiFo arrangement. More specifically, the memories 70, ·12 

and 74 has storage capacities corresponding to five lines 

10 each constituted by 1024 pixels, while memories 71 and 73 

have capacities corresponding to 15 lines. Writing of data 

in these memories is conducted in a line-by-line fashion 

from points indicated by writing pointers WPO 75 and WPE 76. 

After completion of writing of one-line data, the WPO 75 or 

15 the WPE 76 is incremented by +l. It will be seen that the 

WPO 75 is used commonly for the channels 1, while the WPE 76 

are used commonly for the channels 2 and 4. 

OWRST 540 and EWRST 541 are signals for initializing 

the values of the line pointers WPO 75 and WPE 76, while 

20 ORST 542 and ERST 543 are signals for resetting the values 

of the read pointers to the starting end. The operation 

will be explained with specific reference to channels 1 and 

2. As will be seen from Fig. 9A, the channel 2 is ahead of 

the channel 1 by an amount or distance corresponding to four 

25 lines. Therefore, the channel 2 first reads the line (5) 
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1 and writes the data of this line in the FiFo memory 71. 

Then, after moving of the sensor by a distance corresponding 
-· to 4 lines in the sub-scan direction, the channel 1 reads 

the line (5}. Therefore, the writing pointer WPE is set 

5 ahead of the writing pointer WPO by a.n amount corresponding 

to four lines. If the contents of the fifo memories are 

read by the same read point value, the data derived form the 

same lines are read simultaneou-sly from the channels 1;3,.5 

and the channels 2,4,. whereby the offset or time lag in the 

10 direction of the sub-scan is eliminated. For instance, 

15 

referring to Fig. 9B, the WPO for the channel 1 is 

positioned on the first line 1 of the memory, whereas the 

WPE for the channel 2 is positioned on the fifth line 5 of 

the memory. When the reading is commenced in this state,. 

the pointer WPE will point 9 when the pointer WPO points s. 
In consequence,. the line (5) on the original is written in 

the region identified by the pointer position "S". 

.t Thereafter, the read line pointers RPO and RPE are advanced 

simultaneously so that data is read cyclically. Fig. 9C is 

20 a timing chart illustrating 'the above-described operation. 

The image data is fed in a lne-by-line manner in 

synchronism with the HSYNC signal 515. As will be seen from 

this Figure, the signals EWRST 541 and OWRST 540 are 

produced with a time offset corresponding in amount to four 

25 lines. The signal ORST 542 is generated at a time interval 
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corr:sponding to the capacities of the FiFo memories 70, 72 

and 74, i.,e., for every five lines, while the signal ERST 

543 is generated for every 15 lines for the same reason. 

In reading, data is read first from the channel 1 at a speed 

which ·is five times as high as the writing speed, followed 

by one-line reading from the second, third, fourth and ~ifth 

channels, whereby a continuous signal formed of the data 

read from the first to fifth channels in sequence is 

obtained within the period of one HSYNC signal~ 

10 Referring now to Fig. 90, lRD to SRO (544 to 548) 

indicates signals representing the regions in which the 

reading from the channels is effective. The control signal 

which is used for the image connection control employing the 

FiFo memory is generated in a memory control circuit 57t 

15 shown in Fig. s. The circuit 57' is constituted by a 

discrete circuit such as TTL. This circuit, however, is 

not described because it does not constitute any critical 

portion of the inve~tion. The memory arrangement described 

hereinabove is provided for each of three colors, namely, 

20 blue, green and red, although one of these arrangement 

corresponding to one of these colors has been described by 

way of example. Namely,the same memory arrangement is used 

for other colors. 

Fig. lOA shows a black level correction circuit. As 

25 will be seen from Fig. lOB, when the quantity of light input 
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1 to the sensor is small, the black level outputs from the 

channels 1 to 5 largely fluctuate according to the chip and 

according to pixels. If the output image is formed ·without 

correction of fluctuation in the black level, scores or 

5 unevenness will be caused in the image. It is. therefore 

necessary to conduct a correction to eliminate fluctuation / 

in the black level output. The correction can suitably be 

conducted by a correction circuit as shown in Fig. lOA. 

Before the copying operation is actually started, the 

10 original scanning unit is moved to a position where a black 

board of a uniform black color density is provided. This 

black board is typically disposed in a non-image-forming 

region on the leading end of the original plate. Then,the 

halogen lamp is started so that a black level image signal 

15 is input to this circuit. More specifically, in order to 

store one-line black level signal in a black level RAM 78, a 

selector 82 is operated to select A (d) so that a gate 80 is 

closed (a) while the gate 81 is opened. In consequence, 

the data lines 551, 552 and 553 are connected in series. At 

20 the same time, (c} is output in order that the address input 

of the RAM receives the output from the address counter 84 

which is initialized by HSYNC, whereby the black level 

signal corresponding to one line is stored in the RAM 87. 

This operation mode will be referred to as black reference 

25 pickup mode. 

-----···---
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The level of the thus picked up black level data is 

very low so that the data _is largely affected by noise 

generated in the analog video processing c~rcuit and. 

external noises which are introduced through various lines 

5 or by radiation. If such an affected data is used as the 

black level correction re~erence data, the black porti?n of 

the ·image will be impaired by the noises undesirably. In 

order to overcome this problem, an operation as shown ·by the 

flow chart in Fig. 100 is effected on the black level data 

10 picked up by the RAM 78 so as to eliminate unfavorable 

effect of the noises. This operation is conducted by the 

CPU 22 (see Fig. 2). In Figs. lOC and 100, a symbol Bi 

represents each address in the black level RAM 78, while 

(Bi) represents the data in the address. The suffix i 

15 represents each address. Thus, assuming that the original 

has a width corresponding to the length of A-4 size paper, 

there are 4752 pixels/color (16 x 297 mm= 4752), provided 

that the pitch of the pixels is 16 pet/mm. In order to 

cover the entire length, five CCD chips each being 61 nun 

20 long are arrayed to constitute one line. In consequence, 

25 

the value of i can vary within the range between l and 4880 

(16 x 61 mm x 5 = 4880 pixels/color). 

Referring to Fig. lOC, the black 

by the black level RAM 78 in section 

CPU 22 operates to open the latch 85 

level data picked up 

(1) of this Figure, the 

and also to close the 
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1 gate 80 while opening the gate 81 for (a), (b),{c) and (d) 

with respect to the black level data carried by the 

addresses Bij to Bi+j. The data is then accessed through 

selection of the selectors 82 and 83 and are read into a 

5 work register in RAM 24 within the CPU 22, as shown in 

section (3} of Fig. lOC. ~Then, the data (Bi-j) to (Bi~j) 

carried by the addresses Bij to Bi+j are summed and the sum 

is divided by the number 2j + 1 of the data, and the result 

is written in the address Mi of the working RAM 24 as the 

10 value of the central pixel Bi. In the manner· described, 

computations are carried out starting with {(Bi)+ ... +(Bj+1) 

+ ••• + (B2j + l)} = (Mj + 1) and ending with {B4880-2j) 

+ .••• + (B4880 - j) + ••• +(B4880)} = (M4880 - j). In 

consequence, the central pixel Bi is written in the RAM 24 

15 as the mean valtie of the data in the addresses Bi-j to Bi+j1 

as shown· by section { 4) in Fig. lOC. In regards to the 

addresses between i - 1 and i = j, the data of i = j + 1 is 

written, whereas the data of i = 4880 - j is written for 

addresses between i = 4880 - j + 1 and i = 4880. Namely, 

20 the pixels corresponding to addresses i = 1 to i = j and i = 

4880 - j + 1 to i = 4880 are within the invalid areas on 

both ends of the sensors. In the described embodiment, j 

is set to be 48. Then, the data in the addresses from 

Mj + i to M 4880 - j of the RAM 24 are rewritten in the 

25 addresses from Bj+l to M4soo-j of the black level RAM 78 so 

--·---·-------
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1 that the black level data free of the noise component is 

set. When this operation is completed with respect to the 

blue component of the color component image (Step 0 ·in Fig. 

100), similar computations are conducted for the G signal 

5 representing the green component (Step G) and for the R 

signal representing the rep component (Step R). Al tho.ugh 

in this embodiment the computation is conducted without 

weighting the ~entral pixel and pixels in the vicinity of 

the central pixel, it is possible to conduct ·the computation 

10 by multiplying the data carried by these pixels with 

suit~ble weighting factors. 

During reading of the image, the operation mode of the 

RAM 78 is changed to data reading mode so that t·he read data 

are input to the B input of a subtractor 79 through a data 

15 line 553 and then through a data line 557 for each pixel of 

each line. Namely, in this state, the gate 81 is closed {b) 

while the gate 80 is opened (a). Therefore, the black 

correction circuit output 556 is obtained with respect to 

the black level data DK(i) as BoutCi) = Bin(i) - DK(i), thus 

20 completing black correction mode for blue color. Green 

color data Gin and the red color data Rin are controlled in 

the same manner by means of 77G and 77R. The control lines 

(a), (b), (c} and (d) of the selector gates are controlled 

by the CPU, more specifically by the latch 85 allocated as 

25 I/O of the CPU 22 (Fig. 2). 

· .. · 
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1 A description will be made hereinunder as to the white 

level correction (shading correction) with reference to Fig. 

11-1. This correction is conducted in accordance wfth white 

color data obtained by moving the original scanning unit to 

5 a position of a white board of a uniform white color and 

illuminating the same by ~he scanning unit, for the purpose 

of correcting any fluctuations in the illuminating system, 

optical system and sensor sensitivity. A basic circuit 

arrangement is shown in Fig. 11-lA. This arrangement is 

lOmaterially the same as the circuit arrangement for black 

level correction as shown in Fig. lOA, except that the 

subtractor 79 used in the black level correction is 

substituted by a multiplier 79'. Description of the 

portions common to those in the black level correction 

15 circuit is therefore omitted. 

The white level correcting operation will be described. 

When the original scanning unit is on the home position 

where it faces the white plate of unifo~m white color, i.e., 

when the copying apparatus is in the state before the 

20 copying or reading operation, the exposure lamp is lit on to 

illuminate the white board so that a one-line image data of 

uniform white level is stored in a correction RAM 78'. 

Assuming here that the original has a width corresponding to 

the length of an A-4 size paper in the direction of the main 

25 scan, 4752 pixels (16.x 297 mm= 4752) are required to cover 
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l the image area of the original provided that the pixels are 

arranged at a pitch of 16pee/rnm. Provided that the image 

data on each single CCD chip is composed of 976 pixe·.ls, 

there are 4880 pixels (976 x 5 = 4880) on the sensor. 

5 Thus, the RAM 78' has a capacity which is at least 4880 

bytes. The white board d~ta corresponding to i-th pi~el is 

represented by Wi (i = 1 to 4880) so that white board data 

carried by the respective pixels are stored in the RAM 78' 

in a manner shown in Fig. 11-lC. Representing the ordinary 

10 image data read by the i-th pixel corresponding to the white 

board data Wi by Di, the data Do after the white level 

correction should meet the condition of Do = Di x FFa/Wi. To 

this end, the CPO in the controller operates to close the 

gate so• while opening the gate 81' with respect to the 

15 latches 85'{a'), 85'(b'), 85'(c') and 8S'(d 1
). The CPU also 

operates to enable the selectors 82' and 83 1 to select B, 

thereby enabling the CPU 22 to make access to the RAM 78'. 

Then, a computation of FFH/W1 is conducted for the first 

pixel W1. Similarly computations FFH/Wi are conducted for 

20 the successive pixels, whereby substitution of data is 

conducted for each of the successive pixels. When this 

operation is completed for the blue component of the color 

image (Step B of Fig. 11-lD), similar operations are 

conducted for the green component (Step G) and the red 

25 component (Step R). Then, a control is executed to open the 

---------·-
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1 gate 80' (a 1 
), while closing the gate 8l'{b 1

) and the 

selector 83' selects A, whereby the corrected data Do = Di x 

FFH/Wi are output for each of the original data Di which are 

input successively. The coefficient data FFH/Wi read from 

5 the RAM 78' is delivered through the signal line 553 and 

then through the signal li9e 557, and are multiplied with 

the image data 551, whereby the corrected data as the 

product is output. 

When the channels 58 to 62 of the color CCD sensor 6 

10 have read an original of the same density, these channels 

should output digital signals of the same level. This is 

ensured by a channel connection correcting operation which 

will be explained hereinunder with reference to flow charts 

of Figs. ll-2A and 11-28. This operation is commenced 

15 first with channel connecting black level processing. This 

operation is conducted first with respect to, for example, B 

signal (Step D-B). In Step D-Bl for the black levei 

processing of the B signal of the first channel CHl, in 

order to use the offset of the B signal as a reference 

20 level, the CPU 22 sets Dl {80H'in this embodiment} in the 

latch 537 of the multiplier circuit 260 through the data BUS 

508, thereby setting the data of the multiplying D/A 

converter 531 {Step 1). In this state, as in the case of 

the black level correction explained before, the black level 

25 signal obtained from the black level is stored in the black 
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1 level RAM 87 {Step 2). Fig. ll-2C shows the black level 

data stored in the RAM 78. Then, the value i of the counter 

i is initialized to 11 1 11 and the FFu is set {Step 3) ·1n the 

temporary memory address M1 which is the address which is 

5 provided in the CPU working RAM 24. and adapted for storing 

the minimum value. Then,~the data (Bi) in the black level 

RAM 78 and the data M1 in the address M1 are compared with 

each other. If the data (Bi) is smaller than the data 

(Mi), the data (Mi) in the address M1 is substituted by the 

10 data (Bi)· This operation is conducted for each of the 

successive addresses Bi, from Bi = Bi to Bi = Bg16 (Steps 

4,5,6). Consequently, the smallest value of the data from 

the channel CHl is stored in the address M1. Then, the 

minimum value data in the address M1 is judged (Step 7) as 

15 to whether it is equal to the reference value 02 of the 

black level which is, in this embodiment, 088 • If the 

answer is NO, a judgment is conducted (STep 8) as to which 

one of these values is greater. If the minimum value data 

in the address M1 is smaller than the reference value D2, 

20 the CPU 22 operates to set (D! + a) in the latch 537 within 

the multiplier circuit 260 so as to raise the offset level 

(Step 9). The process is then returned to Step 3 and 

proceeds to Step 7 in which the judgment is conducted again 

as to whether the condition of (M1) = D2 is met. If the 

25 data M1 is greater than the reference value D2, the CPU 22 

---------~ 
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1 operates to set {D1-a) in the latch 537 of the multiplier 

circuit 260 so as to lower the offset level (Step 10). The 

process is then returned to Step 3 and proceeds to Step 7 in 

which the judgment is conducted again as to whether the 

5 condition of (M1) = D2 is met. Thus, the CPU repeatedly 

executes the operation by v,arying the value of the data o1 

±«) delivered to the multiplying D/A converter 531, until 
.. 

the condition of (M1) = 02 is met. When this condition is 

met, the process proceeds to Step D-28 from Step 7 so that 

10 the content of the counter is initialized to 977, so that 

the process explained in connection with Step D-Bl for the 

first channel CHl is executed for the second channel CH2 in 

the black level RAM 78,whereby the minimum value is selected 

as the reference value D2. Similarly, Steps D-83, D-B4 and 

15 O-BS are executed to set the minimum values of the 

respective channels CH3, CH4 and CHS as the reference values 

02. This operation is conducted for the channels CH2, CH3, 

CH4 and CHS of G and R signals in Step D-G and STep O-R, 

respectively, so that the data of the minimum value are set 

20 as the reference values 02. 

Subsequently, white-level processing is conducted on 

the B signal for the purpose of channel connecting white-

level processing. This is executed in Step W-B. More 

specifically, the white level processing of the B signal of 

25 the first channel CHl is conducted in Step W-Bl. In this 

BEEN 
THIS SHEET HAS , l 

REPLACED -



.. "'"" --------==---.......... ---~ ........... -;;;;,;;,;;,;m=:=··=:i-··-·~·---::S:·---·:µ::--·~·----~---·=i:--·--==·-··=-----i:ii:· ==~ ................. ~-··~··-·-=-··--~·-·-··~----· ~----~- -

44 

1 step, the CPU 22 sets 03 (AOH in the described embodiment) 

in the latch 523 of the multiplter circuit 258 so as to set 

the gain of the B signal of the channel CHl at the reference 

level, thus setting data of the multiplying D/A converter 

5 521 (Step 11). In this state, the white level signal 

derived from the white boa~d is set in the white level RAM 

78' as in the case of the white level correction explained 

before (STep 12). White level data set in the RAM 78' ·is 

shown in Fig. ll-2C. Subsequently, the value i in the 

10 counter is initialized into 11 1 11 and OOa is set in the 

temporary memory address M2 which is provided in the CPU 

working RAM 24 and adapted for storing the maximum value 

(Step 13). 

Subsequently, the data (Wi) in the white level RAM 78t 

15 and the data (M2) in the address M2 are compared with each 

other.- If the value of the data (Wi) is greater than (M2), 

the data (M2) is substituted by (Wi)· This operation is 

conducted for each value of i, i.e., from W1 to W916 (Steps 

14, 15, 16). In consequence, data of the maximum value in 

20 the channel CHl is stored in the address M2. Then, a 

judgment is conducted {Step 17} as to whether the maximum 

data stored in the address M2 is equal to the reference 

value o4 (AOa in this embodiment) of the white level. If 

the answer is NO. a judgment is conducted (STep 18) as to 

25 which one of these data is greater. If the data (M2) is 
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1 greater than 04, the CPU 22 sets a value {04 - p) in the 

latch 523 of the multiplier circuit 258 so as to lower the 

gain level (STep 19).and the process returns to Step-l3. 

The process then proceeds again to Step 17 in which the 

5 judgment is conducted again as to whether the condition of 

If the .condition of (M2) < 04, the CPU 22 

operates to set a value (03 + P> in the latch 523 of the 

multiplier circuit 258 so as to raise the gain level ( s·tep 

20). The process then returns to Step 13 and proceeds to 

10 Step 17 in which the judgment is executed again as to 

whether the condition {M2) = 04 is met. Thus, the CPU 

repeatedly conducts the operation while varying the data (D4 

± p) supplied to the multiplying D/A converter 521. When 

the condition.of {M2) = 04 is met, the process proceeds from 

15 Step 17 to Step W-2B in which the counter content is 

initialized 'to 977, whereby the operation same as that 

conducted on the channel CHl in Step W-Bl is executed on the 

second channel CH2 in the white level RAM 78' so as to set 

the minimum value as the reference value 04. Subsequently, 

20 Steps W-B3, W-B4 and W-BS are executed to set the data of 

the maximum values as the reference values 04. The 

described process is executed for the channels CH2, CH3, CH4 

and CHS of the G and R signals in Steps W-G and W-R, whereby 

the data of the maximum values are set as the reference 

2 s values o4 • 
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The channel connecting processing is executed in 

accordance with the flow chart shown in Fig. 11-3. After 

the power is turned on in the reader portion 1, if the 

original scanning unit 22 is not on the home position sensor 

5 Sl in Step Sm-1, the CPU 22 operates to deliver a reset 

instruction to the steppiqg motor driver 15 (see Fig. 2) 

through the signal line 503 thereby to operate the stepping 
.. 

motor 14 so as to reset the original scanning unit 11 to the 

home position. Subsequently, in Step S-m2, the CPU 22 

10 delivers a lighting instruction through a signal line 504 to 

te lamp driver 21 thereby to turn the halogen lamp 10 on. 

After the lighting of the halogen lamp 10, the CPU operate 

in Step S-m3 so as to set in the driver 15 the number of 

pulses corresponding to the travel of the original scanning 

15 unit 11 from the home position (Sl} to the position where it 

faces the reference black board 9, thereby to cause the 

scanning unit 11 to travel to the position of the reference 

black board. The channel connecting black level processing 

explained before in connection with Fig. ll-2A is conducted 

20 in this state (S-m4). Subsequently, the CPU 22 sets, in the 

driver 15, the number of pulses corresponding to the travel 

of the scanning unit 11 between the reference black board 9 

and the reference white board 8 so as to enable the original 

scanning unit 11 to move from the position where the black 

25 board 9 is located to the position where the white board 8 

... 
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l is located. The aforementioned channel connecting white 

level processing is executed (Step S-m6) while the original 

scanning unit 17 is stationed at the position of the. 

reference white board. Then, in Step s-rn7, the halogen lamp 

5 is turned off and the original scanning unit 11 is reset to 

the home position in Step S-ma, thus completing the channel 

connecting process. 

In the described embodiment, it is thus possible to 

increase the processing speed and to effect correction on 

10 data carried by each pixel. 

According to the invention, image data can be input at 

a high speed in a line-by-line fashion, and the CPU is 

allowed to make a high-speed access for reading and wri~ing 

operations. This offers the following advantages. When 

15 the operator wishes to detect the components of the image 

data at a point P having coordinates (Xmm, Ymm) on the 

original as shown in Fig. 12, the scanning unit is driven in 

the X-direction through a distance corresponding to (16 x 

x) lines and the data of the thus reached line is picked up 

20 in the RAM 78' in the same manner as that explained before, 

and then the data carried by the (16 x y}-th pixels is read, 

whereby the ratios of B, G and R components are detected on 

this point. This operation mode will be ref erred to as 

"line data pickup mode". It will also be clear to those 

25 skilled in the art that the described embodiment enables an 

-------------
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1 easy computation of mean density over a plurality of lines 

(referred to as "mean computing mode" hereinafter) and also 

of density histogram (referred to as "histogram modi~ 

hereinafter). 

5 Thus, the described embodiment conducts correction of 

offsets of the black and ~nite levels which are attributable 

to various reasons such as variation in the black level 

density of the image input system, fluctuation in the dark 

current level, variation in the sensitivities of sensor 

10 chips, fluctuation in the light quantity of the optical 

system, variation in the white level sensitivity and so 

forth. In consequence, the characteristics are 

uniformalized in the direction of the main scan so that 

color image data proportional to the input light quantity 

15 can be obtained over the entire length of the main scan. 

The thus obtained color image data is input to a logarithmic 

conversion circuit 86 (see Fig. 5) so as to be converted in 

conformity with the visual sensitivity of human eyes. More 

specifically, the conversion is conducted such as to obtain 

20 conditions of white= OOe and'black = FFe. 

Various types of image sources can be input to the 

reading sensor, such as ordinary reflective originals, and 

transparent originals such as films used in a film projector 

including both negative and positive films and films of 

25 various sensitivity and exposure degrees. These different 
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1 types of image source provide different input gamma 

characteristics. It is therefore advisable to prepare a 
.. 

plurality of logarithmic conversion LUTs (Laok-up Tables) 

and to selectively use these Tables as shown in Figs. 13A 

5 and 13B. The switehing between these Tables is conducted by 

selecting signal lines egO~ egl and eg2 (560 to 562), iq 

accordance with instructions given through, fort example, 

the control panel as an I/O port of the CPU 22. The data 

output for the respective colors B, G and R correspond to 

10 the density value of the output image. Thus, the output of 

B (blue) corresponds to the amount of yellow toner, the 

output of G )green} corresponds to the amount of magenta 

toner and output of of R )red) corresponds to the amount of 

cyan toner. The color image data are therefore expressed in 

15 terms of Y, Mand C hereinunder. 

The following color compensation operations are 

conducted on each color component of the color image data 

obtained through the logarithmic conversion, i.e., on the 

yellow component, magenta component and cyan component. As 

20 well known to those skilled in· the art, the spectral 

25 

characteristic of color separation filter arranged on each 

pixel of the color reading sensor has an unnecessary 

transmission region shown by hatched area. It is also well 

known that the color toners Y, M and C to be transferred to 
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the copy paper has unnecessary absorption component as shown 

in Fig. 15. 

A technique called 0 masking compensation" is also well 

known. In this technique, the following primary equation of 

5 each color. is calculated to effect color compensation for 

each of the color component data Yi, Mi and Ci. 

, Yi ' 
; \ • I Mi j 
\ I 

Ci 10 

An operation is also known in which the minimum value 

Min(Yi, Mi, Ci) of the Yi, Mi and Ci is computed and 

determined as ink (black) and black toner is added (inking) 

15 to the portion of the minimum value. Also known is an 

operation called 11 undercolor removal (OCR)" in which the 

amount of coloring materi~l to be added is decreased by the 

same amount as the addition of the black component. Fig. 

16A shows a circuit arrangement for the masking, inking and 

20 OCR operations. 

The described embodiment has the following critical 

features. 

(1) There are two masking matrix systems which can be 

25 switched at a high speed by 1/0 of a single signal line. 
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1 (2) A high speed switching is possible between a mode in 

which OCR is conducted and a mode in which UCR is not 

conducted, by 1/0 of a single signal line. 

(3) There are two circuit systems for determining the 

5 amount of inking switchable by 1/0 of a single signal lin~. 

In advance of the reading of an image, desired first 

matrix coefficient M1 and second matrix coefficient M2 are 

set through a BUS connected to the CPU 22. 

10 ·In this embodiment, the coefficients Ml and M2 are 

determined as follows. 

(
i av1 -bM1 -cc1) ( a v1 - f3 Ml - 7 c1 ) 

Mt= ~ay2 bM2 -CC2 M2= - :a Y2 f3 M2 :-- • 1 C2 
-ay3 -bM3 CC3 , - a~3 - f3 M3 7 C3 

15 The coefficient Ml is set in· the registers 87 to 95, 

while the coefficient M2 is set in registers 96 to 104. 

Numerals 111 to 122, 135 and 131 denote selectors which are 

adapted- to select "A" when the S terminals carry "l" and B 

when the same carry "O". Therefore, when it is desired to 

20 select the matrix M1, the switching signal MAREA 564 is set 

at "l", whereas, when the matrix M2 is to be selected, the 

same switching signal is set at "O". A reference numeral 

123 denotes a selector which provides outputs (a), (b) (c) 

(c) in response to selection signals Co and C1 (566, 567) in 

25 accordance with a truth table shown in Fig. 16{b). The 
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1 selection signals Co, c1 and C2 are set as (C2 , c1 , Co) = (0, 

O, 0), (0, O, 1), (0, 1, 0) and (1, O, 0) for Y., M, C and 

Bk, respectively, and also as (0, 1, 1) for monochrome 

signal. By using these selection signals, it is possible to 

s obtain desired color-compensated color signals. It is 

assumed here that the selection signals (C0 , c1 , C2 ) are set .. 
as (0, O, 0} while switching signal MAREA is set as MAREA = 

"l". In this case, the contents of the registers 87, 88 and 

89, i.e., (ay1, -bMl, -cCl) are obtained as the outputs (a, 

10 b, c) of the selector 123. On the other hand, the black 

component signal 574, which is computed from the input 

signals Yi, Mi, Ci as Min{Yi, Mir Ci) = x is subjected to a 

primary conversion conducted by 134 in accordance with a 

formula of Y =ax - b (a and bare constants), and is 

15 delivered to the B inputs of subtracters 124, 125 and 126. 

The subtracters 124, 125 and 126 compute Y'i = Yi - (ax -

b), M'i =Mi - (ax - b) and C'i =Ci - (ax - b), thus 

conducting undercolor removal. The outputs are delivered 

through signal lines 577, 578 and 579 to multipliers 127, 

20 128 and 129 which are adapted to perform masking 

computation. The selector 135 is controlled by UAREA 566 

25 

which is set at "l" or uou so as to enable a high-speed 

switching between the mode in which UCR (undercolor removal) 

is conducted and a mode in which the UCR is not conducted. 

---··-··-·---·----
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The B inputs of the multipliers 127, 128 and 129 

receive {ay1, -bMl, -cCl), while the A inputs of the same 

receive [Yi - (ax - b), Mi - (ax - b), Ci - (ax - b)l·= 

[Y'i, M'i, C'i]. Therefore, as will be understood from the 

figure, an output data Yout = Y'i x (ay1) + M'i x (-bM1 ) + 

C'i x (cCl) is obtained at the output Douti on condition ~f 
/ 

··• 

C2 = O (Y or Mor C selection), whereby an yellow image data 

which has undergone the masking color compensation and 

undercolor removal is obtained. 

Similarly, Mout = Y'i x (-ay2) + M'i x (bM2) + C'i x {­

cC2) and Cout = Y'i x (-ay3) + M•i x (-bM3) + C'i x (-cC3) 

are obtained at Dout• As explained before, the selection of 

color is controlled by the CPU 22 in accordance with the 

color sequence of development by selecting signals (Co, Ci, 

C2 ) in conformity with the content of the truth table shown 

in Fig. 16B. Registers 105 to 107 and 108 to 110 are used 

for the purpose of forming monochrome image. As is the case 

of the masking color compensation explained before, the 

monochrome signal is obtained by_ imparting weights to the 

20 respective ·colors as expressed by MONO = k1·Yi + e1·Mi + 

As explained before, switching signals MAREA 564 is 

used for high-speed switching between the coefficient 

matrixes M1 and M2 of the masking color compensation. UAREA 

565 is used for high-speed switching between the mode which 

25 employs UCR and the mode which does not employ UCR. KAREA 

-------·-·· 
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1 587 is .used for high-speed switching of primary conversion 

of the black component which is obtained at the output Dout 

through a signal line 569 via the selector 131. Name.ly, 

KAREA 587 conducts a high-speed switching of characteristic 

s between Y = ck - d and Y = ek - f (c, d, e and f are 

constants) for a given black component k = Min(Yi, Mi, Ci) .. 

It is therefore possible to apply different masking 

coefficients to different areas on a single copying image 

frame and/or to apply different amounts of UCR or inking to 

10 different areas of the image frame. This makes it possible 

to synthesize, as in the described embodiment, an image by 

composing a plurality of images obtained from image input 

sources having different color separation characteristics or 

a plurality of images having different levels of black tone. 

15 The area signals MAREA, UAREA and KAREA (564, 565, 587) 

are generated by area signal generating circuit 51 (see Fig. 

5) which will be described later. 

Figs. 17A to l7G illustrate the manner in which the 

area signals such as MAREA 564, UAREA 565 and KAREA 587 

20 explained before are generated. The term uarea" is used to 

mean a local area such as that shown by hatching in Fig. 

17E. This area is discriminated from other areas by a 

signal AREA which is formed, as shown in the timing chart of 

Fig. 17(e), in each of lines within a region between lines A 

25 and B. Each region can be appointed by the digitizer 16 
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l shown in Fig. 1. Figs. 17(a) to 17(d) show an arrangement 

which enables the CPU 22 to provide plurality of positions 

of the area signal, area lengths and area numbers in. a 

programmable manner. In this arrangement, a single region 

s signal is constituted by a single bit of RAM which can be 

accessed by the CPU. For ~instance, there are two n-bit RAMs 

so as to provide n-pieces of region signals AREAO to AREAAn. 

These RAMs are denoted by 136 and 137 and shown in Fig. 170. 

For the purpose of obtaining the area signal AREAO, 11 1 11 is 

10 set in the bits O of the addresses x1, x3 of the RAM, while 

"O" is set in the bits of other addresses. For obtaining 

the area signal AREAn, 11 1 11 is set in addresses x11. x2 and x4 

of the RAM, while "0 11 is set in the bits n of other 

addresses. The data in the RAMs are sequentially read in 

15 synchronism with predetermined clocks using HSYNC as a 

reference, so that data "l" is read from the addresses x1 

and x3 as shown in Fig. 17C. The thus read data is input to 

J and K terminals of a J-K flip flops 148-0 to 148-n shown 

in Fig. 170, whereby a toggle operation is conducted. 

20 Namely, when "1 11 is read from' the RAM while CLK is being 

received, the output "O" is changed to "l" and the output 

"l" is changed to "O", whereby a section signal such as 

AREAO, i.e., an area signal, is obtained. No section, 

i.e., area, is appointed if 11 0 11 is set in all addressed of 

25 the RAM. 

------
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1 . Fig. 170 is a circuit diagram illustrating the 

construction of a· circuit for conducting the above-described 

operation. The RAMs mentioned before are denoted by. 136 and 

137. These RAMs are used in such a manner that, while line 

5 data is being read from the RAM 136 for the purpose of 

finding an area signal, the CPU 22 (see Fig. 2) conduc~s 

writing of data for appointing a different area, so that a 

high-speed switching of area can be conducted. Thus, the 

RAMs 136 and 137 are alternatingly used for the purpose of 

10 generation of an area and writing of area data by CPU, 

15 

thereby realizing a high-speed switching of areas. When 

areas are appointed as hatched in Fig. l 7F, the RAMA, E.G., 

136, and the RAMB, E.G., 137, are used alternatingly in a 

sequence of A ... B•A~B•A. This operation is conducted as 

follows. Referring to Fig. 170, if the values (C3, C4, Cs} 

are set as (C3, C4, Cs)= (0, 1, 0), a counter output counted 

in terms of VCLK is delivered (Aa) as an address signal to 

the RAMA 136 through the selector 139. In consequence, the 

gate 142 is opened while the gate 144 is closed, so that 

20 data is read from the RAMA 136 over all bits O to n. These 

data are then input to the J-K flip-flops 148-0 to 148-n, 

whereby section signals AREAO to AREAn are generated in 

accordance with the values set in the respective bits of the 

RAMA 136. Meanwhile, writing of data in the RAMB 137 by 

25 the CPU is conducted through address BUSes A-Bus and data 

THIS SHEET HAS SEEN 
REPLACED 

· .. 



.................... -======......_.......,.....__,......,........, ___ .......... ______ _,, .. _. ·=· .. ...,. m···=·=~···.""':··-=· ·.··=•-=:.·_:=•···=· ···=····::.:···:..:;,· ·=·······=· ·=-· =--. .................. -·· -· ··-····-·· .................... ··-..··· ~~~~---··· ·--·-

r·-· ,) I 

l BUSes D-Bus, by means of access signals R/W. Conversely, 

generation of section signals in accordance with the data 

set in the RAMB 137 can be conducted equally by setting the 

values (C3, C4, Cs) as (C3, C4, Cs) = (l,O,l). Meanwhile, 

5 data is written by the CPU 22 in the RAMA 136. These RAMs 

will be referred to as A-R'V-1 and B-RAM, respectively, 

hereinafter. Signals C3, C4 and Cs will be referred to as 

AREA control signals {ARCNT). The AREA control signals C3, 

C4 and Cs are output from the I/O port of the CPU. 

10 Relationships between the bits and the kinds of signals are 

shown in Fig. 17G. 

A description will be made hereinunder as to a circuit 

arrangement for conducting the color conversion, with 

reference to Figs. 18A to 18F. The term "color conversion" 

15 is used in this specification to mean an operation for 

substituting color component data (Yi, Mi, Ci) of a specific 

color density or a specific color component ratio by another 

color. For instance, the color conversion is conducted for 

converting only a red color area of original (hatched in 

20 Fig. 18C) of original into blue. 

The color data (Yi, Mi, Ci} delivered to this color 

conversion circuit is first input to averaging circuits 149, 

150, 151. Averaging pixel numbers are set through a later-

mentioned control panel, via a CPU BUS. Actually, the 

25 average pixel numbers are set in window comparators 156 to 
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158 through CPO BUS. The setting of the averaging pixel 

numbers is conducted in accordance with the width between a 

comparison upper limit value and a comparison lower limit 

value. When the width is small, the averaging number of 

pixels is selected to be large in order to avoid any 

detection error attributabie to,for example, detectio~ of 

halftone dots. Conversely, when the width is large, the 

averaging pixel number if reduced so as to eliminate 

detection error due to, for example, detection of thin 
,-

lines. The signal outputs from the averaging circuits are 

delivered to an adder 155 which computes (Yi + Mi + Ci) which 

is delivered to B inputs of dividers 152, 153 and 154. The 

outputs of the averaging circuits also are delivered to A 

in·puts of these dividers. These dividers compute, 

15 respectively, yellow ratio ray, magenta ratio ram and cyan 

ratio rac as ray= Yi/(Yi +Mi +Ci), ram= Mi/(Yi +Mi+ 

Ci), and rac = Ci/(Yi +Mi+ Ci}· These ratios are derived 

through signal lines 604, 605 and 606 and are delivered to 

the window comparators 156, 157 and 158. The window 

20 comparators conduct cornpar iso=n so as to determine whether 

. the computed ratios fall within the ranges between 

comparison upper limits (Yu, mu, cu) and comparison lower 

limits (yt, m,, ce) of the respective colors. Thusr an 

output "l" is obtained on condition of Yt ~ ray < Yu• 

25 Similarly, outputs "l" are obtained on conditions of me ~ 

------------------
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1 ram < mu and Ce ~ rac < Cu· The CPU judges that the color 

is the desired color when all these three conditions are 

met. In consequence, an AND circuit having three inputs 

produces an output of "l" which is input to an So input of a 

5 selector 175. The adder 155 produces an output 603 =~i 

when the signal output from the I/O port of the CPU 22~nd 

carried by a signal line CHGCNT 607 is "l". When the 

signal output from the I/O port is "0°, the adder 155 

produces an output 603 which is 11 1 11
• Thus, when the output 

10 from the I/O port is 11 0 11
, the A inputs of the dividers 152, 

153 and 154 are directly delivered as outputs. In this 

case, color density data are set in the registers 159 to 164 

instead of the desired color component ratio. A reference 

numeral 175 designates a selector having four input lines 

15 and one output line. Desired color data after conversion 

are delivered as Y component, M component and C component to 

the inputs 1, 2 and 3 of the selector 175, while the input 4 

receives data Vin which is obtained from the read original 

image through a masking color compensation and an undercolor 

20 removal (UCR) operation. The input 4 is connected to the 

Dout shown in Fig. 16{a). The selection input So is set 11 1" 

when the color detection is "true", i.e., when a 

predetermined color is detected, otherwise it takes 11 0'". 

The selection input S1 receives an area signal CHAREAO 615 

25 generated in the area generating circuit shown in Fig. 170 

------
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1 and takes "l" when the detected point is within the 

appointed area and "O" when the same is out of the appointed 

area. Color conversion is conducted only when this· 

selection input is "l". The selection inputs S2 and S3 

5 receive inpu~s Co and C1 (616, 617) which are the same as 

the signals Co and C1 show~ in Fig. 16A. Operations of the 

color printer for forming yellow image, magenta image and 

cyan image are executed on condition of {Co, C1) = (0,0), 

(O,l) and (l,O). Truth table representing the function of 

10 the selector 175 is shown in Fig. 18B. 

The registers 166 to 168 are used for setting the 

desired color component ratio to be obtained after the 

conversion or for setting desired color component density 

data to be obtained after conversion, by the operation of 

15 the CPU. When y', m' and c 1 are color component ratio 

signals, the signal CHGCNT 607 is set at 11 l 11 so that the 

output 603 of the adder 155 delivers (Yi + Mi + Ci) to the B 

inputs of the multipliers 169 to 171. In consequence, the 

selector inputs 1, 2 and 3 receive, respectively, (Yi + Mi + 

20 Ci) x y', (Yi+ Mi+ Ci) x m' a'nd (Yi+ Mi+ Ci) x c'. In 

consequence, color conversion is conducted in accordance 

with the truth table shown in Fig. 18B. 

On the other hand, when y•, m' and c' are color 

component density data, the signal CHGCNT·iS set at 11 0" so 

25 that the output 603 of the adder 155 deliv~rs a level 11 1 11
, 
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1 wher~by lY 1
, m', c 1

) are directly output from the 

multipliers 169 to 171 and input to the inputs l, 2 and 3 of 

the selector 175, thus accomplishing the color conversion 

5 

through substitution of the color component density data. 

As explained before, the area signal CHAREAO 615 enables 

the section length and section number to be set freely.· It 

is therefore possible to effect the color conversion only on 

preselected plurality of areas ri, r2 and rJ. By preparing 

a plurality of circuit arrangements shown in Fig. 18A, it is 

10 possible to effect a high-speed real-time color conversion 

on a plurality of areas independently into different colors. 

For instance, it is possible to conduct color conversion 

from red to blue in the area r1, from red to yellow in the 

area.r2 and from white to red in the area r3. More 

15 specifically, color detection and conversion circuit same as 

that explained before is arranged in plural, and required 

data are selected from the outputs A, B, C and D of the 

respective circuits by the selector 230 in accordance with 

the signals CHSELO and CHSELl. The selected data is output 

20 through the output line 619The area signals CHAREAO to 

CHAREA 3 to be applied to the respective circuits, as well 

as signals CHSELO and CHSEL 1 are produced by the area 

generating circuit 51 as shown in Fig. 170. The operator 

can freely appoint the range of color to be converted, by a 

25 later-mentioned area appointing mode. 

------- ------------
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A description will be made hereinunder with reference 

to Figs. 19A to 19F-BK as to a gamma conversion circuit 

which controls the color balance and color density of the 

output image. Basically, the gamma conversion is a data 

conversion conducted in accordance with the contents of a 

LUT (Look-Up Table). The,contents of the LOT can be 

rewritten in accordance with appointment which is input 

through the control section. The writing of data in a RAM 

177 for the LUT is conducted as follows. The level of a 

lO selection signal line RAMSL 623 is set at "OH so that the 

selector 176 selects the B input, whereby a gate 178 is 

closed while a gate 179 is opened. As a result, the ABUS 

and DBUS from the CPU 22 are connected to the RAM 177 

thereby allowing data to be written in and read out from the 

1 5 RAM 177. Once the conversion table is formed, the level of 

the signal on the RAMSL 623 is set at 11 1 11 so that video 

input coming from Din 620 is delivered to the address input 

of the RAM 177, whereby addressing is conducted in 

accordance with the video data. In consequence, the desired 

20 data is read out of the RAM and is input through the open 

gate 178 to a magnification control circuit which 

constitutes the next stage of control operation. 

The gamma RAM has at least two sections A and B (see 

Fig. 190) each having five areas alloted for yellow, 

25 magenta, cyan, black and MONO. 

--
--i\ 

As is the case of the 
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1 operation explained in connection with Figs. 16A and 16B, 

the conversion of the respective colors is conducted by the 

signals Co, C1 and C2 (566, 567, 568). The area generation 

circuit shown in Fig. 170 also produces a signal GAREA 626 

5 which makes it possible to impart different gamma 

characteristics to different areas. For instance, it is 

possible to impart a gamma characteristic A to the area A 

and a gamma characteristic B to an area B, as shown in Fig. 

19C. It is thus possible to obtain a single print including 

10 different areas having different gamma characteristics. 

The gamma RAM used in this embodiment has two sections which 

store different gamma characteristics A and B which are 

switchable at high speed in independent areas. It is of 

course possible to increase the number of sections so as to 

15 enable the operator to use a greater number of gamma 

characteristics which are switchable at high speed. The 

output Dout in Fig. 19Ais input to the input Din of the 

aforementioned magnification control circuit of the next 

stage shown in Fig. 20A. 

20 As will be understood from the drawings, the gamma 

conversion RAM used in this embodiment is design~d to switch 

the characteristic for each of the colors independently. 

The content of this RAM can be rewritten-by the CPU in 

response to operation of liquid-crystal touch panel keys on 

25 the control panel. For instance, when the operator has 
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l touched a density control key e on POOO (standard frame) of 

Fig. 33, the setting is moved from the center O to the left 

towards -1 and then towards -2 as shown in Figs. 190.and 

19E, and the characteristics in the RAM 177 also is shifted 

5 laterally as O to -1, -1 to -2, -2 to -3 and -3 to -4 so as 

to be rewritten. Conversely, when the operator touches a 

density control key f, the characteristic is changed from O 

to +l, +1 to +2, +2 to +3 and +3 to +4 whereby the content 

of the RAM 177 is rewritten. Thus, by touching the ~ or f 

10 key on the standard frame, it is possible to rewrite the 

content of the whole table (RAM 177) of Y, M, c. Bk and 

MONO, whereby the image density can be varied without 

changing color tones. Referring now to Fig. 37, a frame 420 

is used for color balance control in <color create> mode. 

15 In this case, areas for the independent colors Y, M, C and 

Bk of the RAM 177 are rewritten so as to enable a control of 

the color balance. For instance, when it is desired to 

change the color tone of the yellow component, the operator 

touches a touch key Yl in the frame 420 so that the black 

20 belt is extended upward whereby the conversion 

characteristic is moved in the direction y1, i.e., in such a 

direction as to increase the density of the yellow 

component, as shown in Fig. 19F-Y. Conversely, when a touch 

key y2 is touched, the characteristic is moved in such a 

25 direction y2 as to decrease the density of the yellow 
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l component. Thus, this operation enables adjustment of 

density of single color component. The same operation is 

possible also on other colors M, c and Bk. 

A frame P361 in Fig. 36 is used in free color mode in 

s <area appoint> mode. This free color mode is realized by 

rewriting the content of the gamma conversion RAM in a 

manner which will be explained later. 

The free color mode is an operation for obtaining· a 

gradation image of any desired single color, similar to 

10 black gradation image which is obtained when a full-color 

original is copied by a monochromatic copier. 

A description will be made hereinunder as to the manner 

in which the free color mode is realized, with reference to 

Fig. 54-A. The description will be made on an assumption 

15 that the user wishes to obtain a single-color gradation 

image of blue color. The appointment of the hue of color to 

be used is conducted by reading a color on an original 

displayed on a frame P362 in Fig. 36 or by selecting one 

from a plurality of colors registered on the frame P364 

20 shown in Fig. 36. 

The graph appearing on a right-side portion of Fig. 54A 

shows color component data (Y5 , M5 , C5 ) of a color which has 

a hue appointed through the frame P364. This color is, in 

this case, a light blue color. From this data, it is 

25 understood that the desired hue (blue color) has a component 

------·---
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l ratio of Ys : Ms : Cs = 1 : 2 : 4. A graph appearing on 

5 

,. 

10 

15 

left portion of Fig. 54A shows gamma characteristics which 

are set in the MONO gamma RAM at the time of format1on of 

yellow, magenta and cyan colors. 

Representing the maximum value amongst Y5 , Ms and Cs by 

MAX, the gamma characteristic functions GY(x), GM(x) and 

GC(xj of yellow, magenta and cyan colors are formed by the 

following procedure. 

Ys 
GY (x) - x .. 

MAX 

Ms 
GM (x) - x • 

MAX 

Cs 
GC (x) - x • 

MAX 

(Note that MAX is not zero in these formulae, as well 

as in the following description). 

The aforementioned monochromatic image data (MONO) is 

20 made to pass through the· thus formed MONO gamma RAM, while 

varying the gamma characteristics for yellow, magenta and 

cyan colors, thereby realizing the free color mode. In 

fact, the following conditions are met by all MONO values 

x, so that the formed image has a single hue with a 

25 gradation which has the same proportion to all the colors 
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yellow, magenta and cyan. 

'• Ys Ms · · Cs 
GY(x): GM(x): GC(x) 

MAX MAX MAX 

Ys : Ms Cs 

Fig. 548 sh s the coYor component of the image 

formed in the described free color mode when a single· 

original has a black portion (MONO = 255) and a red 

portion (MONO= 160). It will be seen that these 

10 portions are represented by the same hue with such a 

15 

20 

gradation that the portion having greater MONO value 

exhibits a higher density than the portion having the 

smaller MONO value. 

This operation alone, however, cannot make it possible 

to attain the desired density at a desired portion on the 

original. For instance, it may be required to change the 

black portion of the original into a color of the desired 

hue with small color density, while representing the red 

portion in the same hue with high density. 

Such a control isGpossible by means of a density 

control key a· on the free color mode in <area appoint> moa·e- -:.-

on the frame P363 or P364 in Fig. 36. This key ~ enables 

the density level to be changed stepwise from level 1 to 

level 17 and vice versa. In accordance with the appointed 

25 density level, the gamma curve of the color component having 
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1 ~he greater proportion (referred to as ucentral color 

component" hereinunder) is changed as shown in Ffg. 54C. 

The standard density level is set at level 9. When this 

5 

10 

15 

20 

25 

standard level has been selected, the gamma curve of the 
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l central color component coincides with the garruna curve shown 

in Fig. 54A. 

Constants are alloted to the respective density· ievels 

Mo to M17. Te constant alloted to Me is 255. The gamma 

s characteristic function GMAINi of the central color 

component is then determin~d as follows. 

Mi 
data = x • 

255 

10 GMAlNi (x) = ( 
data (data~ 255) 

255. (data > 255 ) 

In this embodiment, the gamma RAM provides 8-bit output 

15 ( O to 255) so that the upper limit is set at .255. 

Thus, the gradient of the gamma curve of the central 

color component is changed in accordance with the density 

level, and the gradients of gamma curves of other colors are 

changed such as to maintain the same proportions, whereby 

20 the density level can be freely= controlled in the same hue. 

25 

Fig. 540 shows a gamma c.urve which is obtained when the 

density level has been changed to the level 4 from that 

shown in Fig. 54A. It will be understood that the black 

portion of the original is represented by the color of the 

---------------
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1 same hue with reduced density, without changing the 

component ratios of Y : M : c = 1 : 2 : 4. 

Fig. 54E shows a gamma curve which is obtained when 

the density level has been changed to the level 15 from that 

5 shown in Fig. 54A. In order to maintain the component 

ratio, when the upper limit value (255 in this case} is 

reached by the central color component, this color component 

is kept constant as well as other color components. It will 

be understood that the red portion of the original is 

10 represented by' the color of the same hue with increased 

density. Needless to say, the component ratios of Y : M : 

C = 1 : 2 : 4 is maintained without being changed. 

The free color mode in the <area appoint> mode on the 

frame P365 shown in Fig. 36 also makes it possible to 

15 conduct the following control. Namely, the operator can 

change the density of a desired point to the same level of 

density as the color (Ys, Ms, Cs) having the hue appointed on 

the frame P362 or P364 shown in Fig. 36, by appointing such 

a point on the original. 

20 To effect such a change in the density, the MONO value 

(reference MONO value) of the point appointed on the 

original is read, and the gamma curves of the respective 

color components in the MONO gamma RAM are set such that Y9 , 

Ms and Cs are output when the read MONO value is input. , 

25 When the reference MONO value is small, the gradients are 
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l large as shown in Fig. 54E, whereas, when the reference MONO 

value is small, the gradients are small as shown in Fig. 

540. 

As will be understood from the foregoing description, 

5 the free color modes can_ be- realized only through three 

image forming cycles for Y, Mand c colors. When this free 

color mode is used together with other mode or modes, it may 

become necessary to conduct image formation in BK. This can 

be ~ttained by setting the gamma curve for BK such that O is 

10 output in response to all inputs. 

Referring to Fig. 20A, each of FiFo memories 180 and 

181 has a capacity corresponding to 4752 pixels (16 x 297 = 

4752) so as to cover a scan line length of 297 mm 

corresponding to the length of A-4 size paper, with pixels 

15 arranged at a pitch of 16pel/mm. As shown in Fig. 20B, 

each FiFo memory conducts writing in the memory in the 

period of AWE or BWE = "Lo", and reading of data from memory 

in the period of ARE or BRE = "Lo". When a condition of 

ARE = "Hi 11 is met, a high-impedance state is obtaine·d in 

20 the output from the memory A. ·When a condition of BRE 
= "Hi" is met, a high-impedance state is obtained for the 

output from the memory B. Wired OR of these outputs from 

the memories is delivered as an output Dout 627. Ea·ch of the 

FiFo memories 180 and 181 (A and B) has a write address 

25 counter and a read address counter (see Fig. 20C) which 
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1 operates in accordance with clocks WCK and RCK so as to 

cause an internal pointer to step. It is a well known 

measure to supply the WCK with clocks CLK which is formed by 

demultiplying an internal video data transfer clock VCLK 588 

5 by a rate multiplier, while supplying the RCK with the VCLK 

without demultiplication. ,In such a case, the data stored 

in this circuit is contracted when it is output. 

Conversely, when the WCK is supplied with the VCLK without 

demultiplication while the RCK receives the demultiplied 

10 CLK, the data is expanded when output. FiFo memories A and 

B are adapted to alternatingly conduct the read and write 

operations. The w address counter 182 and R address 

counter 183 in each of the FiFo memories 180 and 181 is 

adapted to upcount in accordance with the clock only when 

15 the enable signal (We, RE ••• 635,636) is "Lo",and is adapted 

to be reset and initialized on condition of RST (634) = 
11 Lo". An example of the writing and reading operation will 

be explained with reference to Fig. 200. After a reset RST 

which is conducted by main scan synchronizing signal HSYNC 

20 in this embodiment, the signal' AWE (or BWE) is set at "Lo 0 

for a period corresponding to m pixels as counted from the 

n1-th pixel so as to enable the pixel data to be written, 

while the signal ARE (or BRE) are set at "Lo" for a period 

corresponding to m pixels as counted from the n2-th pixel so 

25 as to enable the pixel data to be read out. In consequence, 
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l the d~ta is shifted from the position represented by WRITE 

DATA to the position represented by READ DATA in Fig. 200. 

By controlling the position of generation and duration of 

the signals AWE {or BWE) and ARE (or BRE) in the described 

5 manner, it is possible to move the image in the direction of 

the mains ocan to any desired position as shown in Figs, 20E, 

20F and 20G. It is also possible to freely combine the 

movement of the image with contraction or enlargement, by 

combining the image moving operation with the 

10 demultiplication of the WCK signal or RCK signal explained 

before. The signals ·AWE, ARE, BWE and BRE which are input 

to this circuit are all generated by the area generation 

circuit shown in Fig. 170. 

After the enlarging or contracting operation is 

15 conducted in the direction of the main scan as desired, edge 

stressing and smoothing operation is conducted in a manner 

which will be explained hereinunder with reference to Figs. 

20A to 20G. Fig. 21A is a block diagram of a circuit for 

conducting this operation. This circuit has a plurality of 

20 line memories 185 to 189 each having a capacity 

corresponding to the length of line in the direction of main 

scan. These line memories are arranged to form a FiFo 

structure which enables data of five· successive lines to be 

cyclically stored and read in parallel. A reference numeral 

25 190 denotes a quadratic differentiation spatial filter which 
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l is used ordinarily. This filter detects edge component of 

the image and the output 646 thereof is processed with a 

gain having a character is tic as shown in Fig. 218. ·the 

hatched area in Fig. 21B of the differentiation output is 

5 clamped in order to remove small components in the edge 

stressing output, i.e., to remove noise components. The .. . 

buffer memory outputs corresponding to five lines are 

delivered to smoothing circuits 191 to 195 whereby averaging 

is conducted with five types of pixel blocks having 

10different sizes including the smallest size of l x 1 and the 

greatest size of 5 x 5. The desired smoothing signal is 

selected from among the outputs 641 to 645 from these 

smoothing circuits. An SMSL signal 651 is output from the 

I/O port of the CPU 22 and is controlled in relation to the 

15 appointment from the control panel, as will be explaiend 

later. A reference numeral 198 designates a divider. When 

a smoothing size of 3 x S, for example, has been selected, 

the CPU 15 operates to set 0 15 11
, whereas, when a smoothing 

size of 3 x 7 has been selected, the CPU operates to set 

20 21,and the averaging is conducted in accordance with these 

numbers. 

The gain circuit 196 has a look-up-table type 

construction (LUT) construction , constituted by a RAM in 

which data is written by CPU 22 as in the case of the gamma 

25 circuit explained in ~onnection with Fig. 19A. The 
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l arrangement is such that, when the input EAREA 652 is set 

at 11 Lo", the gain circuit 196 outputs "O". The edge 

stressing control and the smoothing control explained above 

are related to the liquid-crystal touch panel frame on the 

5 control panel. As the operator operates the touch panel on 

the frame P430 in Fig. 37 ~o ~ress <SHARPNESS> on the frame, 

the gain characteristic is rewritten by CPU 22 as shown in 

Fig. 21C, as the sharpness number is increased from 1 to 2, 

2 to 3, 3 to 4 and so on. Conversely, if the panel is 

lOoperated in the direction for weakening the <SHARPNESS> AS 

l' TO 2', 2' TO 3 1 AND 3 1 TO 4 1
, THE SWITCHING SIGNAL SMLSL 

652 of the selector 197 operates to progressively increase 

the size of the blocks as from 3 x 3, 3 x 5, 3 x 7 up to 5 

x 5. At the central point C, the block size 1 x l is 

15 selected and the gain circuit input EAREA 651 is set at 11 Lo 11
• 

In this case, therefore, the input Din is output.as D0 ut 

without any smoothing and edge stressing,and is delivered to 

the output of the adder 199. In this embodiment, the Moire 

generated when the original has halftone dots can be 

20 eliminated by the smoothing. In' addition, the sharpness of 

the image is increased as a result of edge stressing 

operation effected on the letters and lines. A problem is 

encountered when half tone dot portion and line or letter 

portion exist in the same original. In such a case, a 

2S smoothing for eliminating Moire effects inevitably reduces the 
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1 sharpne~s to make the lines and letters obscµre, while 

edge stressing for attaining higher sharpness increases Moire 

effects. This problem is overcome by the 

described embodiment as follows. Namely, in this 

s embodiment, the EAREA 651 and SMSL 652 produced in the area 

generating circuit shown in Fig. 170 are suitably controll~d 

such that SMSL 652 selects the smoothing size of 3 x 5, 

while EAREA 651 is formed as A' and B' in Fig. 21E. When 

this control is conducted on the original which has both 

1ohalftone dot image and line or letter image, Moire is 

suppressed on the half tone dot image while the sharpness is 

improved in the region of line or character image. As is 

the case of the signal EAREA 651, the signal TMAREA 660 is 

generated by the are a generating circuit 51, so that an 

15 output Dout = 11 A + B11 is obtained on condition of TMAREA = 

"l" and an output Dout = 11 0 11 is obtained on condition of 

TMAREA = "0 11
• Therefore, when· the TMAREA 660 is controlled 

such as to generate a signal 660-1 as shown in Fig. 21F, the 

hatched area (area inside rec.tangle) is trimmed, whereas, 

20 when a signal 660-2 as shown in Fig. 21G is formed, the 

hatched area (area outside rectangle) is trimmed, i.e., 

white blanking of the area in the rectangle is conducted. 

In Fig. 22, a reference numeral 200 denotes an original 

coordinates recognition circuit adapted for recognizing 

25 coordinates of four corners of the original set on the 
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1 original plate. The recognized coordinates are held in an 

internal register (not shown). After a preparatory scan for 

recognizing the original position, the CPU 22 reads ·the 

coordinate data from the register. This circuit is 

5 disclosed in the specification of United States Patent 

Application Serial No. 946P93 filed on December 23, 1986 so 

that description thereof is omitted in this specification. 

In the preparatory scan conducted for the purpose of 

recognition of the original position, the black-level and 

lOwhite-level correction are executed ~s explained in 

connection with Figs. 10 and llA and, thereafter, the 

masking computing coefficients shown in Fig. 16A are set at 

k1, t1, m1 for monochromatic image data are selected and, at 

the same time, Co, C1 and C2 are set as (0.1,1). - In 

15 addition, the signal UAREA 565 is set at "Lo" so that the 

UCR (undercolor removal) may not be conducted. 

data obtained under these conditions is input as 

monochromatic image data to the original position 

recognition circuit 200. 

The image 

20 Fig. 22 shows the control panel, especially a liquid-

crystal frame control portion and a key matrix. The 

control panel is connected to the CPU 22 through a CPU BUS 

508. The control panel has a liquid display controller 201 

controlled by an instruction given through the BUS 508, and 

25 a key matrix 209 for key-input and touch-key-input 
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1 controlled through an I/0 port 206. Fonts to be displayed 

on the liquid crystal display are stored in a font ROM 205 
.. and are successively transferred to a refresh RAM 204 in 

accordance with the program given by the CPU 22. The 
5 liquid-crystal controller delivers a display date to the 

liquid-crystal display 20~ through the liquid-crystal driver 

202. On the other hand, all the key-inputs are controlled 

through I/O port 206. A key scan operation which is known 

per se is conducted to detect any pressed key and a signal 

lOcorresponding to the pressed key is supplied to the CPO 22 

through a receiver 208 via the I/O port. 

Fig. 23 shows an arrangement in which a film projector 

211 is mounted on and connected to the system of the 

invention shown in Fig. 1. In this Figure, the same 

lSreference numerals are used to denote the same parts as 

those in Fig. 1. A mirror unit composed of a reflection 

mirror 218, a Fresnel lens 212 and a diffusion plate 213 is 

mounted above the original plate 4. The image of light 

transmitted through a film 216, projected from the film 

20 projector 211, is scanned in the direction of the arrow by 

the original scanning unit explained before, so that the 

light image is read in the same manner as that in the 

reading of an original placed on the original plate. The 

film 216 is fixed by a film holder 215, while a lamp 

25 controller 212 controls on and off, as well as lighting 



1 voltage, of a lamp 212, under the control of signals PJON 

655 and PJCNT 657 which are delivered through the I/O port of 

the CPU 22 (see Fig. 2) of the controller 22. The l~mp 

controller 212 is adapted to control the lamp lighting 

5 voltage within a range between Vmin and Vmax as shown in 

Fig. 24, in accordance witb the 8-bit input PJCNT 657. The 

input digital data in this state is represented by DA to 08 • 

Fig. 25A shows the flow of operation ·for reading the image 

from the film projector and copying the read image, while 

10 Fig. 25B is a timing chart showing the timing of this 

operation. In Step S 1, the operator sets a film 216 on 

the film projector 211 and operates the control panel in a 

sequence which will be explained later so that the lamp 

lighting voltage Vexp is determined after a shading 

15 correction (Step S 2) and AE {Step S 3). Then, the printer 

is started in Step S 4. In advance to the ITOP (image end 

synchronizing signal) from the printer, the level of the 

signal PJCNT is set at Dexp which corresponds to optimum 

exposure voltage, whereby a stable light quantity is 

20 obtained when the image is for~ed. A Y image is formed by 

the ITOP signal and thereafter the lighting voltage is kept 

at a level DA corresponding to the minimum exposure voltage 

so as to maintain the lamp in a dark state until the next 

exposure is conducted. With this arrangement, it is 

2s possible to suppress ~egradation of the filament due to rush 
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l curfent which occurs when the lamp is turned on, thereby 

prolonging the life of the lamp. Then, similar steps are 

followed to form M image, C image and Bk image (Steps s 7 to 

-:s 

S 12). Thereafter, the signal PJCNT is set at "00", thereby 

tur,ning the lamp off. 

I ' 

.~. The procedures of the~AE operation and shading 

correction in the projector mode will be explained 

hereinunder with reference to Figs. 29A and 29B. After 

selecting the projector mode. through the control panel, the 

10 operator confirms whether the film used is a color negative 

film, a color positive film, a monochromatic negative film 

or a monochromatic positive film •. When the film is a color 

negative film, the operator sets in the projector a film 

carrier having a cyan color compensation filter, and sets 

15 the unexposed portion (film base) of the film in a film 

holder. The operator then presses a shading start button 

while making selection of the ASA value of the film between 

100 to 400 and above 400. In consequence, the projector 

lamps lights up with the standard lighting voltage V1. The 

20 cyan filter cuts the orange base of the color negative film 

so as to attain a color balance of the color sensor which is 

provided with R, G and B filters. By picking up the 

shading data from the unexposed portion of the film, it is 

possible to obtain a wide dynamic range even when the film 

25 used is a negative film. When a film other than a negative 
/ 

/ 

THIS SHEET HAS BEEN 
REPLACED 

<. 



81 

1 color film is used, a film carrier 2 having an ND filter or 

having no filter is set and the shading start key on the 

liquid-crystal touch panel is pressed so that the projector 

lamp lights up with another standard lighting voltage v2 • 

5 The arrangement may be such that, once the operator has 

discriminated the type of £ilm between negative and po~itive 

and selected the type of the film carrier, the switching 

between the standard lighting voltages V1 and V2 is 

conducted automatically upon recognition of the type of the 

10 film carrier. Subsequently, a scanner unit ~s moved to a 

region near the center of the image projection area, and the 

data corresponding to one CCD line or mean value of data 

over a plurality of CCD lines is picked up as the shading 

data and stored in the RAM 78' shown in Fig. llA. The 

15 projector lamp is then turned off. 

Then, the film 216 carrying the image to be copied is 

set on the film holder 215. If a focusing operation is 

necessary, the projector lamp is turned on by a lamp start 

button on the control panel and the focusing is conducted 

20 through a visual check of the' focused image. Then, the lamp 

is turned off by the lamp start button. 

As a copy button is turned on, the proj-ector lamp 

lights up with the standard voltage V1 or Vz depending on 

the result of discrimination of the film type between color 

25 film and other films, and a pre-scan (AE) bf. the image 

---··--------
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1 projecting portion is conducted. The pre-scan is effected 

in accordance with the following procedure for the purpose 

of judging the level at which the film as the copying object 

was exposed. R signals from predetermined plurality of 

s lines in the image projection region are input through the 

CCD and data concerning th~ appearing frequency of the R 

signal are accumulated so as to form a histogram as shown in 

Fig. 25C (histogram forming mode in Fig. 11). The max 

value in this histogram is determined as illustrated and the 

10 points where a line of a level which is 1/16 of the maximum 

value is crossed by the histogram are determined as the 

maximum and minimum R signal values Rmax and Rmin. Then, 

the lamp light quantity multiplication factor a is computed 

in accordance with the type of the film initially selected 

15 by the operator. The value of the factor a is determined 

as a = 255/Rmax in case of a color or monochromatic positive 

film, a = C1/Rmin in case of a monochromatic negative film, a 

= C2/Rmin in case of a color negative film having ASA value 

of 400 or less, and a = C3/Rmin in case of a color negative 

20 film having ASA value above 400. The factors C1, C2 and C3 

are beforehand determined in accordance with the gamma 

characteristic of the film, and are usually set between 40 

and SO or so out of 255 levels. The factor a is converted 

through a predetermined look-up table into an output data to 

25 be delivered to a variable voltage power supply for the 
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1 projector lamp. The projector lamp lights up with the thus 

determined lamp lighting voltage v,and the logarithmic 

conversion table shown in Fig. 3A and the masking 

coefficients shown in Fig. 16A are suitably set so as to 

5 -~nable the apparatus to conduct ordinary copying operation. 

-~ As shown in Fig. 3A, it is possible to select one ~ut of 

eight tables 1 to 8by means of a 3-bi t change-over signal as 

shown in Fig. 3A. Thus, the table 1 may be used for the 

reflection type original, while tables 2, 3, 4, 5 and 6 are 

10 used, respectively, for color positive films, monochromatic 

positive films, color negative films (ASA below 400), color 

negative films _(ASA 400 or above) and monochromatic negative 

films. The contents of these tables should be settable for 

the respective colors R, G and B independently. An example 

15 of the contents of the table is shown in Fig. 13B. 

The co.pying operation is thus completed. Before the 

copying of the next film is commenced, the operator checks 

,__t for any change in the nature of the film, i.e., 

negative/positive and color/monochromatic and so forth. If 

20 there is any change in the nature of the film, the process 

returns to {A) in Fig. 29A. When there is no change, the 

process returns to (B) in Fig. 19A. Thereafter, the 

described operation is performed. 

It is thus possible to obtain print outputs 

25 corresponding to the types of the film, i.e., negative. 
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1 positive, color and monochromatic , set on the film 

projector 211. As will be seen from Fig. 23, in the 

illustrated embodiment, the film image is projected on the 

original plate in a greater scale. The enlarged image 

s projected on the original plate naturally has fewer small 

letters. In the described,embodiment, therefore, a 

gradation process is executed which is different from that .... 
conducted for the print output obtained from a reflectrve 

original. This is executed by a PWM circuit 788 in the 

10 pr int controller. 

The detail of this PWM circuit will be described 

hereinunder. Fig. 26A is a block diagram of the PWM 

circuit, while Fig. 26B is a timing chart illustrating the 

timing of operation of this circuit. 

15 The input VIDEO DATA 800 is latched by the latch 

circuit 900 at the time of rise of the VCLK 801 and is 

synchronized with clocks (see 800 and 801 in Fig. 26B). The 

~ VIDEO DATA 815 output from the latch is delivered to a LUT 

(Look-Up Table} 901 composed of a ROM or a RAM,where a 

20 gradation compensation is effected. The gradation­

compensated signal is then converted into a single analog 

video signal through a D/A converter 902, and the thus 

formed analog signal is input to comparators.910 and 911 so 

as to be compared with a later-mentioend triangular weave. 

25 The comparators 910 and 911 receive, at their other inputs, 
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1 signals 808 and 809 which are triangular waves synchronized 

with VCLK and formed independently. More specifically, one 

of these two triangular waves is a wave WVl which is 

generated by a triangular wave generating circuit 908 in 

5 accordance with a triangular wave generation reference 

signal 806 obtained by demµltiplying, by a J-K fllip-flop 

906 for example, into 1/2 a synchronizing clock 2VCLK 803 

which has a frequency twice as high the frequency of th~ 

clock VCLK SCH. The other triangular wave is a wave W\12 

10 which is generated by ano~her triangular wave generating 

circuit 909 in accordance with a signal 807 (see Fig. 26B) 

which is obtained by demultiplying the signal 2VCLK into 1/6 

by a demultiplying or frequency dividing circuit 905 

designed to output 1/6 of the input frequency. As will be 

15 seen from Fig. 26B, the triangular waves and the VIDEO DATA 

are all synchronous with the VCLK. In addition, a signal 

inverted from the horizontal synchronizing signal HSYNC is 

..) applied to the circuits 905 and 906 so as to initialize 

these circuit at the timing conforming with the signal 

20 HSYNC, thereby causing the triangular waves and the VIDEO 

DATA to be synchronized with the signal HSYNC which also is 

generated in synchronization with VCLK. As a result of 

this operation, signals of pulse widths variable in 

accordance with the value of the input VIDEO DATA 800 are 

25 obtained at the outputs 810 and 811 of the comparators 910 

--
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1 and 911, respectively. Thus, in this system, the laser 
~ 

lights up when the level of the output from the AND gate 913 

shown in Fig. 26 is "l" so that dots are printed on ~he 

print paper. When the level of the output from the AND gate 

5 913 is "O", the laser does not operate so that no dot is 

printed. It is therefore~possible to control the turning 

off of the lamp by LON 805. Fig. 26C shows a change in the 

level of the video signal D from "black" to 11white 11 in·the 

rightward direction. White and black levels are input to 

10 the PWM circuit as FF and 00, respectively, so that the 

output of the D/A converter 902 is changed as shown by a 

curve Di.in Fig. 26C. On the other hand, the triangular 

waves are as shown by WVl and WV2 in (a) and (b) of Fig. 

26C. Therefore, the pulse widths of the outputs from the 

15 comparators CMPl and CMP2 are progressively narrowed as the 

video signal level is shifted from "black" towards "white", 

as will be seen from curves PWl and PW2 • When the PWl is 

..) selected, the pitch of the dots on the print paper is 

progressively changed as P1 to P2, P2 to P3 and P43 to P4. 

20 Thus, the variance of the pulse width has a dynamic range 

represented by Wl. On the other hand, when PW2 is selected, 

the dot pitch is changed from Ps to P6. In this case, the 

dynamic range of the pulse width is W2 which is about three 

times as large as PWl. For instance, the printing 

25 density )resolution) is set to be about 400 lines/inch when 
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1 PWl is selected and about 133 lines/inch when PW2 is 

selected. From this fact, it will be understood that the 

resolution obtained when PWl is selected is about 3 times as 

high as that obtained when PW2 is selected. On the other 

s hand, when PW2 is selected, a remarkable improvement in the 

gradation is attained because the dynamic range of the. pulse 

width in this case is about three times as wide as that 

obtained when PWl is selected. Therefore, a signal SCRSEL 

804 is supplied from,an external circuit so as to select PWl 

10 when a high resolutions required and to select PW2 when high 

degree of gradation is desired. In Fig. 26A, numeral 912 

denotes a selector which selects the input A when the level 

of the signal SCRSEL 804 is t'O" thereby selecting PWl 

and,when the level of this signal is "l" selects PW2. PWl 

15 or PW2 thus selected is output from the output terminal O 

and the laser is activated for a period corresponding to the 

finally obtained pulse width, thereby printing dots . 

.) The Look-Up Table LUT 901 is constituted by a table-

changeable ROM which is used for the purpose of gradation 

20 compensation. Upon receipt of address signals K1 1 K2 (812 

and 813), as well as table change-over signal 814 and video 

signal 815, the LUT 901 produces corrected VIDEO DATA. For 

instance, when the signal SCRSEL 804 is set at "O" for 

allowing PWl to be selected, all the outputs from the 

25 ternary counter 903 becomes "O" so that the correction table 
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1 for PWl in LOT 901 is selected. Levels of signals Ko, Ki 

ancf K2 are varied in accordance with the color of the signal 

to be output. For instance, outputs of yellow, magenta, 

cyan and black are obtained on conditions of (Ko, K1, K2) = 

(Ko, Ki, K2) = (1,1,0), res_pectively. Thus, the gradation 

compensation characteristic is changed in accordance with 

the color of the image to be printed, thereby compensating 

for deviation of gradation characteristic attributable to a 

10 variation of image reproducing characteristic exhibited by 

the laser beam printer according to colors. It is possible 

to effect gradation·compensation for wider range by 

combining K2 with Ko, and K1. For instance, it is possible 

to change the gradation characteristics of the respective 

15 colors in accordance with the type of the input image. When 

the signal SCRSEL is set at "1" for selecting PW2, the 

ternary counter 603 counts the synchronizing signals of the 

) lines and repeatedly outputs "l" -+ 11 2" + 11 3 11 to the aodress 

814 of the LOT. In consequence, the gradation compensation 

20 table is changed according to, the lines, whereby a further 

improvement in the gradation characteristic is obtained. 

This operation will be described in detail with 

reference to Figs. 27A and 27B. A curve A in Fig. 27A is a 

characteristic curve which shows the relationship between 

25 the input data and the printing density as obtained when the 
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1 PWl has been selected with the input data changed from "FF", 

i.e., white, to "O", i.e.; black, . Preferably, this 

relationship is linear as shown by K. Therefore, a 

characteristic as shown by a curve B, which is an inverse to 

5 the curve A, is set in the gradation compensation table. 

Fig. 27B shows gradation correction characteristics A, B and 

C of the respective lines, as obtained when PW2 has been 

selected. The pulse width is changed by the triangular 

waves in the direction of main scan by the laser, and the 

10 gradation is varied in three stages in the direction of sub­

scan, thereby improving the· gradation characteristics. 

Namely, where the density change is steep, the 

characteristic A is dominant so as to provide a steep 

reproducibility, whereas gentle gradation is reproduced in 

15 accordance with the curve c. The curve B reproduces a 

gradation effective for the reproduction of intermediate 

level. It is thus possible to obtain an appreciable level 

~ of gradation at high resolution even when PWl has been 

selected. In addition, an extremely high degree of 

20 gradation is obtained when PW2 has been selected. In regard 

to the pulse width when PW2 has been selected, the pulse 

width W ideally meets the condition of O ~ W ~ W2. 

Actually, however, there is a region of pulse width which 

does not enable dots to be printed { O ;:;;; W ~ wp in Fig. 28A, 

25 as well as a region in which printing is saturated {wq ~ w ~ 
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W2 in Fig. 28A), due to restriction imposed by the 

electrophotographic characteristic of the laser beam printer 

and response characteristics of the laser driving circuit 

and other portions. The pulse width is therefore 

determined to fall within the range of wp ~ w ~ wq which 

provides a linear relatio~ between the pulse width and the 

density. Thus, when the input data is changed from "O" 

(black) to FFH (white) as shown in Fig. 28B, the puls~ 

width changes from wp to wq, thus assuring a high linearity 

10 between the input data and the density. 

The video signal thus converted into pulse width is 

delivered to the laser driver 711L through the line 224 so 

as to modulate the laser beam LB. 

The signals Kor K1, K2, SCRSEL and LON as shown in 

15 Fig. 26A are output from a control circuit (not shown) 

provided in the printer controller 700, on the basis of the 

serial communication between the reader portion 1 and the 

) controller. The signal SCRSEL is set at 11 0 11 and 11 1 11
, 

respectively, when an image on a reflective original is read 

20 and when a film projector is:used, thus providing a higher 

smoothness of the gradation. 

<Image Forming Operation> 

The laser beam LB modulated in accordance with the 

image data is reflected by the polygon mirror 712 rotating 

25 at a high speed so as to scan horizontally at high speed 

-----------------
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with a scanning width indicated by arrows A-8, and is 

focused on the surface of a photosensitive drum 715 through 

the f/0 lens 13 and the mirror 714, thereby effecting dot 

exposure corresponding to the image data. One horizontal 

scan of the laser beam corresponds to one horizontal scan of 

the original. In this emb9diment, this corresponds to the 

width of 1/16 nun in the direction of feed, i.e., in the 

direction of sub-scan. 

The photosensitive drum 715 is rotating in the 

10 direction of an arrow L at a constant speed. Thus, the 

main scan on the drum surface is effected ·by the scanning of 

the laser beam, while ~he sub-scan is effected by the 

rotation of the photosensitive drum, so that the drum 

surface is progressively exposed to form a latent image. 

15 The photosensitive drum surface has been uniformly charged 

in advance of the exposure, by means of the charger 717. 

Toner images is formed as a result of a series of operation 

_t including the uniform charging, exposure and development by 

toner on a developing sleeve 731. For instance, if the 

20 development is conducted by yellow toner on the developing 

25 

sleeve 731Y in response to the first exposure in the color 

reader, a toner· image corresponding to the yellow component 

of the original 3 is formed on the surface of the 

photosensi.tive drum 715. 
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1 Then, by a transfer charger 729 provided in the region 

of 'contact between the photosensitive drum 715 and the 

transfer drum 716, the yellow toner image is transfer.red to 

a paper 754 which is wound on the transfer drum 716 with its 

5 leading end gripped by the gripper 751. The described 

operation is conducted alsp for the M (magenta), C (cyan) 

and Bk{black} images so that the toner images of different 

colors are superposed on the paper 754, whereby a full-color 

image is formed by toners of four colors. 

10 Subsequently, the transfer paper 791 is separated from 

the transfer drum 716 by a movable separation claw 750, and 

is introduced to an image fixing section 743 where heat and 

pressure are applied by means of heat-pressing rollers 744, 

745 thereby to melt and fix the toner image. 

15 <Description of Control Section> 

Fig. 31 illustrates the control panel in the control 

section of the color copying apparatus of the invention. 

~ The control panel has a reset key 401 for resetting the 

operating condition to a standard mode, enter key 402 for 

20 allowing setting of a regist_r,ation mode or service mode 

which will be explained later, ten-key device 404 for 

setting numerical values such as number of copies to be 

obtained, clear/stop key 403 for clearing the remaining 

number of copies or dismissing continuous copying mode, and 

25 a device 405 which permits. setting of various modes through 
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l a touch panel key and for displaying the state of the 

printer. A center shift key 407 is used for appointing a 

center shifting operation in a shifting mode which will be 

explained layer. ·An original recognition key 408 is used 

5 for automatically detecting the original size and original 

position when copying. A ~umeral 406 denotes a projector 

key for appointing the projector mode. A recall key 409 is 

used for· recovering previously set copying condition. · 

Numeral 410 represent memory keys (Ml, M2, MJ, M4) for 

10 storing or recalling set values of various modes which are 

beforehand progranuned. A numeral 411 denotes a 

registration key for allowing data to beset in the 

respective memories. 

<Digitizer> 

·15 Fig. 32 shows the appearance of the digitizer 16. The 

digitizer 16 has entry keys 422, 423, 424, 425, 426 and 427 

for setting various modes which will be explained later. 

~ The digitizer further has a coordinates detection plate 420 

for appointing a desired area on the original and for 

20 setting magnification. A point pen 421 is- used for the 

purpose of appointing the coordinates. The inputs through 

these keys and the coordinates input data are exchanged 

between the CPU 22 and the digitizer through a BUS 505,so 

that these data are stored in the RAMs 24 and 25. 

25 <Description of Standard Frame> 
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1 Fig. 33 illustrates a standard frame. The frame POOO 

is displayed during copying or when no setting is being 

conducted. This frame enables the user to set the 
. 

magnification, as well as to select the type of paper and to 

5 adjust the density. The area on the left lower corner of 

the frame enables the user~to appoint a so-called constant 

magnification mode. For instance, when a touch key ~ 
.. 

(contraction) is pressed, the change in the size and the 

magnification are displayed as shown in the frame POlO. 

10 Conversely, when a touch key .Q_(enlargement) is pressed, the 

size and the magnification are displayed similarly, The 

color copying apparatus of this embodiment enables the user 

to select one of three stages of contraction and three 

stages of enlargement. When it is desired to recover the 

15 real-size mode, a touch key h (real size) is pressed so that 

the real size (100%) is recovered. Selection between an 

upper cassette and a lower cassette is possible by means of 

_..t a touch key g which is provided at the center of the 

display. The user also can select APS {Auto Paper Select) 

20 mode in which the cassette co'ntaining paper of the size 

matching with the original size is automatically selected, 

by pressing a touch key d. Touch keys ~ and f on the right 

part of the display are for effecting ad_justment of density. 

These keys are operable even during copying. When a touch 

25 key ~ is pressed, a display is made as to the functions of 
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1 the touch keys and the method of operating the copying 
c. 

apparatus. The operator therefore can easily control the 

apparatus upon consultation with the content of this 

display. Frames explanatory of later-mentioend setting. 

5 modes are also prepared so as to be looked into during 

operation in these settin~ modes. 

A black striped display on upper part of the frame 

displays the states of various modes which are being used, 

so as to eliminate any possibility of wrong operation and 

lOconfirmation of the setting. 

A message display area under the black striped display 

is adapted for displaying various messages.e.g., the state 

of the color copying apparatus such as that shown in the 

frame P020, messages concerning wrong operation, and so 

lSforth. In the event of a paper jam or shortage of a toner, 

the whole portion of the printer is displayed on the frame 

so as to enable the operator to know at a glance where the 

paper is jamming and what color of toner is needed. 

<Zooming Mode> 

20 The zooming mode MlOO i:s a mode which enables the size 

of the print to be varied for fixed sizes of original. The 

zooming mode includes a manual zooming mode MllO and an 

auto-zooming mode Ml20. When the manual zooming mode MllO 

is selected, the user can vary the magnification for every 

25 lt both in the direction of main scan (Y direction) and in 

-------- ·------
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1 the direction of sub-scan (X direction), through an editor 

or the touch panel. The auto-zooming mode Ml20 is a mode 

which automatically computes and adopts optimum 

magnification in accordance with the size of the original 

5 and the size of the paper selected. The auto-zooming mode 

includes four types of su9-modes, i.e., XY independent auto-

zooming mode, XY equal zooming mode, X auto-zooming mode and 

Y auto-zooming mode. When the XY independent auto-zooming 

mode is selected, the magnifications in the X and Y 

l0directions are automatically controlled and set such that 

the whole or an appointed region on the original are copied 

in the full size of the selected paper. When the XY equal 

auto-zooming mode is selected, the magnifications are. 

computed for both of the X and Y directions and the actual 

15magnification is selected equally in both directions in 

conformity with the smaller one of the computed 

magnifications. In the X auto-zooming mode and the Y auto-

~ zooming mode, magnifications are determined only in X 

direction and Y direction, respectively. 

20 The method of operation in the zooming mode will be 

described with reference to the liquid-crystal panel. When 

a zoom key 422.on the digitizer 16 is pressed, the display 

is changed to the frame PlOO shown in Fig. 34. When the 

user wishes to effect manual zoom setting, he points by the 

25point pen 421 the point where the rows Of magnifications in 
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1 X and Y directions written on the coordinates detection 

plate 420 cross each other. In consequence, the display is 

changed to the frame PllO and the appointed magnifications 

in X and Y directions are displayed. For ef fectin9 a 

5 further fine adjustment of magnification, if the fine 

adjustment is to be conducted only in x direction, the 

operator presses one of up and down keys which are provided 

on the left and right sides of the touch key Q· When the 

fine adjustment is to be made both in X and Y directions at 

lOan equal rate, the operator uses keys which are on the left 

and right sides of the touch key ~· In this case, the 

displayed magnification factors in x and Y directions are 

changed at an equal rate. For the purpose of selecting the 

auto-zooming mode, the operator proceeds the display from 

15 the frame PlOO to PllO by pressing the touch key ~ or by 

using the digitizer 16. The operator can then appoints one 

of the four types of sub-modes, i.e., the XY independent 

~ auto-zooming mode, XY equal auto-zooming mode, X auto­

zooming mode and Y auto-zooming mode, by pressing touch keys 

20Q, £, touch key Q, touch key:~ and touch key£, 

respectively. 

<Shifting Mode> 

The shifting mode M200 includes four modes: namely, 

center shifting mode M210, corner shift mode M230, position 

25appointing shifting mode M230 and binding margin shifting 

,_ 
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l mode M240. The center shifting mode is a mode which enables 

the· image of the whole or appointed region on the original 

to be copied in the central region of the copy papei: The 

corner shifting mode M220 is a mode which enables the image 

5 on the whole or an appointed region of the original to be 

copied near one of four co;ners of the copy paper. This 

mode is performed even when the size of the print image is 

greater than the paper size as shown in Fig. 43, so as-io 

position the copy image with reference to the appointed 

10 corner. The position appointing shifting mode M230 is a 

mode which enables the image of the whole or an appointed 

region of the original to be copied on any desired portion 

of the copy paper. When the binding margin shifting mode 

M240 is selected, the image is shifted such as to leave 

lSbinding margin on the left and right sides of the copy paper 

as viewed in the direction of paper feed. 

The actual operating method for shifting copy position 

_..t on this color copying apparatus will be explained 

hereinunder with reference to Fig. 35A. When the operator 

2opresses a shift key 423 of th~ digitizer, the display is 

25 

changed to the frame 200 which presents four modes for 

selection by the· operator. 
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l The center shifting mode can be appointed and 

accomplished by pressing the touch key ~ on the frame P 200. 

When it is desired to conduct corner shifting, the operator 

presses the touch key ~ ,so that the display is changed to 

5 the f rarne P 230 so as to enable the operator to appoint one 

of four corners. The relptionship between the direction of 

shifting on the actual copy paper and the direction of 

appointment on the frame P 230 is such that. as shown in 

Fig. 35B, the paper of the selected cassette is directly 

10 placed on the digitizer 16 without changing its orientation. 

When the operator wish~s to conduct the position ·appointing 

shifting, he presses the touch key £ on the frame P 200 so 

that the display is changed to frame P 210 so as to enable 

the user to appoint the destination by means of the 

15 digitizer 16. In this case, the display is changed to the 

frame P 211 so that the operator can further effect fine 

adjustment by means of the up and down keys. For 

conducting the shifting in binding margin mode, the operator 

pfesses the touch key Q_and then appoints the size of the 

20 margin through up and down keys on the frame P 220. 

<Description of Area Appointing Mode> 

The area appointing mode M 300 enables the operator to 

appoint one or more regions on the original. There are 

three modes, i.e., a trimming mode M 310, a masking mode M 

25 320 and an image separation mode M 320 ate· available for 
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1 each of the appointed areas. The trimming mode M 310 is a 

mode which enables only the region inside the appointed area 
-to be copied, while the masking mode M 320 is a mode for 

producing a copy while placing a white image or mask on the 

5 area inside the appointed region. The image separation mode 

M 330 is is further dividep into sub-modes including a color 

mode M 331, a color conversion mode M 332, a paint mode M 

333, a color balance mode M 334 and a free color mode M 335. 

The color mode M 331 enables the operator to apply to the 

10 appointed region one fro~·nine modes: namely, a four-color 

mode, three-color mode, Y color mode, M color mode, C color 

mode, Bk color mode, RED color mode, GREEN color mode and 

BLUE color mode. 

The free color mode M 335 enables the operator to 

15 obtain monochromatic image of a color other than the above-

mentioned seven mono-colors, in the appointed region of the 

image. 

The color conversion mode is a mode which a selected 

color portion of a predetermined range of density in the 

.20 appointed region to be copied in a desired different color. 

The paint mode M 333 is a mode which produces the copy 

such that whole area of the appointed region is painted in a 

desired different color. The color balance mode M 334 is a 

mode which effects controls of densities of Y, M. C and Bk 

25 colors in the appointed region so as to produce a copy in 
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1 which the appointed region exhibits a color balance (color 
. 

tone) different from that in other regions. 

The practical method of the opecation in area 

appointing mode M 300 will be explained with reference to 

5 Fig. 36. 

The liquid crystal di~play is changed to show a ~rame P 

300 as the operator presses the area appointing key 424 on 

the digitizer. The operator then places the original·on 

the digitizer 16 and appoints the designated region by the 

·1opoint pen 421. When two points in the region are pointed, 

the display is changed to the frame P 310. If the 

designated region has been correctly appointed, the operator 

presses the touch key s on the frame P 310. Then, the 

operator selects one of the trimming mode, masking mode and 

is image separation mode, by pressing the corresponding key 

displayed on the frame P 320. If the appointed mode is the 

trimming mode or the masking mode, the operator presses the 

_.t touch key ~ on the frame P 320 and appoints the next region. 

However, when the image separating mode is selected, the 

20 display is changed to a frame'P 330 so as to enable the 

operator to select one from the color conversion mode, paint 

mode, color mode, color balance mode and the free color 

mode. For instance, if the operator wishes to print the 

image in the appointed region in four-full-color having Y, 

25 M. C and Bk components, he touches the touch key ~ (color 
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1 mode) on the frame P 330 and then touches the touch key a in . -
the frame P 360, whereby the operation for appointing four-

. 
full-color printing of the designated region is completed. 

When the operator has pressed the touch key ~ on the 

5 frame P 330 to appoint the color conversion, the display 

proceeds to a frame P 340 so that the operator can poi~t, by 

means of the point pen, a point which is inside the 

appointed region and which has the color data which the 

operator wishes to change into another color. 

10 The color conversion is therefore conducted. ~he 

operator is allowed to vary the range of color to be 

converted, by means of a conversion range appointing key 

which is on the center of the frame P 341. The term "range 

of conversion" is used to mean the tolerance or range of the 

15 color data which can be regarded as being identical to the 

color data of the appointed point. If the conversion range 

is widened by means of the touch key Q, the color conversion 

.) is effected over a wide area which includes points of color 

data considerably different from that of the appointed 

20 point. Conversely, when the donversion range is narrowed by 

means of the touch key £, the color conversion takes place 

only a restricted area carrying color data close to that of 

the appointed point. 

If the position has been appointed correctly, the 

25 operator presses the touch key ~ on the frame P 341 so that 

----
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1 the display proceeds to a frame P 370. This frame P 370 is 

intended for allowing the operator to select the designated 

color, i.e., color to which the color of the appointed 

region is to be changed. The operator can select one from 

5 standard color mode, designated color mode, registered color 

mode and white color mode~ When the designated color is to 

be selected from standard colors, the operator touches the 

touch key a on the frame P 370 so that a frame P 390 is 

displayed to present seven colors, i.e., yellow, magneta, 

10 cyan, black, red, green and blue. The opeJator can 

therefore appoint one of these colors. Thus, the standard 

colors are color data which are inherently possessed by the 

color copying apparatus. In the illustrated embodiment, 

color component ratios are set as shown in Fig. 45, so as to 

15 provide a moderate density level of the print image. It is 

quite natural that the operator sometimes wishes to obtain a 

color which is slightly thinner or thicker than a standard 

~ color. To comply with such a demand, a density appointing 

key on the center of the frame P 390 is adapted to be 

20 pressed by the operator so a& to provide the desired color 

density. 

When the operator has touched the touch key £ on the 

frame P 370, the display proceeds to the frame P 380. The 

operator then points a point having the color data which he 

25 wishes to obtain after the color conversion. Then, the 
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l display proceeds to a frame P 381. If it is desired that 

the color conversion be effected through a change in the 

density solely, the operator presses the density coh~rol key 

~ on the center of the frame P 38lr so that the color 

5 conversion is effected .with the desired color density. 

When the desired col~r cannot be found on the frame P 

370 nor on the originalr the user can conduct the color 

conversion by making use of color data. To this end, ·the 

operator touches the touch key c on the frame 370 so that 

10 the display is changed to a frame P 391° which show a 

plurality of registered colors. The operator then presses 

the touch key corresponding to the color in which he is 

interested. In this case alsor the conversion can be 

conducted by changing the density of the re9istered color, 

15 without changing the color component ratio. When the 

operator has pressed the touch key c (white) in the frame P 

370r the same effect as that produced by in the masking mode 

.,I M 310 is obtained. 

When the user wishes to appoint the paint mode M 333 in 

20 the image separation mode, he touches the touch key c on the 

frame P 330 so that the display proceeds to the frame P 370. 

Thenr the color with which the painting is to be made is· 

appointed in the same manner as that explained with 

reference to the frame P 370 in connection with the color 

25 conversion mode M 332. 

---------



l When it is desired to print only the area within the 

appointed region at a desired color balance (color tone), 
.. 

the operator touches the touch key~ (color balance). As a 

result, the display is changed to a frame P 350 which 

5 enables the operator to adjust the densities of the toner 

components of the printer~ i.e., yellow, magenta, cyan and 

black, by making use of an up and down touch keys. The 

state of appointment of the density is represented by black 

bar graph on the frame P 350. In order to facilitate the 

10 judgment of the density, a scale is placed along the bar 

graph. 

When the touch key ~ for appointing the free color mode 

is pressed on the frame P 330, the display proceeds to a 

frame P 361 which enables the operator to a mono-color 

15 either from the designated colors or the registered colors. 

When the touch key a is touched on the frame P 361 so 

as to select the designated color mode, the display proceeds 

_t to a frame P 362 which enables the operator to appoint a 

point of the desired mono-color data by means of the point 

20 pen. In this case also, it is possible to conduct the color 

conversion in the free color mode by varying the density 

solely, without changing the color component ratio. by 

pressing the density control key~ on the frame P 363. 

Then, as the operator touches an OK key Q on the frame 

25 P 363, the display proceeds to a frame P 36's·. In this 

--------
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1 state, it is possible to conduct the color conversion in 

5 

free color mode, by inputting the position of the reference 

color data which is to be changed into the color data 

appointed in the frame· P 362. 

When the operator has pressed the touch key £ on the 

frame P 361 so as to select the registered color mode, the 

display proceeds to a frame P 364 which presents a plurality 

of registered color data for selection by the operator~ In 

this case also, the color ·conversion may be effected by 

10 changing the density solely, without varying the color tone. 

It is also possible to proceeds the display to the frame P 

365 by pressing the OK key on the frame P 364, so as to 

enable the operator to select the free color mode which make 

the density of the reference color appointed on the frame P 

15 365 coincide with that of the registered color appointed on 

the frame P 364. 

<Description of Color Create Mode> 

In the color create mode M 400 shown in Fig. 37, it is 

possible to select one .or more of six types of mode: namely, 

20 a color· mode M 410, a color conversion mode 420, a paint 

mode M 430, a sharpness mode M 440, a color balance mode M 

450 and a free color mode M 460. Amongst these six modes, 

the color mode M 410, the color conversion mode 420, the 

paint mode M 430, the color balance mode M 450 and the free 

25 color mode M 460 are the same as corresponding modes M 331, 
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1 M 332, M 333, M 334 and M 335 in the area appointing mode M 

300, except that the modes in the color create mode M 400 

apply to the whole area of the original, in contrast to the 

functions of the position appointing mode which function 

5 only on the appointed region or regions of the original. 

These five modes, therefore, are not described. 

The create color mode has the sharpness mode M 440 

which enables the operator to adjust the sharpness of the 

image. This adjustment is effected by, for example, 

lOconducting edge stressing operation for stressing edges of 

character images or by imparting a smoothing effect on 

halftone dot image. The sharpness mode M 440 is a mode 

which enables permits the adjustment of the edge stressing 

an smoothing effects. 

15 The manner in which the color create mode (1) is set 

will be explained with reference to Fig. 37. When the 

color create mode key 425 on the digitizer is pressed, the 

_..t display proceeds to a frame P 400. The display further 

proceeds to a frame P 410 as the touch key (color mode) on 

20 the frame P 400 is pressed. The color mode to be copied is 

selected on the frame P 410. When a mono-color mode, i.e., 

a mode other than four-color and three-color modes is 

selected as the desired mode, the display proceeds to a 

frame P 411 which allows selection between negative and 

25 positive. When the touch key £ (sharpness) on the frame P 

ii1ii11iinr 
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l 400 is pressed, the display is changed to a frame P 430 so 

that the operator can adjust the sharpness of the copy 

image. 

When a touch key i for strengthening the edge stressing 

5 effect is pressed on the frame P 430, the amount of edge 

stressing is increased as explained before so that fine ,.. 

lines such as lines of characters or letters can be copied 

with a high degree of sharpness. On the other hand, when a 

touch key h is pressed, smoothing of the peripheral image 

lOportion is enhanced to provide a greater smoothing effect.so 

as to reduce the tendency of generation of Moire which tends 

to appear when the image has halftone dots. 

The operations in the color conversion mode M 420, 

paint mode M 430 and the color balance mode M 450 are not 

15 described before they are materially the same as those in 

the area appointing mode. 

<Description of Fitting Synthesizing Mode> 

The fitting synthesizing mode M 6 is a mode in which an 

appointed color image region of an original such as that 

20 shown in Fig. 42F is fitted into an appointed monochromatic 

or color image region of another original such as that shown 

in Fig. 42E in r·eal-size or in a different scale, so as to 

form a synthetic print image such as that shown in Fig. 42G. 

The method for setting this mode will be explained with 

25 reference to the illustration on the liquid panel and the 

·---------
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ltouch key operation. As the first step, the original is 

placed on the coordinates detection plate of the digitizer 

15 ·and a fit ting synthesizing key 427 which is the e·ntry key 

of this mode i"s pressed, so that the liquid crystal display 

5 is changed from the standard frame POOO shown in Fig. 33 to 

a frame P 600 shown in Fig~ 39. Then, the color image 

region to be moved is appointed by pointing two points on a 

diagonal line of this region by means of the point pen~421. 

Asa result, dots are displayed at two points on the liquid 

lOcrystal display P 610 which are substantially the same as 

the appointed points. If another region is to be appointed, 

the operation presses a touch key ~ on the frame 610 so as 

to appoint a new pair of points. If the desired region is 

correctly appointed, the operator presses the touch key ~ 

l5and, thereafter, appoints two poi"nts on a diagonal line of 

the destination monochromatic image region by means of the 

pint pen 421. If the destined region is correctly 

_) appointed, the operator presses the touch key £ on the frame 

P 630 so that the display is changed to a frame P 640 which 

20enables the user to appoint the magnification of the color 

image to be moved. If the color image is to be moved in 

real-size, the operator presses a touch key ~. thereby 

completing the touch-key input. If the size of the image 

region to be moved is greater than the size of the destined 

2sregion as shown in Fig. 42A, the moved image is fitted in 

----
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1 accordance with the form of the destined region,whereas, 

when smaller than that of the destined region, a white blank 

is formed in the synthesized image, as shown in Fig. 42B. 

Such fitting operation is conducted automatically. 

5 When it is desired to fit the appointed color image 

region in the destined region after changing the size of the 

image region, the operator touches a touch key ~ on the 

frame P 640. As a result, the display is changed to frame P 

650 which enables the user to freely select magnifications 

ioboth in the x direction (sub-scan direction} and Y direction 

(main scan direction), in the same manner as that explained 

before in connection with the zooming mode. It is possible 

to automatically change the size of the moved image region 

at the same rate in both directions X and Y, the key display 

lSis reversed by pressing a touch key g on the display frame P 

650. When it is desired to print the moved color image 

region in the same size as the destined region, the key 

..,t display is reversed by touching both the touch keys h and 

i. It is also possible to effect manual setting of the 

2osize of the moved image regio'n only in X direction, only in 

Y direction or in both directions with the same same size 

changing ratio, by means of the up and down touch keys. 

After completion of the setting in the manner 

described, the operator presses a touch key j so that the 

2sdisplay is reversed to the standard frame POOOO, thus 

------···--------
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l completing the setting for the fitting synthesizing 

operation mode. 

<Enlarging Continuous Copying Mode> 

The enlarging continuous copying mode M 500 is a mode 

5 in which the whole or selected region of the original to be 

copied is automatically diyided into two areas and the 

sections of the original image are copied on different 

sheets of copy paper, when the size of the copy image · 

magnified with a desired magnification exceeds the size of 

lOthe copy paper. The operator can form a complete copy image 

of a size greater than that of the copy paper size, by 

adhering these sheets of copy paper without difficulty. 

This operation is commenced first by pressing the 

enlarging continuous key 426 on the digitizer 16, and then 

15by pressing a completion key ~ on the frame P 500 shown in 

Fig. 38, thus completing the setting. The operation is then 

conducted after appointment of the magnification and the 

j paper size. 

<Registration Mode>. 

20 The registration mode M'700 includes three modes: 

namely, a color registration mode M 710, a zoom program mode 

M 720 and a manual paper feed size appointing mode M 370. 

The color registration mode M 710 enables the registration 

of the designated color to be appointed iri the color 

25conversion mode and the paint mode in each Of the color 

---------
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l create mode M 400 and area appoint mode M 300 explained 

before. The zoom program mode M 720 is a mode in which an 

appropriate magnification is automatically, when the ··size of 

the original a~d the size of the copy paper are input. The 

s computed magnification is displayed on the standard display 

frame POOO and the copying,operation is executed with this 

magnification. In the color copying apparatus of this 

embodiment, the feed of the copy paper can be conducted both 

manually and automatically from the upper and lower paper 

10 cassettes. When the apparatus is to be used in so-called 

APS (Auto-paper select) mode with manual paper feed, the 

manual paper feed size appointing mode M 730 appoints the 

size of the paper to be fed manually. 

As a *key 402 on the control section shown in Fig. 31 

15 is pressed, the display is changed to a frame P 700 shown in 

Fig. 40-1. If the operator wishes to select the color 

registration mode M 710 for the purpose of registering a 

.) color, he presses the touch key~ on the frame P 700 so as 

to put a frame P 710 into display, and the original having 

2o the color region of the coldr to be registered is placed on 

the digitizer. Then, he appoints the color region by the 

point pen 421. As a result, the display is reversed to the 

frame P 711 so that the operator can determine the 

registration identification No. of the registered color by 

2s pressing the key of the identification No. When 

.--- ·-· --·-
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1 registration of another color is necessary, the display is 

changed again to the frame P 710 in response to pressing of 
.• 

the touch key d on the frame P 711, so that the operator can 

conduct the same color registering operation. When the 

5 input of the coordinates to be registered is finished, the 

operator presses the touch~key ~to bring a frame P 712 into 

display and presses a touch key !__ which is a start key for 

starting reading. 

A process shown by the flow chart in Fig. 44 is started 

10 as the touch key f is pressed. In Step S 700, the halogen 

lamp 10 lights up. In Step ··s 701, the number of pulses to 

be supplied to the stepping motor is computed in accordance 

with the coordinates value (sub-scan direction) appointed in 

Step S 701, and the ori9inal scanning unit 11 is moved as 

15 the aforementioned shifting command is issued. In Step S 

702, the line-data pickup mode is executed so that the data 

on one line at the position of sub-scan is picked up and 

stored in the RAM 78' shown in Fig. 11-1. In S 703, 

average value of the data carried by 8 pixels around the 

20 coordinates-appointed main scan position is computed by the 

CPU 22 on the basis of the line data read from the RAM 78'. 

The computed average value is stored in the RAM 24. In 

Step S 704, judgment is conducted as to whether the 

registration coordi~ates of all the appointed positions have 

25 been read or not. If there is any coordinates which have 

---·----
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l not been read yet, the process returns to Step S 701 so that 

the described operation is repeated until all the appointed 

coordinates are read. After the completion of readfng of 

the.appointed coordinates to be registered, the halogen lamp 

5 10 is turned off in Step S 705 and the original scanning 

unit is returned to the ho~e position in Step s 705, thus 

completing the registering operation. 

Then, the operator presses the touch key ~ (zoom 

program) on the frame P 700, so that the display is changed 

!Oto a-frame 720 which allows the operator to set the length 

of the original and the copy size. The set value is 

displayed on the frame P 720 together with the ratio copy 

size/original size in terms of %. The result of the ratio 

computation is displayed at the magnification display area 

15on the standard frame POOO, thus setting the copying 

magnification. 

Then, the touch key £ (manual paper feed size appoint) 

_) · is pressed on the frame P 700, so that the process proceeds 

to a frame P 730 which enables the operator to appoint the 

2osize of the copy paper to be fed manually. This mode makes 

it possible to conduct APS mode and the auto-zooming mode to 

be executed in combination with the manual paper feed mode. 

Numerical values and data set through the touch panel 

or through coordinates input by the digitizer in various 

25modes are stored in predetermined regions in the RAMs 24 and 
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1 25 under the control of the CPU 22, and are read as desired 

so as to be used as parameters in subsequent copy sequence. 

A description will be made hereinundr as to th~·service 

mode. The * key 402 on the control section shown in Fig. 31 

5 is pressed so that the frame P 700 shown in Fig. 40-1 is put 

into display. As the* key~is pressed once again, the 

display is changed to a frame P 800 shown in Fig. 40-2. 

When it is desired to conduct the black level adjustment, 

the operator press the touch key ~ on the frame P 800 so 

10 that t.he display is changed to a frame P 852. A judgment is 

conducted as to whether the present mode is for picking up 

and storing one-line black level signal into the black level 

RAM 78 in advance of the copying operation, by means of the 

touch key c on the frame P 850 and the display C. If the 

15 state as shown in Fig. 40-2 is confirmed through the display 

C, a mode which does not pickup the black level data is set 

in the RAMs 24 and 25. Conversely, if the characters on the 

.J display C have been reversed as a result of the input 

through the touch key £ 1 a mode for picking up the black 

20 level data is set in the RAMs 24 and 25. The touch key £ 

conducts a toggle action. Other service modes are not 

described because they do not constitute any critical 

portion of the invention. 

Fig.51 shows the procedure of operation of the ~ontrol 

25 section when the apparatus is used in combination with the 
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1 film projector 211 (see Fig. 24). As the projector mode 

5 

10 

selection key 406 (see Fig. 31) is pressed after the film 

projector 211 is connected, the display on the liquid 

crystal touch panel is changed to a frame P 800 which allows 

the operator to make selection between negative and positive 

films. When negative film~is selected, the display is 

hanged to a frame P 810 for allowing the operator to select 

the film sensitivity )ASA value). It is assumed here ·that 

ASA 100 is selected. Then, as explained before in 

connection with Fig. 29, the negative base film is set and 

the shading start key on the frame P 820 is pressed so that 

the shading correction is conducted. Then, the negative 

film to be copied is set on the holder 215 and the copy 

button 400 (see Fig. 31) is pressed so that image forming 

15 processes are conducted to form yellow, magenta,cyan and 

black color images in sequence in a manner explained in 

connection with Fig. 25A, after the AE operation for 

~ determining the exposure voltage. 

Fig. 46 shows a flow chart illustrating the the 

20 sequence control of the color' copying apparatus of this 

embodiment. Referring ·to this flow chart, the halogen lamp 

10 lights up in. Step s 100 in response to pressing of the 

copy key, and the aforementioned black correction mode and 

white correction mode are executed in Steps S 101 and S 102, 

25 respectively. 
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l A detailed description will be made as to the black 

correction mode. As explained before in connection with 

Figs. lOA, lOB, lOC and lOD,the black correction mode 

includes a black reference level pickup mode, black level 

s data computing mode and black correction mode for correcting 

actual image data. The b~ack level data picked up in the 

black reference level pickup mode tends to be affected by 

noises as explained before, so that a process for reducing 

the influence of noise in the direction of main scan by CCD 
-

lOis conducted in the computing mode. However, a fluctuation 

of the level inevitably takes place between adjacent cco 

channels during repetition of the main scan by the CCD, 

although the amount of fluctuation is small. The deviation 

of the picked-up black level data between the adjacent 

ischannels causes a color offset between adjacent channels. 

In order to obviate such an offset of color, the touch key c 

is pressed in the DARK ADJ mode of the ADJUST mode M 852 in 

..) the afoerementioned service mode M 800 (see Fig. 40-2) so as 

to set in the RAMs 24 and 25 the mode which picks up the 

20 black level signal into the black level RAM 78. The mode 

set in the RAMs 24and 25 is judged in Step S 101-1 of Step S 

101 in the black correction mode. Then, the black level 

signals is picked up in Steps S 101-2 and S 101-3 and then 

the copy image is confirmed. When any offset of color 

2s_b~tween CCD channels is found during the confirmation of the 

--------
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!copy image, the copying operation is conducted once again 

followed by conformation of the image. 

When black level data which does not cause colo"i offset 

between CCD channels has been picked up, the touch key c is 

5 pressed once again in the DARK ADJ mode in the service mode 

M 800 so as to reverse the~display c. As a result, the mode 

which does not cause the black level signal to be stored in 

the black level RAM 78 is set in the RAMs 24 and 25. 

Thereafter, the black correction is executed in Step S 101-4 

lOon the basis of the picked-up black level, while skipping 

over Steps S 101-2 and S 101-3. 

If a demand for color conversion has been set in the 

color conversion mode or in the paint mode, color 

registration and reading of the appointed color are 

15 conducted and the color-separated density data of the 

appointed coordinates is stored in predetermined areas 

depending on the registration mode and the appointed color 

) detection, in the manner described in connection with Fig. 

44. In Step s 105, whether the original recognition mode 

20 has been set or not is judged. If this mode has been set, 

the process proceeds to Step S 106-1 in which the scanning 

unit 16 is move·d by a distance of 435 mm which corresponds 

to the maximum original detection length. Then, the 

position and the size of the original are detected through 

25 the CPU BUS, by the aforementioned original recognition 

-·-----------
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1 function 200. If the original recognition mode has not 

been set yet, the process proceeds to Step S 106-2 in which 

the size of the selected copy paper is recog.nized as- the 

original size and the data concerning the thus recognized 

5 size is set in the RAM 24. Then, in Step S 107, a judgment 

is conducted as to whether~the shifting mode has been set. 

If the answer is YES, the original scanning unit 11 is 

moved by an amount corresponding to the amount of shifting 

of the image. 

10 In Step S 109, a bit C map for output gate signals for 

various functions generated by RAMA 136 or RAMB 137 is 

formed in accordance with the data set by the respective 

modes. 

Fig. 49 is a RAM map representing the data set in the 

15 RAMs 24 and 25 by the respective modes. AREA _MODE 

represents an area which stores data for identifying the 

function or mode such as painting, trimming and so forth. 

~ AREA XY stores size data such as the original size and the 

sizes of the respective areas. AREA ___ ALPT stores data 

20 concerning the color after the color conversion, e.g., 

whether the color to be obtained after conversion is a 

standard color,· a designated color or a registered color. 

AREA ___ ALPT ___ XY is a data area for storing the data 

concerning color coordinates when the content of the area 

25 AREA ___ ALPT represents a designated color. 

--···--

AREA_DENS is 

THIS SHBET HAS »BEN 
REPLACED 



___ ............................... ......._ ........... _.....__........._-'""" ...... -......... -······--··. -~----:!'!l·--=---:EE-------,-·;;;;::-::..;-·::.=·· ===:e··=-··-···a,,···· ::,:··. ··:::;,· """=±····-.................... -....... .............................. ~~ ------

120 

lan area for storing data concerning the density adjustment 

after the conversion. AREA PT XY is an area for --
storing data concerning the coordinates of the color.before 

the conversion in the color conversion mode. AREA CLMD 

5 stores color mode data in the original or in an appointed 

region. 

REG~COLOR stores various color data registered in the 

color registration mode. These data are used as the 

registered colors. This area is stored in a back-up memory 

lOof the RAM 25 so that the content of this area is maintained 

even when the power supply is cut-off accidentally. 

A bit map as shown in Fig. 50 is formed by using the 

above-mentioned stored data. As the first Step, 

coordinates data in the sub-scan direction as derived from 

lSthe AREA~XY storing the size data concerning the respective 

regions are sorted from the smaller· one to the greater ones 

in the X~ADD area. The same sorting is conducted also in 

..) the direction of main scan. 

Subsequently, "l" is set in the BIT_MAP at positions 

20 corresponding to the start and end points of the respective 

regions in the direction of the main scan. The bit 

positions where "l" is set correspond to the respective gate 

signals generated by the RAMA 136 and the RANB 137. Thus, 
' the bit positions are determined by the mode in the region. 

25 For instance, the region 1 which is an original region 
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l corresponds to TMAREA 660, while the region 5 for appointing 
.. 

color balance corresponds to GAREA 626. In the described 

manner, bit map corresponding to the regions is formed in 

the BIT_MAP area shown in Fig. 50. 

5 Then, in Step S 109, the following process is conducted 

for the mode in each regio~. The region 2 stores cyan mono­

color mode, and provides a monochromatic image corresponding 

to four-color image on the original. If video data is 

transmitted when this region 2 is developed in cyan color, 

lOthe image in this region 2 is printed to have only the cyan 

component, and images of other colors such as yellow and 

magenta are not printed.. Therefore, the following 

coefficients are set, by the masking coefficient register 

shown in Fig. 16A, in the register which is selected when 

l5MAREA 564 has become active, in order to provide an ND image 

when the area in an appointed region has been selected in 

mono-color mode. 

20 a y 1. a y 2. a 
I 

Y:3 0 ' 0 ' 0 

f3 MI, f3 M 2, f3 M3 = 0 • 0 • 0 

c 1. 1 c 2. 1 C3 Ys • Ys • Ys 
"I 

k 2. £ 2 • m2 0 • 0 

25 



1 Then, the data of four or three color mode stored in 

the RAM 23 shown in Fig. 2 are set in the masking 

coefficient register which is selected when "the MAREA 564 

has become "Ou. Subsequently, the registers shown in Fig. 

5 18A selected by the gate signals CHAREAO. 1.2.3 

corresponding to the bits of the area of the aforementioned .. 
BIIMAP area are set for the region 2 which has been 

appointed in paint mode. In order to enable conversion for 

all the input video data, FF is set in Yu 159, 00 is set in 

ioYt 160, FF is set in Mu 161, 00 .is set in mt 162, FF is set 

in Cu 163 and 00 is set in Ct 164. Then, the color data 

conce~ning the colors after conversion, which have been 

stored in the process explained in connection with Fig. 49r 

are loaded from AREA~ALPT or from REGI.COLOR, and the 

·15 respective color data are multiplied with the coefficients 

of density control data derived from the AREA~DENS, whereby 

the density data concerning the densities after conversion 

.) are set in y• 166, m• 167 and c• 168. In regard to the 

color conversion for the region 4, values are obtained by 

20 adding a certain offset value 'to the density data before 

conversion shown in Fig. 49, and the thus obtained values 

25 
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l are set in the aforementioned registers Yul59, .••. , ce 164. 

Then, the density data after the conversion are set in the 

same manner as that described above. It is to be 

understood that the above-mentioend offset value is variable 

5 in accordan~e with parameters which are settable by the 

conversion range appointing key in the frame P 341 shown in 

Fig. 36. 

It is also to be noted that, in response to the setting 

~f the above-mentioned parameters, the number of pixels used 

lOin the averaging in the averaging circuits 149, 150 and 151 

(see Fig. 18A) are determined and set in the respective 

averaging circuits 149 to 159. This operation will be 

explained with specific reference to a flow chart shown in 

Fig. 18F, 

15 In Step S 401, OFFl and OFF 2 are computed in 

accordance with the 11width of the conversion range" set by 

the conversion range setting key in the frame P 341 in Fig. 

) 36 and also in accordance with fixed values CONST 1 to 

CONST4 which are determined by the system. The "width of 

20 conv~rsion range" is a variable which is set at 11 9 11 when the 

"widening" end is detected in the frame P 341 and at "l" 

when the "narrowing" end is detected in the same. 

Initially, this variable is set at "5". In consequence,the 

OFF l and OFF 2 are varied in proportion to the "width of 

25 conversion range". In Step S 402, upper limit values of 

------------------
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lconversion object are determined by adding the OFF 1 to the 

respective density data pertaining to the densities before 

conversion, and the thus determined upper limit values are 

set in Yu 159, mu 161 and Cu 163, respectively. Similarly, 

5 lower limit values of the conversion object are determined 

by subtracting OFF 1 from ~he respective density data 

pertaining to the densities before the conversion, and are 

set in Yt 160, mt 162 and Ct 164, respectively. In 

consequence, the difference between the upper limit value 

lOand the lower limit value, i.e., the width of the conversion 

range, corresponds to the value appointed by the conversion 

range appointing key in the frame P 341. In Step S 403, 

the color data after conversion as stored in the process 

shown in Fig. 49 are loaded from AREA~ALPT or REGI_COLOR, 

!Sand the respective color data are multiplied with 

coefficients of the density adjusting data in AREA~ __ DENS, 

and the thus obtained density data after conversion are set 

_..t in y• 166, m• 167 and c• 168. In Steps S 404 to S 406, the 

number of the averaging pixels to beset in the averaging 

2ocircuits 149 to 151 are determined to be 1, 2, 4 and 8, 

respectively, when the "width of conversion range" is 8 to 

9, 6 to 7, 3 to 5 and l to 2. Thus, when the conversion 

range is narrow, the number of pixels used in averaging 

operation is increased in order to avoid any erroneous 

2sdetection due to, for example, presence of halftone dots. 

----------
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1 On the other hand, when the conversion range is wide, the 

number of pixels employed for the averaging is reduced to 

suppress the tendency of erroneous detection of fine· lines. 

In regard to the color balance conducted for the region 

5 5, the aforementioned data values derived from the color 

balance values AREA BLAN,.stored at the time of area 

appointment shown in Fig. 49 are set in the regions of Y, M, 

C and Bk which are selected when the gate signal GAREA.626 

is set at "l". In the regions which are selected when the 

lOgate signal GAREA 626 is 11 0 11
, color balance data is set in 

accordance with BALANCE which represents the color balance 

in the color creation mode. 

In Step S 109, printer starting command is output 

through SRCOM 516. In Step S 110, ITOP shown in the timing 

lSchart of Fig. 47 is detected and, in Step S 111, switching 

of the output video signals Co, C1 and C2 of Y. M, C and Bk 

is conducted. After the halogen lamp is started in Step S 

_t 112, completion of the video scan is judged in Step S 113. 

After conformation of completion of the video scan, the 

20halogen lamp is turned off in Step S 114 and completion of 

copying operation is confirmed in Steps S 114 and S 115. 

Then, printer stopping command is issued in Step S 116, thus 

completing the copying process. 

A description will be made hereinunder as to the 

2ssequence control which is conducted when the free color mode 

·--------
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1 is set, with reference to a flow chart shown in Fig. 55. 

In response to pressing of the copy key, lighting of the 

halogen lamp, black correcting process and white correcting 

process are conducted in Step S 301. When the designated 

5 color ·mode and the density adjustment according to 

coordinates values have be~n set in the free color mode, 

reading of the color data of the designated color and the 

reading of the MONO value appointed by coordin~tes are· 

conducted in Step S 303. The read values are stored in the 

10 respective predetermined storage areas. This operation has 

been described already with reference to Fig. 44. 

In Step S 304, printer starting command is delivered 

through SRCOM 516 and. in Step S 305, ITOP shown in the 

timing chart of Fig. 47 is detected. In Step S 306, 

15 switching of output video signals Co, C1 and C2 of Y, M, C 

and Bk is conducted and, in response to the switching, gamma 

curves for Y, Mand C are set in the MONO gamma RAM in the 

manner shown in Fig. 54A. For the black color Bk, the 

gamma curve is set such as to output "0 11 in response to all 

20 the input. In Step S 308, the halogen lamp is turned on. 

Upon judging the completion of the video scan in Step S 309, 

the process proceeds to Step S 310 in which the halogen lamp 

is turned off. Completion of copying operation is confirmed 

in Steps S 311 and s 313 and then a printer stopping command 

25 is issued in Step S 313 thus completing the copying process. 
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1 Fig. 48 shows a flow chart of interruption by a signal 

HINT 517 output from the timer 28. 

In Step S 200-1, judgment is conducted as to whether 

the timer for starting the stepping motor has counted a 

s predetermined time. If the answer is YES, the stepping 

motor is started and, in Step S 200, the one-line BIT~MAP 

date represent~d by X_ADD in Fig. 50 is set in the RAM 136 

or 137. In Step S 201, the address of the data to be set 

by the next interruption is incremented by + 1. In Step S 

. 10 202, the switching signals C3 595, C4 596 and Cs 593 for the 

RAM 136 and RAM 137 are generated. In Step s 203, the 

length of time till the next change-over of the sub-scan is 

set in the timer 28. Subsequently, the contents of the BIT~ 

MAP represented by X~ADD are successively output to the RAM 

15 136 or 137, thereby to change-over the gate signals. 

Thus, the content of the processing in X direction is 

changed each time an interruption is generated as a result 

.) of movement of the carriage in the direction of the sub-

scan, so that color process such as various color 

20 conversions can be conducted independently for the 

25 

respective regions. 

Thus, the color copying apparatus of the described 

embodiment realizes various color copyin9 modes and afford a 

free reproduction of color data. 

---------·--------
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l Although the embodiment has been described with 

specific reference to an electrophotographic color image 

forming apparatus, this is not exclusive and the invention 

can be applied to apparatus incorporating other types of 

5 recording device~ such as ink jet printer, thermal transfer 

printer,and so forth. Al~hough in the described embodiment 

the reading section and the image forming section are 
.. 

arranged close to each other, it will be clear to those 

skilled in the art that the invention is equally applicable 

10 to the cases where the reading section and the image forming 

section are installed apart form each other and connected 

through communication lines capable of transmitting video 

data. 

In the embodiment described before, ·the width of the 

15 conversion range is manually set by the operator. In 

another form of the present invention, a multiplicity of 

points carrying color or colors to be converted are input by 

__t means of the point pen and the size of the conversion region 

is auto·matically set so as to include all these points. 

20 It is also possible to arrange such that the operator 

25 

inputs by the point pen a multiplicity of points carrying 

color or colors which are not to be converted and the size 

of the conversion range is .automatically determined such as 

to exclude those points. 
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1 A description will be made hereinunder as to a second 

embodiment of the invention which is adapted to appoint the 

conversion range by inputting, through the point pen, a 

multiplicity of points carrying a color to be converted. 

s Fig. 56 is a block diagram of a color conversion 

circuit as a second embodiment. The color conversion 

circuit includes the following parts: a ratio computing 

circuit 951 for computing, in accordance with the following 

formulae (1), (2) and (3), the ratios of color components 

iofrom Y, Mand C density data which are obtained by color 

separating the input video signal into yellow, magenta and 

cyan and then digitizing the color=separated video signals; 

window comparators 953 each of which is adapted to output 

"l .. (high) signal when the condition of -Yr' :ii! Yi ~ +Yr' is 

1srnet, where Yi represents the yellow input data, +Yr' 

represents a threshold of plus side and -Yr' represents a 

threshold of minus side; registers 957, 958 and 959 

..) connected to a CPU )not shown) through CPU BUS and adapted 

to set thresholds on the window comparators; an AND gate 954 

20 for computing AND of the outputs of comparators 953 so as to 

form a control signal 960; a register 955 in which the color 

data after conversion are set as Y. M, C density data, the 

register 955 being connected to CPU BUS so that any desired 

data may be set therein; and a selector 956 operable in 

2s accordance with the control signal 960 and adapted to select 

--------
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1 one from the conversion data (Y 1
, M1

, C') set in the 

register 955 or the video data 961 (Y, M, C) itself. 

· The input video data (Y. M. C density data) is 

delivered to the ratio computing circuit so that the ratios 

5 of the yellow, magenta and cyan components are computed from 

the density data for each y.nit pfxels, in accordance with 

the formulae (1), (2) and (3). The computed data will be 

referred to as "Yr, Mr, Cr ratio data' hereinunder. Fr-om 

this computation, it is clearly understood that Yr, Mr and 

10 Cr do not change even when the density of the input color is 

changed, provided that the hue is unchanged. 

y 
y 

15 r = ·y + M 

M 
M r - y + M 

c 
C r - y + M 

20 

25 

+ c 
x·2 5 

x 2 5 
+ c 

x 2 5 
+ c 

6 

6 

6 

... ( 1 ) 

... ( 2 ) 

( 3 ) 
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1 Fig. 57 is a block diagram showing the internal 

structure of the ratio computing circuit 951 shown in Fig. 

56. The ratio computing circuit includes an adder ~ircuit 

962, and table-conversion ROMs 963, 964 and 965. The 

s density data of the respective colors Y, M and C are added 

by the adder circuit 962 and the result is input as 
" .. 

addresses to the ROMs 963, 964 and 965. The density data Y, 

M and VC themselves also are input to ROMs independently as 

addresses. It is therefore possible to read the computing 

ioresults from Tables which store the data obtained beforehand 

in accordance with the formulae (1), (2) and (3), whereby 

the ratios *Yr, Mr, Cr) are directly,. output from these ROMs. 

The Yr, Mr, Cr ratio data output from the ratio 

computing circuit 951 are input to the averaging circuit 952 

15 shown in Fig. 56 which computes average value as of data 

carried by the pixels around the pixels of interest. This 

suppresses the change of erroneous color detection 

~ attributable to, for example, inputting of halftone dqt 

images. 

20 The Yr, Mr,Cr ratio data output from the averaging 

25 

circuit are input to the comparators 953 mentioned before, 

in which the color to be converted is detected. 

Alternatively, the ratio data concerning the color to be 

------- -----
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1 converted are set as thresholds by the registers 957, 958, 
. 

959 and the thresholds are set by the CPU with plus and 

minus signs as in the case of +Yr' and -Yr'. The means for 

setting these threshold will be explained later. 

5 When the input Yr, Mr, Cr ratio data have fallen within 

the ranges determined by tge respective thresholds, i.e., 

when the color to be converted has been correctly detected, 

the comparators 953 output 11 1" (High) so that the AND gate 

954 computes AND of these outputs whereby the control signal 

10 960 for controlling the selector 956 is obtained. When the 

control signal 960 is set at "l" (High), i.e. ,when the color 

to be converted has been detected correctly, the selector 

956 outputs the color data Y', M', C' after conversion which 

have been stored beforehand in the register 955 by the CPU 

15 (not shown). When the level of the control signal 960 is 

"O" (Low), the selector 956 outputs the signal 961 which has 

been converted. 

Fig. SSA schematically shows the image reading section 

employed in the second embodiment. The reading section 

20 includes a reading sensor 967 for reading the original 966, 

and a mechanical scanning means 968 controlled by the CPU 

and adapted to cause the required scanning movement of the 

sensor 967 in the direction of the arrow. Symbols A, B and 

C represents the points from which the colors before 

25 conversion are sampled. In this embodiment, these points 

-- ----------
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l are determined by appointing their coordinates by means of a 

digitizer (not shown) and the appointed coordinates values 

are stored in a memory means provided separately. 

Referring now to Fig. 58B, a reference numeral 969 

5 denotes a RAM for storing the Y,M,C density data read from 

the respective sample poin~s. A numeral 970 denotes a ~AM 

which stores the color component ratios computed by the CPO 

from the data derived from the RAM 969. 

Fig. 59 is a flow chart showing a program for setting 

10 the thresholds. 

In Step S 1, the CPU makes reference to coordinates of 

the sample points which are, in this embodiment, the points 

A,B,C and so forth shown in Fig. SSA. In Step s 2, the 

reading section 967 shown in Fig. SSA is moved under the 

15 control by the CPU to a desired position~ When the desired 

position is reached in Step S3, Y. M and C density data, 

e.g., YA, MA, CA are read from the reached point. The read 

data are stored in the RAM 959 in Fig. SBB in Step S 4. IN 

Step S 6, a judgment is conducted as to whether there is 

20 other sample points. If there ·is any sample point which has 

not been accessed yet, the above-described operation of 

repeated so as to pickup color density data from such 

points. These points are,for example, points B and C in 

this embodiment. Thus, the operation is conducted three 

25 times, once for each of the pints A, B and C. 
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1 In Steps S6, S7 and S8, the CPU computes the color 

component ratios Yr, Mr, Cr for each of the sample points A. 

Band C, using the Y. M. C density data in accordance with 

the formulae (1), (2) and (3). The thus computed color 

5 component ratios are stored in the RAM as indicated by 970 

in Fig. SSB. In Steps S io to s 15, the CPU computes 

maximum and minimum values of each color-separated color and 

set the results of the computation in the registers 957, 

958, 959 shown in Fig. 56, as thresholds for the 

10 comparators. MAX( } and MIN( ), represent, respectively, 

functions for determining the maximum and minimum values. 

The maximum values and the minimum values are computed in 

accordance with the following formulae (4), (5), (6), (7), 

(6) and {9), in which MAX( ) and MIN( ), represent, 

15 respectively, functions for determining the maximum and 

minimum values. When the maximum and minimum values are set 

in the registers 957, 958, 959, the maximum values and 

minimum values are suitably offset in plus side and minus 

side, respectively. It is possible to use a suitable means 

20 for enabling the operator to freely select the amounts of 

offsets of the thresholds. 

25 
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1 After the setting of the thresholds, the video data is 

input as explained before in connection with Figs. 56 and 57 

so that the color:· is detected and converted in real t-ime. 

Thus, the present invention makes it possible to obtain 

5 a a construction which is.inexpensive but yet capable of 

conducting high-speed proc~ssing of color data, by virtue of 

the use of the described means for processing images in real 

time. 

In this embodiment, color conversion can be effected 

10 with a high degree of accuracy thanks to the use of t~e 

color component ratios and also to the use of a plurality of 

detection data acquired from a plurality of sample points 

carrying the color to be converted. 

It will be clear to those skilled in the art that the 

15 described second embodiment can employ various types of 

color data such as R, G, B, and luminance, hue, saturation, 

and so forth,although Y, M and C-type color data have been 

specifically mentioned. 

To sum up, the present invention provides a color image 

20 processing apparatus which is inexpensive but is capable of 

performing a high-speed and-accurate color conversion with 

reduced error. 

Furthermore, the present invention makes it possible to 

freely set the range of color to be converted when the user 

25 wishes to convert any desired color in the original image. 

----------
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1 Therefore, problems encountered by prior arts such as 

failure of conversion of the color to be converted and 

c.onversion of color which should not be converted earl· be 

eliminated. 

s Other features and advantages will be understood from 

the foregoing description ;n the specification. It is, 

however, to be understood that the d~scribed embodiments are 

only illustrative and various changes and modifications· may 

be imparted without departing from the scope of the 

10 invention which is limited solely by the appended claims. 

15 
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1. Color image processing comprising: 

setting means for setting a color conversion mode; 

5 and 

guide means (203,Fig.36) for interactiv~ly guiding 

a color conversion indication by displaying characters, 

in said color conversion mode set by said setting means. 

10 2. An apparatus according to claim 1, wherein the 

characters constitute· a guiding sentence which is changed 

every time the color conversion indication is changed. 

3. An apparatus according to claim 1 or claim 2, wherein 

15 said guide means further comprises: 

20 

25 

a display (405) for displaying the characters; and 

judgment means for judging an indication displayed 

on said display. 

4. An apparatus according to claim 3, wherein said 

judgment means detects a touch of said display. 

5. An apparatus according to any prec~c:i'lng claim, 

wherein said display comprises a liquid crystal. display •. 

6. Color image processing apparatus comprising: 

first means (203,Fig.36) for interactively setting 

Tflls SHEET HAS BEEN 
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· a color processing mode by means of a touch on a display; 

and 

second means for indicating the setting of the color 

processing mode, wherein said first means interactively 

5 sets the color processing mode in accordance with the 

indication by said second means. 

7. An apparatus according to claim 6, further comprising 

display means for displaying characters on said display. 

10 

8. An apparatus according to claim 6, further comprising 

judgement means for judging an indication displayed on 

said display. 

15 9. An apparatus according to claim 8, wherein said 

judgement means detects a touch of said displ·ay. 

10. An apparatus according to claim 6, wherein said 

display comprises a liqu~d crystal display. 

20 

11. Color processing apparatus comprising: 

input means for inputting original color data 

representing an image; 

region appointing means ( 51) for generating signals 

25 defining an area of said image; 

means (175) for converting a color within said area 

____ to a target color; and 
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means (2) adapted to rep~oduce the image with the 

target color; and characterised in that the apparatus is 

capable of carrying out a plurality of color conversion 

modes and in that it further comprises guide means (203) 

5 for interactively guiding an operator through a plurality 

of steps of setting color conversion modes, the guide 

means being in the farm of a display which changes 

(P340,34l;P380,381;P390,391;Fig.36) in accordance with 

each step of the setting of a particular color conversion 

10 mode. 
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FIG. 3 

FUNCTION 

AFTER RECEPTION OF RESET COMMAND. 
0-AODRESS CALLEO STARTS FOLLOWING A 
SERIES OF COMMUNICATION HANDSHAKING 

AFTER RECEPTION OF HOLD~OFF COMMAND, 
STEPPING MOTOR CONTROLLER RELEASES 
HOLD STATE OF MOTOR ANO MAKES 
SCANNER FREE (POWER OFF STATE) 

AFTER RECEPTION OF HOLD-ON COMMAN01 
STEPPING MOTOR CONTROLLER MAINTAINS 
HOLD STATE OF MOTOR 

AFTER RECEPTION OF HP SEARCH COMMAND. 
SCANNER IS MOVED TO HP SENSOR POSmON 
(MOVING OPERATION CONSISTS OF THREE 
STATES) 

SCAN COMMAND IS NORMALLY TO DESIGNATE 
SCAN MOOE, ANO CONSISTS OF FOLLOWING 
4-BYTE PARAMETER ( SCAN LENGTH: 
MAGNIFICATION) AFTER RECEPTION OF 
SCAN COMMAND ANO PARAMETERS. SCANNER 
STARTS RESPONSIVE TO '"SSTART.. SIGNAL 
SCAN COMMAND IS HELO UNTIL RESET 
DEFAULT VAtUE : A-4 SIZE (210mm) 
EQUl-MAGNIFICATION (1QO•t.) 

DESIGNATION MOVEMENT COMMANO lS TO 
DESIGNATE MOVEMENT DISTANCES IN T'NO 
DIRECTIONS FROM PRESENT POSITION. ANO 
CONSISTS OF FOLLOWING 2-BVTE PARAMETER 
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The present invention relates to a color image 

processing appar~tus for processing color image data so as 

to obtain data which are necessary for forming a color 

image. 

The applicant has already proposed, in the 

spegification of United States Patent No. 4,204,728, a color 
~-f ."'., . 

• ~-."it' . 
copyi.n9·-!i>apparatus which is capable of conducting conversion 

between a predetermined number of colors which are 

combinations of R. G and B colors. This color copying 

apparatus, however, is not suit~ble for· u~~--tne fleld of 

graphic designing because the numb~r of colors available for 

· the color conversion is limited. In order to obviate this 

shortcoming, the applicant a~so has pronosed, in the 
! 5 -~ ·: ,..-· "·-:. 

specification of the United .State~~atent Appln. S.N. 084,080 
.... .. .~ 

filed on August 11, 1987 , __ a c·op.ying apparatus capable of 

conducting color conver$~n between· a. ·~reater number of 
jt'•;t 

.. ,. 1. 

colors. . . ;,:;~;>'' 
The color copying apparatus, however, suffers from the 

~ 

'!.\. • 
following disadvantage. The ccfnversion from a ft1·st color; 

into a second color is conducted' by appointing these colors 
.. 

_;~~-"':'~~-'"'-'S,1...... . ~­
:. 

. . ::.~ 
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in terms of color information. In this operation, the 

color information which identifies the first color is used 

as a reference and all the colors with information falling 

within a predetermined range around the reference color 

information are regarded as being the same as the first 

color so that all these cQlors are converted into the second 

color. In consequence, problems are encountered such as 

failure in the conversion of the desired color or conversion· 

of a color which the user does not wish to convert. This 

drawback is attributable to the fact that, while the ranges 

of colors which the user wishes to convert vary depending on 

factors such as the type of the document, intention of the 

user, and so forth, the copying apparatus employs fixed 

tolerances of hue and color density so that it regards and 

processes all the colors having hues and color densities 

falling within the fixed tolerances from those of the 

appointed color as being the same as the appointed color. 
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A concern of the present invention is to provide a 

color image processing apparatus which allows the colors 

to be converted into desired colors only in the appointed 

regions on an original. 

According to the invention there is provided a color 

image processing apparatus comprising: 

setting means for setting a color conversion mode; 

and 

guide means for interactively guiding a color 

conversion indication by displaying characters, in said 

color conver·sion mode set by said setting means. 
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The invention will now be described by way of 

example with reference to the accompanying drawings in 

which: 

Fig. 1 is a digital color copying machine 

incorporating a color image processing apparatus of the 

present invention; 

Fig. 2 is a control block diagram of a controller 

of a reader portion of the copying apparatus, 

Fig. 3 is an illustration of a protocols of a motor 

driver and a CPU incorporated in the control block shown 

·in Fig. 2; 

Fig. 4A is a timing chart illustrating timing of 

exchange of a control signal between the reader portion 

and a printer portion; 

Fig. 4B is an illustration of a video signal 

transmission circuit. between the reader portion and the 

printer portion; 

Fig. 4C is a timing chart showing timings of various 

signals on a signal line SRCOM; 
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Fig. 5 is a detail~d circuit diagram showing the 

circuit of a video processing unit incorporated in the 

controller shown in Fig. 2; 

Fig. 6A shows the arrangement of a CCO sensor; 

Fig. 6B is a signal timing chart illustrating timings 

of various signals in various portions of the arrangement 

shown in Fig. 6A; 

Fig. 7A is a circuit diagram of a CCD driving signal 

generating circuit in a system control pulse generator; 

Fig. 7B is a signal timing chart showing the timings of 

signals available at various portions of the circuit shown 

in Fig. 7A; 

Fig. SA is a block diagram of an analog color signal 

processing circuit in the video processing unit as shown in 

Fig. 5; 

Fig. SB is a detailed circuit diagram of one CCD 

channel in the block shown in Fig. ·SA; 

Fig. BC is a signal timing chart showing timings of 

signals in the circuits shown in Figs. SA and 8B; 

Fig. 80 is a driving timing chart for driving the CCD; 

Fig. SE is an input/output conversion characteristic 

diagram; 

Figs. 9A, 98, 9C and 90 are illustrations of the 

manners in which line signals are derived from staggered 

sensors; 
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Fig. lOA is a circuit diagram of a black correction 

ci-rcui t; 

Figs. 108, lOC and 100 are illustrations of black 

correction; 

Fig. 11-lA is a circuit diagram of a white level 

correction circuit; 

Figs. 11-lB, 11-lC and 11-10 are illustrations of the 

manner in which the white-level correction is conducted; 

Figs. ll-2A, ll-2B, ll-2C and 11-3 are illustrations of 

the manner in which CCD channels are connected; 

Fig. 12 is an illustration of a line-data pickup mode; 

Fig. 13A is a circuit diagram of a logarithmic 

conversion circuit; 

Fig. 13B is a chart illustrating the logarithmic 

conversion characteristic; 

Fig. 14 is a spectral characteristic chart showing the 

spectral characteristic o~ a reading sensor; 

Fig. 15 is a spectral characteristic chart showing the 

spectral characteristics of color developing toners; 

Fig. l6A is a circuit diagram showing a masking 

circuit, an inking circuit, and a OCR circuit; 

Fig. 16B is an illustration of the relationships 

between selection signals Co, Cir C2 and color signals; 



REPLACEMENT SHEET 

f 3 AUG 1997 
- 7 -

Figs. 17A, 178, 17C, 170, 17E, 17F and 17G are 

illustrations oE manners in which region signals are 

generated; 

Figs. 18A, 188, 18C, 180, 18E and l8F are illustrations 

of color conversion; 

Figs. 19A, 19B, l9C, l90, 19E, 19F, 19F-Y, l9F-M, 19F-C 

and 19F-BK are illustrations of gamma conversion for 

controlling the color balance and the color density; 

Figs. 20A, 20B, 20C, 200, 20E, 20F and 20G are 

illustrations of magnification variation control; 

Figs. 21A, 21B, 21C, 210, 21E, 21F and 21G are 

illustrations of edge emphasizing and smoothing operations; 

Fig. 22 is a circuit diagram of a control circuit in a 

control panel; 

Fig. 23 is an illustration of the construction of a 

film projector; 

Fig. 24 is a diagram showing the relationship between a 

film exposure control input and lighting voltage; 

Figs. 25A, 258 and 25C are illustrations of the manner 

in which the film projector is used; 

Figs. 26A, 268 and 26C are illustrations of a PWM 

circuit and its operation; 

Figs. 27A and 278 are characteristic charts showing 

gradation correction characteristics: 
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Figs. 28A and 288 are illustrations between a 

triangular wave and laser lighting time; 

Figs. 29A and 298 are control flow charts showing the 
.. 

control executed when the film projector is used; 

Fig. 30 is a perspective view of a laser print unit; 

Fig. 31 is a top plaij view of a control section; 

Fig. 32 is a top plan view of a digitizer; 

Fig. 33 is an illustration of a standard display 

pattern of liquid crystal display; 

Fig. 34 is an illustration of operation in zoom mode; 

Figs. 35A and 358 are illustrations of operation in 

moving mode; 

Fig. 36 is an illustration of operation in area 

appointing mode; 

Fig. 37 is an illustration of operation in color create 

mode; 

Fig. 38 is an illustration of operation in an enlarging 

continuous copying mode; 

Fig. 39 is an illustration of operation in fitting 

synthesizing mode; 

Fig. 40-1 is an illustration of operation in 

registration mode; 

Fig. 40-2 is an illustration of operation in service 

mode; 
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Fig. 41 is an illu3tration of functions of a color 

cdpying apparatus embodying the present invention; 

Figs. 42A to 42G are illustrations explanatory of the 

fitting synthesi~ing mode; 

Fig. 43 is an illustration of the print image as 

obtained when the corner.mpving operation is conducted; 

Fig. 44 is a flow chart of a control executed in 

operation of the apparatus in color registration mode; 

Fig. 45 is an illustration of color components of a 

standard color; 

Fig. 46 is a control flow chart illustrating the 

control of the whole system; 

Fig. 47 is a time chart showing the timing of operation 

of the whole system; 

Fig. 48 is a flow chart showing an interruption control 

flow; 

Fig. 49 is an illustration of a memory map in a RAM; 

Fig. SO is an illustration of a bit map; 

Fig. 51 is an illustration of operation of the 

projector; 

Figs. 52~ is a circuit diagram of a multiplier 258 as 

shown in Fig. 88; 

Fig. 528 is a chart showing the codes of the 

multiplier; 
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Fig. 53A is a circuit diagram of a multiplier 258 as 

stro'-'·n in Fig. as; 

Fig. 538 is a chart showing the codes of the 

multiplier; 

figs. 54A, 54B, 54C, 540 and 54E are illustrations of 

operation in free-color mo9e; 

Fig. SS is a control flow chart executed when the free 

color mode is set; 

Fig. 56 is a block diagram of a color conversion 

circuit; 

Fig. 57 is a block diagram of a ratio computing 

circuit; 

Fig. -SSA is a schematic illustration of an image 

reading portion; 

Fig. SSS is an illustration of construction of RAM; and 

Fig. 59 is a flow chart of· operation in accordance with 

a threshold setting program. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be 

explained hereinunder with reference to the drawings. 

Fig. 1 is a schematic illustration of the internal 

structure of a digital color image processing apparatus in 

accordance with the present invention. As will be seen 

from this Figure, the digital color image processing 

apparatus has a digital color image reading unit (referred 
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to as "color reader 11 hereinafter) l installed on an upper 

part thereof and a digital color image printing unit 

(referred to as "color printer" hereinafter) 2 instiiled on 

a lower part thereof. The color reader 1 has a later-

mentioned color separation means and photoelectric 

conversion elements such a~ CCDs which cooperate with each 

other in reading color image data of different colors. from 

the original and converting the read data into electric 

digital image signals. On the other hand, the color 

printer 2 is an electrophotographic laser beam color printer 

which is capable of reproducing color images of different 

colors in accordance with the digital image signals and 

recording the color images in the form of dot patterns on a 

recording paper through a plurality o~ transfer cycles. 

The description will be made first as to the outline of 

the color printer 1. The color printer l has a platen 

glass 4 for carrying an original_J. The original 3 is 

exposed to and scanned by a light from a halogen exposure 

lamp 10 and the light reflected form the original 3 is 

focused and projected onto a real-size full-color sensor 6 

through a rod lens array 5. These constituents S, 6, 7 and 

lo constitute an original scanning unit 11 which moves in 

the direction of an arrow Al so as to expose the original. 

Color-separated image signals obtained from each line of 

scan are amplified to predetermined voltage level by a 
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;ensor output signal a~plifier circuit 7 and are then 

~ransferred through a signal line 501 to a later-mentioned 

~ideo processing unit so as to be processed in the litter. 
i . 
rne detail of this signal processing operation will be 
' I 
described later. A numeral 501 indicates a coaxial cable 
I 

~hich is intended for ensu;ing high fidelity of signal 

transfer. The real-size full-color sensor 6 is adapted to 

be driven by driving pulses which are generated in the video 

processing circuit and supplied to the s_ensor 6 through a 

f . l 
~ugna line 502. White and black boards 8 and 9 are used 
i 

' for the purpose of white and black level correction which 

will be detailed later. Briefly, the correction is 

=onducted by il~uminating these boards 8 and 9 with the 

halogen exposure lamp and obtaining signal levels of 

predetermined densities of respective colors by means of 

which the white and black levels of the video signals are 

~orrected. A reference numeral 13 designates a control 

unit having a microcomputer. The control unit 13 performs. 

throu9h a BUS 508, all the controls performed in the color 

reader 1, including indication on a.control panel 20, 

~ontrol of key input and control of the video processing 

unit 12, detection of position of the scanning unit 11-~y 

~eans of position sensors Sl, S2 through signal lines 509, · 

510, control of the stepping motor circuit for driving, by 

lriving pulses, a stopping motor 14 for moving the scanning 
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unit ll through a signal line 503, on/off control of the 

halogen exposure lamp by an exposure lamp driver through a 

signal line 504, control of the light quantity, con~rols of 

a digitizer 16, internal keys and display through a signal 

line 505, and so forth. The color image signals read by 

the exposure scanning unit 11 during the exposure/scanning 

are delivered through the amplifier 7 and the signal line 

SOl into the· video processing unit 12 and are processed in 

various ways within the unit 12. The signals obtained 

through the signal processing operation are then delivered 

to the printer unit 2 through an interface circuit 56. 

The construction of the color printer 2 will be 

explained briefly. The color pr inter- 2 has a scanner 711 

which has various parts including a laser output portion for 

converting the image signals from the color reader 1 into 

light signals, a polygonal mirror 712 such as an octahedral 

mirror, a motor (not shown) for rotating the mirror 712, and 

an f/e lens (image-forming lens) 713. A reference numeral 

·714 designates a reflection mirror capable of altering the 

path of laser light, while 715 denotes a photosensitive 

drum. The laser light emitted from a laser output section 

ls reflected by the polygonal mirror 712 so as to conduct a 

raster scan of the surface of the photosensitive drum 715 

through a lens· 713 and a mirror 714, whereby a latent image 

corresponding to the original image is formed. 
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The cclor printer 2 further has a primary charger 717, 

I ~h~le-area exposure lamp 718, a cleaner unit 723 for 

:Ollecting residual toner which has not directly contributed 

to the image transfer, and a pre-charger 724 for charging 

before transfer. These constituents are arranged around 

~he photosensitive drum 715. 

The color printer 2 further has a developing unit for 

developing the electrostatic latent image formed on the 

surface of the photosensitive drum 715 through exposure to 

the laser light. The developing unit 726 includes 

deve~oping sleeves 731Y, 731M, 731C and 731Bk which are 

adapted to conduct development upon direct contact with the 

photosensitive drum 715, toner hoppers 730Y, 730M, 730C and 

?lOBk which are adapted to hold spare toners, and screws 732 

for transferring toners. These- sleeves 731Y to 731Bk, 

toner hoppers 730Y to 730Bk and the screws 732 in 

combination constitute a developing unit 726. These 

constituents are arranged about the axis P of rotation of 

the developer unit. . For instance, when an yellow toner 

image is to be formed, the development is conducted while 

the developing unit 726 is in the position shown in Fig. l 

10 that the yellow toner is supplied to develop the latent 

lmage in yellow color. For the purpose of forming a 

ll&genta toner image, the developing unit 726 is rotated 

•bcut the · . · axLs P so as to brLng the developing sleeve 731M 
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in the magenta developing device into contact with the 

photosensitive drum 715. Development in cyan and black 

colors can be conducted in similar manners as that for 

development in black color. 

A reference numeral 716 denotes a transfer drum through 

which the toner image formed on.the photosensitive drum is 

transferred to a copy paper. A reference numeral 719 

designates an actuator plate for detecting the position to 

which the transfer drum 716 has been moved. A home position 

sensor 720 is adapted to cooperate with the actuator plate 

719 when the same has been brought to a position near the 

actuator plate 719 so as to detect the returning of the 

transfer drum 716 to the home position .. A reference numeral 

725 denotes a drum cleaner, 727 denotes a paper pressing 

roller, 728 denotes a charge eliminator and 729 denotes a 

transfer charger. These constituents 719, 720, 725, 727 

and 729 are arranged around the transfer roller ·116. 

Copy papers are adapted to be fed from paper cassettes 

735, 736 by means of paper feed rollers 737, 738. The 

timing of feed and convey of the copy papers is controlled 

by timing rollers 739, 740 and 741. The.copy paper fed by 

the operation of these parts is guided by a paper guide 749 

and is wound on the transfer drum 716 with its leading end 

gripped by a later-mentioned gripper, so as to be subjected 

to a subsequent imag.e forming process. 
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The photosensitive drum 715 and the transfer drum 716 

~re adapted to be driven. in synchronism with each other by a 
.· 

drum driving motor 550. A reference numeral 750 denotes 9 a 

separation claw for separating the copy paper from the 

transfer drum 716 after the formation of the image. The 

separated copy paper is tqen conveyed by a conveyor belt 742 

to an image fixing section which employs a pair of heat-

pressing rollers 744, 745 which cooperate with each other in 

pressing the copy paper therebetween so as to fix the image 

on the copy paper. 

A description will be made hereinunder as to the 

control section 13 of the reader portion with specific 

reference to Fig.· 2. 

<Control Section> 

Tne control section 13 includes a CPU 22 constituted by 

a microcomputer. In order to obtain desired copies, the 

CPU 22 conducts, through. signal lines 508 (BUS), 504, 503, 

SOS and so forth, various controls such as control of the 

.video signal processing, control of the lamp driver 21 for 

the purpose of controlling the exposure/scanning. control of 

the stepping motor driver 15, control of the digitizer 16, 

control of the control panel 20, and so forth, in accor.dance 

with programs stored in the ROM 23 and RAMs 24 and 25. A 

back-up battery power Jl of the RAM 25 ensures non-

volatility of the RAM 25. The signal line 505 is an 
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ordinary signal line used in serial data communication. The 

inpu~ of data is conducted ~y the operator through the 

dlgitizer 16 in accordance with protocols of the CPU.i2 and 

the digitizer 16. The signal line 505 therefore is used in 

edition of the original, e.g., for inputting coordinates and 

regions for the purpose of ~shifting and synthesizing images, 

as well as instructions such as those for appointing the 

copying mode, magnification, and so on. The signal line 

503 carries signals which are delivered from the CPU 22 to 

the motor driver 15 for the purpose of instructing the motor 

driver of various factors such as the scanning speed, 

distance, forward stroking, backw~rd stroking,and so forth. 

In accordance with these instruction signals derived from 

the CPO 22, the motor driver 15 delivers predetermined 

pulses to the stepping motor 14 so as to cause the motor 14 

to operate stepwise. Serial interfaces 29, 30 may be 

ordinary interfaces which may be composed of, for example, 

serial interface LSis. such as Model 8251 of Intel 

Company. Although not shown, similar circuits are provided 

in the digitizer 16 and the motor driver 15. A protocol 

between the CPO 22 and the motor driver 15 is shown in Fig. 

3 by way of example. 

The position sensors Sl and S2 are adapted for sensing 

the position of the original exposure/scanning unit 11 (see 

Fig. l}. The positioning of the exposure/scanning unit 11 
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at the home position is detected by the sensor Sl. The 

white-level correction is conducted when the unit 11 is 

positioned in this home position. On the other hand, the 

sensor 52 senses that the exposure/scanning unit is on one 

end of the image. This position is used as a reference 

position for the original.~ 

<Printer Interface> 

Signals ITOP, BO, VCLK, VIDEO, HSYNC, and SRCOM, 

denoted by numerals 511 to 516, are interface signals which 

act between the color printer portion 2 and the reader 

portion 1 of the color copying ·apparatus as shown in Fig. l. 

All the image signals VIDEO 514 read by the reader portion l 

ate delivered to the color printer portion 2 on the basis o~ 

these interface signals. More specifically, ITOP 

represents a synchronous signal in the direction of feed of 

the image {sub-scan direction). The signal ITOP is 

produced once for each frame of image and for each color of 

image. Thus, when the image is to be output in four colors 

.including yellow, magenta, cyan and black, the signal ITOP 

is generated four times for each frame. This signal is 

synchronized with the rotation of the transfer drum 716 and 

the rotation of the photosensitive drum 715 so that, when 

the toner image on the photosensitive drum 715 is 

transferred to the copy paper wound on the transfer drum 

716, the leading end of the copy paper is correctly aligned 
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~ith the image on the leading end of the original. This 

signal is delivered to the video processing unit in the 

reader l and is used as an interruption to the CPU ii in the 

controller 13, as denoted by 511. 

The CPU 22 conducts a control of image in the direction 

of sub-scan for the purpoae of, for example, edition, on the 

basis of the interruption by ITOP. The signal BO denoted 

.bY 512 is a synchronizing signal in the raster scan 

direction (referred to as "main scan direction" 

hereinafter}. This signal is prod·uced once for each 

rotation of the polygonal mirror 712, i.e., for each raster 

scan. The image signals read by the reader portion l are 

delivered to the printer portion 2 in a line-by-line fashion 

in synchronism with the signal BO. 

The signal VCLK denoted by 513 is a synchronizing clock 

signal for delivering an 8-bit digital video signal 514 to 

the color printer portion 2. For instance, video data 514 

is transmitted through the flip-flops 32 and 35 in a manner 

as shown in Fi~. 4B. The signal HSYNC denoted by 515 is a 

main scan synchronizing signal which is formed from the BO · 

signal 512 in synchronization with the VCLK 513. This 

signal has a period which is the same as that of the BO 

signal. More strictly, the video signal 514 is formed in 

synchronism with the HSYNC signal 515. Since the SD signal 

515 is produced in synchronism with the rotation of· the 
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polygonal mirror, the BO signal 515 contains a large noise 

a~ributable to jitter of the motor which drives the 

polygonal mirror 712. If the video signal is forme~·in 

synchronism with the BO signal, therefore, the quality of 

the image is deteriorated by the jitter. It is therefore 

highly desirable that the VIDEO signal is produced in 

synchronism with the HSYNC signal 515 which is formed from 

the BO signal in sy~chronism with the VCLK ··signal which does 

not have any jitter component. The signal line SRCOM is a 

signal line for semi-double bidirectional communication. 

As shown in Fig. 4C, a command CM is produced in 

synchronization with the 8-bit serial clock SCLK between 

successive synchronizing signals CBUSY (command busy) coming 

from the reader portion. In response to this command, the 

printer portion sends back a status ST in synchronism with 

the 8-bit serial clock between successive SBUSY (status 

busy). This timing chart shows that a status 3CH is sent 

back in response to a command SEH. Thus, exchange of 

signals such as instructions from the reader portion to the 

printer portion. e.g., color mode selection and cassette 

selection, and information given from the printer portion, 

e.g., jamming, absence of copy paper, weight and so fo~th, 

are conducted through this communication line SRCOM. 

Fig. 4A is a timing chart showing timing of 

transmission of signals corresponding to a single 4-color 
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image in accordance with the !TOP and HSYNC signals. The 

!T..OP. 511 is produced once for each revolution of the 

transfer drum 716 or for every two revolutions of the same. 

signals corresponding to the yellow image, magenta image, 

cyan image and black image are delivered in sections (1), 

(2), (3) and (4), respecti~ely, and are delivered from the 

reader portion l to the printer portion 2, whereby a full­

color image with four superposed color images is formed on 

the copy paper. Assuming here that the A3 size image has a 

length of 420 mm and an image density of 16 pee/mm in the 

direction of feed, the HSYNC signal is transmitted for 6720 

times (420 x 16 = 6720). The HSYNC signals are also 

delivered to the clock input of a timer circuit 28 in the 

controller circuit 28. When a predetermined number of HSYNC 

signals have been counted, an interruption HINT 517 is made 

to the CPU 22, so as to allow the CPU to conduct an image 

control in the feeding direction, e.g., extraction or 

movement of an image. 

<Video Processing Onit> 

A description will be.made hereinunder as to the video 

processing unit 12, with reference to Figs. 5 onwards. 

When the original is illuminated by the exposure lamp 10 

{see Figs. land 2), the light reflected from the original 

is ~ead by the color reading sensor 6 in the scanning unit 

ll in a color-separated manner, so that color image signals 
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representing different colors are formed. The color image 

signals thus obtained are amplified to a predetermined level 

by an amplifier circuit 42. A reference numeral 4i. 

designates a CCO driver for supplying pulse signals for 

driving the color reading sensor 6. Pulses constituting 

these driving pulses are generated by a system control pulse 

generator 57. Figs. 6A and 68 show the construction of the 

color reading sensor and trains of driving pulses. 

Referring to Fig. 6A, the colot reading sensor used in this 

embodiment has five chips 58 to 62 each being adapted to 

read one fifth (1/5) of each scanning line at a time. To 

this end, each chip of the sensor has 976 pixels each having 

a length of 62.S.µm (1/16 mm). As shown in Fig. 6A, each 

pixel is divided in the direction of main scan into three 

portions, i.e., portions corresponding to G. Band R. Thus, 

the color reading sensor has 2928 (976 x 3 = 2928) pixels. 

The chips 58 to 62 are formed on the same ceramics 

substrate. The first, third and fifth chips 58, 60, 62 on 

the sensor are arranged on the same line LA, while the 

second and the fourth chips 59, 61 are arranged on a line LB 

which is spaced from the line LA by an amount corresponding 

to four lines. i.e., 250µm (62.Sµm x 4 = 250µm). ou~ing 

reading, the scanning is conducted in the direction of an 

arrow AL. The first, third and the fifth ccos are 

synchronously driven by a driving pulse group ODRV 518, 
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while the.second and the fourth CCDs are synchronously 

dciv·en by a driving pulse group EDRV. 

Pulses 001. 001 and ORS contained by the pulse group 

ODRV 518 and the pulses E01, E01 and ERS contained by the 

pulse group EDRV 519 are charge transfer clocks and charge 

reset pulse in the respective sensor chips. In order to 

eliminate any mutual interference or disturbance by noises 

between the first, third and fifth chips and the second and 

fourth chips, the corresponding pulses of both pulse groups 

are generated in such a manner as to eliminate jitter, i.e., 

in complete synchronism with each other. To this end, the· 

· pulses are generated by a single reference oscillation 

source oscsa• (sea Fig. 5). Fig. 7A shows blocks of 

circuits for generating the pulse groups ODRV 518 and EDRV 

519, while Fig. 78 is a timing chart illustrating the 

operation of these circuits. These circuits are includes 

by the system control pulse generator 57 shown in Fig. s. 

Clocks K0535, which are produced by demultiplying original 

clocks CLKO generated by a single OSC 58' are used in 

generation of reference signals SYNC2 and SYNC3 which 

determine timings of generation of the pulse groups ODRV and 

EORV. The timings of output of the reference signals SYNC2 

and SYNC3 are determined in accordance with set values of 

presettable counters 64 and 65 which are presettable through 

a signal line 539 connected to the CPU BUS. The reference 
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siqnals s~NC2 and SYNC3 serve to initialize demultipliers 

46~ 67 and the driving pulse generating portions 68, 69. 

luae1y, since the reference signals SYNC2 and SYNC3 are 

formed by using the HSYNC signal 515 as the reference and in 

aceordance with the original clocks CLOKO produced by the 

~1ngle osc and demultiplied clocks which are all 
t 

-ynchronous, the pulses of the pulse groups ODRV 518 and 

IORV 519 are produced in complete synchronism without 

sitter, whereby disturbance of signals due to interference 

between the sensors can be eliminated. 

The sensor driving pulses of the pulse group ODRV 518 

are delivered to the first, third and the fifth sensor 

chips, while the driving pulses of the pulse group EDRV 519 

&re delivered to the second and the fourth sensors, whereby 

video signals Vl to VS are independently derived from the 

aonsor chips 58, 59, 60, 61 and 62, respectively. These 

Video signals are then amplified by the independent channels 

·oe the amplifier circuit 42 to a predetermined level of 

Voltage and the thus amplified signals are delivered through 

the coaxial cable 501 (see Fig. 1) to the video processing 

unit 12. More specifically, the delivery of the amplified 

Video signals Vl, VJ and vs is conducted at the timing 

indicated by 005529 in Fig. 6B, while the amplified video 

•ignals V2 and V4 are delivered at the timing indicated by 

!OSSJ4 in Fig. 68. 
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T~e ~olor i~age signals thus received by the video 

~ssing unit 12 represent data corresponding to the 

fj:ipeetive one fifths of the original data. These signals 

If• del.ivered to a sample hold circuit S/H 43 and ~re 

fiisarated into three types of color signals, i.e., G 

j~een), B (blue} and R (r .. ed). Thus, fifteen channels (3 x 

I'~:• 15) are required for the processing of color image 

119nals after the color separation. 
.. 

Fig. SC shows timings 

»f'operations in a process in which the color image signal 

df oaeh channel is.subjected to the sample-hold processing, 

lYIPlltication and multiplexed and A/D converted by an A/D 

:aonverter so as to become digital data A/O out. 

~nd 88 illustrate processing blocks. 

The analog color image signal of each channel read by 

in• 5-ehip type real-size color sensor is delivered to one 

'Of the analog color signal processing circuits shown in Fig. 

'IA. The constructions of the analog color signal 

,rocessin9 circuits A to E are the same. so that the 

de1cription will be made as to the circuit A by way of 

:exuple, with reference to the processing block diagram 

'.•aovn in Pig. BB and the timing ~hart shown in Fig. sc.. 

As will be seen from Fig. ac, the analog color image 

.. •l9na1 of each channel is delivered such that the green 

OOlor: signal G comes first, followed by blue color signal B 

aad then by the red color signal R. The analog color 
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signals of each channel include, besides the effective 

pattion constituted by 3072 pieces of effective pixels, a 

blank transfer portion constituted by 12 pixels prior to the 

effective pixels. In the period of this blank transfer 

period, the analog color processing circuit is not connected 

to the photodiodes of the 9olor sensor. The blank transfer 

portion is followed by a dark output portion (optical black) 

constituted by 24 pixels of photodiodes covered by Al, and a 

dummy output portion constituted by 36 pixels immediately 

before the effective portion. The effective portion is 

succeeded by a dummy portion corresponding to 24 pixels. 

Thus, the analog color image signal is a composite signal 

constituted by 3156 pixels (see Fig. 80). 

The analog color image signal SiGA is input to an 

amplifier 250 and is amplified to a predetermined signal 

level while it is maintained in the form of the composite 

signal. The thus amplified signal SiGA has o.c. level which 

oscillates in a manner like an A.C. Then, a zero-level 

clamp is conducted by a feedback clamp circuit 251 so as to 

fix the o.c. level of the SiGA at the level optimum for the 

operation of the amplifier 250 through eliminating the 

oscillation of the o.c. level. The feedback clamp circuit 

251 is constituted by the S/H circuit 25lb and a comparator 

circuit 25la. The dark output portion (optical black) of. 

the analog color image signal SiGA derived from the 
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1J1plifier 250 is detected by the S/H circuit 251b, and is 

,ipared with a reference voltage Refl which is received by 
:0 

the minus input of a comparator amplifier 2Sla. The' 

!ifference is fed back to the amplifier 250 so that the 

Level of the dark output portion is fixed at the level of 

the reference voltage Ref!... A signal DE< is a signal which 

represents the duration or length of the dark output portion 

of the analog color. image signal SiGA. This signal is 

delivered to the S/H circuit 25lb so that the o.c. level of 
5 

the dark output portion of the analog color image signal 

SiGA is detected once in the period (lH) of each horizontal 

scan. 

The output signal from the amplifier 250 is color­

aeparated into G. B and R signals by the S/H circuit 43 and 

the thus obtained color signals are amplified to a level 

matching for the dynamic range of the A/O conversion 

circuit. Since the same process is conducted on these color 

signals, the description will be made as to the B color 

signal by way of example. It will be seen that the same 

Process is conducted also on other color signals, i.e., the 

C and R signals. The composite output signal from the 

amplifier 250 is supplied through the buffer circui~ 252 to 

a S/H circuit 253 in which a sampling is. conducted in 

accordance with the SHG signal so as to extract only the 

Pixel outputs corresponding to B signals in the composite 
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signal. The thus separated 8 signal 538 are amplified by 

thi amplifiers 254 and 2SS and are input to a low-pass 

filter LPF 256. "Th~ low-pass filter 256 removes th~ 

frequency components produced by the sampling pulses and 

involved in the output derived from the S/H circuit 253, so 

that only the variance of the sampled S/H output signal is 

extracted. Namely, representing the driving frequency of 

the CCO by fo, each color signal is changed into discrete 

signal of a frequency of fo/3, as a result of the sampling 

executed by the S/H circuit 253. This effect is ob~ained by 

a nyquist filter having a cut-off frequency fc of '43/.6 -(;fc = 

(fo/3) x 1/2 = fo/6. In consequence, only the variance of. 

the signal is extracted and the frequency bandwidth of the 

signal processing system for the subsequent signal 

processing can be maintained low. 

The color signal now composed solely of the signal 

component extracted by the low-pass filter 256 is subjected 

to a gain adjustment (see characteristic G in Fig. BE) 

through a CPU control conducted by the amplifier 257, 

multiplier 258 and the buffer amplifier 259. The color 

signal after the gain adjustm~nt is clamped at a desired 

D.c. level by means of a feedback clamp system composed of a 

multiplier 260 and a feedback clamp circuit 261. The 

operation of this system is identical to that of the 

feedback clamp circuit 251. 
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rn the embodiment under the description, the multipl 

l5'8 ls of the type which makes use of a multiplying D/A 

(digital-to-analog} converter, as shown in Fig. 52A;· Mo 

specifically, the multiplier 258 is composed of a 

multiplying D/A converter 521, an operation amplifier 522 

and a latch 523. The ou~put signal Vout from the multipl 

258 meets the following condition. 

Vout = -Vu;/N 0 < N < 1 

where, N represents a binary fractional number of the 

d.igital code. 

The basic multiplying D/A converter circuit is simila.c 

to an analog potentiometer which is unloaded by the 

operation amplifier. In this sense, the described circuit 

is similar to a follower constituted by a feedback circuit 

and a trim circuit connected thereto. In consequence, in , 

channel connecting operation which will be explained later, 

the image data produced when the uniform white board is reat 

by the scanning unit is amplified to the level which is 

determined by the digital data which is set in the internal 

latch 523. Fig. 52B shows a code table. The latch 523 is 

allocated as I/O of the CPU 22 and setting of data in the 

latch 523 is conducted through a control line WR.SEL. 
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A description will be made hereinunder as to the 

feeaback clamp system composed of a multiplier 260 and a 

feedback clamp circuit 261. The feedback clamp system has 

• construction which is substantially the same as the 

feedback clamp circuit 251 of the preceding stage. More 

specifically, this feedbac~ clamp system includes a S/H 

circuit 26lb and a comparator amplifier 26la. The 

~ultiplier 260 under the control of the CPU is connected to 

the reference voltage Ref2 of the feedback clamp circuit. 

In the channel connection correcting operation which will be 

explained later, the reference voltage Ref2 is varied by the 

multiplier 260· at the level determined by the digital data 

which is set in the internal latch 537 through the data BUS 

508 of the CPU in order to shift the level of the black 

level image signal read from the black portion, and each 

color signal processed and amplified through the amplifier 

257, multiplier 258 and the buffer amplifier 259 is clamped 

at the level of the.reference voltage Ref2. The latch 537 

is allocated as the I/O of the CPO 22, and setting of data 

therein is conducted through a control line WR.SEL. The 

multiplier 260 is a 4-quadrant mode multiplier compose~· of a 

multiplying D/A converter 531, operation amplifiers 532·, 

533, resistors 534, 535 of a resistance value R, and a 

resistor 536 of the resistance value 2R, as shown in Fig. 

S3A. This multiplier 260 outputs voltages of both 
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iarities as shown in Fig. 538, in accordance with a-bit 
pO . 

di9ital data set by the CPU. 

The color signals 541 (G), 542 (8) and 543 {R) ·· 

•=plified to predetermined white and black levels and 

clamped at pred.etermined D.C. level are again multi.plexed 

into a series of signal by~the multiplier (MPX) 260 in 

accordance with multiplex pulses GSEL, BSEL and RSEL (544 to 

546)and the thus formed series of signal is supplied to the 

A/0 converter circuit 45 so as to be converted in accordance 

with A/D clock 547, whereby a digital data ADOUT 548 is 

obtained as the output. In this arrangement, the A/D 

:onversion is conducted after the multiplexing by the MPX 

260, so that five A/D converters are used to deal with 15 

channels of color signals, i.e., five channels for each of 

three colors G, B and R. The same applies also to other 

circuits B to E. 

In this embodiment, the original is read by a sensor 

having five staggered sensor chips which are arranged in 

such a staggered manner that these chips cover the 

respective one fifths of the original in the direction of 

the main scan and that a coverage or spacing corresponding 

to four lines (62.Sµm·x 4 = 250µm} in the direction of the 

sub-scan. It will be seen that there is a difference in 

reading position or reading timing between the channels 2,4 

on the leading side and the channels 1,3,5 on the trailing 
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side· In order to correctly connect the data derived from 

tnese channels, the described embodiment employs memories 

corresponding to a plurality of lines. The constru~~ion of 

the memories adopted in this embodiment is shown in Fig. 96. 

ln this Figure, numerals 70 to 74 denote memories each 

containing data from a plurality of lines. Thus, these 

memories are arranged to provide an arrangement known as 

riFo arrangement. More specifically, the memories 70, 72 

and 74 has storage capacities corresponding to five lines 

each constituted by 1024 pixels, _while memories 71 and 73 

have capacities corresponding to 15 lines. Writing of data 

in these memories is conducted in a line-by-line fashion 

from points indicated by writing pointers WPO 75 and WPE 76. 

After completi0n of writing of one-line data, the WPO 75 or 

the WPE 76 is incremented by +l. It will be seen that the · 

WPO 75 is used commonly for the channels· l, while the WPE 76 

are used commonly for the channels 2 and 4. 

OWRST 540 and EWRST 541 are signals for initializing 

·the values of the line pointers WPO 75 and WPE 76, while 

ORST 542 and ERST 543 are signals for resetting the values 

of the read pointers to the starting end. The operation 

will be explained with specific reference to channels r and 

2. As will be seen from Fig. 9A, the channel 2 is ahead of 

the channel l by an amount or distance corresponding to four 

lines. Therefore, the channel 2 first reads the line (5) 
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and writes the data of this line in the FiFo memory 71. 

Ttten; after moving of the sensor by a distance corresponding 

to 4 lines in the sub-scan direction, the channel l reads 

the line (5). Therefore, the writing pointer WPE is set 

ahead of the writing pointer WPO by an amount corresponding 

to four lines. If the contents of the fifo memories are 

read by the same read point value, the data derived form the 

same lines are read simultaneously from the channels l,3,5 

and the channels 2,4, whereby the offset or time lag in the 

direction of the sub-scan is eliminated. For instance, 

referring to Fig. 9B, the WPO for the channel l is 

positioned on the first line 1 of the memory, whereas the 

WPE for the channel 2 is positioned on the fifth line 5 of 

the memory. When the reading is commenced in this state, 

the pointer WPE will point 9 when the pointer WPO points 5. 

In consequence, the line (5) on the original is written in 

the region identified by the pointer position u 5 ti. 

Thereafter, the read line pointers RPO and RPE are advanced 

simultaneously so that data is read cyclically. Fig. 9C is 

a timing chart illustrating the above-described operation. 

The image data is fed in a lne-by-line manner in 

synchronism with the HSYNC signal 515. As will be seen from 

this Figure, the signals EWRST 541 and OWRST 540 are 

Produced with a time offset corresponding in amount to four 

lines. The signal ORST 542 is generated at a time interval 
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corresponding to the capacities of the FiFo memories 70, 72 

and .74, i.,e., for every five lines, while the signal ERST 

54 3 is generated for every 15 lines for the same reason. 

In reading, data is read first from the channel 1 at a speed 

which is five times as high as the writing speed, followed 

by one-line reading from the second, third, fourth and fifth 

~hannels, whereby a continuous signal formed of the data 

read from the first to fifth channels in sequence is 

obtained within the period of one HSYNC signal. 

Referring now to Fig. 90, lRD to SRO (544 to 548) 

indicates signals representing the regions in which the 

reading from the channels is effective. The control signal 

which is used for the image connection control employing the 

FiFo memory is generated in a memory control circuit 57' 

shown in Fig. 5. The circuit 57' is constituted by a 

discrete circuit such as TTL. This circuit, however, is 

not described because it does not constitute any critical 

portion of the invention. The memory arrangement described 

hereinabove is provided for each of three colors, namely, 

blue, green and red, although one of these arrangement 

corresponding to one of these colors has been described by 

way of example. Namely, the same memory arrangement is .. used 

for other colors. 

Fig. lOA shows a black level correction circuit. As 

Will be seen from Fig. lOB, when the quantity of light input 
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to the sensor is small, the black level outputs from the 

crrannels l to 5 largely fluctuate according ~o the chip and · 

according to .·pixels. If the output image is formed ·without 

correction of fluctuation in the black level, scores or 

unevenness will be caused in the image. It is therefore 

necessary to conduct a corFection to eliminate fluctuation 

.in the black level output. The correction can suitably be 
• 

conducted by a correction circuit as shown in Fig. lOA. 

sefore the copying operation is actually started, the 

original scanning unit is moved to a position where a black 

board of a uniform black color density is provided. This 

black board is typically disposed in a non-image-forming 

region on the leading end of the original plate. Then,the 

halogen lamp is started so that a black level image signal 

is input to this circuit. More _specifically, in order to 

store one-line black level signal in a black level RAM 78, a 

selector 82 is operated to select A (d) so that a gate 80 is 

closed (a) while the gate 81 is opened. In consequence, 

the data lines 551, 552 and 553 are connected in series. At 

the same time, (c) is output in order that the address input 

of the RAM receives the output from the address counter 84 

~hich is initialized by HSYNC~ whereby the black level 

siqnal corresponding to one line is stored in the RAM 87. 

This operation mode will be referred. to as black reference 

Pickup mode. 
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The level of the thus picked up black level data is 

very low so that the data is largely affected by noise 

generated in the analog video processing circuit and 

external noises which are introduced through varlous lines 

or by radiation. If such an affected data is used as the 

black level correction re(erence data, the black portion of 

the image will be impaired by the noises undesirably. In 

order to ~vercom~ this problem, .. an operation as shown by the 

flow chart in Fig. 100 is effected on the black level data 

picked up by the RAM 78 so as to eliminate unfavorable 

effect of the noises. This operation is conducted by the 

CPU 22 (see Fig. 2}. In Figs. lOC and 100, a symbol Bi 

represents each address in the black level RAM 78( while 

(Bi) represents the data in the address. The suffix i 

represents each address. Thus, assuming that the original 

has a width corre·sponding to the length of A-4 size paper, 

there are 4752 pixels/color (16 x 297 mm= 4752), provided 

that the pitch of the p"ixels is 16 pee/mm. In order to 

cover the entire length, five CCD chips each being 61 mm 

long are arrayed to constitute one line. In consequence, 

the value of i can vary within the range between 1 and 4880 

(16 x 61 mm. x 5 = 4880 pixels/color). 

Referring to Fig. lOC, the black level data picked up 

by the black level RAM 78 in section (l) of this Figure, the 

CPU 22 operates to open the latch 85 and also to close the 
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qate 80 while opening the gate 81 for (a}, (b),(c) and (d) 

w~th. respect to the black level data carried by the 

addresses Bij to Bi+j· The data is then accessed through 

selection of the selectors 82 and 83 and are read into a 

work register in RAM 24 within the CPO 22, as shown in 

section (3) of Fig. lOC. ..Then, the data (Bi-j) to (Bi+j) 

car.ried by the addresses Bij to Bi+j are summed and the sum 

is divided by the number 2j + 1 of the data, and the result 

is written in the address Mi of the working RAM 24 as the 

value of the central pixel Bi· In the manner-described, 

computations are carried out starting with {(Bi} + ••• +(Bj+l) 

+ ••• + (B2j + l)} = (Mj + 1) and ending with {B4880-2j) 

+ •••• + (84880·- j) + ••• +(B4880)} = (M4880 - j). In 

consequence, the central pixel Bi is written in the RAM 24 

as the mean value of the data in the addresses Bi-j to Bi+jr 

as shown by section (4} in Fig. lOC. In regards to· the 

addresses between i - 1 and i = j, the data of i = j + 1 is 

written, whereas the data of i 4880 - j is written for 

addresses between i = 4880 - j + 1 and i = 4880. Namely, 

the pixels corresponding to addresses i = 1 to i = j and i = 
4880 - j + 1 to i = 4880 are within the invalid areas on 

both ends of the sensors. In the described embodiment, j 

is set to be 48. Then, the data in the addresses from 

"1 + l to M 4880 _ j of the RAM 24 are rewritten in the 

addresses from Bj+l to M4eoo-j of the black level RAM 78 so 
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that the black level data free of the noise component is 

set· . When this operation is completed with respect to the 

blue component of the color component image (Step Bin Fig. 

lOD), similar computations are conducted for the G signal" 

representing the green component (Step G) and for the R 

si9nal representing the re~ component (Step R). Although 

in this embodiment the computation is conducted without 

weighting the central pixel and pixels in the vicinity·of 

the central pixel, it is possible to conduct the computation 

by multiplying the data carried by these pixels with 

suitable weighting factors. 

During reading of the image, the operation mode of the 

RAM 78 is changed to data reading mode so that the read data 

are input to the B input of a subtracter 79 through a data 

line 553 and then through a data line 557 for each pixel of 

each line. Namely, in this state, the gate 81 is ·closed (b) 

while the gate 80 is opened (a). Therefore, the black 

correction circuit output 556 is obtained with respect to 

the black level data DK(i) as BoutCi) = BinCi) - DK(i), thus 

completinq black correction mode for blue color. Green 

color data Gin and the red color data Rin are controlled in 

the· same manner by means of 77G and 77R. The control·· lines 

(a), (b), (c) and (d) of the selector gates are controlled 

by the C?O, more specifically by the latch 85 allocated as 

I/o Of the CPU 22 (Fig. 2}. 
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A description will be made hereinunder as to the white 

level correction (shading correction) with reference to Fig. 

ll-1· This correction is conducted in accordance wfth white 

color data obtained by moving the original scanning unit to 

a position of a white board of a uniform white color and 

illuminating the same by ~he scanning unit, for the purpose 

of correcting any fluctuations in the illuminating system, 

optical system and sensor sensitivity. A basic circuit 

arrangement is shown in Fig. 11-lA. This arrangement is 

materially the same as the circuit arrangement for black 

level correction as shown in Fig. lOA~ ex~ept th~t the 

subtracter 79 used in the black level correction is 

substituted by .a multiplier 79 1 
• Description of the 

portions common to those in the black level correction 

circuit is therefore omitted. 

The white level correcting operation will be described. 

When the original scanning unit is on the home position . 

where it faces the white plate of uniform white color, i.e., 

when the copying apparatus is in the state before the 

copying or reading operation, the exposure lamp is lit on to 

illuminate the white board so that a one-line image data of 

uniform white level is stored in a correction RAM 78'. 

Assuming h~re that the original has a width corresponding to 

the length of an A-4 size paper in the direction of the main 

scan, 4752 pixels (16 x 297 mm= 4752) are required to cover 

·····-·····, ... __ 
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tne image area of the original provided that the pixels are 

acranged at a pitch of 16pee/mm. Provided that the image 

data on each single CCO chip is composed of 976 pixels, 

there are 4880 pixels (976 x 5 = 4880) on the sensor. 

1huSr the RAM 78' has a capacity which is at least 4880 

The white board d~ta corresponding to i-th pixel is 

represented by Wi Ci = l to 4880) so that white board data 

carried by the respective pixels are stored in the RAM 78' 

in a manner shown in Fig. 11-lC. Representing the ordinary 

image data read by the i-th pixel corresponding to the white 

board data Wi by Di, the data Do after the white level 

correction should meet the condition of Do = Di x FFa/Wi. To 

this end, the CPO in the controller.operates to close the 

gate 80' while opening the gate 81' with respect to the 

latches 85'(a'), 85'(b'), 85'(c') and SS'(d'). The CPU also 

operates to enable the selectors 82' and 83' to select B, 

thereby enabling the CPU 22 to make access to the RAM 78'. 

Then, a computation of FFH/W1 is conducted for the first 

pixel w1 • Similarly computations FFH/Wi are conducted for 

the successive pixels, whereby substitution of data is 

conducted for each of the successive pixels. When this 

operation is completed for the blue component of the color 

ima9e {Step B of Fig. 11-10), similar operations are 

conducted for the green component (Step G) and the red 

component {Step R). Then, a control is executed to open the 
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qate BO' (a'), while closing the gate 81' ( b') and the 

selec~or 83' selects A, whereby the corrected data Do = Di x 

rrH/Wi are output for each of the original data Di wh.ich are 

input successively. The coefficient data FFH/Wi read from 

the RAM 78 1 is delivered through the signal line 553 and 

tnen through the signal li~e 557, and are multiplied with 

the image data 551, whereby the corrected data as the 

product is output. 

When the channels 58 to 52 of the color CCD sensor 6 

have read an original of the same density, these channels 

should output digital signals of the same level. This is 

ensured by a channel connection correcting operation which 

will be explained· hereinunder with reference to flow charts 

of Figs. ll-2A and ll-2B. This operation is commenced 

first with channel connecting black level processing. This 

operation is conducted first with respect to, for example, B 

signal {Step D-B) • In Step D-Bl for the black level 

processing of the B signal of the first channel CHl, in 

order to use the offset of the B signal as a reference 

level, the CPU 22 .sets 01 (80H in this embodiment) in the 

latch 537 of the multiplier circuit 260 through the data BUS 

soa, thereby setting the data of the multiplying D/A 

convertei 531 (Step 1). In this state, as in the case of 

the black level correction explained before, the black level 

Signal obtained from the black level is stored in the black 
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ievel RAM 87 (Step 2). Fig. ll-2C shows the black level 

data.stored in the RAM.78. Then, the value l of the counter 

i is initialized to "l" and the FFH is set (Step JJ 1n the 

temporary memory address M1 which is the address which is 

provided in the CPU working RAM 24 and adapted for storing 

the minimum value. Then,, the data {Bi) in the black level 

RAM 78 and the data Mi in the address M1 are compared with 

each other. If the da•ta (Bi) is smaller than the data 

(Mi)r the data (Mi) in the address M1 is substituted by the 

data (Bi)· This operation is conducted for each of the 

successive addresses Bi, from Bi = B1 to Bi = Bg76 (Steps 

4,5,6). Consequently, the smallest value of the data from 

the channel CHl is stored· in the address Mi. Then, the 

minimum value data in the address Mi is judged (Step 7) as 

to whether it is equal to the reference value D2 of the 

black level which is, in this embodiment, 08e. If the 

answer is NO, a judgment is conducted (STep 8) as to which 

one of these values is greater. If the minimum value data 

in the address M1 is smaller than the reference value D2, 

the CPO 22 operates to set (D1 + a) in the latch 537 within 

the multiplier circuit 260 so as to raise the offset level 

(Step 9) • The process is then returned to Step 3 and. 

Proceeds to Step 7 in which the judgment is conducted again 

as to whether the condition of (M1) = 02 is met. If the 

data M1 is greater than the reference value o2 , the CPU 22 
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operates to 3et (D1-a) in the latch 537 of the multiplier 

citcuit 260 so as to lower the offset level (Step 10). The 

process is then returned to Step 3 and proceeds to Step 7 in 

which the judgment is conducted again as to whether the 

condition of (M1) = 02 is met. Thus, the CPU repeatedly 

executes the operation by v,arying the value of the data o1 

ta) delivered to the multiplying D/A converter 531, until 

the condition of (M1) = 02 is met. When this condition is 

met, the process proceeds to Step D-2B from Step 7 so that 

the content of the counter is initialized to 977, so that 

the process explained in connection with Step D-Bl for the 

first channel CHl is executed for the second channel CH2 in 

the black level RAM 78,whereby the minimum value is selected 

as the reference value 02. Similarly, Steps D-B3, D-B4 and 

D-BS are executed to set the minimum values of the 

respective channels CE3, CH4 and CHS as the reference values 

D2. This operation is conducted for the channels CH2, CHJ, 

CH4 and CHS of G and R signals in Step 0-G and STep D-R, 

respectively, so that the data of the minimum value are set 

as the reference values 02. 

Subsequently, white-level processing is conducted on 

the B signal for the purpose of channel connecting white­

level processing. This is executed in Step W-B. More 

specifically, the white level processing of the B signal of 

the first channel CHl is conducted in Step W-Bl. In this 
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step, the CPU 22 sets 03 (AOH in the described embodiment) 

in the latch 523 of the multiplier circuit 258 so as to set 

the gain of the B signal of the channel CHl at the reference 

level, thus setting data of the multiplying D/A converter 

521 (Step 11) • In this state, the white level signal 

derived from the white boa~d is set in the white level RAM 

78' as in the case of the white level correction explained 

before ( STep 12). White level data set in the RAM 78' ·is 

shown in Fig. ll-2C. Subsequently, the value i in the 

counter is initialized into "l" and OOg is set in the 

temporary memory address M2 which is provided in the CPU 

working RAM 24 and adapted for storing the maximum value 

(Step 13). 

Subsequently, the data (Wi) in the white level RAM 78~ 

and the data (M2) in the address M2 are compared with each 

other. If the value of the data {Wi) is greater than (M2)1 

the data (M2 ) is substituted by {Wi)· This operation is 

conducted for each value of i, i.e., from W1 to W97s (Steps 

14, 15, 16). In consequence, data of the maximum value in 

the channel CHl is stored in the address M2· Then, a 

judgment is conducted (Step 17) as to whether the maximum 

data stored in the address M2 is equal to the reference 

value 04 (AOH in this embodiment} of the white level. If 

the answer is NO. a judgment is conducted (STep 18) as to 

Which one of these data is greater. If the data (M2) is 
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9
,eater than 04, the CPU 22 sets a value (04 - PJ in the 

iatch 523 of the multiplier circuit 258 so as to lower the 

gain level (STep 19).and the process returns to Step.i3. 

The process then proceeds again to Step 17 in which the 

judgment is conducted again as to whether the condition of 

If the .condition of (M2) < 0 4 , the CPU 22 

operates to set a value (03 + P> in the latch 523 of the 

multiplier .circuit 258 so as to raise the gain level ( s·tep 

20). The process then returns to Step 13 and proceeds to 

Step 17 in which the judgment is executed again as to 

whether the condition (M2} = 04 is met. Thus, the CPU 

repeatedly conducts the operation while varying the data (04 

± Pl supplied to the multiplying D/A converter 521. When 

the condition of (M2) = 0 4 is met, the process proceeds from 

Step 17 to Step W-2B in which the counter content is 

initialized to 977, whereby the operation same as that 

conducted on the channel CHl in Step W-Bl is executed on the 

second channel CH2 in the white level RAM 78' so as to set 

the minimum value as the reference value 04. Subsequently, 

Steps W-B3, w-B4 and w-ss are executed to set the data of 

the maximum values as the·reference values 04. The 

described process is executed for the channels CH2, CH3, CH4 

and CHS of the G and R signals in Steps W-G and W-R, whereby 

the data of the maximum values are set as the reference 

\ralues o4 • 
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The channel connecting processing is executed in 

accordance with the flow chart shown in Fig. 11-3. After 

the power is turned on in the reader portion 1, if ~he 

original scanning unit 22 is not on the home position sensor 

Sl in Step Sm-1, the CPO 22 operates to deliver a reset 

instruction to the steppiq9 motor driver 15 (see Fig. 2) 

through the signal line 503 thereby to operate the stepping 

motor 14 so as to reset the original scanning unit 11 ·to the 

home position. Subsequently, in Step S-m2, the CPU 22 

delivers a lighting instruction through a signal line 504 to 

te lamp driver 21 thereby to turn the halogen lamp 10 on. 

After the lighting of the halogen lamp 10, the CPO operate 

in Step S-m3 so as to set in the driver 15 the number of 

pulses corresponding to the travel of the original scanning 

unit ll from the home position (Sl) to the position where it 

faces the reference black board 9, thereby to cause the 

scanning unit 11 to travel to the position of the reference 

black board. The channel connecting black level processing 

explained before in connection with Fig. ll-2A is conducted 

in this state (S-m4). Subsequently, the CPU 22 sets, in the 

driver 15, the number of pulses corresponding to the travel 

of the scanning unit 11 between the reference black ·board 9 

and the reference white board 8 so as to enable the original 

scanning unit 11 to move from the position where the black 

board 9 is located to the position where the white board 8 
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iS located. The aforementioned channel connecting white 

ievel processing is executed (Step S-m6) while the origin 

scanning unit 17 is stationed at the position of the. 

reference white board. Then, in Step S-m7, the halogen le 

is turned off and the original scanning unit 11 is reset t 

the home position in Step s-m8, thus completing the channe 

connecting process. 

In the described embodiment, it is thus possible to 

increase the processing speed and to effect correction on 

data carried by each pixel. 

According to the invention, image data can be input at 

a high speed in a line-by-line fashion, and the CPU is 

allowed to ·make a high-speed access for reading and wri~ing 

operations. This offers the following advantages. When 

the operator wishes to detect the components of the image 

data at a point P having coordinates (Xmm, Ymm) on the 

original as shown in Fig. 12, the scanning unit is driven in 

the X-direction through a distance corresponding to ( 16 x 

x) lines and the data of the thus reached line is picked up 

in the RAM 78' in the same manner as that explained before, 

and then the data carried by the (16 x y)-th pixe~s is read, 

Vhereby the ratios of B, G and R components are detected on 

this point. This operation mode will be referred to as 

uline data pickup mode". It will also be clear to those 

Skilled in the art that the described embodiment enables an 
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easy computation of mean density over a plurality of lines 

freferred to as "mean computing mode" hereinafter) and also 

of density histogram (referred to as "histogram modih 

hereinafter). 

Thus, the described ·embodiment conducts correction of 

offsets of the black and w)lite levels which are attributable 

to various reascns such as variation in the black level 

density of the image input system, fluctuation in the dark 

current level, variation in the sensitivities of sensor 

chips, fluctuation in the light quantity of the optical 

system, variation in the white level sensitivity and so 

forth. In consequence, the characteristics are 

uniformalized in· the direction of the main scan so that 

color image data proportional to the input light quantity 

can be obtained over the entire length of the main scan. 

The thus obtained color image data is input to a logarithmic 

conversion circuit 86 (see Fig. 5) so as to be converted in 

conformity with the visual sensitivity of human eyes. More 

specifically, the conversion is conducted such as to obtain 

conditions of white = OOs and black = FFa. 

Various types of image sources can be input to the 

reading sensor, such as ordinary reflective originals, and 

transparent originals such as films used in a film projector 

including both negative and positive films and films of 

various sensitivity and exposure degrees. These different 
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types of image source provide different input gamma 

chatacteristics. It is therefore advi~able to prepare a 

plurality of logarithmic conversion LUTs (Le.Ok-up Tables} 

and to selectively use these Tables as shown in Figs. 13A 

and lJB. The switching between these Tables is conducted by 

selecting signal lines ego,, egl and eg2 ( 560 to 562), in 

accordance with instructions given through, fort example, 

the control panel as an I/O port of the CPU 22. The data 

output for the respective colors B, G and R correspond to 

the density value of the output image. Thus, the output of 

e {blue) corresponds to the· amount of yellow toner, the 

output of G }green) corresponds to the amount of magenta 

toner and output of of R )red) corresponds to the amount of 

cyan toner. The color image data are therefore expressed in 

terms of Y, M and C hereinunder. 

The following color compensation operations are 

conducted on each color component of the color image data 

obtained through the logarithmic conversion, i.e., on the 

Yellow component, magenta component and cyan component. As 

Well known to those skilled in the art, the spectral 

Characteristic Of color separation filter arranged Onueach 

Pixel of the color reading sensor has an unnecessary 

transmission region shown by hatched area. It is also well 

known that the color toners Y, M and C to be transferred to 
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the copy paper has unnecessary absorption component as shown 

in .Fig. 15. 
-· 

A technique called 11 masking compensation" is also well 

known. In this technique, the following primary equation of 

each color is calculated to effect color compensation for 

each of the color component data Yi, Mi and Ci. 

- cC1) 
cC2 

cC3 

An operatio.n is also known in which the minimum value 

Min(Yi, Mir Ci) of the Yi, Mi and Ci is computed and 

determined as ink (black) and black toner is added (inking) 

·to the portion of the minimum value. Also known is an 

operation called "undercolor removal (UCR)" in which the 

amount of coloring material to be added is decreased by the 

same amount as the addition of the black component. Fig. 

l6A shows a circuit arrangement for the masking, inking and 

IJCR. operations. 

The described embodiment has the following critical 

features. 

(l) There are two masking matrix systems which can be 

•~itched at a high speed by 1/0 of a single signal line. 
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tll A high speed switching is possible between a mode in 

hich UCR is conducted and a mode in which OCR is not " . 

eonducted, by 1/0 of a single signal line. 

(ll There are two ciic.1:1it systems for determining the 

4&11ount of inking switchable by 1/0 of a single signal line. 

In advance of the reading of an image, desired first 

matrix coefficient_ Mi and second matrix coefficient Ma are 

set through a BOS connected to the CPO 22. 

In this embodiment; the coefficients Ml and M2 are 

determined as follows. 

( 
! aYt -bMI -cc1) ( a YI - f3 Ml - 7 Cl ) 

Mt= :.....aY2 . bM2 -CC2 M2= -:a Y2 f3 M2 :-.r C2 
-aY3 ·-bM3 CC3 , - a'Ya - fJ M3 r C3 

The coefficient Ml is set in· the registers 87 to 95, 

while the coefficient M2 is set in registers 96 to 104. 

Numerals 111 to 122, 135 and 131 denote selectors which are 

adapted to select "A" when the S terminals carry "l" and B 

"hen the same carry "o" . Therefore, when it is desired to 

aelect the matrix M1 , the switching signal MAREA 564 is set 

It "l", whereas, when the matrix M2 is to be selected, the 

lame switching signal is .set at 11 0 11
• A reference numeral 

123 denotes a selector which provides outputs (a), (b) (c) 

(c) in response to selection signals Co and C1 (566, 567) in 

accordance with a truth table shown in Fig. 16(b). The 
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~lection signals Co, C1 and C2 are set as (C2, c1 , Co) = co, 

,, O)• (O, a, l), (O, l, 0} and (1, O, O) for Y, M, c and 

lki respectively, and also as (0, l, 1) for monochrome 

signal. By using these selection signals, it is possible to 

obtain desired color-compensated color signals. It is 

115umed here that the selec~ion signals {Co, C1, C2) are set 

11 (O, O, 0) while switching signal MAREA is set as MAREA = 
•1•. In this case, the contents of the registers 87, 88 and 

89, i.e., (ay1, -bMl, -cCl) are obtained as the outputs (a, 

b, c) of the selector 123. On the other hand, the black 

component signal 574, which is computed from the input 

:1i9nals Yi, Mi, Ci as Min(Yi, Mi, Ci) = x is subjected to a 

P,timary conversion conducted by 134 in accordance with a 

formula of Y =ax - b (a and bare constants}, and is 

delivered to the B inputs of subtracters 124, 125 and 126. 

The subtracters 124, 125 and 126 compute Y'i = Yi - (ax -

b), M'i =Mi - (ax - b) and C'i =Ci - (ax - b), thus 

conducting undercolor removal. The outputs are delivered 

through signal lines 577, 578 and 579 to multipliers 127, 

128 and 129· which are adapted to perform masking 

computation. The selector 135 is controlled by UAREA !J'66 

Which is set at "l" or "O" so as to enable a high-speed 

•witching between the mode in which UCR (undercolor removal) 

ts conducted and a mode in which the UCR is not conducted. 
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The 8 inputs of the multi~liers 127, 128 and 129 

itceive (ay1, -bMl, -cCl), while the A inputs of the same 

· [ 'l1· - (ax - b) , 
11ceive Mi - {ax - b), Ci - (ax - b)t·= 

Therefore, as will be understood from the 

figure, an output data Yaut = Y'i x (ay1) + M'i x {-bM1) + 

C'l x (cCl) is obtained at t:_he output Dout• on condition of 

Ci= o {Y or Mor C selection), whereby an yellow image data 

vhic:h has undergone the maski.ng color compensation and 

11ndercolor removal is obtained. 

Similarly, Mout = Y'i x (-ay2) + M'i x (bM2) + C'i x {-

cC2) and Caut = Y'i x {-ay3) + M'i x {-bM3) + C'i x (-cC3) 

are obtained at Dout. As explained before, the·selection of 

~lor is controlled by the CPU 22 in accordance with the 

~lor sequence of development by selecting signals (Co, C1, 

Cz) in conformity with the con tent of the truth table shown 

1n Fig. 16B. Registers 105 to 107 and 108 to 110 are used 

tor the purpose of forming monochrome image. As is the case 

of the masking.color compensation explained before, the 

llOnochrome signal is obtained by imparting weights to the 

respective ·colors as expressed by MONO = k1 ·Yi + e1-Mi + 

As explained before, switching signals MA.REA 564 is 

used for high-speed switching between the coefficient 

llatrixes Mi and M2 of the masking color compensation. UAREA 

565 is used for high-speed switching between the mode which 

tllploys OCR and the mode which does not employ UCR. KAREA 
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. used for high-speed switching of primary conversion jt7 1s 

"..if the black component which is obtained at the output Dout 

;itl.tough a signal line 569 via the selector 131. Namely, 

~ 587 conducts a high-speed switching of characteristic 

fietveen Y = ck d and Y = ek - f (c, d, e and f are 

~tants) for a given black component k = Min(Yi, Mi, Ci)· 
·~· 

It is therefore possible to apply different masking 

·~fficients to different areas on a single copying image 

·frame and/or to apply different amounts of OCR or inking to 

ditterent areas of the image frame. This makes it possible 
' 

fio synthesize, as in the described embodiment, an image by 

·composing a plurality of images obtained from image input 

·1ources having different color separation characteristics or 

• plurality of images having different levels of black tone. 

The area signals MAREA, UAREA and KAREA (564, 565, 587) 

Ire generated by area signal generating circuit 51 (see Fig. 

S) which will be described later. 

Figs. l7A to 17G illustrate the manner in which the 

•rea signals such as MAREA 564, UAREA 565 and KAREA 587 

tlplained before are generated. The term "area" is used to 

aean a local area such as that shown by hatching in Fig. 
17!. This area is discriminated from other areas by a 
llqnal AREA which is formed, as shown in the timing chart of 
fie;. l7(e), in each of lines within a region between lines A 

&Ad a. Each region can be appointed by the digitizer 16 
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shown in Fig. 1. Figs. 17{a) to 17(d) show an arrangement 

which enables the CPO 22 to provide plurality of positions 

of the area signal, area lengths and area numbers in. a 

programmable manner. In this arrangement, a single region 

signal is constituted by a single bit of RAM which can be 

accessed by the CPU. For ,instance, there are two n-bit RAMs 

so as to provide n-pieces of region signals AREAO to AREAAn. 

These RAMs are denoted by 136 and 137 and shown in Fig. 170. 

ror the purpose of obtaining the area signal AREAO, "l" is 

set in the bits O of the addresses x1, x3 of the RAM, while 

"O" is set in the bits of other addresses. For obtaining 

the area signal AREAn, "l .. is· set in addresses xi, x2 and x4 

of the RAM, while "O" is set in the bi ts n of other 

addresses. The data in the RAMs are sequentially read in 

synchronism with predetermined clocks using HSYNC as a 

reference, so that data "l" is read from the addresses x1 

and x3 as shown in Fig. 17C. The thus read data is input to 

J and K terminals of a J-K flip flops 148-0 to 148-n shown 

in Fig. 170, whereby a toggle operation is conducted. 

Namely, when "l .. is read from the RAM while CLK is being 

received, the output no" is changed to "l" and the output 

"l" is changed to "0", whereby a section signal such C\.S 

AREAO, i.e., an area signal, is obtained. No section, 

i.e., area, is appointed if "O" is set in all addressed of 

the RAM. 
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fig. 170 is a circuit diagram illustrating the 

eonstruction of a· circuit for conducting the above-described 

·operation. The RAMs mentioned before are denoted by. 136 and 

-137. These RAMs are used in such a manner that, while line 

data is being read from the RAM 136 for the purpose of 

finding an area signal, the CPO 22 (see Fig. 2) conducts 

writing of data for appointing a different area, so that a 

high-speed switching of area can be conducted. Thus, "the 

RAMs 136 and 137 are alternatingly used for the purpose of 

9eneration of an area and writing of area data by CPU, 

thereby realizing a high-speed switching of areas. When 

areas are appointed as hatched in Fig. 17F, the RAMA, E.G., 

136, and the· RAMS, E.G., 137, are used alt·ernatingly in a 

This operation is conducted as 

follows. Referring to Fig. 170, if the values {C3, C4, Cs) 

are set as (C3, C4r Cs)= (0, 1, 0), a counter output counted 

in terms of VCLK is delivered (Aa) as an address signal to 

the RAMA 136 thr~ugh the selector 139. In consequence, the 

gate 142 is opened while the gate 144 is closed, so that 

data is read from the· RAMA 136 over all bits 0 ton. These 

data are then input to the J-K flip-flops 148-0 to 148-n, 

Whereby section signals AREAO to AREAn are generated in 

accordance with the values set in the respective bits of the 

RAMA 136. Meanwhile, writing of data in the RAMS 137 by 

the CPO is conducted through address BOSes A-Bus and data ~ 
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suses o-Bus, by means of access signals R/W. Conversely, 

generation of section signals in accordance with the data 

set in the RAMB 137 can be conducted equally by setting the 

values (C3, C4, Cs} as (C3, C4,. Cs) = (l,O,l). Meanwhile, 

data is written by the CPU 22 in the RAMA 136. These RAMs 

will be referred to as A-RJ\,M and B-RAM, respectively, 

hereinafter. Signals C3, C4 and Cs will be referred to as 

AREA control signals (ARCNT). The AREA control signals C3, 

c4 and Cs are output from the I/O port of the CPO. 

Relationships between the bits and the kinds of signals are 

shown in Fig. 17G. 

A description will be made hereinunder as to a circuit 

arrangement for conducting th.e color conversion, with 

reference to Figs. 18A to lSF. The term "color conversion" 

is used in this specification to mean an operation for 

substituting color component data (Yi, Mi, Ci) of a specific 

color density or a specific color component ratio by another 

color. For instance, the color conversion is conducted for 

converting only a red color area of original (hatched in 

Fig. 18C) of original into blue. 

The color data (Yi, Mi, Ci) delivered to this color 

conversion circuit is first input to averaging circ~its 149, 

lso, 151. Averaging pixel numbers are set through a later­

mentioned control panel, via a CPU BOS. Actually, the 

average pixel numbers are set in window comparators 156 to 
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158 through CPU BUS. The setting of the averaging pixei 

·numbers is conducted in accordance with the width between a 

comparison upper limit value and a comparison lower limit 

value. When the width is small, the averaging number of 

pixels is selected to be large in order to avoid any 

detection error attributabie to,for example, detection of 

halftone dots. Conversely, when the width is large, the 

averaging pixel number if reduced so as to eliminate 

detection error due to, for example, detection of thin 

lines. The signal outputs from the averaging circuits are 

delivered to an adder 155 which computes {Yi + Mi + Ci} which 

is delivered to B inputs of dividers 152, 153 and 154. The 

outputs of the ·averaging circuits also are delivered to A 

inputs of these dividers. These dividers compute, 

respectively, yellow ratio ray, magenta ratio ram and cyan 

ratio rac as ray= Yi/{Yi +Mi+ Ci), ram= Mi/(Yi +Mi+ 

Ci), and rac = Ci/CYi +Mi+ Ci)· These ratios are derived 

through signal lines 604. 605 a~d 606 and are delivered to 

the window comparators 156, 157 and 158. The window 

comparators conduct comparison so as to determine whether 

the computed ratios fall within the ranges between 

comparison upper limits (Yur mu, Cu) and comparison lower 
.. 

limits (Ytr mr, cr) of the .respective colors. Thus, an 

output "l" is obtained on condition of Yt ~ ray < Yu· 

Similarly, outputs "l" are obtained on conditions of mt ~ 
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ram < mu and Ce :iii rac < cu. The CPU judges that the color 

~ the desired color when all these three conditions are 

met. In consequence, an AND circuit having three in.puts 

produces an output of "1" which is input to an So input of a 

selector 175. The adder 155 produces an output 603 =~i 

when the signal output from the I/O port of the CPU 22and 

carried by a signal line CHGCNT 607 is "1 11
• When the 

signal output from the I/O port is "0 11
, the adder 155 

produces an output 603 which is "1 11
• Thus, when the output 

from the I/O port is 11 011
, the A inputs of the dividers 152, 

153 and 154 are directly delivered as outputs. In this 

case, color density data are set in the regis~ers 159 to 164 

instead of the desired color component ratio. A reference 

numeral 175 designates a selector having four input lines 

and one output line. Desired color data after conversion 

are delivered as Y component, M component and C component to 

the inputs 1, 2 and 3 of the selector 175, while the input 4 

receives data Vin which is obtained from the read original 

image through a masking color compensation and an undercolor 

removal {UCR} operation. 

Dout shown in Fig. 16(a}. 

The input 4 is connected to the . 

The selection input So is set "l" 

When the color detection is "true", i.e., when a 

Predetermined color is detected, otherwise it takes "a~. 

The selection input s1 receives an area signal CHAREAO 615 

9enerated in the area generating circuit shown in Fig. 170 
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--a.i.~.:.t::;akes "l" when the detected point is within the 

appo.inted area and "O" when the same is out of the appointed 

area. Color conversion is conducted only when this' 

selection input is "l". The selection inputs 52 and 53 

receive inputs Co and C1 {616, 617} which are the same as 

the signals Co and C1 show~ in Fig. 16A. Operations of the 

color printer for forming yellow image, magenta image and 

cyan image_ are executed on condition of (Co, C1) = (0,0), 

(O,l) and (l,O}. Truth table ~epresenting the function of 

the selector 175 is shown in Fig. 18B. 

The registers 166 to 168 are used for setting the 

desired color component ratio to be obtained after the 

conversion or for setting desired color component density 

data to be obtained after conversion, by the operation of 

the CPU. When y', m' and c' are color component ratio 

signals, the signal CHGCNT 607 is set at 11 l 11 so that the 

output 603 of the adder 155 delivers (Yi + Mi + Ci) to the B 

inputs of the multipliers 169 to 171. In consequence, the 

selector inputs 1, 2 and 3 receive, respectively, {Yi + Mi + 

Ci) x y', (Yi+ Mi+ Ci) x m' and (Yi+ Mi+ Ci) x c'. In 

consequence, color conversion is conducted in accordance 

With the truth table shown in Fig. 188. 

On the other hand, when y', m' and c' are color 

component density data, the signal CHGCNT is set at 11 0" so 

that the output 603 of the adder 155 delivers a level "1 11
, 
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whereby (y', m', c'} are directly output from the 

;uitipliers 169 to 171 and input to the inputs 1, 2 and 3 of 

the selector 175, thus accomplishing the color conversion 

through substitution of the color component density data. 

As explained before, the area signal CHAREAO 615 enables 

the section length and section number to be set freely. It 

.is therefore possible to effect the color conversion only on 

preselected plurality of areas r1, r2 and rJ. By preparing 

1 plurality of circuit arrangements shown in Fig. 18A, it is 

possible to effect a high-speed real-time color conversion 

on a plurality of areas independently into different colors. 

For instance, it is possible to conduct color conversion 

from red to blue in the area r1, from red to yellow in the 

area r2 and from white to red in the area rJ. More 

specifically, color detection and conversion circuit same as 

that explained before is arranged in plural, and required 

data are selected from the outputs A, B, C and D of the 

respective circuits by the selector 230 in accordance with 

the signals CHSELO and CHSELl. The selected data is output 

through the output line 619The a·rea signals CHAREAO to 

CHAREA 3 to be applied to the respective circuits, as well 

as signals CHSELO and CHSEL l are produced by the area 

qenerating circuit 51 as shown in Fig. 170. The.operator 

can freely appoint the range of color to be converted, by a 

later-mentioned area appointing mode. 
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A description will be made hereinunder with reference 

·figs. 19A to l9F-BK as to a gamma conversion circuit 
t.0 . 

~ich controls the color balance and color density ~l the 

output image. Basically, the gamma conversion is a data 

conversion conducted in accordance with the contents of a 

LUT (Look-Op Table}. The,contents of the LOT can be 

rewritten in accordance with appointment which is input 

through the control section. The writing of data in a RAM 

177 for the LOT is conducted as follows. The level of a 

aelection signal line RAMSL 623 is set at 11 0" so that the 

selector 176 selects the B input, whereby a gate 17& is 

closed while a gate 179 is opened. As a result, the ABOS 

and OBOS from the CPU 22 are connected to the RAM 177 

thereby allowing data to tie written in and read out from the 

RAM 177. _ Once the conversion table is formed, the level of 

the signal on the RAMSL 623 is set at "l 11 so that video 

input coming from Din 620 is delivered to the address input 

of the RAM 177, whereby addressing is conducted in 

accordance with the video data. In consequence, the desired 

data is read out of the RAM and is input through the open 

9ate 178 to a magnification control circuit which 

constitutes the next stage of control operation. 

The qamma RAM has at least two sections A and B (see 

Fig. 190} each having five areas alloted for yellow, 

magenta, cyan, black and MONO. As is the case of the 
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operation explained in connection with Figs. 16A and 168, 

~he conversion of the respective colors is conducted by the 

signals Co, C1 and C2 (566, 567, 568). The area generation 

circuit shown in Fig. 170 also produces a signal GAREA 626 

which makes it possible to impart different gamma 

characteristics to different areas. For instance, it is 

possible to impa~t a gamma characteristic A to the area A 

and a gamma characteristic B to an area B, as shown in Fig. 

l9C. It is thus possible to obtain a single print including 

different areas having different gamma characteristics. 

The gamma RAM used in this embodiment has two sections which 

store different.ganuna characteristics A and B which are 

switchable at high speed in independent areas. It is of 

course possible to increase the number of sections so as to 

enable the operator to use a greater number of gamma 

characteristics which are switchable at high speed. The 

output Daut in Fig. 19Ais input to the input Din of the 

aforementioned magnification control circuit of the next 

stage shown in Fig. 20A. 

As will be understood from the drawings, the gamma 

conversion RAM used in this embodiment is designed to switch 

the characteristic for each of the colors independently. 

The content of this RAM can be rewritten by the CPU in 

response to operation of liquid-crystal touch panel keys on 

the control panel. For instance, when the operator has 
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touched a density control key e on POOO (standard frame) of 

rig~ 33, the setting is moved from the center O to the left 

towards -1 and then towards -2 as shown in Figs. 190.and 

19E, and the characteristics in the RAM 177 also is shifted 

laterally as O to -1, -1 to -2, -2 to -3 and -3 to -4 so as 

to be rewritten. Conversely, when the operator touches a 

density control key f, the characteristic is changed from O 

to +l, +1 to +2, +2 to +3 and +3 to +4 whereby the content 

of the RAM 177 is rewritten. Thus, by touching the ~ or f 

key on the standard frame, it is possible to rewrite the 

content of the whole table (RAM 177) of Y, M, C. Bk and 

MONO, whereby the image density can be varied without 

changing color tones. Referring now to Fig. 37, a frame 420 

is.used ·for color balance control in <color create> mode. 

In this case, areas for the independent colors Y, M, C and 

Bk of the RAM 177 are rewritten so as to enable a control of 

the color balance. For instance, when it is desired to 

change the color tone of the yellow component, the operator 

touches a touch key Yl in the frame 420 so that the black 

belt is extended upward whereby the conversion 

~aracteristic is moved in the direction Y11 i.e., in such a 

direction as to increase the density of the yellow 

component, as shown in Fig. 19F-Y. Conversely, when a touch 

key Y2 is touched, the characteristic is moved in such a 

direction y 2 as to decrease the density of the yellow 
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component. Thus, this operation enables adjustment of 

dens.ity of single color component. The same operation is 

·possible also on other colors M, C and Bk. 

A frame P36l in Fi9. 36 is used in free color mode in 

<area appoint> mode. This free color mode is realized by 

rewriting the content of the gamma conversion RAM in a 

manner which will be explained later. 

The free color mode is an operation for obtaining· a 

gradation image of any desired single color, similar to 

black gradation image which is obtained when a full-color 

original is copied by a monochromatic copier. 

A description will be made hereinunder as to the manner 

in which the free color mode is realized, with refer~nce to 

Fiq. 54-A. The description will be made on an assumption 

that the user wishes to obtain a single-color gradation 

image of blue color. The appointment of the hue of color to 

be used is conducted by reading a color on an original 

displayed on a frame.P362 in Fig. 36 or by selecting one 

from a plurality of colors registered on the frame P364 

shown in Fig. 36. 

The graph appearing on a right-side portion of Fig. 54A 

shows color component data (Y5 , M5 , Cs) of a color which has 

a hue appointed throug·h the frame P364. This color is, in 

this case, a light blue color. From this data, it is 

Understood that the desired hue (blue color) has a component 
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A graph appearing on 

left portion of Fig. 54A shows gamma characteristics which 

are set in the MONO gamma RAM at the time of formation of 

yellow, magenta and cyan colors. 

Representing the maximum value am·ongst Y5 , Ms and Cs by. 

MAX, the gamma characteristic functions GY(x), GM(x) and 

GC(x) of yellow, magenta and cyan colors are formed by the 

following procedure. 

Ys 
GY (x) - x:. --

MAX 

Ms 
GM (x) = x • 

MAX 

Cs 
GC (x) - x • 

MAX 

(Note that MAX is not 2ero in these formulae, as well 

as in the following description). 

The aforementioned monochromatic image data (MONO) is 

made to pass through the thus formed MONO gamma RAM, while 

varying the gamma characteristics for yellow, magenta and 

cyan colors, thereby realizing the free color mode. .In 

fact, the following conditions are met by all MONO values 

x, so that the formed image has a single hue with a 

9radation which has the same proportion to all the colors 
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yellow, magentd and cyan. 

.. Ys 
GY(x): GM(x): GC(x) - x • -­

MAX 

Ms . · Cs 
: x·--- :x·---

MAX MAX 

- Ys : Ms Cs 

Fig. 548 sh s the coXor component of the image 

formed in the described free color mode when a single 

original has a black portion (MONO = 255) and a red 

portion (MONO= 160). It will be seen that these 

portions are represented by the same hue with such a 

gradation that the portion having greater MONO value 

exhibits a high~r density than the portion having the 

smaller MONO value. 

This operation alone, however, cannot make it possible 

to attain the desired density at a desired portion on the 

original. For instance, it may be required to change the 

black portion of the original into a color of the desired 

hue with small color density, while representing the red 

portion in the same hue with high density. 

Such a control is possible by means of a density 

control key ~on the free color mode in <area appoint> moire-

on the frame P363 or P364 in Fig. 36. This key~ enables 

the density level to be changed stepwise from level l to 

level 17 and vice versa. In accordance with the appointed 

density level, the gamma curve of the color component having 
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the greater proportion (referred to as "central color 

·component" hereinunder) is changed as shown in F'fg. 54C. 

The standard density level is set at levei 9. When this 

standard level has been selected, the gamma curve of the 
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ce~tral color component coincides with the ganuna curve show 

jn·Fi.g. 54A. 

constants are alloted to the respective density· ievels 

Ila to M11· Te constant alloted to Ms is 255. The gamma 

characteristic function GMAINi of the central color 

component is then determin~d as follows. 

Mi 
data = x • 

255 

GMAIN1 (x) = ( 
data ( data .5.. 255 ) 

255. (data > 255 ) 

In this embodiment, the gamma RAM provides 8-bit output 

(0 to 255) so that the upper limit is set at 255. 

Thus, the gradient of the gamma curve of the central 

color component is changed in accordance with the density 

level, and the gradients of gamma curves of other colors are 

changed such as to maintain the same proportions, whereby 

~e density level can be freely controlled in the same hue. 

Fig. 540 shows a gamma curve which is obtained when the 

density level has been changed to the level 4 from that 

shown in Fig. 54A. It will be understood that the black 

Portion of the original is represented by the color of the 
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L.· 
same hue with reduced density, without changing the 

·c:0~ponent ratios of Y : M : C = l : 2 : 4. 

fig. 54E shows a gamma curve which is obtained when 

the density level has been changed to the level 15 from that 

shown in Fig. 54A. In order to maintain the component 

ratio, when the upper limit value (255 in this case} is 

reached by the central color component, this color component 

ls kept constant as well as other color components. It will 

be understood that the red portion of the original is 

represented by the color of the same hue with increased 

density. Needless to say, the component ratios of Y : M : 

C = 1 : 2 : 4 is maintained without being changed. 

The free color mode in the <area appoint> mode on the 

frame P365 shown in Fig. 36 also makes it possible to 

conduct the following control. Namely, the operator can 

change the density of a desired point to the same level of 

density as the color (Y 5 , M5 , Cs) having the hue appointed on 

the frame P362 or P364 shown in Fig. 36, by appointing such 

a point on the original. 

To effect such a change in the density, the MONO value 

(reference MONO value) of the point appointed on the 

Original is read, and the gamma curves of the respective 

Color components in the MONO ganuna RAM are set such that Ys, 

·Ms and C5 are output when the read MONO value is input .. 

When the reference MONO value is small, the gradients are 
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iarge as shown in Fig. 54E, whereas, when the reference MONO 

value is small, the gradients are small as shown in Fig. 

540. 

As will be understood from the foregoing description, 

the free color modes can be realized only through three 

image forming cycles for Y, M and C colors. When this free 

color mode is used to9ether with other mode or modes, it may 

become necessary to conduct image formation in BK. This can 

be attained by setting the gamma curve for BK such that O is 

output in response to all inputs. 

Referring to Fig. 20A, each of FiFo memories 180 and 

181 has a capacity corresponding to 4752 pixels (16 x 297 = 
4752) so as to cover a scan line length of 297 mm 

corresponding to the length of A-4 size paper, with pixels 

arranged at a pitch of l6pel/mm. As shown in Fig. 208, 

each FiFo memory conducts writing in the memory in the 

period of 1rn'E or BWE = 11 Lo 11
, and reading of data from memory 

in the period of ARE or BRE = "Lo". When a condition of 

ARE = "Hi" is met, a high-impedance state is obtained in 

the output from the memory A. When a condition of BRE 

• "Hi" is met, a high-impedance state is obtained for the 

output from the memory B. Wired OR of these outputs from 

the memories is delivered as an output Dout 627. Each of the 

FiFo memories 180 and 181 (A and B) has a write address 

counter and a read address counter (see Fig. 20C) which 
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operates in accordance with clocks WCK and RCK so as to 

cau-se an internal pointer to step. It is a well known 
.. 
·seasure to supply the WCK with clocks CLE< which is t'ormed by 

·demultiplying an internal video data transfer clock VCLK 588 

by a rate multiplier, while supplying the RCK with the VCLK 

without demultiplication. ,In such a case, the data stored 

1n this circuit is contracted when it is output. 

conversely, when the WCK is-supplied with the VCLK without 

demultiplication while the RCK receives the demultiplied 

CLK, the data is expanded when output. FiFo memories A and 

B are adapted to alternatingly conduct the read and write 

operations. The W address counter 182 and R address 

counter 183 in each of the FiFo memories 180 and 181 is 

adapted to upcount in accordance with the clock only when 

the enable signal (We, RE ••• 635,635) is "Lo",and is adapted 

to be reset and initialized on condition of RST {634} = 
"Lo". An example of the writing and reading operation will 

be explained with reference to Fig. 200. After a reset RST 

Which is conducted by main scan synchronizing signal HSYNC 

in this embodiment, the signal AWE (or BWE) is set at "Lo" 

for a period corresponding to m pixels as counted from the 

n1-th pixel so as to enable the pixel data to be written, 

While the signal ~ (or BRE) are set at "Lo" for a period 

corresponding to m pixels as counted from the n2-th pixel so 

as to enable the pixel data to be read out. In consequence, 
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&Jie data is shifted f com the position represented by WRITE 

gATA ·ta the position represented by READ DATA in Fig. 200. 

IY controlling the position of generation and duration of 

the signals AWE (or BWE) and ARE {or BRE) in the described 

•nner, it is possible to move the image in the direction of 

t.l'le mains scan to any desired position as shown in Figs, 20E, 

~F and 20G. It is also possible to freely combine the 
-

llOvement of the image with contraction or enlargement, by 

combining the image moving operation wi t.h the 

demultiplication of the WCK signal or RCK signal explained 

before. The signals AWE, ARE, BWE and BRE which are input 

to this circuit are all generated by the area generation 

circuit shown in Fig. 170. 

After the enlarging or contracting operation is 

conducted in the direction of the m~in scan as desired, edge 

stressing and smoothing operation is conducted in a manner 

which will be explained hereinunder with reference to Figs. 

20A to 20G. Fig. 21A is a block diagram of a circuit for 

conducting this operation. This circuit has a plurality of 

line memories 185 to 189 each having a capacity 

corresponding to the length of line in the direction of main 

•can. These line memories are arranged to form a F.iFo 

•tructure which enables data of five successive lines to be 

cyclically stored and read in parallel. A reference numeral 
190 denotes a quadratic differentiation spatial filter which 
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iS used ordinarily. This filter detects edge component of 

the.image and the output 646 thereof is processed with a 

gain having a characteristic as shown in Fig. 218. ~he 

hatched area in Fig. 21B of the differentiation output is 
clamped in order to remove small components in the edge 

stressing output, i.e., to~ remove noise components. The 

buffer memory outputs corresponding to five lines are 
·. 

delivered to smoothing circuits 191 to 195 whereby averaging 

is conducted with five types of pixel blocks having 

different sizes including the smallest size of l x l.and the 

greatest size of 5 x s. The desired smoothing signal is 

selected from among the outputs 641 to 645· from these 

smoothing circuits. An SMSL signal 651 is output from the 

I/O port of the CPU 22 and is controlled in relation to the 

appointment from the control panel, as will be explaiend 

later. A reference numeral 198 designates a divider. When 

a smoothing size of 3 x S, for example, has been selected, 

the CPU 15 operates to set "15", whereas, when a smoothing 

size of 3 x 7 has been selected, the CPU operates to set 

21,and the averaging is conducted in accordance with these 

numbers. 

The gain circuit 196 has a look-up-table type 

construction {LUT) construction , constituted by a RAM in 

Which data is written by CPU 22 as in the case of the gamma 

r.ircuit explained in connection with Fig. 19A. The 
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,rrangemen t is such that, when the input EAREA 65 2 is set 

,t"Lo", the gain circuit 196 outputs "0". The edge 

,tressing control and the smoothing control explained above 

,re related to the liquid-crystal touch panel frame on the 

control panel. As the operator operates the touch panel on 

tbe frame P430 in Fig. 37 ~o press <SHARPNESS> on the frame, 

the gain characteristic is rewritten by CPO 22 as shown in 

ftg. 21C, as the sharpness number is increased from 1 to 2, 

2 to 3, 3 to 4 and so on. Conversely, if the panel is 

operated in the direction for weakening the <SHARPNESS> AS 

1' Tq 2 I, 2' TO 3 I AND 3 I TO 4 I, THE SWITCHING SIGNAL SMLSL 

652 of the selector 197 operates to progressively increase 

~e size of the blocks as from-3 x 3, 3 x S, 3 x 7 up to 5 

x s. At the central point C, the block size 1 x 1 is 

•elected and the gain circuit input EAREA 651 is set at"Lo". 

In this case, therefore, the input Din is output as Daut 

without any smoothing and edge stressing,and is delivered to 

the output of the adder 199. In this embodiment, the Moire 

9enerated when the original has halftone dots can be 

eliminated by the smoothing. In addition, the sharpness of 

the image is increased as a result of edge stressing .. 

operation effected on the letters and lines. A problem is 

encountered when half tone dot portion and line or letter 

Portion exist in the same original. In such a case, a 

•~oothing for eliminating Moire effects inevitably reduces the 
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sharpness to make the lines and letters obsc~re, while 

~dge.stressing for attaining higher sharpness increases Moire 

effects. This problem is overcome by the 

described embodiment as follows. Namely, in this 

~mbodiment, the EAREA 651 and SMSL 652 produced in the area 
' 
qeneratin9 circuit shown in Fig. 170 are suitably controlled 

5uch that SMSL 652 selects the smoothing size oE 3 x 5, 

while EAREA 651 is formed as A' and B' in Fi9. 21E. When 

this control is conducted on the original which has both 

halftone dot image and line or letter image, Moire is 

suppressed on the halftone dot image while the sharpness is 

fmproved in the region of line or character image. As is 

th• case of the signal EAREA 651, the signal TMAREA 660 is 

~nerated.by the are a generating circuit 51, so that an 

lutput Dout = "A + B" is obtained on condition of TMAREA = 

'l" and an output Dout = "O" is obtained on condition of 

~MAREA = II 0 " • Therefore, when· the TMAREA 660 is controlled 

~uch as to generate a signal 660-1 as shown in Fig. 21F, the 
1 
~atched area (area inside rec.tangle) is trimmed, wherea~, 

~en a signal 660-2 as shown in Fig. 21G is formed, the 

~tched area (area outside rectangle) is trimmed, i.e., 

~ite blanking of the area in the rectangle is conducted. 

In Fig. 22, a reference numeral 200 denotes an original 

~ordinates recognition circuit adapted for recognizing 

:oordinates of four corners of the original set on the 
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original plate. The recognized coordinates are held in an 

internal register (not shown). After a preparatory scan for 

recognizing the original position, the CPU 22 reads the 

coordinate data from the register. This circuit is 

disclosed in the specification of United States Patent 

Application Serial No. 946P93 filed on December 23, 1986 so 

that description thereof is omitted in this specification. 

In the preparatory scan conducted for the purpose of 

recognition of the original position, the black-level and 

white-level correction are executed as explained in 

connection with Figs. 10 and llA and, thereafter, the 

masking computing coefficients shown in Fig. 16A are set at 

k1, e1, m1 for monochromatic image data are selected and, at 

the same time, Co, C1 and C2 are set as ( O .1, 1). · In 

addition, the signal UAREA 565 is set at "Lo" so that the 

OCR (undercolor removal) may not be conducted. 

data obtained under these conditions is input as 

monochromatic image data to the original position 

recognition circuit 200. 

The image 

Fig. 22 shows the control panel, especially a liquid­

crystal frame control portion and a key matrix. The 

control panel is connected to the CPU 22 through a CPU BUS 

508. The control panel has a liquid display controller 201 

controlled·by an instruction given through the BUS 508, and 

a key matrix 209 for key-input and touch-key-input 
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controlled through an I/O port 206. Fonts to be displayed 

on the liquid crystal display are stored in a font ROM 205 
.. 

and are successively transferred to a refresh RAM 204 in 

accordance with the program given by the CPO 22. The 

liquid-crystal controller delivers a display date to the 

liquid-crystal display 20~ through the liquid-crystal driver 

202. On the other hand, all the key-inputs are controlled 

through I/O port 206. A key scan operation which is known 

per se is conducted to detect any pressed key and a signal 

corresponding to the pressed key is supplied to the CPU 22 

through a receiver 208 via the I/O port. 

Fig. 23 shows an arrangement in which a film projector 

211 is mounted on and connected to the system of the 

invention shown in Fig. l. In this Figure, the same 

reference numerals are used to denote the same parts as 

those in Fig. 1. A mirror unit composed of a reflection 

mirror 218, a Fresnel lens 212 and a diffusion plate 213 is 

mounted above the original plate 4. The image of light 

transmitted through a film 216, projected from the film 

projector 211, is scanned in the direction of the arrow by 

the original scanning unit explained before, so that the 

light image is read in the same manner as that in the 

reading of an original placed on the original plate. The 

film 216 is fixed by a film holder 215, while a lamp 

controller 212 controls on and off, as well as lighting 
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voltage, of a lamp 212, under the control of signals PJON 

65-5 ·and PJCNT 65 7 which are delivered through the I /0 port of 

the CPU 22 ( se"e F.ig. 2) of the controller 2 2. The lamp 

controller 212 is adapted to control the lamp lighting 

voltage within a range between Vmin and Vmax as shown in 

Fig. 24, in accordance witb the 8-bit input PJCNT 657. The 

input digital data in this state is represented by DA to 08 • 

Fig. 25A shows the flow of operation for reading the image 

from the film projector and copying the read image, while 

Fig. 25B is a timing chart showing the timing of this 

operation. In Step S 1, the operator sets a film 216 on 

the film projector 211 and operates the control panel in a 

sequence which will be explained later so that the lamp 

lighting voltage Vexp is determined after a shading 

correction {Step 5 2) and AE (Step S 3). Then, the printer 

is started in Step s 4. In advance to the ITOP (image end 

synchronizing signal) from the printer, the level of the 

signal PJCNT is set at Oexp which corresponds to optimum 

exposure voltage, whereby a stable light quantity is 

obtained when the image is formed. A Y image is formed by. 

the ITOP signal and thereafter the lighting voltage is kept 

at a level DA corresponding to the minimum exposure voltage 

so as to maintain the lamp in a dark state until the next 

exposure is conducted. With this arrangement, it is 

possible to suppress degradation of the filament due to rush 
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current which occurs when the lamp is turned on, thereby 

prolonging the life of the lamp. Then, similar steps are 
.. 

followed to form M image, C image and Bk image (Steps s 7 to 

s 12). Thereafter, the signal PJCNT is set at "OO", thereby 

tu~ning the lamp off. 

The procedures of the,AE operation and shading 

correction in the projector mode will be explained 

hereinunder with refer~nce to Figs. 29A and 298. After 

selecting the projector mode through the control panel, the 

operator confirms whether the film used is a color negative 

film, a color positive film, a monochromatic negative film 

or a monochromatic positive film. When the film is a color 

negative film, the operator sets in the projector a film 

carrier havin9 a cyan color compensation filter, and sets 

the unexposed portion (film base) of the film in a film 

holder. The operator then presses a shading start button 

while making selection of the ASA. value of the film between 

100 to 400 and above 400. In consequence, the projector 

lamps lights up with the standard lighting voltage Vi. The 

cyan filter cuts the orange base of the color negative film 

so as to attain a color balance of the color sensor which is 

provided with R, G and B filters. By picking up the 

shading data from the unexposed portion of the film, it is 

possible to obtain a wide dynamic range even when the film 

used is a negative film. When a film oth•r than a negative 
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color film is used, a film carrier 2 having an ND filter or 

ha~ing no filter is set and the shading start key on the 

liquid-crystal touch panel is pressed so that the projector 

iamp lights up with another standard lighting voltage v2 • 

The arrangement may be such that, on~e the operator has 

discriminated the type of ~ilm between negative and positive· 

and selected the type of the film carrier, the switching 

between the standard lighting voltages V1 and V2 is 

conducted automatically upon recognition of the type of the 

film carrier. Subsequently, a scanner unit is moved to a 

region near the center of the image projection area, and the 

data corresponding to one CCD line or.mean value of data 

over a plurality of CCD lines is picked up as the shading 

data and stored in the RAM 78' shown in Fig. llA. The 

projector lamp is then turned off. 

Then, the film 216 carrying the image to be copied is 

set on the film holder 215. If a focusing operation is 

necessary, the projector lamp is turned on by a lamp start 

button on the control panel and the focusing is conducted 

through a visual check of the focused image. Then, the lamp 

is turned off by the lamp start button. 

As a copy button is turned on, the projector lamp 

lights up with the standard voltage Vi or V2 depending on 

the result of discrimination of the film type between color 

film and other films, and a pre-scan (AE) of the image 
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projecting portion is conducted. The pre-scan is effected 

in accordance with the following procedure for the purpose 

of judging the level at which the film as the copying object 

was exposed. R signals from pr.edetermined plurality of 

lines in the image projection region are input through the 

cco and data concerning the appearing frequency of the R 

signal are accumulated so as to form a histogram as shown in 

Fig. 2SC {histogram forming mode in Fig. 11). The max 

value in this histogram is determined as illustrated and the 

points where a line of a level which is 1/16 of the maximum 

value ·is crossed by the histogram are determined as the 

maximum and minimum R signal values Rmax and Rmin. Then, 

the lamp light quantity multiplication factor a.is computed 

in accordance with the type of the film initially selected 

by the operator. The value of the factor a is determined 

as a = 255/Rmax in case of a color or monochromatic positive 

film, 4 = C1/Rmin in case of a monochromatic negative film, a 

= C2/Rmin in case of a color negative film having ASA value 

of 400 or less, and a = C3/Rmin in case of a color negative 

film having ASA value above 400. The factors c1 , C2 and C3 

are beforehand determined in accordance with the gamma 

characteristic of the film, and are usually set betwe~n 40 

and SO or so out of 255 levels. The factor a is converted 

through a predetermined look-up table into an output data to 

be delivered to a variable voltage power supply for the 
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projector lamp. The projector lamp lights up with the thus 

determined lamp lighting voltage v,and the logarithmic 

conversion table shown in Fig. 3A and the masking 

coefficients shown in Fig. 16A are suitably set so as to 

-~nable the apparatus to conduct ordinary copying operation. 

As shown in Fig. 3A, it ~s possible to select one out of 

eight tables l to 8by means of a 3-bi t change-over signal as 

shown in Fig. 3A. Thus, the table l may be used for the 

reflection type original, while table_s 2, 3, 4, 5 and 6 are 
. 

used, respectively, for color positive films, monochromatic 

positiv_e films, color negative films (ASA below 400), color 

negative films· (ASA 400 or above) and monochromatic negative 

films. The contents of these tables should be settable for 

the respective colors R, G and B independently. An example 

of the contents of the table is shown in Fig. 13B. 

The copying operation is thus completed. Before the 

copying of the next film is commenced, the operator checks 

for any change in the nature of the film, i.e., 

negative/positive and color/monochromatic and so forth. If 

there is any change in the nature of the film, the process 

returns to {A) in Fig. 29A. When there is no change; the 

process returns to (8} in Fig. 19A. Thereafter, the 

described operation is performed. 

It is thus possible to obtain print outputs 

corresponding to the types of the film, i.e., negative. 
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positive, color and monochromatic , set on the film 

projector 211. As will be seen from Fig. 23, in the 

illustrated embodiment, the film image is projected on the 

original plate in a greater scale. The enlarged image 

projected on the original plate naturally has fewer small 

letters. In the described,embodiment, therefore, a 

gradation process is executed which is different from that 
-: . 

conducted for the print output obtained from a reflectrve 

original. This is executed by a PWM circuit 788 in the 

print controller. 

The detail of this PWM circuit will be described 

hereinunder. Fig. 26A is a block diagram of the PWM 

circuit, while Fig. ·26B is a timing chart illustrating the 

timing of operation of this circuit. 

The input VIDEO DATA 800 is latched by the latch 

circuit 900 at the time of rise of the VCLK 801 and is 

synchronized with clocks (see 800 and 801 in Fig. 26B). The 

VIDEO DATA 815 output from the latch is delivered to a LUT 

(Look-Up Table) 901 composed of a ROM or a RAM,where a 

gradation compensation is effected. The gradation­

compensated signal is then converted into a single analog 

video signal through a D/A converter 902, and the thus 

formed analog signal is input to comparators 910 and 911 so 

as to be compared with a later-mentioend triangular weave. 

The comparators 910 and 911 receive, at their other inputs, 
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signals 808 and 809 which are triangular waves synchronized 

~ith.VCLK and formed independently. More specifically, one 

of these two triangular waves is a wave WVl which is· 

generated by a triangular wave generating circuit 908 in 

accordance with a triangular wave generation reference 

signal 806 obtained by demµltiplying, by a J-K fllip-flop 

906 for example, into 1/2 a synchronizing clock 2VCLK 803 

which has a frequency twice as high the frequency of the 

clock VCLK 8 0 l . The other triangular wave is a wave WV2 

which is generated by another triangular wave generating 

circuit 909 in accordance with a signal 807 (see Fig. 268) 

which is obtained by demultiplying the signal 2VCLK into 1/6 

by a demultiplying or frequency dividing circuit 905 

designed to output 1/6 of the input frequency. As will be 

seen from Fig. 26B, the triangular waves and the VIDEO DATA 

are all synchronous with the VCLK. In addition, a signal 

inverted from the horizontal synchronizing signal HSYNC is 

applied to the circuits 905 and 906 so as to initialize 

these circuit at the timing conforming with the signal 

HSYNC, thereby causing the triangular waves and the VIDEO 

DATA to be synchronized with the signal HSYNC which also is 

generated in synchronization with VCLK. As a result of 

this operation, signals of pulse widths variable in 

accordance with the value of the input VIDEO DATA 800 are 

obtained at the outputs 810 and 811 of the comparators 910 
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and 911, respectively. Thus, in this system, the laser 

lights up when the level of the output from the AND gate 913 

shown in Fig. 26 is "1 11 so that dots are printed on ·the 

print paper. When the level of the output from the AND gate 

913 is "O", the laser does not operate so that no dot is 

printed. It is therefore,possible to control the turning 

off of the lamp by LON 805. Fig. 26C shows a change in the 

level of the video signal D from "black" to "white" in·the 

.rightward direction. White and black levels are input to 

the PWM circuit as FF and 00, respectively, so that the 

output of the O/A converter 902 is changed as shown by a 

curve Di.in Fig. 26C. On the other hand, the triangular 

waves are as· shown by WVl and WV2 in (a) and (b) of Fig. 

26C. Therefore, the pulse widths of the outputs from the 

comparators CMPl and CMP2 are progressively narrowed as the 

video signal level is shifted from 11 black 11 towards "white", 

as will be seen from curves PWl and PW2. When the PWl is 

selected, the pitch of the dots on the print paper is 

progressively cha,nged as Pi to P2, P2 to P3 and P43 to P4. 

Thus, the variance of the pulse width has a dynamic range 

represented by Wl. On the other hand, when PW2 is selected, 

the dot pitch is changed from Ps to P6· In this case, the 

dynamic range of the pulse width is W2 which is about three 

times as large as PWl. For instance, the printing 
• 

density )resolution) is set to be about 400 lines/inch when 
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PWl is selected and about 133 lines/inch when PW2 is 

selected. From this fact, it will be understood that the 

resolution obtained when PWl is selected is about 3 times as 

high as that obtained when PW2 is selected. On the other 

hand, when PW2 is selected, a remarkable improvement in the 

gradation is attained because the dynamic range of the pulse 

~idth in this case is about three times as wide as that 

obtained when PW! is selected. Therefore, a signal SCRSEL 

804 is supplied from,an external circuit so as to select PWl 

when a high resolutions required and to select PW2 when high 

degree of gradation is desired. In Fig. 26A, numeral 912 

denotes a selector which selects the input A when the level 

of the signal SCRSEL 804 is "O" thereby selecting PWl 

and,when the level of this signal is "l" selects PW2. PW! 

or PW2 thus selected is output from the output terminal O 

and the laser is activated for a period corresponding to the 

finally obtained pulse width, thereby printing dots. 

The Look-Up Table LUT 901 is constituted by a table­

changeable ROM which is used for the purpose of gradation 

compensation. Upon receipt of address signals K1, K2 (812 

and 813), as well as table change-over signal 814 and video 

signal 815, the LUT 901 produces corrected V!OEO DATA. For 

instance, when the signal SCRSEL 804 is set at "O" for 

allowing PWl to be selected, all the outputs from the 

ternary counter 903 becomes "O" so that the correction table 
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for PWl in LOT 901 is selected. Levels of signals K0 , K1 

and K2 are varied in accordance with the color of the signal· 

to be output. For instance, outputs of yellow, magenta, 

cyan and black are obtained on conditions of (Ko, Ki, K2 ) = 

( o, o, o) , (Ko, Ki, K2) = ( o, 1, O) , C Ko, K1, K2} = ( 1, o, o) and 

(Ko, K1, Ki) = (1,1,0), res_pectively. Thus, the gradation 

compensation characteristic is changed in accordance with 

the color of the image to be pri~ted, thereby compensating 

for deviation of gradation characteristic attributable tc a 

variation of image reproducing characteristic exhibited by 

the laser beam printer according to colors. It is possible 

to effect gradation compensation for wider range by 

combining K2 with Ko, and Ki. For instance, it is possible 

to change the gradation characteristics of the respective 

colors in accordance with the type of the input image. When 

the signal SCRSEL is set at "l" for selecting PW2, the 

ternary counter 603 counts the synchronizing signals of the 

lines and repeatedly outputs "l" • "2" + "3" to the address 

814 of the LOT. In consequence, the gradation compensation 

table is changed according to the lines, whereby a further 

improvement in the gradation characteristic is obtained. 

This operation will be described in detail with 

reference to Figs. 27A and 27B. A curve A in Fig. 27A is a 

characteristic curve which shows the relationship between 

the input data and the printing density as obtained when the 
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PWl has been selected with the input data changed from "FF", 

L.e .. , white, to "O", i.e., black, . 

relationship is linear as shown by K. 

Prefer~bly, this 

Therefore, a· 

characteristic as shown by a curve B, which is an inverse to 

the curve A, is set in the gradation compensation table. 

Fig. 278 shows gradation correction characteristics A, B and 

C of the respective lines, as obtained when PW2 has been 

selected. The pulse width is changed by the triangular 

waves in the direction of main scan by the laser, and the 

gradation is varied in three stages in the direction of sub­

scan, thereby improving the gradation characteristics. 

Namely, where the density change is steep, the 

characteristic A is dominant so as to provide a steep 

reproducibility, whereas gentle gradation is reproduced in 

accordance with the curve c. The curve B reproduces a 

gradation effective for the reproduction of intermediate 

level. It is thus possible to obtain an appreciable level 

of gradation at high resolution even when PWl has been 

selected. In addition, an extremely high degree of 

gradation is obtained when PW2 has been selected. In regard 

to the pulse width when PW2 has been selected~ the p~lse 

width W ideally meets the condition of O ~ W ~ W2. 

Actually, however, there is a region of pulse width which 

does not enable dots to be printed ( O ~ W ~ wp in Fig. 28A, 

as well as a region in which pr in ting is saturated ( wq :;r W :ii 
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W2 in Fig. 28A), due to restriction imposed by the 

e~e~trophotographic characteristic of the laser beam printer 

and response characteristics of the laser driving cfrcuit 

and other portions. The pulse width is therefore 

determined to fall within the range of wp ~ W ~ wq which 

provides a linear relatio~ between the pulse width and the 

density. Thus, when the input data is changed from "O" 

(black) tC? FFH (white) as shown in Fig. 28B, the puls·e 

width changes from wp to wq, thus assuring a high linearity 

between the input data and the density. 

The video signal thus converted into pulse width is 

delivered to the laser driver 711L through the line 224 so 

as to modulate· the laser beam LB. 

The signals Ko, Ki, K2, SCR~EL and LON as shown in 

Fig. 26A are output from a control circuit (not shown) 

provided in the printer controller 700, on the basis of the 

serial communication between the reader portion l and the 

controller. The signal SCRSEL is set at "O" and "l", 

respectively, when an image on a reflective original is read 

and when a film projector is used, thus providing a higher 

smoothness of the gradation. 

<Image Forming Operation> 

The laser beam LB modulated in accordance with the 

image data is reflected by the polygon mirror 712 rotating 

at a high speed so as to scan horizontally at high speed 
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with a scanning width indicated by arrows A-B, and is 

focused on the surface of a photosensitive drum 715 through 

the f/e lens 13 and the mirror 714, thereby effecting dot 

exposure corresponding to the image data. One horizontal 

scan of the laser beam corresponds to one horizontal scan of 

the or iqinal. In this embqdiment, this co·rresponds to the 

width of 1/16 mm in the direction of feed, i.e., in the 

direction of sub-scan. 

The photosensitive drum 715 is rotating in the 

direction of an arrow L at a constant speed. Thus, the 

main scan on the drum surface is effected by the scanning of 

the laser beam, while ~he sub-scan is effected by the 

rotation of the photosensitive drum, so that .the drum 

surface is progressively exposed to form a latent image. 

The photosensitive drum surface has been uniformly charged 

in advance of the exposure, by means of the charger 717. 

Toner images is formed as a result of a series of operation 

including the uniform charging, exposure and development by 

toner on a developing sleeve 731. For instance, if the 

development is conducted by yellow toner on the developing 

sleeve 731Y in response to the first ~xposure in the color 

reader, a toner image corresponding to the yellow component 

of the original 3 is formed on the surface of the 

photosensi~ive drum 715. 
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Then, by a transfer charger 729 provided in the region 

of contact between the photosensitive drum 715 and the 

transfer drum 716, the yellow toner image is transfiired to 

a paper 754 which is wound on the transfer drum 716 with its 

leading end gripped by the gripper 751. The described 

operation is conducte.d alsp for the M (magenta), C (cyan) 

and Bk(black) images so that the toner images of different 

colors are superposed on the paper 754, whereby a full-color 

image is formed by toners of four colors. 

Subsequently, the transfer paper 791 is separated from 

the transfer drum 716 by a movable separation claw 750, and 

is introduced to an image fixing section 743 where heat and 

pressure are applied by means _of heat-pressing rollers 744, 

745 thereby to melt and fix the toner image. 

<Description of Control Section> 

Fig. 31 illustrates the control panel in the control 

section of the color copying apparatus of the invention. 

The control panel has a reset key 401 for resetting the 

operating condition to a standard mode, enter key 402 for 

allowing setting of a registration mode or service mode 

Which will be explained later, ten-key device 404 for 

setting numerical values such as number of copies to be 

obtained, clear/stop ~ey 403 for clearing the remaining 

number of copies or dismissing continuous copying mode, and 

a device 405 which permits setting of various modes through 
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a touch panel key and for displaying the state of the 

pr::inter. A center shift key 407 is used for appointing a 

center shifting operation in a shifting mode which will be 

explained layer. ·An original recognition key 408 is used 

for automatically detecting the original size and original 

position when copying. A ~umeral 406 denotes a projector 

key for appointing the projector mode. A recall key 409 is 

used for· recovering previously set copying condition. · 

Numeral 410 represent memory keys (Ml, M2, M3, M4) for 

storing or recalling set values ·of various modes which are 

beforehand programmed. A numeral 411 denotes a 

registration key for allowing data to beset in the 

respective memories. 

<Digitizer> 

Fig. ~2 shows the appearance of the digitizer 16. The 

digitizer 16 has entry keys 422, 423, 424, 425, 426 and 427 

for setting various modes which will be explained later. 

The digitizer further has a coordinates detection plate 420 

for appointing a desired area on the original and for 

setting magnification. A point pen 421 is used for the 

purpose of appointing the coordinates. The inputs through 

these keys and the coordinates input data are exchanged 

between the CPU 22 and the digitizer through a BUS 505,so 

that these data are stored in the RAMs 24 and 25. 

<Description of Standard Frame> 
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Fig. 33 illustrates a standard frame. The frame POOO 

is displayed dur'ing copying or when no setting is being 

conducted. This frame enables the user to set the 
. 

magnification, as well as to select the type of paper and to 

adjust the density. The area on the left lower corner of 

the frame enables the user~ to appoint a so-called constant 

magnification mode. For instance, when a touch key~ 

(contraction) is pressed, the change in the size and the 

magnification are displayed as shown in the frame POlO. 

; Conversely, when a touch key !;?_(enlargement) is pressed, the 

size and the magnification are displayed similarly, The 

color copying apparatus of this embodiment enables the user 

to.select one of th~ee stages of contraction and three 

stages of enlargement. When it is desired to recover the 

real-size mode, a touch key h (real size) is pressed so that 

the real size (100%) is recovered. Selection between an 

upper cassette and a lower cassette is possible by means of 

a touch key £ which is provided at the center of the 

display. The user also can select APS (Auto Paper Select) 

mode in which the cassette containing paper of the size 

matching with the original size is automatically selected, 

by pressing a touch key d. Touch keys ~ and £ on the right 

part of the display are for effecting adjustment of density. 

These keys are operable even during copying. When a touch 

key g is pressed, a display is made as to the functions of 
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the touch keys and the method of operating the copying 

apparatus. The operator therefore can easily control the 

apparatus upon consultation with the content of this 
. 

display. Frames explanatory of later-mentioend setting 

modes are also prepared so as to be looked into during 

operation in these setting modes. 

A black striped display on upper part of the frame 

displays the states of various modes which are being used, 

so as to eliminate any pos.sibility of wrong operation and 

confirmation of the setting. 

A message display area under the black striped display 

is adapted for displaying various messages.e.g., the state 

of the color· copying apparatus such as that shown in the 

frame P020, messages concerning wrong operation, and so 

forth. In the event of a paper jam or shortage of a toner, 

the whole portion of the printer is displayed on the frame 

so as to enable the operator to know at a glance where the 

paper is jamming and what color of toner is needed. 

<Zooming Mode> 

The zooming mode MlOO is a mode which enables the siz·e 

of the print to be varied for fixed sizes of original~ The 

zooming mode includes a manual zooming mode MllO and an 

auto-zooming mode Ml20. When the manual zooming mode MllO 

is selected, the user can vary the magnification for every 

1% both in the direction of main scan (Y direction) and in 
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the direction of sub-scan (X direction), through an editor 

.or. the touch panel. : The auto-zooming mode Ml20 is a mode 

which automatically computes and adopts optimum 

magnification in accordance with the size of the original 

and the size of the paper selected. The auto-zooming mode 

includes four types of su~-modes, i.e., XY independent auto­

zooming mode, XY equal zoomin9 mode, X auto-zooming mode and 

Y auto-zooming mode.· .When the XY independent auto-zooming 

mode is selected, the magnifications in the X and Y 

directions are automatically controlled and set such that 

the whole or an appointed region on the original are copied 

in the full size of the selected paper. When the XY equal 

auto-zooming mode is selected, the magnifications are 

computed for both of the X and Y directions and the actual 

maqnif ication is selected equally in both directions in 

conformity with the smaller one of the computed 

magnifications. In the X auto-zooming mode and the Y auto-

zooming mode, magnifications are determined only in X 

direction and Y direction, respectively. 

The method of operation in the zoominq mode will be 

described with reference to the liquid-crystal panel~. When 

a zoom key 422 on the digitizer 16 is pressed, the display 

is changed to the frame PlOO shown in Fig. 34. When the 

user wishes to effect manual zoom setting, he points by the 

point pen 421 the point where the rows of magnifications in 
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X and Y directions written on the coordinates detection 

plate 420 cross each other. In consequence, the display is 

changed to the frame PllO and the appointed magnifications 

in X and Y directions are displayed. For effecting a 

further fine adjustment of magnification, if the fine 

adjustment is to be conduc~ed only in X direction, the 

operator presses one of up and down keys which are provided 

on the left and right sides of the touch key Q· When the 

fine adjustment is to be made both in X and Y directions at 

an equal rate, the operator uses keys which are on the left 

and right sides of the touch key d. In this case, the 

displayed magnification factors in X and Y directions are 

changed at an equal rate. For the purpose of selecting the 

auto-zooming mode, the operator proceeds the display from 

the frame PlOO to PllO by pressing the touch key ~ or by 

using the digitizer 16. The operator can then appoints one 

of the four types of sub-modes, i.e., the XY independent 

auto-zooming mode, XY equal auto-zooming mode, X auto­

zooming mode and Y auto-zooming mode, by pressing touch keys 

Qr £, touch key £, touch key Q and touch key £, 

respectively. 

<Shifting Mode> 

The shifting mode M200 includes four modes: namely, 

center shifting mode M210, corner shift mode M230, position 

appointing shifting mode M230 and binding margin shifting 
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mode M240. The center shifting mode is a mode which enables 

the. image of the whole or appointed region on the original 

to be copied in the central region of the copy papei. The 

corner shifting mode M220 is a mode which enables the image 

on the whole or an appointed region of the original to be 

copied near one of fo'-';r co_;-ners of the copy paper. This 

mode is performed even when the size of the print image is 

greater than the paper size as shown in Fig. 43, so as·to 

position the copy image with reference to the appointed 

corner. The position appointing shifting mode M230 is a 

mode which enables the image of the whole or an appointed 

region of the original to be copied on any desired portion 

of the copy paper. When the binding margin shifting mode 

M240 is selected, the image is shifted such as to leave 

binding margin on the ,left and right sides of the copy paper 

as viewed in the direction of paper feed. 

The actual operating method for shifting copy position 

on this color copying apparatus will be explained 

hereinunder with reference to Fig. JSA. When the operator 

presses a shift key 423 of the digitizer, the display is 

changed to the frame 200 which presents four modes for 

selection by the operator. 
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The center shifting mode can be appointed and 

_accomplished by pressing the touch key~ on the frame P 200. 

When it is desired to conduct corner shifting, the operator 

presses the touch key B so that the display is changed to 

the frame P 230 so as to enable the operator to appoint one 

of four corners. The relptionship between the direction of 

shifting on the actual copy paper and the direction of 

appointment on the frame P 230 is such that. as shown in 

Fig. 3SB, the paper of the selected cassette is directly 

placed on the-digitizer 16 without changing its orientation. 

When the operator wishes to conduct the position appointing 

shifting, he presses the touch key £ on the frame P 200 so 

that the display is changed to frame P 210 so as to enable 

the user to appoint the destination by means of the 

digitizer 16. In this case, the display is changed to the 

frame P 211 so that the operator can further effect fine 

adjustment by means of the up and down keys. For 

conducting the shifting in binding margin mode, the operator 

presses the touch key g_and then appoints the size of the 

margin through up and down keys on the frame P 220. 

<Description ~f Area Appointing Mode> 

The area appointing mode M 300 enables the operator to 

appoint one or more regions on the original. There are 

three modes, i.e., a trimming mode M 310, a masking mode M 

320 and an image separation mode M 320 are available for 
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each of the appointed areas. The trimming mode M 310 is a 

mode which enables only the region inside the appointed area 

to be copied, whil_e the masking mode M 320 is a mode for 

producing a copy while placing a white image or mask on the 

area inside the appointed region. The image separation mode 

M 330 is is further divide9 into sub-modes including a color 

mode M 331, a color conversion mode M 332, a paint mode M 

333, a color balance mode M 334 and a free color mode M 335. 

The color ~ode M 331 enables the op~rator to apply to the 

appointed region one from nine modes: namely, a four-color 

mode, three-color mode, Y color mode, M color mode, C color 

mode, Bk color mode, RED color mode, GREEN color mode and 

BLUE color mode. 

The ~ree color mode M 335 enables the operator to 

obtain monochromatic image of a color other than the above-

mentioned seven mono-colors, in the appointed region of the 

image. 

The color conversion mode is a mode which a selected 

color portion of a predetermined range of density in the 

appointed region to be copied in a desired different color. 

The paint mode M 333 is a mode which produces the copy 

such that whole area of the appointed region is painted in a 

desired different color. The color balance mode M 334 is a 

mode which effects controls of densities of Y, M. C and Bk 

colors in the appointed region so as to produce a copy in 
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which the appointed region exhibits a color balance (color 

tone) different from that in other regions. 

The practical method of the operation in area 

appointing mode M 300 will be explained with reference to 

Fig. 36. 

The liquid crystal dipplay is changed to show a frame P 

300 as the operator presses the area appointing key 424 on 

the digi tize·r. The operator then places the original-on 

the digitizer 16 and appoints the designated region by the 

point pen 421. When two points in the region are pointed, 

the display is changed to the frame P 310. If the 

designated region has been correctly appointed, the operator 

presses the touch key !. on the frame P 310. Then, the 

operate~ selects one of the trimming mode, masking mode and 

image separation mode, by pressing the corresponding key 

displayed on the frame P 320. If the appointed mode is the 

trimming mode or the masking mode, the operator presses the 

touch key !. on the frame P 320 and appoints the next region. 

However, when the image separating mode is selected, the 

display is changed to a frame P 330 so as to enable the 

operator to select one from the color conversion mode, paint 

mode, color mode, color balance mode and the free color 

mode. For instance, if the operator wishes to print the 

image in the appointed region in four-full-color having Y, 

M. C and Bk components, he touches the touch key a (color 
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~ode) on the frame P 330 and then touches the touch key ~ir 

t~e .frame P 360, whereby the operation for appointing four­

full-color printing of the designated region is completed. 

When the operator has pressed the touch key £ on the 

frame P 330 to appoint the color conversion·, the display 

proceeds to a frame P 340 so that the operator can point, by 

means of the point pen, a point which is inside the 

appointed .region and which has the color data which the 

operator wishes to change into another color. 

The color conversion is therefore conducted. The 

operator is allowed to vary the range of color to be 

converted, by means of a conversion range appointing key 

which is on the cente~ of the frame P 341. The term "range 

of conversion" is used to mean the tolerance or range of the 

color data which can be regarded as being identical to the 

color data of the appointed point. If the conversion range 

is widened by means of the touch key Q, the color conversion 

is effected over a wide area which includes points of color 

data considerably different from that of the appointed 

point. Conversely, when the conversion range is ·narrowed by 

means of the touch key £, the color conversion takes place 

only a restricted area carrying color data close to that of 

the appointed point. 

If the position has been appointed correctly, the 

operator p.resses the touch key ~ on the frame P 341 so that 
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the display proceeds to a frame P 370. This frame P 370 is 

~ntended for allowing the operator to select the designated 

color, i.e., color to which the color of the appoin~ed 

region is to be changed. The operator can select one from 

standard color mode, designated color mode, registered color 

mode and white color mode: When the designated color is to 

be selected from standard colors, the operator touches the 

touch key ~ on the frame P 370 so that a frame P 390 is 

displayed to present seven colors, i.e., yellow, magneta, 

cyan, black, red, green and blue. The operator can 

therefore appoint one of these colors. Thus, the standard 

colors are color data which are inherently possessed by the 

color copying apparatus. In the illustrated embodiment, 

color component ratios are set as shown in Fig. 45, so as to 

provide a moderate density level of the print image. It is 

quite natural that the operator sometimes wishes to obtain a 

color which is slightly thinner or thicker than a standard 

color. To comply with such a demand, a density appointing 

key on the center of the frame P 390 is adapted to be 

pressed by the operator so as to provide the desired color 

density. 

When the operator has touched the touch key £ on the 

frame P 370, the display proceeds to the frame P 380. The 

operator then points a point having the color data which he 

wishes to obtain after the color conversion. Then, the 
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display 9roceeds to a frame P 381. If it is desired that 

th"e ·color conversion be effected through a change in the 

density solely, the operator presses the density cori~rol key 

~ on the center of the frame P 381, so that the color 

conversia·n is effected with the desired color density. 

When the desired colqr cannot be found on the f rarne P 

370 nor on the original, the user can conduct the color 

conversion by making use of color data. To this end, ·the 

operator touches the touch key £ on the frame 370 so that 

the display is changed to a frame P 391. which show a 

plurality of registered colors. The operator then presses 

the touch key· -corresponding to the color in which he is 

interested. In this case also, the conversion can be 

conducted by changing the density of the registered color, 

without changing the color component ratio. When the 

operator has pressed the touch key £ (white) in the frame P 

370, the same effect as that produced by in the masking mode 

M 310 is obtained. 

When the user wishes to appoint the paint mode M 333 in 

the image separation mode, he touches the touch key £ on the 

frame P 330 so that the display proceeds to the frame P 370. 

Then, the color with which the painting is to be made is 

appointed in the same manner as that explained with 

reference to the frame P 370 in connection with the color 

·conversion mode M 332. 
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When it is desired to print only the area within the 

lppointed region at a desired color balance (color tone), 

the operator touches the touch key ~ (color balancej~ As a 

result, the display is changed to a frame P 350 which 

enables the operator to adjust the densities of the toner 

components of the printer,.. i.e., yellow, magenta, cyan and 

black, by making use of an up and down touch keys. The 

state of appointment of the density is represented by black 

bar graph on· the frame P 350. In order to facilitate the 

judgment of the density, a scale is placed along the bar 

graph. 

When the to.uch key e fo.r appointing the free color mode 

is pressed on the frame P 330, the display proceeds to a 

frame P 361 which enables the operator to a mono-color 

either from the designated colors or the registered colors. 

When the touch key _s is touched on the frame P 361 so 

as to select the designated color mode, the display proceeds 

to a frame P 362 which enables the operator to appoint a 

point of the desired mono-color data by means of the point 

pen. In this case also, it is possible to conduct the color 

conversion in the free color mode by varying the density 

solely, without changing the color component ratio. by 

pressing the density control key ~ on the frame P 363. 

Then, as the operator touches an OK key Q on the frame 

P 363, the display proceeds to a frame P 365. In this. 
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state, it is possible to conduct the color conversion in 

fr-ee. color mode,. by inputting the position of the referenc 

color data which is to be changed into the color data 

appointed in the frame P 362. 

When the operator has pressed the touch key Q on the 

frame P 361 so as to select the registered color mode, the 

display proceeds to a frame P 364 which presents a pluralit 

of registered colo·r data for selection by the operator·. In 

this case also, the color conversion may be effected by 

changing the density solely, without varying the color tone 

It is also possible to proceeds the display to the frame P 

365 by pressing the OK key on the frame P 364, so as to 

enable the operator to select the free color mode which make 

the density of the reference color appointed on the frame P 

365 coincide with that of the registered color appointed on 

the frame P 364. 

<Description of Color Create Mode> 

In the color create mode M 400 shown in Fig. 37, it is 

possible to select one or more of six types of mode: namely, 

a color· mode M 410, a color conversion mode 420, a paint 

mode M 430, a sharpness mode M 440, a color balance mode M 

450 and a free color mode M 460. Amongst these six modes, 

the color mode M 410, the color conversion mode 420, the 

·paint mode· M 430, the color balance mode M 450 and the free 

color mode M 460 are the same as corresponding modes M 331, 
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M 332, M 333, M 334 and M 335 in the area appointing mode 

3ou,· except that the modes in the color create mode M 400 

apply to the whole area of the original, in contrast to th· 

functions of the position appointing mode which function 

only o~ the appointed region or regions of the original. 

These five modes, therefore, are not described. 

The create color mode has the sharpness mode M 440 

which enables the operator-to adjust the sharpness of the 

image. This adjustment is effected by, for example, 

conducting edge stressing operation for stressing edges of 

character images or by imparting a smoothing effect on 

halftone dot image. The sharpness mode M 440 is a mode 

which enables permits the adjustment of the edge stressing 

an smoothing effects. 

The manner in which the color create mode (l} is set 

will be explained with reference to Fig. 37. When the 

color create mode key 425 on the digitizer is pressed, the 

display proceeds to a frame P 400. The display further 

proceeds to a frame P 410 as the touch key (color mode) on 

the frame P 400 is pressed. The color mode to be copied is 

selected on the frame P 410. When a mono-color mode, i.e., 

a mode other than four-color and three-color modes is 

selected as the desired mode,· the display proceeds to a 

frame P 411 which allows selection between negative and 

positive. When the touch key £ (sharpness) on the frame P 
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400 is pressed, the display is changed to a f rarne p 430 s< 

that .the operator can adjust the sharpness of the copy 

image. 

When a touch key 1 for strengthening the edge stressi 

effect is pressed on the frame P 430, the amount of edge 

stressing is increased as explained before so that fine ,,. 

lines such as lin~s of characters or letters can be copied 

with a higp degree of sharpness. On the other hand, when a 

touch k~y h is pressed, smoothing of the peripheral image 

portion is enhanced to provide a greater smoothing effect's 

as to reduce the tendency of generation of Moire which tend: 

to appear when the image has halftone dots. 

The operations in the color conversion mode M 420, 

paint mode M 430 and the color balance mode M 450 are not 

described before they are materially the same as those in 

the area appointing mode. 

<Description of Fitting Synthesizing Mode> 

The fitting synthesizing mode M 6 is a mode in which an 

appointed color image region of an original such as that 

shown in Fig. 42F is fitted into an appointed monochromatic 

or color image region of another original such as that shown 

in Fig. 42E in real-size or in a different scale, so as to 

form a synthetic print image such as that shown in Fig. 42G. 

The method for setting this mode will be explained with 

reference to the illustration on the liquid panel and the 



Rff'LACEMENT SHEET 

t 3 AUG f997 
- 109 -

touch key operation. As the first step, the original is 

piaced on the coordinates detection plate of the digitizer 

15 and a fit ting synthesizing key 427 which is the e·ntry key 

of this mode is pressed, so that the liquid crystal display 

is changed from the standard frame POOO shown in Fig. 33 to 

a frame P 600 shown in Fig~ 39. Then, the color image 

region to be moved is appointed by pointing two points on a 

diagonal line of this region by means of the point pen·421. 

Asa result, dots are displayed at two points on the liquid 

crystal display P 610 which are substantially the same as 

the appointed points. If another region is to be appointed, 

the operation· presses a touch key ~ on the frame 610 so as 

to appoint a new pair of points. If the desired region is 

correctly appointed, the operator presses the touch key b 

and, thereafter, appoints two points on a diagonal line of 

the destination monochromatic image region by means of the 

pint pen 421. If the destined region is correctly 

appointed, the operator presses the touch key £ on the frame 

P 630 so that the display is changed to a frame P 640 which 

enables the user to appoint the magnification of the color 

image to be moved. If the color image is to be moved in 

real-size, the operator presses a touch key Q• thereby 

completing "the touch-key input. If the size of the image 

region to be moved is greater than the size of the destined 

region as shown in Fig. 42A, the moved image is fitted in 
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accordance with the form of the destined region,whereas, 

wh~n smaller than that of the destined region, a white blank 

is formed in the synthesized image, as shown in Fig. 428. 

such fitting operation is conducted automatically. 

When it is desired to fit the appointed color image 

region in the destined region after changing the size of the 

image region, the operator touches a touch key ~ on the 

frame P 640. As a result, the display is changed to frame P 

650 which enables the user to freely select magnifications 

both in the X direction {sub-scan direction) and Y direction 

(main scan direction), in the same manner as that explained 

before in connection with the zooming mode. It is possible 

to automatically change the size of the moved image region 

at the same rate in both directions X and Y, the key display 

is reversed by pressing a touch key g on the display frame P 

650. When it is desired to print the moved color image 

region in the same size as the destined region, the key 

display is reversed by touching both the touch keys !L. and 

i· It is also possible to effect manual setting of the 

size of the moved image region only in X direction, only in 

Y direction or in both directions with the same same size 

changing ratio, by means of the up and down touch keys. 

After completion of the setting in the manner 

described, the operator presses a touch key i so that the 

display is reversed to the standard frame POOOO, thus 
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completing the setting for the fitting synthesizing 

operation mode. 

<Enlarging Continuous Copying Mode> 

The enlarging continuous copying mode M 500 is a mode 

in which the whole or selected region of the original to be 

copied is automatically diyided into two areas and the 

sections o~ the original image are copied on different 

sheets of copy paper, when the size of the copy image · 

magnified with a desired magnification exceeds the size of 

the copy paper. The operator can form a complete copy image 

of a size greater than that of the copy paper size, by 

adhering these sheets of copy paper without difficulty. 

This operation is commenced first by pressing the 

enlarging continuous key 426 on the digitizer 16, and then 

by pressing a completion key ~ on the frame P 500 shown in 

Fig. 38, thus completing the setting. The operation is then 

conducted after appointment of the magnification and the 

paper size. 

<Registration Mode> 

The registration mode M 700 includes three modes: 

namely, a color registration mode M 710, a zoom pro~ram mode 

M 720 and a manual paper feed size appointing mode M 370. 

The color registration mode M 710 enables the registration 

of the designated color to be appointed in the color 

conversion mode and the paint mode in each of the color 
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create mode M 400 and area appoint mode M 300 explained 

betore. The zoom program mode M 720 is a mode in which an 

appropriate magnification is automatically,when the ·size of 

the original and the size of the copy paper are input. The 

computed magnification is displayed on the standard display 

frame POOO and the copying, operation is executed with this 

magnification. In the color copying apparatus of this 

embodiment, the feed of the copy paper can be conducted both 

manually and automatically from the upper and lower paper 

cassettes. When the apparatus is to be used in so-called 

APS (Auto-paper select) mode with manual paper feed, the 

manual paper feed size appointing mode M 730 appoints the 

size of the paper to be fed manually. 

As a *key 402 on the control section shown in Fig. 31 

is pressed, the display is changed to a frame P 700 shown in 

Fig. 40-1. If the operator wishes to select the color 

registration mode M 710 for the purpose of registering a 

color, he presses the touch key.!. on the frame P 700 so as 

to put a frame P 710 into display, and the original having 

the color region of the color to be registered is placed on 

the digitizer. Then, he appoints the color region by the 

point pen 421. As a result, the display is reversed to the 

frame P 711 so that the operator can determine the 

registration identification No. of the registered color by 

pressing the key of the identification No. When 
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registration of another cclor is necessary, the display is 
- . 

changed again to the frame P 710 in response to pressing of 

the touch k~y Q on the frame P 711, so that the operator can 

conduct the same color registering operation. When the 

input of the coordinates to be registered is finished, the 

operator presses the touch~key ~to bring a frame P 712 into 

display and presses a touch key t._ which is a start key for 

starting reading. 

A process shown by the flow chart in Fig. 44 is started 

as the touch key f is pressed. In Step S 700, the halogen 

lamp 10 lights up. In Step S 701, the number of pulses to 

be supplied to the stepping motor is computed in accordance 

with the coordinates ·value {sub-scan direction) appointed in 

Step S 701, and the original scanning unit 11 is moved as 

the aforementioned shifting command is· issued. In Step S 

702, the line-data pickup mode is executed so that the data 

on one line at the position of sub-scan is picked up and 

stored in the RAM 78' shown in Fig. 11-1. In S 703, 

average value of the data carried by 8 pixels around the 

coordinates-appointed main scan position is computed by the 

CPU 22 on the basis of the line data read from the RAM 78'. 

The computed average value is stored in the RAM 24. In 

Step s 704, judgment is conducted as to whether the 

registration coordinates of all the appointed positions have 

been read or not. If there is any coordinates which have 
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not been read yet, the process returns to Step S 701 so that 

the described operation is repeated until all the appointed 

coordinates are read. After the completion of readfng of 

the appointed coordinates to be registered, the halogen lamp 

10 is turned off in Step S 705 and the original scanning 

unit is retu;ned to the ho~e position in Step S 705, thus 

completing the registering operation. 

Then, "the opera~or presses the touch key ~ (zoom 

program) on the frame P 700, so that the display is changed 

to a.frame 720 which allows the operator to set the length 

of the original and the copy size. The set value is 

displayed on the frame P 720 together with the ratio copy 

size/original size irt terms of t. The result of the ratio 

computation is displayed at the magnification display area 

on the standard f rarne POOO, thus setting the copying· 

magnification. 

Then, the touch key £ (manual paper feed size appoint) 

is pressed on the frame P 700, so that the process proceeds 

to a frame P 730 which enables the operator to appoint the 

size of the copy paper to be fed manually. This mode makes 

it possible to conduct APS mode and the auto-zooming mode to 

be executed in combination with the manual paper feed mode. 

Numerical values and data set through the touch panel 

or through coordinates input by the digitizer in various 

modes are stored in predetermined regions in the RAMs 24 and 
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25 under the control of the CPU 22, and are read as desired 

so as to be used as parameters in subsequent copy sequence. 

A description will be made hereinundr as to the· ·service 

mode. The * key 402 on the control section shown in Fig. 31 

is pressed so that the frame P 700 shown in Fig. 40-l is put 

into display. As the* key, is pressed once again, the 

display is changed to a frame P 800 shown in Fig. 40-2. 

·When it is desired to conduct the black level adjustment, · 

the operator press the touch key ~ on the frame P 800 so 

that the display is changed to a frame P 852. A judgment is 

conducted as to whether the present mode is for picking up 

and storing one-line black level signal into the black level 

RAM 78 in advance of the· copying operation, by means of the 

touch key £ on the frame P 850 and the display C. If the 

state as shown in Fig. 40-2 is confirmed through the display 

C, a mode which does not pickup the black level data is set 

in the RAMs 24 and 25. Conversely, if the characters on the 

display C have been reversed as a result of the input 

through the touch key £ 1 a mode for picking up the black 

level data is set in the RAMs 24 and 25. The touch key £ 

conducts a toggle action. Other service modes are not 

described because they do not constitute any critical' 

portion of the invention. 

Fig.51 shows the procedure of operation of the ~ontrol 

section when the apparatus is used in combination with the 
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film projector 211 (see Fig. 24). As the projector mode 

selection key 406 {see Fig. 31} is pressed after the film 

projector 211 is connected, the display on the liquid 

crystal touch panel is changed to a frame P 800 which allows 

the operator to make selection between negative and positive 

films. When negative film,is selected, the display is 

hanged to a frame P 810 for allowing the operator to select 

the film sensitivity )ASA value). It is assumed here ·that 

ASA 100 is selected. Then, as explained before in 

connection with Fig. 29, the negative base film is set and 

the shading start key on the frame P 820 is pressed so that 

the shading correction 1$ conducted. Then, the negative 

film to be· copied is set on the. holde.i; ... 215 and the copy 

button 400 (see Fig. 31) is pressed so that image forming 

processes are conducted to form yellow, magenta,cyan and 

black color images in sequence in a manner explained in 

connection with Fig. 2SA, after the AE operation for 

determining the exposure voltage. 

Fig. 46 shows a flow chart illustrating the the 

sequence control of the color copying apparatus of this 

embodiment. Referring to this flow chart, the halogen lamp 

10 lights up in. Step S 100 in response to pressing of the 

copy key, and the aforementioned black correction mode and 

white correction mode are executed in Steps S 101 and S 102, 

respectively .. 
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A detailed description will be made as to the bla~k 

correction mode. As explained before in connection with 

Figs. lOA, lOB, lOC and 100,the black correction mode 

includes a black reference level pickup mode, black level 

data computing mode and black correction mode for correcting 

actual imag~ data. The biack level data picked up in the 

black reference level pickup mode tends to be affected by 

noises as explained before, so that a process for reducing 

the influence of noise in the direction of main scan by CCO 

is conducted in the computing mode. However, a fluctuation 

of the level inevitably takes place between adjacent CCD 

channels during repetition of the main scan by the CCO, 

although the amount of fluctuation is small. The deviation 

of the picked-up black level data between the adjacent 

channels causes a color offset between adjacent channels. 

In order to obviate such an offset of color, the touch key c 

is pressed in the DARK ADJ mode of the ADJUST mode M 852 in 

the afoerementioned service mode M 800 {see Fig. 40-2) so as 

to set in the RAMs 24 and 25 the mode which picks up the 

black level signal into the black level RAM 78. The mode 

set in the RAMs 24and 25 is judged in Step S 101-1 o~ Step S 

101 in the black correction mode. Then, the black level 

signals is picked up in Steps S 101-2 and S 101-3 and then 

the copy image is confirmed. When any offset of color 

between CCD channels is found during the confirmation of the 



... ··-··--·········-··· ··-· ... -~ - ... 

REPLACEMENT SHEET 
- 118 -

1 3 AUG 1997 

copy image, the copying operation is conducted once again 

foilowed by conformation of the image. 

When black level data which does not cause coloi offset 

between CCD channels has been picked up, the touch key £ is 

pressed once again in the DARK ADJ mode in the service mode 

M aoo so as to reverse the, display C. As a result, the mode 

which does not cause the black level signal to be stored in 

the black levei RAM 78 is set in the RAMs 24 and 25. 

Thereafter, the black correction is executed in Step S 101-4 

on the basis of the picked-up black level, while skipping 

over Steps S 101-2 and S 101-3. 

If a demand for color conversion has been set in the 

color conversion mode or in the paint mode, color 

registration and reading of the appointed color are 

conducted and the color-separated density data of the 

appointed coordinates is stored in ·predetermined areas 

depending on the registration mode and the appointed color 

detection, in the manner described in connection with Fig. 

44. In Step S 105, whether the original recognition mode 

has been set or not is judged. If this mode has been set, 

the proces~ proceeds to Step S 106-1 in which the scanning 

unit 16 is moved by a distance of 435 mm which corresponds 

to the maximum original detection length. Then, the 

position and the size of the original are detected through 

the CPU BUS,. by the aforementioned original recognition 
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If the original recognition mode has not 

been· set yet, the process proceeds to Step S 106-2 in which 

the size o~ the selected copy paper is recognized as· the 

original size and the data concerning the thus recognized 

size is set in the RAM 24. Then, in Step S 107, a judgment 

is conducted as to whether, the shifting mode has been set. 

If the answer is YES, the original scanning unit 11 is 

moved by an amount corresponding to the amount of shifting 

of the image. 

In Step S 109, a bit C map for output gate signals for 

various functions generated by RAMA 136 or RAMB 137 is 

formed in accordance with the data set by the respective 

modes. 

Fig. 49 is a RAM map representing the data set in the 

RAMs 24 and 25 by the respective modes. AREA _MODE 

represents an area which stores data for identifying the 

function or mode such as painting, trimming and so forth. 

AREA_XY stores size data such as the original size and the 

sizes of the respective areas. AREA_ALPT stores data 

concerning the color after the color conversion, e.g., 

whether the color to be obtained after conversion is a 

standard color, a designated color or a registered color. 

AREA~A~PT~XY is a data area for storing the data 

concerning color coordinates when the content of the area 

AREA~ALPT represents a designated color. AREA __ OENS is 
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an area for storing data concerning the density adjustment 

after the conversion. AREA_PT __ XY is an area for 

storing data concerning the coordinates of the color.before 

the conversion in the cola~ conversion mode. AREA_CLMD 

stores color mode data in the original or in an appointed 

region. 

REG __ COLOR stores various color data registered in the 

color registration mode. These data are used as the 

registered colors. This area is stored in a back-up memory 

of the RAM 25 so that the content of this area is maintained 

even when the power supply is cut-off accidentally. 

A bit map as shown in Fig. 50 is formed by using the 

above-mentioned stored data. As the first Step, 

coordinates data in the sub-scan direction as derived from 

the AREA __ XY storing the size data concerning the respective 

regions are sorted from the smaller one to the greater ones 

in the X __ ADD.area. The same sorting is conducted also in 

the direction of main scan. 

Subsequently, 11 1 11 is set in the BIT_MAP at positions 

corresponding to the start and end points of the respective 

regions in the direction of the main scan. The bit 

positions where "l"· is set correspond to the respective gate 

signals generated by the RAMA 136 and the RANB 137~ Thus, 

the bit positions are determined by the mode in the region. 

For instance, the region l which is an original region 
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c?rresponds to TMAREA 660, while the region 5 for appointing 

color balance corresponds ta GAREA 626. In the described 

manner, bit map corresponding to the regions is form~d in 

the BIT_MAP area shown in Fig. 50. 

Then, in Step S 109, the following process is conducted 

for the mode in each region. The region 2 stores cyan mono­

color mode, and provides a monochromatic image corresponding 

.to four-color image on the original. If video data is 

transmitted when this region 2 is developed in cyan color, 

the image in this region 2 is printed to have only the cyan 

component, and images of other colors such as yellow and 

magenta are not printed. . Therefore, the following 

coefficients are set, by the masking coefficient register 

shown in Fig. 16A, in the register which is selected when 

MAREA 564 has become active, in order to provide an ND image 

when the area in an appointed region has been selected in 

mono-color mode. 

y l • a y 2. a Y3 lo. 0 • 0 

p M 1 • p M 2. p M3 = 0 • 0 , 0 

1 c 1 , 'f c 2. r C3 Ys • Ys • Ys 

k 2. I. 2 . m2 0 • 0 
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Then, the data of four or three color mode stored in 

the- RP-M 23 shown in Fig. 2 are set in the mas~ing 

coefficient register which is selected when "the MAREA 564 

has become "O". Subsequently, the registers shown in Fig. 

lSA selected by the gate signals CHAREAO. 1.2.3 

corresponding to the bits o_.f the area of the aforementioned 

sIIMAP area are set for the region 2 which has been 

appointed in paint mode. In order to enable conversion for 

all the input video data, FF is set in Yu 159, 00 is set in 

Yt 160, FF is set in Mu 161, 00 is set in mt 162, FF is set 

in Cu 163 and 00 is set in Ct 164. Then, the color data 

concerning the colors after conversion, which have been 

stored in the process explained in connection with Fig. 49, 

are loaded from AREA~ALPT or from REGI_COLOR, and the 

respective color data are multiplied with the coefficients 

of density control data derived from the AREA~DENS, whereby 

the density data concerning the densities after conversion 

are set in y 1 166, m' 167 and c' 168. In regard to t~e 

color conversion for the region 4, values are obtained by 

adding a certain offset value to the density data before 

conversion shown in Fig. 49, and the thus obtained values 
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are set in the aforementioned registers Yul59, .... , ce 164 

Then, the density data after the conversion are set in the 

same manner as that described above. It is to be 

understood that the above-mentioend offset value is variabl 

in accordance with parameters which are settable by the 

conversion range appointing key in the frame P 341 shown in 

Fig. 36 • 

It is also to be noted that, in response to the settin~ 

,f the above-mentioned parameters, the number of pixels usec 

in the averaging in the averaging circuits 149, 150 and 151 

(see Fig. 18A) are determined and set in the respective 

averaging circuits 149 to 159. This operation will be 

explained with specific reference to a flow chart shown in 

Fig. 18F, 

In Step S 401, OFFl and OFF 2 are computed in 

accordance with the uwidth of the conversion range" set by 

the conversion range setting key in the frame P 341 in Fig. 

36 and also in accordance with fixed values CONST l to 

CONST4 which are determined by the system. The "width of 

conversion ran9e 11 is a variable which is set at "9 11 when the 
... 

"widening" end is detected in the frame P 341 and at 11 1" 

when the "narrowing" end is detected in the same. 

Initially, this variable is set at "5". In consequence,th~ 

OFF l and OFF 2 are varied in proportion to the 11 width of 

conversion range". In Step S 402, upper limit values of 
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conversion object are determined by adding the OFF 1 to the 

respective density data pertaining to the densities before 

conversion, and the thus determined upper limit values are 

set in Yu 159, mu 161 and Cu 163, respectively. Similarly, 

iower limit values of the conversion object are determined 

by subtracting OFF l from the respective density data 

pertaining to the densities before the conversion, and are 

set in Yt 160, mt 162 and Ct 164, respectively. In 

consequence, the difference between the upper limit value 

and the lower limit value, i.e., the width of the conversion 

range, corresponds to the value appointed by the conversion 

range appointing key in the frame P 341. In Step S 403, 

the color data after conversion as stored in the process 

shown in Fig_. 49 are loaded from AREA_ALPT or REGI_COLOR, 

and the respective color data are multiplied with 

coefficients of the density adjusting data in AREA~~DENS, 

and the thus obtained density data after conversion are set 

in yt 166, m• 167 and c• 168. In Steps S 404 to S 406, the 

number of. the averaging pixels to beset in the averaging 

circuits 149 to 151 are determined to be 1, 2, 4 apd 8, 

respectively, when the "width of conversion range" is 8 to 

9, 6 to 7, 3 to 5 and l to 2. Thus, when the conversion 

range is narrow, the number of pixels used in averaging 

operation is increased in order to avoid any erroneous 

detection due to, for example, presence of halftone dots. 
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Qn the other hand, when the conversion range is wide, the 

number of pixels employed for the averaging is reduced to 

suppress the tendency of erroneous detection of fine· lines. 

In regard to the color balance conducted for the region 

5 1 the aforementioned data values derived from the color 

balance values AREA ___ BLAN,.stored at the time of area 

appointment shown in Fig. 49 are set in the reqions of Y, M, 

c and Bk which are selected when the gate signal GAREA.626 

is set at "l". In the regions which are selected when the 

gate signal GAREA 626 is "O", color balance data is set in 

accordance with BALANCE which represents the color balance 

in the color creation mode. 

In Step s ·109, printer starting command is output 

through SRCOM 516. In Step S 110, ITOP shown in the timing 

chart of Fig. 47 is detected and, in Step S lll, switching 

of the output video signals Co, C1 and C2 of Y. M, C and Bk 

is conducted. After the halogen lamp is started in Step S 

112, completion of the video scan is judged in Step S 113. 

After conformation of completion of the video scan, the 

halogen lamp is turned off in Step S 114 and completion of 
.. 

copying operation is confirmed in Steps S 114 and S 115. 

Then, printer stopping command is issued in Step S 116, thus 

completing· the copying process. 

A description will be made hereinunder as to the 

sequence control which is conducted when the free color mode 
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is set, with reference to a flow chart shown in Fig. SS. 

In te~ponse to pressing of the copy key, lighting of the 

halogen lamp, black correcting process and white coirecting 

process are conducted in Step S 301. When the designated 

color ·mode and the density adjustment according to 

coordinates values have be~n set in the free color mode, 

reading of the color data of the designated color and the 

reading of the MONO value appointed by coordin~tes are· 

conducted in Step S 303. The read values are stored in the 

respective· predetermined storage areas. This operation has 

been described already with reference to Fig. 44. 

In Step S 304, printer starting command is delivered 

·through SRCOM 516 and. in Step S 305, ITOP shown in the 

timing chart of Fig. 47 is detected. In Step S 306, 

switching of output video signals Co, C1 and C2 of Y, M, C 

and Bk is conducted and, in response to the switching, gamma 

curves for Y, M and C are set in the MONO gamma RAM in the 

manner shown in Fig. 54A. For the black color Bk, the 

gamma curve is set such as to output 11 0 11 in response to all 

the input. In Step S 308, the halogen lamp is turned on. 

Upon judging the completion of the video scan in Step S 309, 

the process proceeds to Step s 310 in which the halogen lamp 

is turned off. Completion of copying operation is confirmed 

in Steps S 311 and S 313 and then a printer stopping command 

is issued in Step S 313 thus completing the copying process. 
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Fig. 48 shows a Elow chart oE interruption by a signal 

g!NT 517 output from the timer 28. 
, 

In Step S 200-1, judgment is cond~cted as to whether 

the timer for starting the stepping motor has counted a 

predetermined time. If the answer is YES, the stepping 

1110 tor is started and, in Step S 200, the one-·line BIT MAP 

date represent~d by X ADD in Fig. SO is set in the RAM 136 

or 137. Iri Step S 201, the address of the data to be set 

by the next interruption is incremented by + 1. In Step S 

202, the switching signals C3 595, C4 596 and Cs 593 for the 

RAM 136 and RAM 137 are generated. In Step S 203, the 

length of time till the next change-over of the sub-scan is 

set in the timer 28. Subsequently, the contents of the BIT __ 

MAP represented by x __ ADD are successively output to the RAM 

136 or 137, thereby to change-over the gate signals. 

Thus, the content of the processing in X direction is 

changed each time an interruption is generated as a result 

of movement of the carriage in the direction of the sub­

scan, so that color process such as various color 

conversions can be conducted independently for the 

respective regions. 

Thus, the color copying apparatus of the described 

embodiment realizes various color copying modes and afford a 

free reproduction of color data. 
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Althoug~ the embodiment has been described with 

specific reference to an electrophotographic color image 

forming apparatus, this is not exclusive and the invention 

can be applied to apparatus incorporating other types of 

recording devices such as ink jet printer, thermal transfer 

printer,and so forth. Al~hough in the described embodiment 

the reading section and the image forming section are 

arranged close to each other, it will be clear to those 

skilled in the art that the invention is equally applicable 

to the cases where the reading section and the image forming 

section are installed apart form each other and connected 

through communication lines capable of transmitting video 

data. 

In the embodiment described before, the width of the 

.conversion range is manually set by the operator. In 

another form of the present invention, a multiplicity of 

points carrying color or colors to be converted are input by 

means of the point pen and the size of the conversion region 

is automatically set so as to include all these points. 

It is also possible to arrange such that the operator 

inputs by the point pen a multiplicity of points carrying 

color or colors which are not to be converted and th~ size 

of the conversion range is -automatically determined such as 

to exclude those points. 
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A description will ~e made hereinunder as to a second 

embodiment of the invention which is adapted to appoint the 

conversion range by inputting, through the point pen, a 

multipli·city of points carrying a color to be converted. 

Fig. 56 is a bldck diagram of a color conversion 

circuit as a second embodiment. The color conversion 

circuit includes the following parts: a ratio computing 

circuit 951 for computing, in accordance with the following 

formulae (1), (2) and (3), the ratios of color components 

from Y, M and c density data which are obtained by color 

separating the input video signal into yellow, magenta and 

cyan and then digitizing the color=separated video signals; 

window comparators 953 each of which is adapted to output 

"l" (high) signal when the condition of -Yr'~ Yi ~ +Yr• is 

met, where Yi represents the yellow input data, +Yr' 

represents a threshold of plus side and -Yr' represents .a 

threshold of minus side; registers 957, 958 and 959 

connected to a CPU )not shown) through CPO BUS and adapted 

to set thresholds on the window comparators; an AND gate 954 

for computing AND of the outputs of comparators 953 so as to 

form a control signal 960; a register 955 in which the color 

data after conversion are set as Y. M, C density data, the 

register 955 being connected to CPU BUS so that any desired 

data may be set therein; and a selector 956 operable irt 

accordance with the control signal 960 and adapted to select 
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0 ne from the conversion data (Y', M', C1
) set in the 

regi~t~r 955 or the video data 961 (Y, M, C) itself. 

The input video data (Y. M. C density data) is 

delivered to the ratio computing circuit so that the ratios 

of the yellow, magenta and cyan components are computed from 

the density data for each 9nit pfxels, in accordance with 

the formulae (1), (2} and (3). The computed data will be 

referred to as "Yr, Mr, Cr ratio data' hereinunder. Fr-om 

this computation, it is clearly understood that Yr, Mr and 

Cr do not change even when the density of the input color is 

changed, provided that the hue is unchanged. 

y 
y 

x·2 5 6 ( ) r = ... 1 ·y + M + c 

M r 
M 

2 5 6 ( 2 ) - x ... 
'{ + M + c 

c c 
( 3 ) r = x 2 5 6 

y + M + c 
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fig. 57 is a block diagram showing the internal 

~tructure of the ratio computing circuit 951 shown in Fig.· 

56- The ratio computing circuit includes an adder ~ircuit 

962, and table-conversion ROMS 963, 964 and 965. The 

density data of the respective colors Y, M and C are added 

by the adder circuit 962 ~nd the result is input as .. 
addresses to the ROMs 963, 964 and 965. The density data Y, 

·Mand VC themselves also are input to ROMs independently as 

addresses. It is therefore possible to read the computing 

results from Tables which store the data obtained beforehand 

in accordance with the formulae {l), {2) and (3), whereby 

the ratios *Yr, Mr, Cr) are directly .. output from these ROMs. 

The Yr, Mr, Cr ratio data output f~om the ratio 

computing circuit 951 are input to the averaging circuit 952 

shown in Fig. 56 which computes average value as of data 

carried by the pixels around the pixels of interest. This 

suppresses the change of erroneous color detection 

. attributable to, for example, inputting of halftone dqt 

images. 

The Yr, Mr,Cr ratio data output from the averaging 

circuit are input to the comparators 953 mentioned before, 

in which the color to be converted is detected. 

Alternatively, the ratio data concerning the color to be 



REPLACEMENT SHEET 

[ ' 3 AUG 1997 I 

.... _. ..•...... ,-~.··· ..... 

- 132 -

converted are set as thresholds by the registers 957, 958, 

9'9 and the thresholds are set by the CPU with plus and 

minus signs as in the case of +Yr' and -Yr'. The means for 

setting these threshold will be explained later. 

When the input Yr, Mr, Cr ratio data have fallen within 

the ranges determined by tge respective thresholds, i.e., 

when the color to be converted has been correctly detected, 

the comparators 953 output "l" (High) so that the ANO gate 

954 computes ANO of these outputs whereby the control signal 

960 for controlling the selector 956 is obtained. When the 

control signal 960 is set at "l" (High), i.e.,when the color 

to be converted has been detected correctly, the· selector 

956 outputs the color data·Y', M', C' after conversion which 

have been stored beforehand in the register 955 by the CPU 

(not shown). When the level of the control signal 960 is 

"O" (Low), the selector 956 outputs the signal 961 which has 

been converted. 

Fig. SSA schematically shows the image reading section 

employed in the second embodiment. The reading section 

includes a reading sensor 967 for reading the original 966, 

and a mechanical scanning means 968 controlled by the CPU 

and adapted to cause the required scanning movement of the 

sensor 967 in the direction of the arrow. Symbols A, B and 

C represents the points from which the colors before 

conversion are sampled. In this embodiment, these points 
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are determined by appointing their coordinates by means of a 

di~itizer {not shown) and the appointed coordinates values 

are stored in a memory means provided separately. 

Referring now to Fig. 588, a reference numeral 969 

denotes a RAM for storing the Y,M,C density data read from 

the respective sample poin~s. A numeral 970 denotes a RAM 

which stores the color component ratios computed by the CPU 

from the data derived from the RAM 969. 

Fig. 59 is a flow chart showing a program for setting 

the thresholds. 

In Step s 1, the CPO makes reference to coordinates of 

the sample points which are, in this embodiment, the points 

A,B,C and so forth shown in Fig. SSA. In Step S 2, the 

reading section 967 shown in Fig. SSA is moved under the 

control by the CPO to a desired position. When the desired 

position is reached in Step 53, Y. Mand C density data, 

e.g., YA, MA, CA are read from the reached point. The read 

data are stqred in the RAM 959 in Fig. 58B in Step S 4. IN 

Step S 6, a judgment is conducted as to whether there is 

other sample points. If there is any sample point which has 

not been accessed yet, the above-described operation of 

repeated so as to pickup color density data from such 

points. These points are,for example, points Band C in 

this embodiment. Thus, the operation is conducted three 

times, once for each of the pints A, B and c. 
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In Steps S6, S7 and 58, the CPO computes the color 

component ratios Yr, Mr, Cr for each of the sample points A. 

sand C, using the Y. M. C density data in accordance with 

the formulae {l), (2) and (3). The thus computed color 

component ratios are stored in the RAM as indicated by 970 

in Fig. 58B. In Steps s ~o to S 15, the CPO computes 

maximum and minimum values of each color-separated color and 

set the results of the computation in the registers 957, 

958, 959 shown in Fig. 56, as thresholds for the 

comparators. MAX( ) and MIN( ), represent, respectively, 

functions for determining the maximum and minimum values. 

The maximum values and the minimum values are computed in 

accordance with the following formulae (4), (5), (6), (7), 

(6) and (9), in which MAX( ) and MIN( ), represent, 

respectively, functions for determining the maximum a~d 

minimum values. When the maximum and minimum values are set 

·in the registers 957, 958, 959, the maximum values and 

minimum values are suitably offset in plus side and minus 

side, respectively. It is possible to use a suitable means 
.. 

for enabling the operator to freely select the amounts of 

offsets of the thresholds. 
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m i n y r - M I N ( y r .. ,. . y r a . y r c ) 

~ ~· ) 

m 1 n M r =M I N (.M· r A· . M r s . M. r c ) 

( 5 ) 

mi nCr=MIN icr·~. Cr 8 • Crc) 
'· 

( 6 ) 

m a x y r = MAX ( y r A . y r a . y r c ) 

( 7 ) 

m a x M r = MAX ( M r A . M r a . M r c ) 

( 8 ) 

m a x C r - MAX ( c t" A . c r s . c r c ) 

( 9 ) 
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After the setting of the thresholds, the video data is 

input as explained before in connection with Figs. 56 and 57 

50 that the cola~ is detected and converted in real iime. 

Thus, the present invention makes it possible to obtain 

a a construction which is inexpensive but yet capable of 

conducting high-speed proc~ssing of color data, by virtue of 

the use of the described means for processing images in real 

time. 

In this embodiment, color conversion can be effected 

with a high degree of accuracy thanks to the use of the 

color component ratios and also to the use of a plurality of 

detection data acquired from a plurality of sample points 

carrying the color to be converted. 

It will be clear to those skilled in the art that the 

described second embodiment can employ various types of 

color data such as R, G, B, and luminance, hue, saturation, 

and so forth,although Y, M and C-type color data have been 

specifically _mentioned. 

To sum up, the present invention provides a color image 

processing apparatus which is inexpensive but is capable of 

performing a high-speed and accurate color conversion with 

reduced error. 

Furthermore, the present invention makes it possible to 

freely set the range of color to be converted when the user 

Wishes to convert any desired color in the original image. 
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Therefore, problems encountered by prior arts such as 

failure of conversion of the color to be converted and 

conversion of color which should not be converted cari· be 

eliminated. 

Other features and advantages will be understood from 

the foregoing description ;n the specification. It is, 

however, to be understood that the described embodiments are 

only illustrative and various changes and modifications· may 

be imparted without departing from the scope of the 

invention whiqh is limited solely by the appended claims. 
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CLAIMS 

1. Color image processing comprising: 

setting means for setting a color conversion mode; 

and 

guide means (203,Fig.36) for interactively guiding 

a color conversion indication by displaying characters, 

in said color conversion mode s~t by said setting means. 

2. An apparatus according to cl.aim 1, wherein the 

characters constitute a guiding sentence which is changed 

_every time the color conversion indication is changed. 

3. An apparatus according to claim 1 or claim 2, wherein 

said guide means further comprises: 

a display (405} for displaying the characters; and 

judgment means for judging an indication displayed 

on said display. 

4. An apparatus according to claim 3, wherein said 

judgment means detects a touch of said display. 

5. An apparatus according to any preceding cl~im, 

wherein said display comprises a liquid crystal display. 

6. Color image processing apparatus comprising: 

first means (203,Fig.36) for interactively setting 
------:--:=:-:-1 mis SflE~T HAS BEEN 

11p11~ m~ 1~111~1111111 REPLACED 
.. -~~~~;:.:;·.·.·;.;..· -.:..---~--
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a color processing mode by means of a touch on a display; 

and 

second means for indicating the setting of the color 

processing mode, wherein said first means interactively 

sets the color processing mode in accordance with the 

indication by said second means. 

7. An apparatus according to claim 6, further comprising 

display means for displaying cha·racters on said display. 

8. An apparatus according to claim 6, further comprising 

judgement means for judging an indication displayed on 

said display. 

9. An apparatus according to claim 8, wherein said 

judgement means detects a touch of said display. 

10. An apparatus according to claim 6, wherein said 

display comprises a liquid crystal display. 

11. Color processing apparatus comprising: 

input means for inputting original color data 

representing an image; 

region appointing means ( 51) for generating signals 

defining an area of said image; 

means (175) for converting a color within said area 

target color; and 

I JJllll/ llllll lllll lllll /I llll 
C L M S * 
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means {2} adapted to reproduce the image with the 

target color; and characterised in that the apparatus is 

capable of carrying out a plurality of color conversion 

modes and in that it further comprises guide means (203) 

for interactively guiding an operator through a plurality 

of steps of setting color conversion modes, the guide 

means being in the fonn of a dispiay which changes 

(P340,34l;P380,3Bl;P390,39l;Fiq.36) in accordance with 

each step o'f the setting of -a particular color conversion 

mode. 

THIS SHEET HAS BEEN 
REPLACED 

1111111111111/ lllll ltlll II 1111 
* C L M s * 
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COLOR IMAGE PROCESSING APPARATUS 

ABSTRACT 

A color image processing apparatus such as a color 

copying machine has a color appointing device for enabling 

an operator to appoint any desired color involved in an 

original im~ge, a color range changing device for manually 

or automatically changing,.the size of range of the colors 

which can be regarded as being the same as the predetermined 

color, a target color appointing for appointing a color to 

which the predetermined color is to be converted, and a 

color im~ge;f~rming device such as a laser beam printer for 

forming a color image with the predetermined color and 

colors ip the color range converted into the target color. 

FIGURE 33 
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What is claimed is: 
1. An image processing apparatus comprising: 
fll"St indication means for indicating movement of an 

objective color image; 
second indication means for indicating conversion of 

a specific color in the obj~ivC: color image; and 
processing means for moving the objective color 

image in accordance with the indication by said 
first indication means. and for performing the con­
version of the specific color in the objective color 
image in accordanc:.: with the indication by said 
second indication meJns. 

2. An apparatus according to clai~ l. wherein said 
first and second indication means comprise a common 
indication member. ~ 

3. An apparatus according to claim 1, further com­
prising input mems for inputting image data represenr­
ing the objective color image. 

4. .-\a apparatus according to claim 3, wherein said 
input means comprises an rrnage scanner. 

5. An appa.r:itus according ro dairn 1, further com­
prising. reproduction m~s fur reproducing as a visible 
image the objective color image processed by said pro­
ce§Ulg me:ms. 

'· An apparams according co claim S, wherein said 
reproduction means comprises a printer. 

1. An apparatus according co claim 6, wherein said 
printer is opcr:ited in accordance with an e!ectrophoto­
graphic ·rncthod. 

8. An apparatus comprising: 
first indication means for indicating a color conver· 

sion mode for an objective color image; and 
second indication me:ins for indicating a color after 

color conversion w nen ~he color conversion mode 
is indicated by said first indication means. and for 
indicating a.aothe:- pr~sing mode when the color 
conversion rnode is not indicated by said first indi­
cation means. 
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9. An appantus according to claim 8, wherein said 
first indication me:ins comprises a liquid crysul panel. 

10. An apparatus according co claim 8, wherein said 
second indication means comprises a liquid crystal 
panel. 

11. An appar:itus according to claim 8. wherein said 
first and second indication means comprise a common 
indication member. 

U An apparatus according to claim 8, wherein the 
other proces.;ing mode comprises moving the objective 
color image. 

13. An apparatus according to claim U, wherein said 
other processing mode comprises zooming in and out of 
the objective color image. 

14. An appararus according to claim 12, further com­
prising supply means for supplying a color image signal 
representing the objective color image. 

15 .. "'11 apparatus according ta claim 14, further com­
prising conversion means for converting a signal repre­
senting a predetermined color in the color image signal 
into a signal representing a color after the color conver-­
sion. in accordance with the indications by said.first and 
second indication means. 

16. An apparatus according to claim 15, further com­
prising reproduction means for reproducing as a visib[e 
image the signal converted by said conversion means. 

17. An apparatus according to claim 16, wherein said 
reproduction means comprises a printer. 

18. An apparatus comprising: 
setting means for setting a color conversion mode; 

and 
guide means for interactively guiding a color conver­

sion indication by displaying characters, in said 
color conversion mode set by said setting means. 

19. An apparatus according to claim 18. wherein the 
characters constiruce a guiding se:ttence which is 
changed every time the color conversion indication is 
changed. 
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20. An ipparltus according to claim 18, wherein said 

guide me:ins further comprises: 

a display for displaying the characters; and 

judgment me:ins for judging an indication displayed 

on said display. 

21. An apparatus according to claim 20, wherein s.aid 

judgment means detects a couch of said display. 
22. An apparatus according to claim 20, wherein said 

display comprises 3. liquid crystal display. 

23. An image proc~~ing method comprising the steps . 

of: 
detecting a first indication according ro a movement 

of an objective color image; . 
deteeting a second indication according to convcr- : 

sion of a specific color in the objective color image; · 

and 
moving the objective color image in accordance with 

the detected first indication, and performing color 
co.aversion of the objective color image in accor­

dance with the second indication. 
24. A method according to claim 23, wherein the first 

and second indications comprise indications by a com­
mon indication member. 

25. A method according ro claim 23, further compris­
ing the step of inputting image data representing the 
objective color image. . 

:Z6. A mi:thod according to claim 23, farther compns· 
ing the step of re!)roducing ilS a visible image an image 
according to che objective color image which was 
moved and color-converted. 

1.7. A method according to claim 26, wherein the 
visible image compri_scs a printed image. 

ZS. An apparatus comprising: 
first means for interactively setting a color processing 
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mode by means of a touch on a display; and 
second means for indicating the setting of the color 

processing mode, wherein said first means interac­
tively sets the color processing mode in accordance 
with the indication by said second means. 

19. An apparatus according to claim 28, further com­
prising display me:tnS tor displaying characters on said 
display. . 

30. An apparacus according to claim 21~ further com­
prising judgment means for judging an indication dis­
played on said display. 

31. An apparatus according to claim 30, wherein said 
judgment means deteets a touch of said display. 
· 32. An apparatus according to claim 28, wherein said 
display comprises a liquid crystal display. 

• • • • • 
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COLOR IMAGE PROCESSING APPARATUS 

ABSTRACT 

A color image processing apparatus such as a color 

copying machine has a color appointing device for enabling 

an operator to appoint any desired color involved in an 

original im~ge, a color range changing device for manually 

.or automatically changing ~he size of range of the colors 

which can be regarded as being the same as the predetermined 

color, a target color appointing for .appointing a color to 

which the predetermined color is to be converted, and a 

color image f9rmin9 device such as a laser beam printer 'for 

forming a color image with the predetermined color and 

co·1ors ill the color range converted into the target color. 

FIGURE 33 
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1 ABSTRACT 

A color image processing apparatus such as a color 

copying machine has a color appointing device for enabling 

an operator to appoint any desired color involved in an 

5 original im~ge, a color range changing device for manually 

or automatically changing ,.the size of range of the colors 

which can be regarded as being the same as the predetermined 

color, a target color appointing for appointing a color to 

which the predetermined color is to be converted, and a 

10 color im~ge:f~rming device such as a laser beam printer ·for 

forming a color image with the predetermined color and 

colors ip the color range converted into the target color. 
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