
EP 0 292 212 B1 Description The present invention relates to an image
processing apparatus and a method of image processing. The image processing
apparatus is of the type comprising input means for inputting multi-level
image data; hue 5   appointing means for appointing a hue; and processing
means for processing the multi-level image data in ac- cordance with the
hue appointed by the hue appointing means. Copying machines are known in
which a plurality of developing units are provided for different colours,
so that a monochromatic copy image may be obtained In a selected one of the
different colours provided by the units. Full colour copying machines are
also known which operate with a combination of developing agents of 10
complementary colours of yellow, magenta, cyan, and black, selectable by an
operator. These known techniques only provide monochromatic colour images,
derived from the colours available. Thus, these known methods can only be
used effectively when a mere sorting of copy images according to colour is
required. Full colour copying machines are also known in which colour
Images may be faithfully reproduced by com- 15 bining different coloured
toners onto the same image. In full colour copying machines it is possible
to adjust the colour reproduction so that the colour of the copy differs in
some respect from that of the original. However, the problem with known
techniques used for colour conversion is that tonal information is often
lostduring the colour conversion process. Amachineforconverting the hue of
selectable colour regions or/and the hue of these regions is known from
EP-A-O 145 801. 20      Aconcern of the present invention isto provides
method of and an apparatus for processing colour images which can
uniformalize the hue of the copy image while preserving the gradation
possessed by the object im- age. A further concern of the present invention
is to provide a method of an apparatus for processing colour images which
allows free selection of a hue when converting the hue of an object image
into a uniform hue. 25      According to a first aspect of the present
invention, there is provided an image processing apparatus com- prising:
input means for inputting image data representing Individual density levels
of colour components of the pixels of an original image; hue appointing
means for appointing a desired hue; and 30        converting means for
converting said image data into converted image data representing the hue
to be reproduced; characterized in that said converting means are arranged
to convert the density levels of the color com- ponents represented by the
input image data so that the density ratios between pixels of different
colours in the original image are preserved as directly proportional
density ratios between corresponding pixels in the 35 converted image, so
as to preserve the gradation of the original image. preserve the gradation
of the original image. In accordance with a second aspect, the invention
provides a method of processing image data comprising inputting image data
representing individual density levels of color components of the pixels of
an original Im- age, and the step of converting said Image data Into
converted Image data representing a desired hue to be 40 reproduced;
characterised in that in said converting step the density levels of the
color components represented by the converted image data are so converted
that the density ratios of the color components of the pixels of the
converted image are directly proportional to the density ratios of the
color components of the corresponding pixels of the original image, so as
to preserve the gradation of the original Image. 45      The invention will
now be described by wayof example only, with reference to the accompanying
drawings in which: Fig. l Is an illustration of a digital color copying
apparatus embodying the present invention; Fig. 2 is a block diagram of a
reader control unit; Fig. 3 is an illustration of protocols of a motor
driver 15 shown in Fig. 2 and a CPU 22; 50      Fig. 4Ais a timing chart
showing the timing of signals exchanged between a reader unit and a printer
unit; Fig. 4B is a circuit diagram illustrating a video signal delivery
circuit between the reader unit and a printer unit; Fig. 4C is a timing
chart showing timings of signals carried by a signal line SRCOM; Fig. 5 is
a circuit diagram showing the detail of the video processing unit shown in
Fig. 2; 55      Fig. 6A is an Illustration of arrangement of color CCD
sensors; Fig. 6B is a timing chart illustrating timings of signals at
different portions of the arrangement shown in Fig. 8A; Fig. 7A is an
illustration of a CCD driving signal generating circuit in a system control
pulse generator circuit 2 



EP 0 292 212 B1 57; Fig. 7B is a timing chart illustrating timings of
signals obtained at different portions of the circuit shown in Fig. 7A;
Fig. 8A is a block diagram of an analog color signal processing circuit 44
shown in Fig. 5; 5       Fig. 8B is a circuit diagram showing the detail of
one CCD channel in the block shown in Fig. 8A; Fig. 8C is a timing charts
showing the timings of signals in various portions of the blocks shown in
Figs. 8A and 8B; Fig. 8D is a timing chart illustrating the timing of
driving of the CCD; Fig. 8E is an illustration of input/output conversion
characteristics; 10      Figs. 9A, 9B, 9C and 9D are illustrations of the
manner in which line signals are obtained through staggered sensor
elements; Fig. 1 OA is a circuit diagram showing the construction of a
black level correction circuit; Figs. 1OB, lOC and IOD are illustrations of
the manner in which the black level correction is effected; Fig. 11-1A is a
circuit diagram showing the construction of a white level correction
circuit; 15      Figs. 11-11 11-1C and 11-1D are illustrations of the
manner in which the white level correction is con- ducted; Figs. 11-2A,
11-2B, 11-2C and 11-3 are illustrations of a manner in which CCD channels
are connected; Fig. 12 is an illustration of operation of the embodiment in
a line data pick-up mode; Fig. 13A is a circuit diagram of a logarithmic
conversion circuit; 20      Fig. 13B is a diagram showing logarithmic
conversion characteristic; Fig. 14 Is a diagram showing spectral
characteristic of a reading sensor; Fig. 1 5 is a diagram showing spectral
characteristics of developing color agent; Fig. 16A is a circuit diagram of
masking, inking and UCR circuits; Fig. 16B is an illustration of the
relationships between selection signals [err] and the color signal; 25
Figs. 17A, 17B, 17C, 17D, 17E, 17F and 17G are illustrations of generation
of region signals; Figs. 18A, 18B, 18C, 18D and 18E are illustrations of
color conversion; Figs. 19A, 19B, 19C, 19D, 19E, 19F, 19F-Y, 19F-M, 19F-C
and 19F-BK are illustrations of gamma correc- tion conducted for the
purpose of controlling the color balance and color density; Figs. 20A. 20B,
20C  20D, 20E. 2OF and 20G are illustrations of zooming control operation;
30      Figs. 21A, 21B, 21C. 21D, 21E, 21F and 21G are illustrations of
edge stressing and smoothing process- ings; Fig. 22 is a control circuit
diagram showing the construction of a control circuit in an operation panel
unit; Fig. 23 is an illustration of a film projector; Fig. 24 is n
illustration of the relationship between the control input to a film
exposure lamp and the lighting 35      voltage of the same; Figs. 25A, 25B
and 25C are illustrations of the manner In which the film projector is
used; Figs. 26A, 26B and 26C are illustrations of the construction and
operation of a PWM circuit; Figs. 27A and 27B are illustrations of
gradation correction characteristics; Figs. 28A and 28B are illustrations
of the relationship between triangular waves and laser lighting time; 40
Figs. 29A and 29B are control flow charts illustrating the manner In which
the operation of the apparatus is controlled when the film projector is
used; Fig. 30 is a perspective view of a laser printer unit; Fig. 31 is a
top plan view of the operation unit; Fig. 32 is a top plan view of a
digitizer; 45      Fig. 33 is an illustration of a liquid crystal standard
display; Fig. 34 is an illustration ofthe manner in which the apparatus is
operated when the same is used in zooming mode; Figs. 35A and 35B are
illustrations of operation of the apparatus in shifting mode; Fig. 36 Is an
illustration of operation of the apparatus in area appointing mode; 50
Fig. 37 is an illustration of operation of the apparatus in color create
mode; Fig. 38 is an illustration of operation of the apparatus In enlarging
continuous copying mode; Fig. 39 is an illustration of operation of the
apparatus in fitting synthesizing mode; Fig. 40-1 is an illustration of the
manner in which the apparatus is operated in the registration mode; Fig.
40-2 is an Illustration of operation of the apparatus In service mode; 55
Fig. 41 is an illustration of functions of the color copying apparatus of
the embodiment shown in Fig. 1; 



Figs. 42A, 42B, 42C 42D, 42E, 42F and 42G are illustrations of fitting
synthesizing mode; Fig. 43 is an illustration of a print image formed by
corner shifting operation; Fig. 44 is a flow chart showing theflow of
control employed when the apparatus is used in color registration 3
EP0292212B1 mode; Fig. 45 is an illustration of color components of the
standard color; Fig. 46 is a flow chart showing the flow of control of the
whole system; Fig. 47 is a timing chart illustrating the timing of
operation of the whole system; 5      Fig. 48 is a flow chart illustrating
the flow of interruption control; Fig. 49 is an illustration of the memory
map of a RAM; Fig. 50 is an illustration of a bit map; Fig. 51 is an
illustration of the manner in which the projector is operated; Fig. 52A is
a circuit diagram showing the circuit of a multiplier 258 in the circuit
shown in Fig. 8B; 10      Fig. 52B is an illustration of the code table of
the multiplier 258; Fig. 53A is a circuit diagram showing the circuit of a
multiplier 260 in the circuit shown in Fig. 8B; Fig. 53B is an illustration
of the code table of the multiplier 260; Figs. 54A, 54B, 54C, 54D and 54E
are illustrations of free color mode; and Fig. 55 is a control flow chart
illustrating the flow of control performed when the apparatus is set In
free 15      color mode. <Construction of Image Processing System
Incorporating Image Reading Apparatus Embodying Invention> Fig. I
schematically shows the construction of a digital color image processing
system which incorporates 20  an image reading apparatus of the present
invention. As will be seen from this figure, the image processing system
has an upper portion constituting a digital color image reading apparatus 1
(referred to as "color read- er", hereinafter) and a lower portion
constituting a digital color image printing apparatus 2 (referred to as
"color printer" hereinafter). The color reader 1 is capable of reading
color image Information of an original image on the basis of different
colors, by a combination of a later-mentioned colorseparation means and a
photoelectric 25  conversion element such as CCD. The color reader 1 then
converts the color information In different colors into electrical digital
image signals corresponding to the respective colors. The color printer 2
is a laser beam color printer of electrophotographic type which is capable
of reproducing color images of different colors in accordance with the
digital image signals and performing a plurality of transfer cycles so as
to print a color image in the form of digital dot patterns on a recording
paper. 30      A description will be made first as to the color reader 1.
The color reader has an original 3, a platen glass 4 for carrying an
original, a halogen exposure lamp 10 by which the original is scanned, a
rod array lens 5 which receives and collects light reflected by the
original, and a real-size full-color sensor 6 into which a light image is
input by the rod array lens. The rod array lens 5, the real-size full-color
sensor 6, and the halogen exposure lamp 10 in combination constitute an
original scanning unit 11 which Is movable in the direction of an arrow 35
A1 whereby the original is scanned. The color-separated Image signals
obtained through scanning over each scan line are input to a sensor output
signal amplifier circuit 7 so as to be amplified to a predetermined voltage
level. The amplified signals are input through a signal line 501 to a video
processing unit 12 and are processed by this unit in a manner which will be
detailed later. In order to ensure a high fidelity of signal transmission,
the signal line 501 is constituted by a coaxial cable. Another signal line
502 is intended for transmitting driving 40  pulses for driving the
real-size full-color sensor 6. All the pulses necessary for driving the
full-color sensor 6 are produced in the video processing unit 12. Numerals
8 and 9 denote, respectively, white and black boards for use in white-level
correction and black-level correction which will be explained later. More
specifically, the white and black boards 8 and 9 are adapted to be
illuminated by the halogen exposure lamp 10 and are suitably processed
thereby forming signals of predetermined levels which are used in
white-level correction and black- 45  level correction of the video signal.
A reference numeral 13 designates a control unit having a microcomputer.
The control unit 13 performs various controls: namely, control of display
and key-input on the control panel 20 through a BUS 508; control of
operation of the video processing unit 12; control of the stepping motor
driving circuit for driving a stepping motor 14 which drives the scanning
unit 11 through the signal line 502 in response to position signals
representing the position of the scanning unit 11 detected by position
sensors S1, S2 and 50  transmitted through signal lines 509, 510; control
of the state of the halogen exposure lamp 10, as well as the quantity of
light from the same, by means of an exposure lamp driver which In turn is
controlled through the signal line 504; and all types of control necessary
In the color reader unit 1 including the control of a digitizer 16, control
of internal keys and control of display units. The color Image signals read
by the exposure scanning 



unit 11 during the scanning operation are input to the video processing
unit 12 through the amplifier circuit 7 55   and the signal line 501, and
undergo various processings conducted in this unit 12 as will be explained
later. The thus processed color image signals are sent to the printer unit
2 through an interface circuit 56. Adescription will be made
hereinunderastothecolorprinter2. The color printer2 has a scanner711 which
includes various parts such as a laser output unitbfor converting the image
signals from the color reader 1 into 4    EP0292212B1 light signals, a
polygon mirror 712, e.g., an octagonal mirror, a motor (not shown) for
rotationally driving this polygonal mirror, and an [err] lens
(image-forming lens) 713. A reference numeral 715 designates a photosen-
sitive drum. The laser beam emitted from the laser output unit is reflected
by the polygon mirror 712 onto the surface of the photosensitive drum 716
thereby to raster-scan the surface of the photosensitive drum 715, 5
whereby a latent image corresponding to the original image is formed on the
surface of the photosensitive drum 715. The color printer 2 further has a
primary charger 717, a whole exposure lamp 718, a cleaner unit 723 for
collecting residual toner particles which have not been used in the image
transfer, and a pre-transfer charger 724. The primary charger 717, whole
exposure lamp 718, cleaner unit 723, and the pre-transfer charger 724 10
are arranged around the photosensitive drum 715. A reference numeral 726
designates a developing unit capable of developing the electrostatic latent
image formed on the surface of the photosensitive drum 715. The developing
unit 726 includes developing sleeves 731Y, 731 M, 731C and 731 Bk which are
adapted for conducting development upon direct contact with the pho-
tosensitive drum 715 toner hoppers 730Y, 730M, 730C and 730Bk for
preserving toner particles and a screw 15  732 for conveying the toner as
the developer. These parts of the developing unit 726 are arranged around
the axis P of rotation of the developing unit. When an yellow toner image
is to be formed, the development is con- ducted in the illustrated position
by means of the yellow toner, whereas, when a magenta toner image is to be
formed, the developer unit 726  is rotated about the axis P in the drawings
so as to bring the developing sleeve 741 M into contact with the
photosensitive drum 715. Development in other colors, i.e., cyan and black,
can be 20  conducted in the same manner. The toner image formed on the
photosensitive drum 715 is transferred to a paper by means of a transfer
drum 716. Areference numeral 719 designates an actuator plate fordetecting
the position of the transfer drum 716. More specifically, a position
sensor720 Is adapted to produce a signal representing that the transferdrum
716 has been brought to the home position, as it is brought to a position
nearthe actuator plate 719. The color 25  printer 2 further has a transfer
drum cleaner 725, a paper retaining roller 727, a charge eliminator 728 and
a transfer charger 729. These parts 719, 720, 725, 727 and 729 are arranged
around the transfer roller 716. The copy paper sheets are fed selectively
from paper cassettes 735, 736 by means of paper feed rollers 737, 738. The
feed and convey of the printing paper sheet are controlled by means of
timing rollers 739, 740 and 741. The paper sheet which has been fed by the
feed rollers is guided by a paper guide 749 and is wound 30  on the
transferdrum 716 with is leading end gripped by a later-mentioned gripper
so as to be sent to an image- forming process. A reference numeral 550
designates a drum motor which drives the photosensitive drum 715 and the
trans- fer drum 716 in such a manner that these drums rotate in synchronism
with each other. A reference numeral 750 designates a separator claw for
separating the copy paper sheet from the transfer drum 716 after com- 35
pletion of formation of the Image. A numeral 742 denotes conveyor belts for
conveying the copy paper sheet after separation from the transfer drum 716.
A numeral 743 designates an image fixing unitforfixing the image on the
copy paper sheet which has been conveyed by the conveyor belts 742. The
image fixing unit 743 has a pair of heat-pressing rollers 744 and 745. A
description will be made hereinunder asto the control unit 13 of the reader
unit, with specific reference 40  to Fig. 2. (Control Unit) The control
unit includes a CPU 22 which is a microcomputer. The control unit is
adapted for performing 45  various types of control such as the control of
the video processing, control of the lamp driver 21 for effecting exposure
and scanning, control of the motor driver 15, control of the digitizer 16
and the control of the control panel 20. These controls are performed
through signal lines (BUSes) 508,504,503 and 505 and in accordance with
programs stored in the ROM 23 and RAMs 24 and 25, so as to obtain desired
copy of the image. The RAM 25 is backed-up by a series of batteries 31
which ensures non-volatile nature of this memory. The signal 50  line 505
is constituted by a line which is ordinarily used forthe purpose of serial
signal transmission. The signals transmitted through this signal line are
input by the operator through the digitizer 16, in accordance with the 



protocol between the CPU 22 and the digitizer 16. More specifically,
signals input through the signal line 505 are, for example, instruction
signals for appointing coordinates or regions in editorial operations such
as shift- ing and synthesis of images, instructions for selecting a copy
mode, instructions for determining the magnifi- 55  cation, and so forth.
The signal line 503 is adapted to transmit signals from the CPU 22 to the
motor driver 15 forgiving instructions concerning the scanning speed,
scanning distance and scanning direction. Upon receipt of the instructions
from the CPU 22, the motor driver 15 delivers predetermined pulses to the
stepping motor 14 thereby operating the motor so as to attain the desired
movement of the scanning unit The serial I/Fs 29, 5    EP 0 292 212 B1 30
may beordinaryones which may be realized by, for example, byserial I/F LSis
such as Model 8251 available from INTEL Co., Ltd. Although not shown in the
drawings, similar circuits are also provided in the digitizer 16 and the
motor driver 15. Fig. 3 shows the protocol of the interface between the CPU
22 and the motor driver 15. 5      Sensors S1 and S2 are provided for
detecting the position of the original exposure scanning unit 11 (see Fig.
1). More specifically, the sensor S1 detects that the original exposure
scanning unit is in the home position where the white-level correction of
the image signal is conducted. On the other hand, the sensor S2 detects
that the original exposure scanning unit is on the leading end of the
image. This position is used as the original reference position. 10
(Printer Interface) Referring to Fig. 2, signals ITOP, BD, VCLK, VIDEO,
HSYNC and SRCOM (511 to 516) are signals for the Interface between the
color printer unit 2 and the reader unit 1. The image signal VIDEO 514 as
read by 15  the reader unit 1 is transmitted to the color printer unit 2 in
accordance with the above-mentioned signals. More specifically, the signal
ITOP is a synchronizing signal for attaining synchronism in the direction
of feed of the image. This direction will be referred to as sub-scan
direction", hereinafter. The signal ITOP is produced once for each color in
the transmission of signals corresponding to one frame of image. Thus, in
case of transmission of four-color image constituted by yellow, magenta,
cyan and black, four pieces of signals ITOP are produced 20  in the
transmission of one frame. This signal is timed to be in synchronism with
the rotations of the transfer drum 716 and the rotation of the
photosensitive drum 715 so that the leading end of the copy papersheetwound
on the transferdrum 715 may be aligned with the image on the leading end of
the original when the toner image on the photosensitive drum 715 is
transferred to the copy paper sheet at the nip between both drums 715 and
716. To this end, the signal ITOP is input as an Interruption 511 to the
CPU 22 in the controller 13. The CPU 25  22 performs control of the image
In the sub-scan direction for the purpose of, for example, edition, in
accor- dance with the ITOP interruption. Asynchronizing signal BD 512 is
produced once pereach rotation of the poly- gonal mirror 712, i.e., per
each raster scan so as to attain synchronism of signals in the direction of
the raster scan. This direction will be referred to as "main-scan
direction, hereinafter. The reader unit 1 produces image signals upon
reading the original, and the thus obtained image signals are delivered to
the printer unit 2 in a 30  line-by-line fashion in synchronism with the
synchronizing signals BD. A symbol VCLK 513 is a synchronizing clock signal
for delivering an 8-bit digital video signal to the color printer unit 2.
For instance, the 8-bit digital video signal is transmitted through
flip-flops 32 and 35, as shown in Fig. 45. A horizontal synchronizing
signal HSYNC 515 is a signal for attaining synchronization of signals in
the direction of the main scan and is produced in synchronization with the
VCLK 513 in accordance with the signal BD. The signal HSYNC has the same
period 35  as the signal BD. More strictly, the video signal VIDEO is
produced in synchronization with the horizontal syn- chronizing signal
HSYNC 515, forthe following reason. The signal BD is generated in
synchronization with the rotation of the polygon mirror 712, so that this
signal inevitably contains jitter components produced by the motor for
driving the polygon mirror 712. Therefore, if the signal VIDEO 514 is
produced in synchronization with the signal BD, the signal VIDEO 514
inevitably contains jitter components. To overcome this problem, the 40
signal VIDEO 514 is generated in synchronization with the horizontal
synchronizing signal HSYNC 515 which in turn is generated in accordance
with the signal BD In synchronization with the synchronizing clock VCLK
which does not contain any jitter component The signal line SRCOM is a
semi-double signal line for by-direc- tional serial signal transmission. As
shown In Fig. 4C, a command CM is delivered In synchronization with an
8-bit serial clock SCLK which is delivered in a period between successive
synchronizing signals CBUSY (com- 45   mand busy) which are delivered from
the reader unit. In response to this command CM, the printer unit trans-
mits a status signal ST in synchronization with an 8-bit serial clock
produced in a period between successive SBUSY (status busy) signals. The
timing chart In Fig. 4C shows that a status signal "3CH" is sent back in
re- sponse to a command "8EH". Thus, instructions from the reader unit to
the printer unit, e.g., appointment of 



color mode and selection of cassette, as well as information concerning the
status of the printer, e.g., jamming 50  of paper, absence of paper,
waitand so forth, are transmitted through this signal line SRCOM. Fig. 4A
is a timing chart illustrating the timing of transmission of signals
constituting a four-color image, in accordance with the signals ITOP and
HSYNC. A signal ITOP 511 is produced once per each rotation or every other
rotations of the transfer drum 716. More specifically, a yellow image, a
magenta image, a cyan image and a black image are delivered from the reader
unit 1 to the printer unit 2 in the periods [err] and 55  [err]
respectively, whereby the fourcolor images are superposed so as toform a
full color Image on the transfer paper. Assuming here that the original
image of A-3 (420 mm long) is to be read at a density of [err]/mm in the
direction of feed, the horizontal synchronizing signal HSYNC is produced
6720 times (420 x 16 = 6720). The signal HSYNC also is delivered to the
clock input of a timer circuit 28 in the controller circuit 13. When a 6
EP 0 292 212 B1 predetermined number of signals HSYNC has been counted, an
interruption HINT 517 is delivered to the CPU 22. The CPU 22 conducts
various controls of image such as extraction or shift of image in the
direction of feed, in response to the interruption HINT 517. 5   (Video
Processing Unit) A detailed description will be made hereinunder as to the
video processing unit 12, with specific reference to Fig. 5. As the first
step, the original is illuminated by the exposure lamp 10 (see Figs. 1 and
2) and the light reflected from the original is read in a color-separated
manner by the color reading sensor 6 in the scanning 10  unit 11. The
output from the color reading sensor 6 is amplified by the amplifier
circuit 42 to a predetermined level. A reference numeral 41 designates a
CCD driver adapted to supply a pulse signal for driving the color reading
sensor 6. The original pulses for forming this pulse signal are generated
by a system control pulse generator 57. Figs. 6Aand 6B show, respectively,
the color reading sensorand the driving pulses, respectively. Referring 15
first to Fig. 6A, the color reading sensor used in this embodiment has five
sensor elements or chips 58 to 62 arranged in a staggered manner such that
each sensor chip reads corresponding one of five sections which are formed
by sectioning the original image in the direction of the main scan. Each
sensor chip has 976 pixels, each pixel having a length of 62.5 pm (1/16
mm). Since each pixel Is divided into three regions corresponding to G, B
and R, the total number of effective pixels Is given by 976 x 3 = 2928. The
sensor chips 58 to 62 are 20  formed on a common substrate in such a
staggered manner that the first, third and fifth sensor chips 58, 60 and 62
are positioned on a line LA, while the second and fourth sensor elements
59,61 are disposed on a line LB which is offset from the line LA by an
amount corresponding to four scanning lines (62.5 pm x 4 = 250 [er]) in the
direction of the sub-scan which is conducted in the direction of an arrow
AL in Fig. 6A. In operation, the first, third and fifth sensor chips 58, 60
and 62 are driven by a group of driving pulses ODRV 518 in synchron- 25
ization with one another, while the second and fourth sensor elements 59,
61 are driven by another group of driving pulses EDRV 519. As will be seen
from Fig. 6B, the driving pulse group ODRV 518 includes pulses 01A, 02Aand
ORS which are chargetransferclocks and charge reset pulse foreach
sensorchip of this group. Similarly, the driving pulse group EDRV 519
includes pulses E1A, E2A and ERS which are charge transfer clocks and
charge reset pulse for each sensor chip of this group. In order to
eliminate any mutual interference 30  and noise between the first group of
sensor chips including first, third and fifth sensor chips and the second
group including the second and fourth sensor chips, the above-mentioned
clock and reset pulses are produced in a substantially perfect synchronism
so as to exclude any jitter. These pulses therefore can be produced by a
common oscillation source OSC 58' (see Fig. 5). Fig. 7A is a block diagram
of the circuit for generating the driving pulse groups ODRV 518 and EDRV
519, while Fig. 7B 35  is a timing chart illustrating the operation of this
circuit. This circuit is included by the system control pulse generator 57
shown in Fig. 5. The single oscillation source OSC 58' produces original
clocks CLK which are demultiplied to provide clocks KO 535 which are used
as clocks for generating reference signals SYNC2 and SYNC3 which in turn
are used In the determination of timings of generation of the driving pulse
groups ODRV and EDRV. The timings of generation reference signals SYNC2 and
SYNC3 are determined by values which 40  are set In pre-settable counters
64 and 65 through a signal line 539 connected to the CPU BUS. These refer-
ence signals SYNC2 and SYNC3 are used for initializing demultipliers 66, 67
and the driving pulse generating portions 68,69. Thus, the pulses of groups
ODRV 518 and EDRV 519 are generated in synchronization without any jitter,
because they are produced In accordance with synchronous clocks formed by
demultiplying the orig- inal dock CLKO produced by a single oscillation
source OSC in accordance with the horizontal synchronizing 45  signal HSYNC
input to this block, whereby any disturbance of signals attributable to
Interference between the sensor chips is eliminated. The sensor driving
pulses ODVR 518 and EDRV 519 are respectively supplied to 



the odd-number sensor chips, i.e., the first, third and fifth sensor chips,
and to the even-number sensor chips, i.e., the second and fourth sensor
chips. In response to these driving pulses, the sensor chips 58, 59, 60, 61
and 62 independently produce video signals V1 to VS in synchronization with
the driving pulses. These video 50  signals V1 to V5 are amplified to
predetermined voltage levels by amplifier circuits 42 which are provided
in- dependently for the respective channels, and are input to the video
processing unit through a coaxial cable 501 (see Fig. 1). More
specifically, the video signals V1, V3 and V5 are input at a timing of OOS
529, while the video signals V2 and V4 are input at a timing of EOS 534.
Thus, color image signals corresponding to the five sections of the
original in the direction of main scan 55  are read and input to the video
processing unit 12. The thus formed color image signals are color-separated
into three color components of G (green), B (blue) and R (red) by means of
the sample hold circuit S/H 43. Thus, 15 (3 x 5 = 15) signal processing
systems are required for processing the image signals after the sample hold
S/H. The construction and operation of the sample hold circuit S/H 43 will
be explained later in more detail. 7    EP 0 292 212 B1 As will be
explained also with reference to Fig. BB, the color image signals of the
respective channels after the sample-hold processings are input to the A/D
conversion circuit subsequently to amplification. The video signals Input
to the A/D conversion circuit are multiplexed to become digital data
A/Dout. The timing of gener- ation of the digital data Dout is shown in
Fig. 8C, while Figs. 8A and 8B show processing blocks. 5      The analog
color video signals produced by the 5-chip real-size color sensor are input
to the analog color signal processing circuits which are provided, as shown
in Fig. 8A, for the respective channels. Since the cir- cuits Ato E of the
respective channels have the same construction, the construction and
operation of the circuit A will be explained by way of example, with
reference to Fig. 8A showing the processing block diagram and Fig. 8C
showing the timing chart. 10      Referring first to Fig. BC, the analog
colorvideo signal SiG Aincludes G, B and Rcomponents which appear In the
mentioned sequence. As will be seen from Fig. 8D, the analog color video
signal is a composite signal which includes, In advance of the 3072
effective pixels, a vacant transport portion which is not connected to the
photodiode of the color sensor and constituted by 12 pixels, a dark output
portion (optical black) corre- sponding to24 pixels shielded by[err] on the
photodiode, and, afterthe effective pixels, 24 dummy pixels. Thus, 15  the
analog color video signal SiG A includes 3156 pixels in total. The
composite analog color video signal SiG A is input to the amplifier 250 and
is amplified to a predeter- mined signal output level. At the same time,
the component of this composite signal, which causes the DC level of
thissignal to oscillate in an AC-like manner, is removed. Then, azero-level
clamp is effected by the feedback clamp circuit 251 in order to fix the DC
level of the signal SiG A at a level optimum for the operation of the 20
amplifier250. The feedbackclamp circuit251 is constituted byasample hold
circuitS/H 251bandacomparator amplifier251a. In operation, the output level
of the darkoutput portion (optical black) of the analog colorvideo signal
SIG Afrom the amplifier 250 is detected by the sample hold circuit S/H 215b
and is compared by the comparator amplifier 251a with a reference voltage
Ref 1 (Ref 1 = GND in the described embodiment) which is received by the
minus Input of the comparator amplifier 251a. The difference determined
through the com- 26  parison isfedbacktothe amplifier 250 so thatthe level
of the dark output portion of the outputfrom the amplifier 250 is always
fixed at the level of the reference voltage Ref 1. A signal DK represents
the length of the dark output portion of the analog color video signal SIG
A. This signal is delivered to the sample hold circuit SIH 251 b so that
the DC level of the dark output portion of the signal SiG A is detected
once per each period of horizontal scanning. 30      The output of the
amplifier 250 is color-separated into G, B and R by the sample hold circuit
S/H 43 and is amplified so as to suit to the dynamic range of the A/D
conversion circuit. Since the same process is con- ducted for all color
video signals, the process conducted on the B signal will be explained by
way of example. Thus, the same process is conducted for the G and R
signals. The composite output signal from the amplifier 250 is delivered
through a buffer circuit 252 to the sample hold circuit S/H 253 which
operates to sample only 36  the pixel outputs corresponding to the B
signals of the composite signal. The thus color-separated B signal 538 is
input to a low-pass filter(LPG) 256 after amplification through amplifiers
254, 255. The low pass filter 256 removes a component of frequency of the
sampling pulse from the S/H output signal derived from the S/H circuit 253,
whereby only the variance of the sampled S/H output signal is extracted.
Representing the driving frequency of the CCD by fD, therefore, each color
signal sampled by the sample hold circuit S/H 253 is a dis- 40  crete
signal having a frequency of fD/3. It Is thus possible to obtain the
above-described effect by using, as the filter 256, a nyquist filter having
a cut-off frequency of fc = (fD/3) x 1/2 = fD/6. It is thus possible to
extract only the variance of the signal and to reduce the frequency band
width of the subsequent signal processing 



systems. As described, the low-pass filter 256 outputs a color signal of
each color which contains only the signal 45  component This color signal
Is then processed through an amplifier 257, a white correction multiplier
258 and a buffer amplifier 259 under the control of the CPU, whereby the
gain of the signal is controlled as shown by G In Fig. 8E. The color signal
of each color after the gain control is then clamped at any desired DC
level by a feedback clamp system which is constituted by a black-level
correction multiplier 260 and a feedback clamp circuit 261. The operation
of this feedback clamp system is identical to that of the feedback clamp
circuit 251. 50 As will be seen from Fig. 52A, in this embodiment, the
multiplier 258 Is a multiplying DAC (D/A converter) which is constituted by
a multiplying DAC 251, operation amplifier 522 and a latch 523, and is
adapted to produce an output Vout which is given as Vout = -V IN/N (0 < N <
1), where, N represents a binary fractional value of the input digital
code. The function of a basic multiplying DAC circuit Is similarto thatof
an analog potentiometer which is unloaded by an operation amplifier. In
other words, this circuit is a voltage follower constituted by a 55
feedback circuit and a trim circuit (variable resistor circuit) connected
to the feedback circuit, the resistance value of the trim circuit being
variable in accordance with data from the data BUS 508. Therefore, in a
channel connecting correction which will be explained later, the image data
produced by the scanning unit upon reading a white board is amplified to a
level which is determined by the digital data set In an internal latch 523
through 8    EP 0 292 212 B1 the data BUS of the CPU 22. Fig. 52B shows the
relationship between this digital data and the gain of the mul- tiplier
258. The latch 523 constitutes the I/O of the CPU 22. Setting of data in
this latch is performed through the control lines WR and SEL. Adescription
will be made hereinunderas to the feedback clamp system constituted bythe
feedbackclamp 5   circuit 261. This feedback clamp system has a
construction which is substantially the same as the feedback clamp circuit
of the preceding stage. More specifically, the sole point of difference
resides in that, in the feed- back damp system, the multiplier 260
controlled by the CPU is connected as the reference voltage Ref 2 of the
feedback clamp circuit constituted by the sample hold circuit261b and the
comparator amplifier261a. This arrangement is adopted for the purpose of
enabling the color signals amplified through the amplifier 257, mul- 10
tiplier 258 and the buffer amplifier 259 to be clamped at the level of the
reference voltage Ref 2 which is varied by the multiplier 260 in accordance
with the level determined by the digital data set in the Internal latch 537
through the data BUS 508 of the CPU 22, for the purpose of shifting the
level of a black level signal which is produced by reading a black board in
the channel connecting correction which will be explained later. This cor-
responds to the process 0 shown in Fig. 8A. The latch 537 is allocated as
an I/0 of the CPU 22,and setting 15  of data therein is conducted through
control linesWR and SEL. As will be seen from Fig. 53A, the multiplier 260
Is a four-quadrant mode multiplier composed of a multi- plying DAC 531,
operation amplifiers 532, 533, resistors 534, 535 having a resistance value
R and a resistor 536 having a resistance value 2R. The multiplier 260
produces, as shown In Fig. 53B, a bi-polar voltage output In accordance
with the 6-bit digital data which is set in the internal latch 537 by the
CPU. 20     Thus, the color signals 541(G), 542(B) and 543(R) are
gain-controlled and then clamped such that their black levels are set at a
predetermined level. These color signals are then multiplexed into a single
system signal by an MPX 260 in accordance with multiplex pulses GSEL, BSEL
and RSEL (544 to 546), and the thus- formed single system signal is input
into an A/D converter 45so as to be converted into a digital signal in ac-
cordance with A/D clock 547, whereby digital data AGOUT 548 is obtained as
the output. Representing the 25  reference voltage of the A/D converter 45
by Vref, since the resolution of the AID conversion is 8 bits, the AID
conversion Is conducted under the condition of 1 LSB = Vref/[err].
According to this arrangement, the A/D con- version Is conducted after the
multiplexing operation performed by the MPX 260. Thus, five A/D converters
each having three systems for three colors are used, and, hence, 15 signal
processing system in total are em- ployed. The described arrangement is
adopted also for other circuits B to E In Fig. 8A. 30 <Construction and
Operation of FiFo Memory> As will be understood from the foregoing
description, in this embodiment of the present Invention, the im- age of
the original Is read by a sensor which has five sensor chips which
correspond to five sections of the 35  original in the direction of the
main scan and which are arranged In a staggered manner with an offset
corre- sponding to four lines of main scan (62.5 [err] x 4 = 250 [err]) in
the direction of the sub-scan. In consequence, the leading channels
constituted by the sensor chips 2,4 and the trailing channels 1,3,5 read
different portions of the original image which are offset from each other
in the direction of the main scan. In order to properly connect the data
read by these two groups of channels, this embodiment of the invention
employs a memory 



40  device capable of storing data corresponding to a plurality of lines.
The construction of this memory device is shown in Fig. 9B. Namely, the
memory device has a FiFo-type arrangement constituted by memories 70 to 74
each storing data corresponding to a plurality of lines. More specifically,
the memories 70, 72 and 74 are capable of storing data corresponding to
five lines each of which Includes 1024 pixels, while memories 71 and 73are
capable of storing data corresponding to 15 lines. Writing of data is
conducted In a line-by-line fashion 45  from a point indicated by a last
pointer WPO 75 and WPE 76. After writing of one-line data, the content of
the line pointer WPO or WPE is incremented by t1. The line pointer WPO 75
is used commonlyforthe odd-number channels 1,3,5, while WPE 76 is used
commonly for the even number channels 2,4. The values of the line
pointersWPO 75 and WPE 76 are initialized to the starting values bysignals
OWRST 540 and EWRST 541. ORST 542 and ERST 543 are signals for initializing
the read pointer to starting value. 50  A description will be made as to
the channels 1 and 2 by way of example. As will be seen from Fig. 9A, the
channel 2 is ahead of the channel 1 by an amount corresponding to four
lines. Therefore, the timing of reading of a line, e.g., line [err], by the
channel 1 Is delayed by a period corresponding to four scanning lines after
the timing of reading of the same line [err]by the channel 2. It will be
understood that, by putting the writing pointer WPE ahead of the writing
pointer WPO by an amount corresponding to four scanning lines and then
reading 55  the content of the FiFo memory at the same timing, data
concerning the same line are obtained from the chan- nels 1,3,5 and the
channels 2,4, whereby the offset of the sensor chips in the direction of
the sub-scan is com- pensated. For instance, referring to Fig. 9B, the
writing pointer WPO points the first line 1 for the channel 1, while the
writing pointer WPE for the channel 2 points the fifth line 5. As the
scanning is conducted from this 9    EP0292212B1 state, the pointerWPE
points 9 when 5 is pointed by the pointerWPO, and the data of the line (5)
of the original is written on the regions of the memories corresponding to
the pointer value 5 in each memory. Then, reading operation is conducted
cyclically while advancing the read pointers PRO and PRE In the same
manner. Fig. 9C is a timing chart for conducting the above-described
control. The image data is delivered in a line-by line 5   fashion in
synchronization with the synchronizing signal HSYNC. Signals EWRST 541 and
OWRST 540 are generated with an offset of four lines from each other as
illustrated. The signal ORST 542 is produced at an interval corresponding
to the capacity of each FiFo memory 70, 72, 74, i.e., for every five
scanning lines. Sim- ilarly, the signal ORST 542 is produced at an interval
corresponding to the capacity of each FiFo memory 71, 73 i.e., for every
fifteen scanning lines. The reading is commenced with the reading of
one-line data from the 10  channel 1 at a speed which is five time as high
as the writing speed, followed by reading from the channel 2,channel 3,
channel 4 and channel 5, whereby the signals read from the successive
channels 1 to 5 are con- nected in series within the period of one
horizontal synchronizing signal HSYNC. Referring to Fig. 9D, IRD to 5RD
(544 - 548) are signals which represent valid regions of reading operaiton
from the respective channels. The described control for connecting the
video signals from the successive channels by means of the FiFo 15  memory
is conducted by a control signal which is produced in a memory control
circuit 57' shown In Fig. 5. The circuit 57' is composed of a discrete
circuit such as a TTL. Detailed description of this circuit is omitted
because this circuit does not constitute any critical portion of the
present invention. The memory mentioned before has three color components:
namely, a blue component, a green component and a red component, al- though
the description has been made with respect to one color component. It will
be understood that the same 20  arrangement is adopted for other color
components of the memory. <Constructions and Operations of Black and White
Level Correction Circuits> Fig. IOA shows a black level correction circuit.
When the quantity of light received by the sensor is small, 25  the black
level outputs from the channels 1 to 5 exhibit large fluctuation between
chips and between pixels, as shown in Fig. 10B. If these outputs are
directly used in the production of the output image, defects such as scores
or local darkening is formed in the data area of the image. Such scores are
generated in the regions of high density so that they are particularly
noticeable due to visual characteristics of the human eyes, even if these
scores are slight It is therefore necessary to conduct the dark correction
so as to compensate for the 30  influence of the fluctuation in the black
output. In the described embodiment, this correction is conducted by the
black level correction circuit which will be explained hereinunderwith
reference to Fig. 10A. In advance of the copying operation,the original
scanning unit is moved to the position of a black board (see Fig. 9) which
is provided on the leading end of the original table and which has a
uniform density of black color. Then, the ha- logen lamp is turned on so
that the black level video signal is input to the black level correction
circuit. More 35  specifically, In order that a black level video signal
corresponding to one scanning line is stored in a black level RAM 78, a
selector 82 operates to select A [err] white a gate 80 is closed [err] and
a gate 81 is opened. In conse- quence, the data line 551 is connected to
data line 553 through data line 552. On the other hand, a signal e[rr] 



is output so that the output of the address counter 84, which is
initialized by HSYNC, Is received by the address input of the RAM, whereby
the black level signal corresponding to one scanning line is stored in the
RAM 78. 40  This mode of operation for storing the black level signal will
be referred to as "black reference value pickup mode" hereinafter. The
amplitude of the thus picked-up black level data isextremely small so that
ittends to be largely affected by noies which are introduced through
various lines from the exterlororthrough radiation. The use of the thus
picked-up black level data is not preferred because it causes the black
image to be coarsened by the noises. 45  To overcome this problem, the
black level data stored In the RAM 78 as shown in Fig. 10C is subjected to
a computation which is conducted in accordance with a flow chart shown in
Fig. 10D, thereby to eliminate the influence of the noises. In Figs. 10C
and 10D, a symbol Bi represents the address in the RAM 78, while (Bi)
represents the data contained in the address Bi of the RAM 78. It is
assumed here that the original has a length corresponding to the length of
an A-4 size paper in the direction of main scan. Thus, provided that the
pitch of 50  the pixel is 16 pet/mm, it is necessary to use 4752
pixels/color (16 x 297 mm = 4752). In order to cover this length of the
original, five CCD chips each being 61 mm long are arranged to form a
linear sensor. Thus, the total number of pixels used is 4880 pixelslcolor
(16 x 61 x 5 =4880). This means that the suffix i of the address Bi can
take one of the values from 1 to 4880. Referring to Fig. 10C, the CPU 22
opens the gate 80 and closes the gate 81 for the latch 85[err] 55 and [err]
and selects the selectors 82, 83 so that the black level data in the region
between the addresses e[rr] to [err] of the black level RAM 78 shown in (1)
of Fig. 10C is accessed and read into the work register (RAM 24) of the CPU
22 as shown In (3) in Fig. 10C. Then, the black level data [err] in the
region between the addresses [err]are added and the sum is divided by the
data number [err] so as to be written in the 10    EP 0 292 212 B1 address
[err] of the working RAM 24 as the value of the central pixel [err].
Similar computations are performed from [err] quence, the data carried by
the central pixel [err]is written in the RAM 24 as the mean value of the
data carried by the adjacent pixels [err]as shown in (4) in Fig. 1OC.
Finally, data corresponding to i = j + 1 is written 5   for the region from
I = 1 to I = j, and data corresponding to i = 4880 - J is written for the
region from I = 4880- j+1 to I = 4880. The pixels of addresses from i = 1
to i = J and the pixels of addresses from I = 4880 - j + 1 to i = 4880 are
within the invalid regions which are on both ends of the sensor. (In the
illustrated embodiment, j is assumed to bej = 48.) Then, data in the region
between the addresses [err]in the RAM 24 is written again in the region
between addresses [err] of the black level RAM 78, whereby black level data
10  devoid of any noise is set. After completion of the described operation
for the blue component in Step B of Fig. 10D, similar compu- tations are
executed for the G signal representing the green component and for the R
signal representing the red component, in Steps G and R, respectively.
Although in the described embodiment the black level data is determined as
a simple mean value of data carried by the central pixel and adjacent
pixels without giving any 15  weight, this is only illustrative and the
black level data may be determined by introducing a concept of weight by
multiplying the data of the respective pixels with different coefficients.
During reading of the image, the memory RAM 78 operates in data reading
mode, so that the data is read from the RAM 78 in a line-by-line and
pixel-by-pixel fashions and input to the B input of the subtractor 79
through data lines 553 and 557. Namely, in this mode, the gate 81 is closed
[err]while the gate 80 is opened [err]. 20  Therefore, In case of the blue
signal for example, the black level correction circuit output 556 is
determined, when the black level data DK(i) is given, as Bin(i) - DK(i) =
Bout (i). Similarcontrols are performed forthe green signal Gin and red
signal Rin, by means of 77G and 77R. In orderto execute the described
operation, the control lines [err] of the respective selector gates are
controlled by the CPU 22 (see Fig. 2) by means of the latch 85 which serves
as an I/O of the CPU 22. 25      Adescription will be made hereinunder as
to the white level correction (shading correction), with reference to Fig.
11-1. The white level correction is executed in accordance with white color
data which is obtained by moving the scanning unit to the position of a
white board of a uniform white color and Illuminating this white board. The
basic circuit arrangement for this correction is shown In Fig. 11-1A. This
circuit arrangement is ba- sically the same as that of the circuit shown in
Fig. 10A, except that the white level correction employs a mul- 30
tiplier79 In place of the subtractor79 used in the blacklevel correction.
Otherportions are materiallythe same so that detailed description thereof
is omitted. The white level correction is conducted as follows. When the
original scanning unit Is stationed on the position of the uniform white
board, i.e., when the unit is on the home position before commencing the
copying or reading operation, the exposure lamp is lit on so that the video



data of uniform white level is stored in a one-line correction RAM 78'. For
instance, when the original has a 35  length 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 provided that the pixel pitch is 16 pe[err]/mm.
This requirement is met by the use of five CCD sensorchips each having 976
pixels, because these five CCD sensorchips provide 976 x 5 =4880 pixels in
total. Thus, the RAM has at least 4880 bytes. Referring to Fig. 11-1B,
representing the white board data of the i-th pixel by [err] (i = 1 to
4880), the RAM 78 stores data corresponding to the respective pixels as
shown 40  in Fig. IIC. When the white board data WI is given, the data Do
obtained after the correction should satisfy the condition of [err] with
respect to the data of ordinary image read from the same i-th pixel.
Therefore, the CPU 22 (see Fig. 2) operates to open the gate 81' while
closing the gate 80 for the latch 85[err] [err] and enables the selectors
82', 83' to select B, thereby enabling the CPU to make access to the RAM
78'. Subsequently, computations are executed such as FFH/[err] for the
initial pixel [err] 45  and so foreth, thereby effecting substitution of
data. When this operation is completed with respect to the blue component
in Step B of Fig. 11-1D, similarcomputations are conducted forgreen and red
components in Steps G and R. successively. Then, the gate 80' is opened
[err] while the gate 81' is closed [err] and the selector 83' selects A, so
that [err] is output for the original data [err] which are input
successively. The thus read coefficient data FFH/[err] are transmitted
through signal lines 553 and 557 and is multiplied with the original 50
image data 551, whereby the product of the coefficient data and the
original image data is output. A description will be made herelnunder as to
the channel connecting correction which is conducted for the purpose of
ensuring that all the chips 58 to 62 of the color CCD 6 produce signals of
the same level when they read the original Images of the same density
level, with reference to flow charts shown in Figs. 11-2Aand 11- 2B. The
black level processing of B signal for the channel connecting correction is
executed in Step D-B. This 55  operation is commenced with the processing
of the black level of the B signal of the first channel CH1. To this end,
in Step D-B1, the CPU 22 operates to set [err] (80H inthe illustrated
embodiment) in the latch 537 (see Fig. 53A) in the multiplier circuit 260
(see Fig. 8B), through the data BUS 508, thereby setting the B signal
offset of the first channel CH1 at the reference level, thus setting data
for the multiplying D/A 531 (Step 1). In this    EP0292212B1 state, a black
level signal obtained through reading of the black board is stored in the
black level RAM 78 as in the case of the black level correction explained
before (Step 2). The black level data stored in the RAM 78 is shown in Fig.
11-2C. Subsequently, the value i of the content of the counter is
initialized to 1, and FFH is set in the minimum value storage temporary
memory address [err] of the CPU working RAM 24 (Step 3). Sub- 5
sequently, the data (Bi) in the black level RAM 78 is compared with the
data (err) in the memory [err]. If the value of the data (err] Is smaller
than the value of the data (err), the data (err) of the address err is
changed to [err], and this operation is repeated from Bi = B1 to B1 = B*7e,
in Steps 4, 5 and 8. Consequently, the minimum value throughout the channel
CHI is stored In the memory Ml. Then, a judgment is conducted in Step 7 as
to whether the minimum value data in the memory Ml Is equal to the
reference value D2 (08H in the Illustrated 10 embodiment) of the
blacklevel. If they are notequal, the process proceeds to Step 8 In which
theyare compared with each other to determined which one of them is
greater. If the minimum value data Ml is smaller than the reference value
DN, the process proceeds to Step 9 in which the CPU sets a value DI+, in
the latch 537 of the multiplying circuit 260. The process then returns to
Step 3 and proceeds to Step 7 In which the judgment is conducted again as
to whether the condition of (Ma) = D2 1s met Conversely, if the comparison
conducted in 15 Step 8 has proved that the condition of (Ma) > D2 Is met,
the CPU 22 sets a value DI-, In the latch 537 of the multiplying circuit260
so as to lowerthe offset level (Step 10). The process then returns to Step
3 and proceeds again to Step 7 In which the judgment is conducted again as
to whether the condition of (Ml) = DI is met As will be seen from the
foregoing description, the CPU repeatedly conducts the operation while
varying the data DI by substituting Da+ or DI-,, for the data to be Input
to the multiplying D/A 531 until the condition 2o of (M1) = DI is met. When
this condition Is met, the process proceeds from Step 7 to Step 1)-B2, in
which the value of the content of the counter is Initialized to 977 and the
processing which Is the same as that executed in Step D-BI forthe channel
CHI is conducted forthedatafrom the channel CH2 inthe RAM 78,
therebysetting the minimum value at D2. Similarly, Steps D-B3, D-B4 and
D-B5 are executed to set the minimum values of the data from the channels
CH3, CH4 and CH5 at D2. The described process is executed In Steps D-G and
25   D-R for the G and R signals, respectively, for each of the channels
CH2, CH3, CH4 and CH5, thereby setting the minimum values of all color data
of all channels at D2. Subsequently, Step W-B is executed for the purpose
of white level processings of the B signal in the chan- nel connecting
white level processing. First of all, Step W-B1 is conducted for performing
the white level proc- essing of the B signal of the first channel CHI. To
this end, the CPU 22 operates so as to set a level D3 (AOH 90 in the
illustrated embodiment) in the latch 523 of the multiplying circuit 258,
through the data S 508, thereby 



setting the gain of the B signal at a reference level, and so as to set the
data of the multiplying D/A 521 (Step 11). In this state, the white level
signal of the white board is set in the white level RAM 78' (Step 12) as in
the case of the white level correction explained before (Step 11). The
white level data stored In the RAM 78' is shown in Fig. 11-2C.
Subsequently, the value I of the content of the counter is Initialized to
1, and OOH Is set 35 in the maximum value storage temporary memory address
M2 of the CPU working RAM 24 (Step 3). Subse- quently, the data (Wi) in the
white level RAM 78' is compared with the data (M2) in the memory M2. If the
value of the data (W) is greater than the value of the data (M2), the data
(M2) of the address M2 is changed to (W), and this operation is repeated
from Bi = B1 to B, = Bpe, In Steps 14, 15 and 16. Consequently, the maximum
value throughout the channel CHI Is stored In the memory M2. Then, a
judgment is conducted in Stp 17 as 40  to whether the maximum value data in
the memory M2 is equal to a reference value D4 (AOH in the illustrated
embodiment) of the white level. If the maximum value data (M2) is greater
than the reference value D4, the process proceeds to Step 19 in which the
CPU 22 sets a value D4.A in the latch 523 of the multiplying circuit 258 so
as to lower the gain level. The process then returns to Step 13 and
proceeds to Step 17 in which the judgment Is conducted again as to whether
the condition of (M2) = D4 is met. Conversely, if the comparison 45
conducted In Step 18 has proved that the condition of (M2) < D4 is met, the
CPU 22 sets a value D31, In the latch 523 of the multiplying circuit 258 so
as to raise the gain level (Step 20). The process then returns to Step 13
and proceeds again to Step 17 in which the judgment Is conducted again as
to whether the condition of (M2) = D4 Is met. As will be seen from the
foregoing description, the CPU repeatedly conducts the operation while
varying 50 the data D4 by substituting D4+, or D4_p, until the condition of
(M2) = D4 is met. When this condition is met, the process proceeds from
Step 17 to Step W-B2, In which the value of the content of the counter is
initialized to 977 and the processing which is the same as that executed in
Step W-B1 for the channel CHI is conducted for the data from the channel
CH2 inthe RAM 78', thereby setting the maximum value at 14. Similarly,
Steps W-B3, W-B4 and W-B5 are executed to set the maximum values of the
data from the channels CH3, CH4 and 55   CH5 at D4. The described process
is executed In Steps W-G and W-R for the G and R signals, respectively, for
each of the channels CH2, CH3, CH4 and CH5, thereby setting the maximum
values of all color data of all channels at D4. The channel connecting
process is executed following the flow chart shown In Fig. 11-3. After the
power 12    EP 0 292 212 Bi of the reader unit I is turned on, the process
Is started from Step S-mi in which, if the original scanning unit 11 is not
set at the position of the home position sensor SI, the CPU 22 operates so
as to give a home position resetting instruction to the stepping motor
driver (see Fig. 2) through the signal line 503, whereby the stepping motor
14 operates to reset the original scanning unit 11 to the home position.
Then, in Step S-m2, the CPU 5   produces a lighting Instruction to the lamp
driver 21 through the signal line 504, thereby to turn the halogen lamp 10
on. After turning the halogen lamp 10 on, the CPU 22 operates In Step S-m3
so as to set, in the driver 15, pulses of a number corresponding to the
distance to be traveled by the original scanning unit 11 from the home
position S1 to the position of the reference black board. 9, thereby to
drive the original scanning unit 11 to the position of the reference black
board. The channel connecting black level processing explained in con- 10
nection with Fig. 11-2A is conducted in this state (Step S-m4).
Subsequently, the process proceeds to Step S- m5 in which the CPU sets In
the driver 15 pulses of a number corresponding to the distance between the
ref- erence black board 9 and the reference white board 8, thereby driving
the original scanning unit 11 to the pos- ition of the reference white
board. The channel connecting white level processing explained in
connection with Fig. 11-2B is conducted in this state (Step S-m6).
Subsequently, the halogen lamp Is turned off in Step S-m7 15  and the
original scanning unit 11 Is. reset again to the home position in Step
S-m8. The channel connecting process Is thus completed. It will be
understood that the described arrangement and operation ensure a high speed
of processing, while enabling correction on the basis of each pixel. It Is
also to be noted that, In the described embodiment, one-line video data can
be Input at a high speed and can be accessed by the CPU for reading and
writing. This makes it possible to detect the ratio of color 20  components
B, G and R of the video data on a point which is determined by coordinates
(X mm, y mm) on the original,.by driving the original scanning unit 11 In
the x-direction by a distance corresponding to (16 x x) lines and then
picking up the data of the (16 x y)-th pixel. This mode of operation will
be referred to as "line pickup mode", hereinafter. It will be obvious to
those skilled In the art that the described arrangement makes It possible
to determine a mean density of a plurality of lines (referred to as mean
value computing mode") and to deter- 25   mine the density histogram
(referred to as "histogram modem). <Logarithmic Conversion> 



Through the processes explained hereinbefore, black level and white level
corrections are effected to elim- ij   30  inate any influence ofvarious
factors such as fluctuations in the black level sensitivity of the video
Inputsystem, dark current level, sensor output characteristics, light
quantity in the optical system and white level sensitivity, whereby a color
video data proportional to the input light quantity and uniformalized in
the direction of main scan is obtained. The thus obtained color video data
Is input to a logarithmic conversion circuit 86 (see Fig. 5) conforming
with the spectral luminous efficiency of human eyes. This circuit 86 is
adapted to perform a con- 35  version to set the white and black levels at
OOH and FFH, respectively. The conversion Is conducted by making selective
use of a plurality of logarithmic conversion tables LUT (Look-up Table) as
shown in Figs. I 3A and 13B, in accordance with the types of the image
source such as ordinary reflective original, transparent originals such as
those used In projectors including both negative and positive films, and
films of different sensitivities and exposure conditions, because different
types of Image source provide different gamma characteristics. 40  The
change-over between different LUTs is conducted through signal lines fgo,
fgI and eg2 (560 to 562), in accordance with Input given from the control
unit through the llOport of the CPU 22. The levels of the data givenforthe
B, G and Rcolors correspond tothedensityvalue of theoutput image. Thus, the
outputconcerning B (blue) corresponds to the amountof yellow toner, the
outputconcerning G (green) corresponds to the amount of magenta toner, and
the output concerning R corresponds to the amount of cyan toner. In the
following de- 45  scription, therefore, the color video data are expressed
in terms of Y, M and C. <Color Correction> The following color compensation
is conducted for the color component video data, i.e., yellow component, 50
magenta component and cyan component, obtained from the original image
through logarithmic conversion. It is well know that the spectral
characteristics of the color separation filter provided on the color
reading sensor for each pixel has an unnecessary transmission area as
hatched in Fig. 14. It is also well known that the color toners (Y, M, C)
to be transferred to the transfer paper have unnecessary absorption
components as shown in Fig. 15. 55      In order to eliminate unfavorable
effects of these unnecessary transmission area and unnecessary ab- sorption
component, various color correction methods have been proposed and used.
For instance, It is well known to conduct masking correction in which color
correction is performed by computing the following first degree equation
for each color component video data Y1, Ml and C,. 13    EP0292212B1 YO
, ayi -bMi -Cl c               V Mol    -aY2  bM2 -CC2 sCC    s-aY3 -bM3
CCD zCi                   D 5 In a method known as inking, the minimum
values Mln(Y1, Ml, C) of the color component data Y1, Ml. Ci are computed
and black toner is added by treating the minimum values as black level. An
under-color removal (UCR) is also known in which the amounts of the
respective color toners are reduced corresponding to the amount of the
black component added. Fig. 16Ashows the arrangement of circuits for the
masking correction, io  inking and UCR operations. This circuit arrangement
has the following features: (1) Two masking matrix systems are used, and
switching therebetween can be executed at a high speed by switching of the
level of a signal line between p1" and V0. (2) Switching between a mode
which employs UCR and a mode which does not employ UCR is conducted at a
high speed by switching of the level of a signal line between "1  and p01.
16     (3) There are two systems of circuit for determining the amount of
Inking, and switching therebetween is conducted at a high speed by
switching of the level of a signal line between 1" and "O. Before the
commencement of the reading of the Image, any desired first matrix
coefficient Ml and second matrix coefficient M2 are set though a BUS
connected to the CPU. In the described embodiment, the following
coefficients Ml and M2 are set In registers 87 to 95 and registers 96 to
104, respectively. 20 aYI -bMi -Cci                    aYl -g Ml -7 C
Ml(-ay2  bM2 -CC2)M2- -aY2  8M2-7C ) \-aY3 -bM3  CCo3    \- aY3 -  M3 7 CD
25 Numerals 111 to 122,135 and 131 denote selectors each being adapted to
select AW and mBm, respectively, when the level of the S terminal thereof
is "I and 0, respectively. Therefore, the matrix coefficients Ml and M2 are
selected by setting the switching signal MAREA 564 at "1 and 0"o,
respectively. Numeral 123 also des- 



ignates a selector which provides one of outputs a, band c In accordance
with a truth table shown in Fig. 1 6B, s0  in response to selection signals
CO and C1 (568, 567). The selection signals CO, C1 and C2 correspond to the
color signals to be output. Namely, color-corrected Y, M, C and Bk color
signals are obtained by setting the selection signals CO, C1 and C2 as (CO,
C1, C2) = (0,0,0), (0,,0,1), (0,1,0) and (1,0,0), respectively. A
color-cor- rected monochrome signal is obtained by setting the selection
signals CO, C1 and C2 as (CO, Cr, C2) = (0,1,1). If the selection signals
CO, C1 and C2 areset as (CO, Cr, C2) = (0,0,0) while the MAREA is set as
MAREA = 1, 35  the contents of the registers 87,88 and 89, i.e., (asy, -bm,
-Cc) are obtained as the output (a,b,c) of the selector 123. On the other
hand, the black component signal 574, which is computed as Mln(Y1, MI, C,)
from the Input signals Y,, Ml, Ct, is subjected to a primary conversion
which is conducted by 134 in accordance with a formula Y = ax - b (a and
bare constants), and Is Input to the B Inputs of subtractors 124, 125 and
126 through the selector 135. For the purpose of the under-color removal,
the subtractors 124 to 126 execute computations of 40  Y = Ye - (ak - b), M
= Ml - (ak - b) and C = C, - (ak - b), respectively. The results of the
computations are input to the multipilers 127, 128 and 129 for the masking
computations. The selector 135 is controlled by a signal UAREA 565 which is
capable of conducting a high-speed switching between a mode which employs
the under- color removal (UCR) and a mode which does not employ the UCR by
switching of its level between "I" and w0o. Each of the multipliers 127,
128 and 129 receives at its Ainput the signal (ay,, -bml, -Cc0) and at its
B input 45  the signal [ YV - (ak - b), Ml - (ak - b), C} - (ak - b)] =
[Y1, MI, C4. Therefore, as will be seen from his figure, an output Yout =
Ye x (ay,) + Ml x (-bmr + C, x (-Cc0) is obtained at the output Dout, on
condition of C2 = 0 (select Yor M or%), whereby an yellowvideo data after
masking color correction and under-color removal is obtained. Similarly,
outputs Mout = Y1 x (-ay2) + Ml x (bM2) + C, x (-Cc2) and Cout = Y. x
(-ay3) + Ml x (-bM3) + Co x (Ccs) are obtained at the output Dout. The
color selection is controlled by the CPU 22 in accordance with the 50
table shown in Fig. 16B by suitably setting the values (CO, C1, C2) in the
sequence of development performed by the color printer. The registers 105
to 107 and 108 to 110 are monochrome image forming registers and are
obtained by weighted addition of the colors in accordance with the formula
of MONO = k1Y1 + f Ml + m1C1. The switching signals MAREA 564, UAREA 565
and KAREA 587 are for conducting, respectively, the high-speed switching
between the masking color correction coefficient matrixes Ml and M2, the
high speed switching be- 55  tween the mode which employs UCR and the mode
which does not employ the UCR, and the high speed pri- mary switching of
the black component signal which is delivered from the Dout through the
signal line 569 and the selector 131. More specifically, the KAREA 587
conducts a high-speed switching between Y = ck - d and Y = ek - f (c, d, e
and f are constant parameters) for a given value K = Min (Yi, Ml, Ca). it
is therefore possible 14    EP 0292 212 BI to apply different masking
coefficients to different areas of a single image or to vary the amount of
UCR and amount of inking according to areas. This arrangementtherefore, can
be used for synthesizing images derived from different Image input sources
of different color-separation characteristics or a plurality of images of
dif- ferent black tone levels, as in the described embodiment of the
Invention. The area signals MARE-Am UAREA 6   and KAREA 584, 565, and 587
are produced by an area signal generating circuit 51 (see Fig. 2) which
will be detailed herelnunder. .Area Signal Generating Circuit> 10      The
principle of generation of the area signals such as MAREA 564, UAREA 565
and KAREA 587 will be explained with reference to Figs. 17A to 17G. The
term "area" is used to mean, for example, a region which is hatched in Fig.
17E. This area can be determined by generating a signal AREA at a timing
shown in Fig. 17E in each scanning period in a region between Aand B as
measured in the direction of the sub-scan. Each area can by appointed bythe
digitizershown in Fig. 1. Figs. l7Ato 17D showan arrangementwhich enables a
mul- i5  tiplicity of area signals to be formed in a programmable manner by
the CPU 22. With this arrangement, there- fore, it Is possible to provide a
variable number of area signals at variable timings and with variable
lengths. In this arrangement, each area signal Is constituted by one bit of
a RAM which Is accessible by the CPU 22. For instance, a pairof RAMs
136,137 (Fig. 17D) each having n bits are used forthe purpose of generating
n-pieces of area signals AREAO to AREAn. Thus, area signals AREAO and AREAn
as shown in Fig. 17B can 20  be obtained by setting "I in the bit 0 at the
addresses xi and x3 of the RAMs, while setting "0" in bits 0 at all other
addresses. On the other hand, "1" is set In the bit n at addresses 1, x1,
x2 and x4, while 0" is set in bit n at all other addresses in the RAM.
Then, by sequentially reading the data from the RAM In synchronization with
docks based on the signal HSYNC, data "1" Is read at each of the addresses
xi and x3 as shown in Fig. 17C. The thus read data are input to J and K
terminals of the J-K flip-flops 148-0 to 148-n shown in Fig. 17D 25  so
that a region signal such as AREAO, I.e., the area signal, Is produced by a
toggle operation, i.e., an operation which changes the output level from V"
to "1" and vice versa when CLK is input white 01" is read from the 



RAM. If data *0" is set In all addresses, the area signal is not generated
so that no area is set. Fig. 17D shows the arrangement of this circuit
having the RAMs 136 and 137. These two RAMs 136 and 137 are used alter-
nately in such a manner that while a line data is being read from the RAM
136, data for setting the area is set 30  by the CPU into the other CPU 22
(see Fig. 2), thereby attaining a high-speed switching of the area length.
For instance, when an area hatched in Fig. 17F is appointed, the RAMs Aand
B are switched from Ato B, from B to A, from A to B and then from B to A.
This operation will be explained In more detail with reference to Fig. 17D.
When data (C8, C4, C5) are set as (C3, C4, C) = (0, 1, 0), the output from
the counter which counts in synchronization with VCLK is delivered as an
address data to the RAM 136 through a selector 139 (Aa). At 35  the same
time, a gate 142 is opened white a gate 144 is dosed so that the RAM 136 is
used in the reading mode toallow data to be read therefrom, whereby n-bit
data are inputto the J-K flip-flops 148-0 to 148-n, where- by a region
signal AREAO to AREAn Is generated in accordance with the value set in the
RAM 136. Meanwhile, writing of the data by the CPU to the RAM B is
conducted through an address BUS A-Bus and data BUS D- Bus, in accordance
with an access signal RIW. The generation of the region signal on the basis
of the data 40  set in the RAM B 137 is conducted in the same manner, by
setting the data (C3, C4, Cd) as (C3, C4, Cd) = (1, 0, 1). Meanwhile, data
is written by the CPU Into the RAM A 136. These two RAMs will be referred
to as A- RAM and B-RAM, respectively, while the data C,, C4, C, will be
collectively referred to as AREA control signal (ARCNT). TheAREAcontrol
signal C3, C4, C, are generated through the I/O port of the CPU. Fig. 17G
illustrates a table which contains correlations between the bits and the
names of signals. 45 <Color Conversion> The circuit arrangement for color
conversion will be explained hereinunder with reference to Fig. 18. The
term "color conversion" is used to mean a replacement ofan input
colorcomponentdata (Y1, Ml, C1) of a specific 50  density or color
component ratio with another color. Practically, this operation Is
conducted for changing. for example, the red color of hatched area of the
original shown in Fig. 18C Into, for example, blue color. The respective
color data (Ye, MI, Co input to this circuit are first delivered to
averaging circuits 149, 150 and 151. The mean pixel numbers are set through
a CPU BUS from an operation or control panel which will be described later.
Practically, the mean pixel numbers are set in window comparators 156 to
158 through the 55   CPU BUS. The setting of the mean pixel number is
conducted in relation to the width between a comparison upper limit and a
comparison lower limit. When the width Is small, the mean pixel number is
set to be large in order to avoid erroneous detection which may otherwise
be caused by, for example, presence of a half-tone Image. Conversely, when
the width is large, the mean pixel number Is set to be comparatively small,
in order 15    EP 0 292 212 B1 to avoid erroneous detection offor example,
fine lines. The average data from the averaging circuits are input to an
adder 155 which computes (Ye + Ml + Ca) and delivers the same to the B
inputs of the dividers 152, 153 and 154. The outputs from the averaging
circuits also are input to the Ainputs of these dividers, whereby color
ratios including the yellow ratio ray = Yl(Y1 + Ml + Ca, magenta ratio ram
= MI(YI + Ml + Ca) and the cyan ratio 5   rac = CI(YI + Ml + Cd) are
derived through signal lines 604,605 and 606, respectively, and are Input
to the window comparator 158 to 158. These window comparators 156 to 158
are adapted to produce outputs of "I" level on conditions that the values
of the color ratios fall within a ranges between the upper and lower limits
(yu, mu, Cu), (ye, mt,cj). Namely, outputs 1" are obtained from the
respective window comparators on conditions of yt 5 ray < yu, me 5 ram < mu
and ct 5 rac < cu. The CPU judges that the Input color is the very one
which has 10  been expected, when all of these three conditions are met.
When all of these three conditions are met, a 3- Input AND gate 165
produces an outputof"I" level. This output is Input to the So Input of a
selector 175. When the level of the signal output from the I/O port of the
CPU and carried by a signal line CHGCNT 607 is "1", the adder 155 produces
an output 603 =  Ai. 15                                            1- 3
When the same signal Is "00, the adder produces an output 603 = 1.
Therefore, when the level of the above- mentioned signal is "0, the
dividers 152, 153 and 154 directly deliver the signals received by their A
inputs. Thus, color density data rather than the desired color component
ratio are set in the registers 159 to 164. The 20  selector 175 mentioned
above has four Input lines and one output line. The Inputs 1, 2 and 3 of
the selector 175 receive the Y, M and C components as the color data of the
color to be obtained after the color conversion. Meanwhile, the input 4
receives the data Vin which has been obtained by conducting masking color
correction and UCR in the read original Image data. Thus, the Input 4 is
connected to the output Dout shown In Fig. 16A. The switching input SO
takes a level 11" when the color detection is "true, I.e., when a
predetermined color is 



25  detected, otherwise a level "o. A symbol Si is an area signal CHAREA 0
615 produced in the area generating circuit shown in Fig. 17D. This signal
takes 01' level for the data within an appointed area and "0' for the data
which are out of the area. Thus, the color conversion is conducted only
when this signal SI is set at '1'. The inputs S2 and S3 (Co and C,) 616 and
617 are the same as the signals Co and C1 shown in Fig. 16A. The color
printer performs formation of an yellow Image, magenta image and cyan image
conditions of (C0, Ca) = (0, 0), 3o  (CO, C,) = (0, 1) and (CO, C1) = (1,
0), respectively. Fig. 18B shows the truth table for the selector 18B. The
color component ratios to be obtained after the color conversion or the
color density data to be obtained after the color conversion are set in
registers 166 to 168 by the CPU. In the area where y', m' and c' are color
com- ponent ratios, since the CHGCNT 607 has been set to '1", the output
603 of the adder 155 represents (Y, + Ml + Ca which Is input to the B
inputs of the multipliers 169 to 171. In consequence, the selector inputs
1, 2 35  and 3 receive, respectively, signals (Ye + Ml + Ca x y', (Y, + Ml
+ C) x m' and (YV + Ml + C, x c', whereby color conversion is executed In
accordance with the truth table shown in Fig. 18B. In contrast, when y', m'
and c' are color componentdensity data, the CHGCNT is set as CHGCNT = 00,
so thatthe signal 603 takes '1" level. Therefore, the Inputs 1, 2 and 3 of
the selector 175 directly receive the data (y', mm', c') thereby causing a
colorconversion through replacementof the colorcomponentdensitydata. As
explained before, the area signal 40  CHAREA 0 615 allows the region length
and region number to be set freely. It is therefore possible to apply the
color conversion only to a plurality of regions ri, r2, r3. It is also
possible to conduct a high-speed and real- time color conversion In a
plurality of regions with a plurality of colors, e.g., from red to blue in
the region ri, from red to yellow in the region r2 and from white to red in
the region r8, by using a plurality of circuits shown in Fig. 18A. Namely,
a plurality color detection and conversion circuits of the same
construction as that ex- 45  plalned above are prepared, and a selector 230
selects the desired output from among the outputs A, B,C and D of these
circuits in accordance with signals CHESELO and CHSELI and the thus
selected output is delivered through an output 619. The area signals
CHAREAO to CHAREA3 applied to the respective circuits, as well as CHSELO
and CHSELI,are generated by the area generating circuit 51 as shown In Fig.
17D. 50  <Gamma Conversion Circuit> Fig. 19 shows a gamma conversion
circuit which is used for the purpose of controlling the color balance and
the color densities of the output image in the described system. The gamma
conversion basically relies upon data conversion by means of an LUT
(Look-Up Table). The data contained In the LUT can be rewritten 55  in
accordance with Inputfrom the control unit. Writing of data in the RAM 177
constituting the LUT is conducted as follows. By setting the level of the
signal on the selection signal line RAMSL 623 at "0, the selector 178
selects the B Input so that the gate 178 is closed while the gate 179 is
opened, whereby the BUSes ABUS and DBUS (address data) leading from the CPU
22 are connected to the RAM 177, thus enabling wiring or    EP 0 292 212 B1
reading of data into and from the RAM 177. Once the conversion table Is
formed, the RAMSL is set to "1w' so that the video Input from the Din 620
is input to the address input of the RAM 177 so that addressing can be done
bythe video data, wherebythe desired data is inputthrough the open gate 178
to the magnification control circuit of the next stage. At least two types
of gamma characteristics (A and B in Fig. 19B) are provided in the 5
gamma RAM for five color types of yellow, magenta, cyan, black and MONO. As
in the case of the operation explained In connection with Fig. 16, the
switching of each color is executed in terms of the data CO, C1,C2 (566,
587, 568). In addition, as shown In Fig. 1 9C, the area A is provided with
a gamma characteristic A, while the area B is provided with a gamma
characteristic B, In accordance with an area signal GAREA628 generated by
the area generating circuit (see Fig. 17), whereby both areas of different
gamma characteristics form cor- 1o responding images in a single print.
Thus, the gamma RAM has two types of magnification characteristics A and B
which are switchable at a high speed for Independent regions. Obviously,
high-speed switching between three or more magnification characteristics is
obtainable by increasing the type of the magnification characteristic. The
output Dout 625 in Fig. I9Ais connected to the input Din 826 of the
magnification control circuit(see Fig. 20A) of the next stage. 15     As
will be seen from the drawings, the described gamma conversion RAM is
constructed to enable the conversion characteristics to be changed for
independent colors. The contents of the RAM can be rewritten by the CPU In
relation to the operation of liquid crystal touch panel key on the control
panel. <Procedure of Gamma Conversion> 20 Assume here that a density
adjusting key e or f on a standard picture P000 (see Fig. 33) Is touched by
the operator. If the key touched by the operator Is the key e, the setting
is shifted to the left as from -1 to -2, as will be seen from Figs. 19D and
19E. The characteristics set In the RAM 177 also Is shifted correspondingly
from -I to -2, from -2 to -3, from -3 to -4 and so on. When the key touched
by the operator is the key f, the 



25  characteristics are shifted asfrom +1 to +2, from +2 to +3, from +3 to
+4 and so forth, thus rewriting the content of the RAM 177. Thus, the whole
table (RAM 177) for the Y, M,C, Bk or MONO can be rewritten by touching the
key e or the key f on the standard picture mentioned above, whereby the
density of the image can be changed without causing any change in the color
tone. Fig. 37 shows a picture P420 displaying a color balance control
function In <color create> mode. The function enables the data for the
independent colors Y, M, C and '    so30  Bk only within the area of the
RAM 177, soas to enable the color balance to be controlled. For instance,
when it is desired to change the color tone of the yellow component, the
black display belt on the picture P 420 is extended upward In response to
pressing of a touch key y1 so that the conversion characteristic is changed
in the y1 direction as indicated by -Y in Fig. 19F, whereby the density of
the yellow color component is increased. Conversely, when the touch key y2
is pressed, the characteristic is shifted In the direction y2, whereby the
den- 35  sity of the yellow color component is decreased. Thus, the color
balance function enables the color tone to be changed through a change In
the density of each color component. The free color mode, which Is set
through the picture P 361 In Fig. 36 (free color mode in area appointing
mode) can be realized by rewriting the gamma conversion RAM in a
mannerwhich will be described later. The free color mode is a mode which
has a function for producing an image of a single hue with gradation, as in
40 the case of production of a black monochromatic copy image with
gradation by a monochromatic copying ap- paratus from a full-color original
Image. The free color mode employed in this embodiment, however, enables a
free selection of the single hue of the single hue Image in converting the
original color Image into a mono- chromatic or single hue copy image, as
one of Its critical features. A description will be made herelnunder as to
how the free color mode Is realized, with reference to Fig. 45 54A. The
description will be made on an assumption that the user wishes to obtain a
copy Image in the hue of blue colorfrom an original Image. The desired hue
can be conducted by appointing the corresponding color on the original
through the picture P 360 shown in Fig. 36 to enable the apparatus to read
the color, or by ap- pointing the hue which has been registered in the
picture P 360 of Fig. 36. The graph appearing on the right side of Fig.
54Ashows the color component data (Yi, M., C.) of the color 50  having the
desired hue (light blue in this case) appointed through the picture P 362
or P 364 of Fig. 36. From this graph, it is understood that the desired hue
(light blue) has a component ratio of Y.: M.: C, = 1: 2: 4. The graph on
the left side of Fig. 54A shows gamma characteristics which are set in the
MONO gamma RAM In the formation of yellow, magenta and cyan images, for the
purpose of enabling conversion of image in hues of component ratios as
shown by the right-side graph while preserving the gradation of the
original image. 55      Representing the maximum value among Y., M. and C,
by MAX the gamma characteristicfunctions GY(x), GM(x) and GC(x) for the
yellow, magenta and cyan are formed in the following manner. GY(x) =X-Y. 17
EP 0 292 212 B1 GM(x) = X-M. GC(x) = X-MC 5        where, MAX Is not equal
to 0. The free colormode Is realized by subjecting the thus obtained MONO
gamma RAMs to gamma conversion while changing the gamma characteristics for
yellow, magenta and cyan colors, respectively. In fact, the following
condition Is obtained for all MONO values X so that the formed Image has
the same ratio with respect to yellow, magenta and cyan, thus realizing the
same hue. 10= *s                                                   Ms
C GY(x):GM(x):GC(x) = x * Ye : x * Ms X x * Cs = Ys: Ms: Cs Fig. 54B shows
the color components of the color in which the Image is formed in the free
color mode from an original having a black portion (MONO = 255) and a red
portion (MONO = 160). It will be seen that 15  the Image of the portion of
high MONO value on the original is formed with a high density, whereas the
image of the portion of low MONO value is formed in a low density, while
keeping the same hue. This method, however, does not enable free selection
of density of the image of desired portion of the original Image. Actually,
It is often experienced that the density is controlled In such a manner
that the image of the black portion of the original Image is formed with
reduced density of the desired hue, while the image 20  of the red portion
is formed with increased density of the desired hue. To this end, the
described embodiment Is so designed as to enable the density level to be
varied over 17 levels, i.e., from level I to level 17, by manipulating the
density control key a on the picture P 363 or P 364 of Fig. 36 (free color
mode in <area appointing> mode). In accordance with the selected density
level, the gamma 



curve (see Fig. 54A) of the color component having the greatest proportion
(referred to as "main color coin- 26  ponent") Is changed as shown in Fig.
54C. The standard level of the density is the level 9. When this density
level has been selected, the gamma curve of Fig. 54C coincides with the
gamma curve of Fig. 54A. The gamma characteristic function GMAIN, of the
main color component is determined by the following formula for each of the
constants Ml (MO to M17) (M. 255) given for the respective density levels.
data =  - Ml v>   30                                                  255
GMAINt (x) =          data           ( data < 2553 (   255           ( data
> 255) In this embodiment, the upper limit is set to be 255 because the
gamma RAM produces an 8-bit output (0 to 255). According to the present
invention, the inclination of the gamma curve of the main color component
is var- 40  ied In accordance with the density level and the inclinations
of other color components also are varied In ao- cordance with the
inclination of the gamma curve of the main color component so as to
maintain the prede- termined ratios, whereby the density is adjusted
without changing the hue. Fig. 54D shows a gamma curve as obtained when the
example of Fig. 54A is changed to the density level 4. It will be seen that
the Image of the black portion of the original is formed in the same hue
with reduced 45  density, while maintaining the ratio of Y: M: C = 1: 2: 4.
Figs. 54E shows the gamma curve as obtained when the example of Fig. 54A is
varied to the density level 15. In order to maintain the constant value of
the color component ratio, the control is conducted such that, when the
main color component has reached the upper limit (255 in this case) and
maintained constant, other color components also are set at constant
levels. With this density level, It is possible to convert the red coin- 5o
ponent of the original into a color of the same hue but having a higher
density. Needless to say, the ratio of the output data of Y: M: C = 1: 2: 4
is maintained for all MONO input values. It is also possible to effect the
density control by pointing, on the picture P 365 of Fig. 36 (free color
mode in carea appointing> mode), the portion of the Image which the user
wishes to convert Into the same density as the color (Ys, Ms, Cs) having
the desired hue which has been appointed through the picture P 362 or P 364
56  in Fig. 36. Practically, this is conducted by reading the MONO value
(reference MONO value) of the point pointed on the original, and setting
the gamma curves of the respective color components in the MONO gamma RAMs
such that Ys, Ms and Cs are output when the read MONO value Is input. When
the reference MONO value is 18    EP 0 292 212 B1 comparatively small, the
gradient Is large as shown in Fig. 54E, whereas, when the reference MONO
value is large, the gradient becomes small as shown in Fig. 54D. As
explained before, the free color mode can be realized by three image
forming operations for YM and C. However, when the image formation of Bk
color Is required due to simultaneous use of another operation 5   mode,
the gamma curve for the Bk color should be set such that 0 is output for
all input values. <Magnification Control> Refenring to Fig. 20A, numerals
180 and 181 denote FiFo memories each having a capacity of 18 x 297 = 10
4752 pixels (pixel pitch of 16 pet/mm over a length of 297 mm corresponding
to length of A-4 size paper)in the direction of the main scan. As will be
seen from Fig. 20B, each FiFo memory conducts writing of data into the
memory throughout a period of AWE, BWE = -Lom and reading of data
throughout the period of ARE, BRE = Lo". The output A and the output B of
the memory Is changed Into high-impedance state on condition of ARE = Hi
and BRE = Hi, respectively. The wired these outputs A and B is then output
as the output Dout 1. 627. Each of the FiFo A 180 and FiFo B 181 is
constructed such that the position of an Internal counter is ad- vanced in
accordance with the write address counter and read address counter (see
Fig. 20C) which operate in response to write and read clocks WCK and RCK It
Is therefore possible to reduce the size of the output data from this
circuit as compared with the Input data, by delivering, as the clock WCK, a
clock CLK which Is produced by thinning outthevideodata transferclockCCLK
588 by means ofa rate multiplier630, while directly 20  using the dock VCLK
as the dock RCK without an thinning. Conversely, the size of the output
date is increased as compared with the size of the input data, if the dock
VCLK is directly used as the WCK while the thinned out clock CLK is used as
the clock RCK. This operation for Increasing and decreasing the size of the
data is well known. The FiFo A and FiFo B conduct the reading and writing
operations alternately. The W address counter 182 and the R address counter
183 in the FiFo memories 180 and 181 can conduct 25 up-counting only when
the enable signals WE, RE 635, 636 are uLo' and are initialized In response
to a reset 



signal RST 634 = tLoN. For instance, referring to Fig. 20D, signal AWE (and
BWE) are set as AWE = "Lo" for a period corresponding to m pixels as
counted from n1-th pixel afterthe resetting by RSTwhich is, in this case,
the synchronizing signal HSYNC for attaining synchronization In the
direction of main scan), thereby writing pixel data. Then, the data Is read
by setting the signal ARE (and BRE) are set as ARE = "Low for a period cor-
;....' 3o responding to m pixels as counted from nr-th pixel. In
consequence, the data is shifted from the position shown in WRITE DATA in
Fig. 20D to the position of READ DATA in the dame figure. It is therefore
possible to shift the image as desired in the direction of the main scan as
shown in Figs. 20E, 20F and 20G, by varying the positions and durations of
the signals AWE (and BWE) and ARE (and BRE). This shifting of image can be
com- bined by the aforementioned magnification control which Is effected by
selectively using the docks produced 36 by thinning and the docks without
thinning as the writing and reading clocks WCK and RCK, whereby shifting of
image in combination with a change in the magnification can be conducted
easily. The signals AWE, ARE, BWE and BRE which are Input to this circuit
are generated by the area generating circuit in Fig. 17D as de- scribed
before. 40 <Edge Stressing and Smoothing> Afterthe magnification control in
the direction of the main scan conducted in the manner described above, the
stressing (emphasizing) and smoothing operations are executed In a manner
which will be described here- inunder with reference to Figs. 21A to 21 G.
Fig. 21A Is a block diagram of a circuit which performs the edge 45
stressing and smoothing operations. Each of memories 185 to 189 has a
capacity corresponding to one line of main scan. These memories are
arranged as a FiFo type memory which is capable of cyclically storing data
- corresponding tofive main scan lines and capableof outputting the stored
data In a parallel manner. Areference numeral 190 designates a quadratic
differentiation spatial filter which Is used ordinarily. Upon detection of
an edge component, this filter produces an output 646 which is
gain-controlled by a characteristic shown by 196 50  in Fig. 21 B. The
hatched region in Fig. 21 B Is damped at 000 level so as to remove smaller
components of the edge stressing outputs, Le., noise components. The buffer
memory output corresponding to five lines is input to smoothing circuits
191 to 196 each of which Is capable of computing averages on the basis of
five sizes of pixel block from I x I to 5 x 5, thereby outputting smoothed
outputs 641 to 645. Then, a selector 197 selects the desired one of the
smoothed outputs 641 to 645. An SMSL signal 651 Is output from the I/O port
of the 55 CPU 22 and is controlled In relation to the appointment given
through the control panel, as will be explained later. A reference numeral
198 designates a divider. For instance, when the selected smoothing block
size is 3 x 5, the CPU sets 15" In the divider 198, whereas, when the
selected smoothing size Is 3 x 7, the CPU sets 21" in the divider 198,
thereby effecting the smoothing on the basis of the selected block size. 19
EP 0 292 212 B1 Again circuit 196 is constituted by a look-up table LUT
which is a RAM into which data Is written by the CPU 22 as is the case of
the gamma circuit shown in Fig. I 9A. When the input EAREA 652 is set to
uLo", the gain circuit 196 produces an output '0 . The edge stressing
control and the smoothing control described here- inabove are related to
the liquid-crystal touch panel on the control panel. More specifically, as
the operator 6   operates the touch panel to increaser the <CSHARPNESS>
from I to 2, from 2 to 3 from 3 to 4 and so forth on the picture frame of
Fig. 21D (P 430 in Fig. 2-7), the conversion characteristic of the gain
circuit is rewritten by the CPU 22 In a manner shown in Fig. 21 C.
Conversely, when the touch panel is operated by the operator to reduce the
<SHARPNESS> as from II to 2', from 2' to 31, from 3' to 4' and so forth,
the smoothing block size is progressively Increased as from 3 x 3 to 3 x 5,
from 3 x 5 to 3 x 7, from 3 x 7 to 5 x 5 and so forth, in so  accordance
with the switching signal SMSL of the selector 197. The block size 1 x I is
selected at the center point C, so that the gain circuit Input EAREA 651 Is
set as EAREA 651 = uLor, so that the input Din is directly output as the
output Dout of the adder 199, without being subjected to smoothing and
edge-stressing. Any in- fluence of moire generated when, forexample, a
halftone original Image is read is suppressed bythe smoothing operation,
while the sharpness of characters and lines is Improved by the
edge-stressing. In general, however, 15  elimination of influence of moire
and Improvement In the sharpness are Incompatible because the former es-
sentially requires smoothing ata cost of reduced sharpness of characters
and lines, while the latteressentially requires edge-stressing which
strengthens the moire. The described embodiment overcomes this problem as
follows. Namely, the smoothing block size 3 x 5 is selected by the signal
SMSL 652 through controlling the signals EAREA 651 and SMSL 652 generated
In the area generating circuit shown in Fig. 17D, so that areas 20  A' and
B' are generated by the EAREA 651 as shown in Fig. 21 E. When these areas
are applied to the reading of an original which has both a half-tone image
and character Image, the influence of moire is reduced in the half dot
region of the original image while the sharpness Is improved in the
character Image portion of the orig- inal image. A signal TMAREA 660 is
generated by the area generating circuit 51 as in the case of the EAREA 



651. When the signal TMAREA is set as TMAREA= "1", the output Dout is
obtained as Dout = A + B", whereas, 25  when the signal TMAREA is set as
TMAREA = R0, the output Dout Is obtained as Dout = "Om. Therefore, by
forming a signal 660-1 (Fig. 21F) through suitable control of the signal
TMAREA 660, it Is possible to condu eta trimming by extracting the hatched
area within the rectangle. Similarly, bylforming a signal 660-2 as shown In
Fig. 21G, it is possible to trim the hatched area outside the rectangle,
Le., white blanking of the area within the rectangle. 30      Referring to
Fig. 22, a reference numeral 200 denotes an original coordinates
recognition circuit capable of recognizing coordinates of fourcorners of
the original placed on the original table. The coordinates are stored in an
internal register which is not shown, and are read by the CPU 22 after a
pro-scan which is conducted for recognizing the position of the original.
This circuit is not described In detail because It is disclosed in the
spec- if ication of the United States Patent Application Serial No.
946,093. In the pre-scan for the recognition of the 35  original position,
the black level correction and the white level correction explained with
reference to Figs. 10 and 11A are conducted and masking computation
coefficients kl, to, ml for the monochrome image data are selected. At the
same time, the signal UAREA 565 Is set to Low so as not to effect the UCR
operation. In con- sequence, a monochrome video data is input as the
original position data into the original position recognition circuit 200.
40 <Control Panel> Fig. 22 shows the control panel, particularly a portion
for controlling the liquid crystal display and a key matrix. This control
panel is operated In accordance with instructions given through the CPU BUS
508 (see 45  FIg. 5) to the 110 port 206 for controlling the liquid crystal
controller 201 (see Fig. 22) and for controlling the key matrix 209 which
is used for key-input and touch-key-input. Fonts to be displayed on the
liquid crystal dis- play are stored in a FONT ROM 205 and are transferred
as desired to a refresh RAM 204 in accordance with a program in the CPU 22.
The liquid crystal controller delivers display picture data to the liquid
crystal display 203 through the liquid crystal driver 202, thereby
presenting the desired picture on the display. On the other 5D  hand, all
the key-inputs are controlled by the I/O port 206. When a key is pressed,
an ordinary key scanning operation is executed to detectthe pressed key and
the data concerning this key is inputto the CPU 22 through the receiver 208
via the 1/0 port <Operation of Apparatus When Used Together With Projector>
55 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. Thus, the
same reference numerals are used in this figure to denote the same parts or
members as those in Fig. 1. A mirror unit composed of a reflecting mirror
218, Fresnel lens 212 and 20    EP0292212B1 a diffusion plate 213 is placed
on the original table 4. The image of light projected by a film projector
211 and transmitted through a film 216 Is scanned by the original scanning
unit in the direction of the arrow so that the light image Is read In the
same manner as the reflective original image. The film 216 is fixed In a
film holder 215, while the lamp 212 is turned on and off by a lamp
controller 212 in accordance with signals PJON 655 5   and PJCNT 857 Input
through the 1O port of the CPU 22 (see Fig. 2) in the controller 13. As
will be seen from Fig. 24, the lamp lighting voltage is determined by the
lamp controller 212 In accordance with the 8-bit input PJCNT 657. Usually,
the lamp lighting voltage is set within a range between Vmin and Vmax.
Digital data of the input in this state are represented by DAto Da. Fig.
25Ashows the flow for reading an image from the film projector, while Fig.
25B schematically shows the timing chart In Step S 1, the operator sets the
film 216 in 10  the film projector211. Then, the lamp lighting voltage Vexp
Is determined through later-mentioned shading cor- rection (Step S 2) and
AE (Step 83) In accordance with a procedure input from the control panel in
a manner explained later. Then, the printer 2 Is started up in Step S 4.
Prior to the signal ITOP (image leading end syn- chronizing signal)
transmitted from the printer, the signal PJCNT Is set at a level Dexp which
is a voltage cor- responding to the optimum exposure, whereby the light
quantity Is optimized and stabilized when the image 15  is formed. Then, a
Y image is formed in accordance with the signal ITOP and the light is kept
on with reduced intensity by DA corresponding to the minimum exposure
voltage till the next exposure. Since the lamp is kept on, any
deterioration of the filament which otherwise may be caused by rush current
when the lamp Is turned on is suppressed so as to ensure a longerlife of
the filament Subsequently, M Image, C image and black image are formed in
the same manner as the Y image In Steps S7 through S 12. Thereafter, the
signal PJCNT is set 2o  to 00 thereby turning the lamp off. <Procedure of
AE and Shading Correction Under Use of Projector> 



A description will be made herelnunder as to the AE and shading correction
in the projector mode of op- 25  eration of the system, with specific
reference to Figs. 29A and 29B. The operator selects the projector mode
through the control panel. The operatorthen detects the type of the film
used, e.g., whethertheflm is a positive film or a negative film or whether
the film is a color positive film, monochrome negative film or a monochrome
positive film. When the film Is a color negative film, the operator sets on
the projector a film carrier I with a cyan color correction filter, and
fixes the unexposed portion (film base) of the film in the film holder.
Then, a 30  judgment is conducted as to whether the ASA value of the film
Is not below 100 and less than 400 or not below 400, and then presses a
shading start button, so that the projector lamp is turned on at the
standard lighting voltage V1. The orange base portion of the color negative
film is cut by the cyan filter so that the color balance of the color
sensor having R G and B filters is adjusted. According to this embodiment,
the shading data is picked up from the unexposed portion of the film so
that a wide dynamic range is obtained even when the film 35  is a negative
film. When the film is of a type otherthan the color negative film, the
operator presses the shading start key on the liquid crystal touch panel
after setting a film carrier 2 with an ND filter or without any filter. In
consequence, the projector lamp lights up at a standard lighting voltage
V2. The arrangement may be such that the switching between the lighting
voltages V1 and V2 can be conducted automatically upon recognition of the
type of the film carrier in response to the discrimination by the operator
between negative and positive 40  films. Subsequently, the scanner unit is
moved to the central portion of the area where the image is projected. In
this state, mean values of the R G and B color dates over a single or a
plurality of lines of scan by the CID are input to and stored in the RAM
78' (see Fig. 11A) as the shading data. The projector lamp is then turned
off. Subsequently, the film which carries the image to be copied is set in
the film holder 215. If any focusing 45  operation is necessary, the image
is focused through a visual observation after turning the projector lamp
on. The operator turns this lamp off after the image has been
satisfactorily focused. When a copy button is turned on, the projector lamp
is automatically turned on or off either at the voltage V1 or the voltage
V2 in accordance with the result of the judgment as to whether the film is
a color negative film or not, followed by a pre-scan (AE) of the area where
the image Is projected.-The pre-scan is conducted 50  for the purpose of
judging the level of the photographing exposure, and is conducted In
accordance with the following procedure. As the first step, R signals from
predetermined lines in the area where the image Is pro- jected are input by
means of the CCD, and the correlation between the R signals and frequency
of appearance are accumulated so as to form a histogram as shown in Fig.
25C. (see histogram forming mode" In Fig. 11) The max value shown in the
figure Is determined from this histogram, and the maximum and minimum R
signal 55  values R,,a and Rmh are determined as points where the histogram
crosses the level which is 1116 of the max value. Subsequently, a lamp
light-quantity multiplication factor a is computed in accordance with the
type of the film initially selected by the operator. The value a is
computed as a = 255/Rmax for a coloror monochrome positive film, a =
CI/Rmin for a monochrome negative film, and a = C2IRmin for a color
negative film having 21    EP0292212B1 an ASA value below 400 and a =
C31Rmin for a color negative film having an ASA value not smaller than 400.
Coefficients C1, C2 and Ca are beforehand determined in accordance with the
gamma characteristic ofthe film. These coefficients can take any value from
among 255 values, though usually they fall within a range between 40 and
50. Thus, the a value can be converted through a predetermined look-up
table Into an output data to 5   be delivered to the variable voltage
source of the projector lamp. The projector lamp is then turned on with the
thus determined lamp lighting voltage V, and one of the logarithmic
conversion table (see Fig. 5) is selected in accordance with the type of
the film. At the same time, the masking coefficients of the color
correction circuit (see Fig. 5) are set suitably so as to match for the
type of the film. Thereafter, copying operation is executed in an ordinary
manner so as to copy the light Image projected by the projector. As will be
seen from Fig. 13A, 10 logarithmicconversion table Is selectable from eight
tables I to 8 in accordancewith a 3-bit change-oversignal. For Instance, a
logarithmic conversion table l Ie used for reflective originals, table 21s
used for color positive films, table 3 is used for monochrome positive
films, table 4 is used for color negative films having ASAvalues below 400,
table 5 is used for color negative films having ASA values not smaller than
400 and table 6 Is u sed for monochrome negative film. The content of each
table can be revised for each of colors Independently. 15  Fig. 13B shows
an example of the content of the table shown In Fig. 13A. In this figure,
axis of abscissa rep- resents the input while the axis of ordinate
represents the output. The copying operation Is thus completed. Before
commencing the copying of a next film, the operatorjudg- es whether any
change exists between the preceding film and the next film In regard to the
nature of the film, e.g., negative or positive, color or monochrome, and so
forth. When there Is any change, the process returns 



20  to & in Fig. 29A. Conversely, when there is no change, the process
returns to (0) and, thereafter, the described copying operation Is
executed. It Is thus possible to obtain, In the projector mode of operation
of the system, a print output corresponding to the type of the film set in
the film projector 211, e.g., a negative film, a positive film, a colorfilm
and a mono- chrome film. As will be understood from Fig. 23, In the
described system, the image of the film Is projected on 25  the original
table through magnification of the image size. Usually, image projected
through a film contains only a small character portion. In addition, it Is
usually necessary that the reproduction be made with smooth change of
gradation. In this system, therefore, the gradation processing conducted at
at the output side of the color LBP in the projector mode is modified from
that executed In printing of image from an ordinary reflective original.
This gradation processing is performed by a PWM circuit 778 in a printer
controller 700. 30 <PWM Circuit' Fig. 26A shows a block diagram of the PWM
circuit, while Fig. 26B shows a timing chart. The VIDEO DATA 800 Input to
this circuit is latched by a latch circuit 900 at a timing on current with
the 35  rise of the dock VCLK 801 so as to be synchronized with this clock.
(see 800 and 801 In Fig. 26B) The VIDEO DATA 815 outputfrom the latch
circuit is subjected to a gradation correction which is effected by an LUT
(look- up table) constituted by a ROM or a RAM, followed by a D/A
(digital-to-analog) conversion performed by a D/A converter 902, whereby a
single analog video signal is formed. The thus formed analog video signal
is input to comparators 910 and 911 of the next stage so as to be compared
with triangular waves signals 808, 40  809 which are received by other
Inputs of these comparators and generated independently in synchronization
with the clock VCLK. More specifically, a synchronizing clock 2VCLK 803 is
formed by doubling the frequency of the dock VCLK 801. One of the
above-mentioned triangular wave signals is a signal WV1 which is generated
by a triangular wave generating circuit 908 in accordance with the
triangular wave generation reference signal 806 which In 45  turn is
obtained by demultiplying the synchronizing dock 2VCLK 803 by two by means
of the J=K flip-flop 906. The other triangular wave signal Is a signal WV2
which is generated by a triangular wave generating circuit 909 in
accordance with a signal 807 (see 807 In Fig. 26B) which in turn is
obtained through demultiplication of the synchronizing clock 2VCLK into 1/6
by a 1/6 demultiplier circuit 905. Thus, both triangular wave signals and
the VIDEO DATA are generated in synchronization with the clock VCLK, as
will be seen from Fig. 26B. 50  Furthermore, the circuits 905 and 906 are
initialized by a signal HSYNC 802 which is generated in synchron- ization
with the clock VCLK, so that the triangular wave signals and the VIDEO DATA
are synchronized by the signal HSYNC 802. In consequence, signals of pulse
widths as shown in Fig. 26C are obtained at the outputs 810 and 811 of CMP
1 910 and CMP 2 911, in accordance with the value of the input VIDEO DATA
800. More specifically, In this system, the laser is turned on when the
level of the output from the AND gate 913 shown 55  in Fig. 26A is "1",so
that dots are printed on the print paper. Converselywhen the output of the
gate 913 is "0', the laser is not turned on so that no printing Is
conducted on the print paper. It Is therefore possible to control the
turning off of the lamp by the control signal LON 805. Fig. 26C shows the
manner In which the level of the video signal D is changed from "black" to
"white from the left-hand side to the right-hand side. The "white' 22    EP
0 292 212 B1 and "back" are Input to the PWM circuit as "FF" and "00",
respectively, so that the output of the D/A converter 902 Is changed as
indicated by Di in Fig. 26C. In contrast, the triangular wave signal Is the
signal WVI in (a) and WV2 in (b), so that the width of the output pulse
from each of the comparators CMPI and CMP2 is pro- gressively decreased as
indicated by PW1 and PW2, as the video signal level shifts from "black" to
"white". 5   As will be seen from this figure, when PW1 is selected, the
dots on the print paper are formed at a pitch as expressed by Pi, P2, P8
and P4. Thus, the variance of the pulse width has a dynamic range of WI. On
the other hand, when PW2 has been selected,the dots are formed at a pitch
expressed by P8 and P.. In this case, the dynamic range of pulse width Is
W2 which is about three times as large as thatof PWI. For instance, the
printing density (resolution) is about 400 lines/inch when PW1 has been
selected and about 133 lines/inch when PW2 vo  has been selected. As will
be clearly understood from this fact, when PW1 is selected, the resolution
can be increased by about three times as compared with that obtained when
PW2 is selected. Conversely,when PW2 has been selected, the gradation is
remarkably improved because this signal PW2 has a dynamic range of pulse
width which is about three times as large as that provided by the signal
PW1. In this embodiment, there- fore, a selecting input signal SCRSEL 804
is given from an external circuit so as to select the signal PW1 when 18  a
high resolution is desired and to select the signal PW2 when a high level
of gradation characteristic is to be obtained. More specifically, referring
to Fig. 28A, a selector 912 selects the WA". Input when the level of the 



signal SCRSEL 804 is "0" so that the signal PWI is output from the output
terminal 0. Conversely, when the level of the signal SCRSEL 804 is 1", the
signal PW2 is output from the output terminal 0. In consequence, the laser
lights up for the period corresponding to the finally obtained pulse width,
thereby printing dots. 20      The LUT 901 constituted by a table
conversion ROM used for the purpose of correcting the gradation is adapted
to receive the K, and K2 data 812, 813, a table changing signal 814 and a
video signal 815, and pro- duces a corrected VIDEO DATAthrough and delivers
the same through its output. For Instance, when the signal SCRSEL 804 is
set at "0" so as to select PWI, all the outputs from a ternary counter 903
are set to "0" thereby enabling the correction table for the signal PWI
from among the tables stored in the LUT 901. The data K%, 25   K, and K2
are changed in accordance with the color of the signal to be output. For
instance, when the data K4, K, and K2 are set as "0, 0, 0,", an yellow
color output is obtained. Similarly, magenta color output, cyan color
output and black color output are obtained by setting the data K4, K, and
K2 are set as '0, 1, 0,", "1, 0, 0,' and "1, 1, 0,", respectively. Thus,
the gradation correction characteristic is changed depending on the color
in which the print is to be made, thereby compensating for any variation in
the gradation characteristics attributable to >     o30  variation in the
image reproducing characteristic according to colors to be printed by the
laser beam printer. Then, the signal SCRSEL is set at "1" in order to
select the signal PW2. As a result the ternary counter 603 counts the
numberof the synchronizing signals of the line so as to output a signal
"1-2-.*3" and "I-+2->3" to the address 814 of the UT. This operation
enables the gradation correction table to be changed according to line, so
that the gradation characteristic is further improved. 35      This
operation will be described In more detail with reference to Fig. 27A
onwards. In Fig. 27A, a curve A represents input-data vs print density
characteristic as obtained when the Input data is changed from "FF" (white)
to "0" (black) afterselecting PWI. As a standard, the characteristic K is
preferably selected. Therefore, a characteristic B which Is formed by
inverting the characteristic A is set in the gradation correction table. In
Fig. 27B, curves AB and C represent respectively, gradation correction
characteristics for each line as em- 40   ployed when the signal PW2 has
been selected. Thus, the pulse width is variable in the direction of the
main scan (direction of scan by laser beam) by the use of the
triangularwave signal, and the gradation is changeable in three stages In
the direction of sub-scan (direction of feed of image), whereby the
gradation characteristic is further Improved. More specifically, the
characteristic A becomes dominant In the region where the change In the
density Is steep so as to reproduce the Image with a steep gradation. The
gradation characteristic C is 45  used for reproducing the image with a
gentle gradation. The characteristic B is an intermediate one which ef-
festively reproduces the gradation In the region where the density of image
is changed at a medium rate. Thus, in the embodiment, the gradation of a
certain level is ensured even when the signal PW1 has been selected, and a
further improvement In the gradation characteristic is obtainable by the
use of the signal PW2. Ideally, the pulse width W Is selected to meet the
condition of 0 5 W 5 W2. Actually, however, there is a range 50  (0 S W 5
wp in Fig. 28) where dots cannot be printed, i.e., the printer does not
respond, when the pulse width is reduced below a predetermined value, as
well as a region (wq 5 W 5 W2 in Fig. 28) in which the density is
saturated. The presence of these regions are inevitable due to the
electrophotographic characteristic of the laser beam printer and the
response characteristic of the laser driving circuit. In this embodiment,
therefore, an adjustment is done such that the pulse width varies within a
valid region represented by wp s W5 wq in 85   which the pulse width and
the density have linear changing characteristics. That iwhen the level of
the input data as shown In Fig. 28B is changed. from "0" (black) to FFH
(white), the pulse width is changed from wp to wq, whereby the linearity of
the relationship between the input data and the density is ensured. The
video signal thus converted into pulse width is supplied through a line 224
to the laser driver 711 L 23    EP 0 292 212 B1 thereby modulating the
laser beam LB. The signals K1, K1, K2, SCRSEL and LON shown in Fig. 26A are
output from a control circuit (not shown) in the printer controller 700
shown In Fig. 2, and are output in accordance with the aforesaid serial
communi- cation between the reader unit I and the printer unit 2. The
signal SCRSEL Is set at "0" and "1 ", respectively, c   in the reflective
original mode and in the film projector mode of operation of the system,
thereby ensuring a higher smoothness of the gradation. [Image Forming
Operation] 10     The laser beam LB modulated in accordance with the image
data is reflected by the polygon mirror 712 which rotates at a high speed,
thereby conducting a high-speed scanning In the horizontal direction overa
width represented by arrows A-B in Fig. 30. The laser beam is focused on
the surface of the photosensitive drum 715 through the f/0 lens 13 and the
mirror 714, thereby to effect dot exposure corresponding to the video data.
One horizontal scan of the laser beam corresponds to one horizontal scan on
the original image. In the descri- 



15  bed embodiment, this corresponds to the width of 1/1 8 mm in the
feeding direction (sub-scan direction). Meanwhile, the photosensitive drum
715 rotates at a constant speed In the direction of an arrow L in Fig. 30.
Therefore, the main scanning on the surface of the drum 715 Is effected by
the oscillation of the laser beam in the horizontal direction, while the
scanning In the direction of sub-scan is effected by the rotation of the
drum 715 at the constant speed,whereby a planar Image is successively
exposed to form a latent image. The pho- 20  tosensitive drum is uniformly
charged bya charger717 in advance of the exposure. Thus, a developing
process includes a series of steps Including the uniform charging of the
photosensitive drum 715, exposure of the pho- tosensitive drum 715, and
toner development by the developing sleeve 731. For Instance, if the
development is conducted with yellow toner from the developing sleeve 731Y
in response to the first exposure scanning by the color reader, a toner
Image corresponding to the yellow component of the original 3 is formed on
the pho- 25  tosensitive drum 715. Subsequently, the yellow toner Image is
transferred from the photosensitive drum 715 to a copy paper 791 which Is
wound on a transfer drum 716 with Its leading edge gripped byagripper751,
by means of a trans- fer charger 729 which is disposed at the area of
contact between the photosensitive drum 715 and the transfer drum 716,
whereby an yellow image Is formed on the copy paper 791. This process Is
repeatedly conducted 3o  so as to successively form and transfer toner
Images in M (magenta), C(cyan) and Bk (black) colors. These color toner
images ae precisely superposed on the copy paper 791, whereby a full-color
image is formed on the copy paper 791 by four color toners. Subsequently,
the copy paper 791 is separated from the transferdrum 716 by means of the
movable sep- aration claw 750 (see Fig. 1) and is conveyed to an image
fixing section 743 by means of the conveyor belts 35  743, whereby the
toner image on the copy paper 791 is fused and fixed onto the latter by
heat and pressure applied by means of the heat-pressing rollers 744, 745.
<Explanation of Control Section> 40      Fig. 31 is an illustration of the
control section of the color copying apparatus of the described embodiment.
The control section 401 has various keys including a reset key 401 for
resetting the operation mode to the standard mode, an enter key 402 for
setting a later-mentioned registration mode or a later-mentioned service
mode, a ten-key device 404 for inputting numerical data such as the number
of copies to be produced, a clear/stop key for clearing remaining number of
copies and stopping continuous copying operation, and keys 45  405 on the
touch panel key for setting various modes and the state of the printer 2. A
key 407 Is a center shift key which is used for shifting an image to the
central position in a later-mentioned shift mode. A key 408 Is an original
recognition key which is used for automatically detecting the size and
position of the original In ad- vance of the copying operation. A key 406
Is a projector key which is used for appointing a later-mentioned projector
mode. A key 409 is a recall key for recovering the conditions set for the
preceding copying operation. s0  Akey 410 is a memory key for reading
various setvalues programmed beforehand and for setting various val- ues in
memories (Ml, M2, M3, M4). A key 411 Is a registration key for allowing
data to be registered in the respective memories. <Digitizer> 55 Fig. 32 is
a view schematically showing the appearance of the digitizer 16. The
digitizer 16 has entry keys 422, 423, 424, 425, 426 and 427 for setting
later-mentioned operation modes. The digitizer 16 also has a co- ordinates
detection plate 420 which is used in appointing any desired region on the
original or in setting mag- 24    EP0292212B1 nification. The appointment
of the coordinates values is conducted by a point pen 421. The data input
through these keys, as well as the coordinates data, are exchanged between
the digitizer 16 and the CPU 22 through the BUS 505 and are stored in the
RAM 24 and the RAM 25. c   <Explanation of Standard Picture> Fig. 33
illustrates a standard picture. The standard picture P000 Is put on display
when neither the copying operation nor the setting operation is conducted.
This picture is presented for the purpose of enabling setting of various
operation factors such as the magnification, selection of paper type and
density control. The left 10 lower corner portion of the picture is adapted
for giving an Instruction for effecting so-called real-form magni- fication
changing operation. For Instance, when a touch key a (reduction) is
touched, the change In the size and the magnification are displayed as
shown In the picture P010. Similarly, when a touch key b (enlargement) is
touched, the size and the magnification are displayed as in the case of the
contraction. In the copying ap- paratus of the described embodiment the
original Image size can be Increased in three stages and reduced 15  also
in three stages. The operator can reset the operation to the real-size mode
(100% magnification), by touch- 



ing a touch key h(real size). The user can alsoselect one of an upper
cassette and a lowercassette by pressing a touch key c on the center of the
display. It Is also possible to set an APS (Automatic Paper Select) mode in
which a cassette containing copy papers of a size which best matches for
the original size is selected auto- matically. This mode can be selected by
pressing a touch key d. Keys e and f on the right portion of the display 20
are keys for controlling the density of the print image. Instructions given
through these keys are valid even during copying. Atouch key g
isfordisplaying a picture which illustrates a guide menu explaining how to
operate touch keys and how to operate the copier, as a guidance for the
operator. The operator therefore can operate the system without difficulty,
upon consultation with the display of this guide menu. The guide menu Is
provided not only forthe standard picture but also forvarious operation
modes forthe purpose of explaining these modes. 25 The states of setting of
various modes are displayed on the black belt-like strip area on the top
portion of the display, so as to enable the operator to confirm the states
of setting of moves thereby to avoid any wrong op- eration. Amessage
display area provided underthestripe portion displaysthe state of the
colorcopieras shown in the picture P 020, as well as suitable messages for
informing the operator of any erroneous operation. In order to give
messages concerning jamming of paper and shortage of toners, the shape of
the printer unit is v     o30  displayed on the whole display area and a
sign is displayed to visually indicate the portion of the printer where the
jam is taking place, as well as which one of color toners is to be
supplied. <Zooming Mode> 35      The zooming (zoom magnification change)
mode M 100 is a mode In which the image of the original is printed through
suitably changing the size of the original. There are two types of zooming
mode: one is a manual zooming mode M 110, while the other is an
auto-zooming mode M 120. When the manual zooming mode M 110 is selected,
the magnification of the image Is varied independently both in Xdirection
(sub-scan direction) and Ydirection (main scan direction) on 1% basis as
desired, by means 40 of an editor or the touch panel. The auto-zooming mode
M 120 Is a mode in which a suitable magnification is computed automatically
In accordance with the size of the original image and the size of the
selected copy paper. This auto-zooming mode M 120 can be realized in four
fonms including an X-Y Independent auto- zooming mode, an X-Y equal auto
zooming mode, X auto-zooming mode and Y auto-zooming mode. When theX=Y
independent auto-zooming mode is selected, magnifications are independently
and automatically con- 45 trolled both in X and Y directions such that the
size of the original or the size of an appointed region on the original is
deformed in conformity with the size of the selected copy paper. When the
X-Y equal auto-zooming mode is selected, the original image size Is changed
at the same magnification both in X and Y directions, the magnification
being the smaller one of the results of the X-Y independent auto-zooming
computation. The X auto-zooming mode and the Y auto-zooming mode are the
modes In which the original image size is changed 50  only in the X and Y
directions, respectively. The method of operating the apparatus In the
zooming mode will be described hereinunder with reference to the display on
the liquid crystal panel. When the user presses the zoom key 422 on the
digitizer 16, the content of the display is changed to a picture P 100. If
the user wishes to select the manual zooming mode, the user points the
point of intersection of X and Y magnifications written on the coordinates
detecting plate 55  420 on the editor 16, by means of the point pen 421. As
a result, the display Is changed to P 110 so that the appointed
magnifications in X and Y directions are displayed. When a minute or fine
adjustment of the dis- played magnifications is necessary, the user presses
one of up and down keys on the left and right sides of the touch key b, if
the adjustment is necessaryonly in. the X direction. When the fine
adjustment is to be made 25    EP 0 292 212 B1 at the same rate both in the
X and Y directions, the usertouches one of the keys on the left and right
sides of the touch key d, so that the Image size is increased or decreased
at the same rate both in the X and Ydirections. When the userwishes to
select the auto-zooming mode, he can appointthis mode by means of the
digitizer 18 in the same manner as that described before when the picture P
100 is on the display, or proceeds the 5   display to the picture P 100 by
pressing the touch key a. The four forms of the auto-zooming mode also are
selectable through key operation. For instance, the X-Y independent
auto-zooming mode is appointed when the use presses both the touch key b
and c simultaneously, while the X-Y equal auto-zooming mode Is select- able
by pressing of the touch key d. The X auto-zooming mode and the Y
auto-zooming mode are appointed by pressing the touch keys b and c,
respectively. 10 <Shift Mode> The shift (movement) mode M 200 includes four
types of modes: namely, a center shift mode M 210, a corner shift mode M
220, destination shift mode M 230 and a binding margin shift mode M 240.
The center 



i5  shift mode M 210 is a mode in which the image is shifted such that the
image of the selected region on the original Is printed on the center of
the selected copy paper. The corner shift mode M 220 is a mode in which the
whole original image or the Image of a selected region in the original is
moved to one of four corners of the copy paper. It is to be understood that
this shift mode enables the image to move from an appointed corner, even
when the size of the print image is larger than the size of the selected
copy paper. The destined shift 20  mode M 230 is a mode which enables the
Image of the whole original or the Image of a selected region on the
original to be moved to any desired destined position on the original. When
the binding margin shift mode M 240 has been selected, the image is
automatically moved such as to leave binding margins along left and right
edges of the selected copy paper. A description will be made herelnunder as
to the practical manipulation or operation of the color copying 25
apparatus of this embodiment, with specific reference to Fig. 35A. As the
operator presses the shift key 423 on the digitizer 18, the content of the
display is changed and a picture P 200 is put on display. This picture P
200 enables the use to select one from among the four forms of the shift
mode explained before. The center shift mode can be appointed simply by
pressing the touch key son the picture P 200. When the user wishes to
select the corner shift mode, he presses the touch key b so that the
display is changed to 30  a picture P230 which enables the userto selectone
of four corners. It Is to be understood that the relationship between the
direction with respect to the actual print paper and the direction on the
picture P 230 is the same as that obtained by placing the selected paper
cassette on the digitizer 16 without changing orientation of the cassette
as shown in Fig. 35B. When the user wishes to select the destined shift
mode, he presses the touch key c on the picture P 200 so that the display
Is changed to a picture P 210 on which the user can appoint the 35
destination by means of the digitizer 18. In this state, the display is
changed to a picture P 211 which has up- /down keys for enabling the user
to effect a fine adjustment of the destination. When the binding margin
shift mode is to be selected, the user presses the touch key d on the
picture P 200 and appoints the lengths of the margin by means of the
up/down keys on the picture P 220. 40  <Explanation of Area Appointing
Mode> When the area appointing (area designation) mode M 300 has been
selected, the user can appoint one or areas on the original. One of three
modes, i.e., trimming mode M 310, masking mode M 320 and image separation
mode M 330, can be adopted for each of the appointed areas. The trimming
mode M 310 is a mode 45  in which only the image portion within the
appointed area is copied. The masking mode M 320 is a mode in which the
copy is produced such that the appointed area is covered by a white blank.
The Image separation mode M 330 is further divided into a color mode M 331,
a color conversion mode M 332, a paint mode M 333 and a color balance mode
M 334. The operator can select any one of these four modes. When the color
mode M 331 has been selected, the appointed area can be copied in any of
nine colors: namely, 4-full-color, 3-full- 50  color, Y, M, C, Bk. RED,
GREEN, and BLUE. The free color mode M 335 makes it possible to select,
within the designated or appointed area, a mono- color image in a color
other than the seven mono-colors which have been registered beforehand. The
color conversion mode M 332 is a mode which conducts the copying operation
while replacing a por- tion of the appointed area having a color falling
whithin a predetermined density level with any other desired 65  color.
When the paint mode M 333 has been selected, a copy is obtained in which
the appointed area is uniformly painted with any desired color. The color
balance mode M 334 is a mode which performs adjustments of den- sities of
Y. M, C and Bk colors in the appointed area, thereby to produce a copy In
which the appointed area 26    EP 0 292 212 Bi is printed with a color
balance (color tone) which Is different from that of the Image portions
other than the appointed area. Adescription will be made hereinunder as to
the practical way for operating the apparatus in the area ap- pointing mode
M 300, with specific reference to Fig. 36. The user first presses the area
appointing key 424 5   on the digitizer 16, so that the content of the
liquid crystal display is changed to a picture P 300. The user places the
original on the digitizer 18 and points the desired area by means of the
point pen 421. When two points in the area are pressed by the point pen
421, the content of the display is changed to a picture P 310. If the area
has been appointed correctly, the user presses the touch key a on the
picture P 310. Then, the user selects one of the trimming mode, masking
mode and the image separation mode which are displayed in the picture 10  P
310 and presses a key corresponding to the selected mode. If the trimming
mode or the masking mode has been selected, the user presses the touch key
a on the picture P 320 so that the process proceeds to a next stop for
appointing the area. On the other hand, if the mode selected on the picture
P 320 is the image sep- 



aration mode, the content of the display Is changed to a picture P 330
which enables the use to select one from the four modes: namely, the color
conversion mode, paint mode, color mode and the color balance mode. 15 For
instance, If the user wishes to print the image in the appointed area in
4-full-color consisting of Y. M. C and Bk, he presses the touch key a
(color mode) on the picture P 330 so as to select the 4-full-color mode
from the nine color modes, thus completing the operation for appointing
printing of the appointed area in 4- full-color. If the user has pressed
the key b on the picture P 330, the contentof the display Is changed to P
340 which 20  enables the user to appoint a point in the appointed area
having the color information which is to be converted by means of the point
pen. The color conversion is effected in accordance with this color
information. The color range to be subjected to the color conversion can be
varied as desired by means of a conversion range appointing key which is on
the center of the picture P 341. The term conversion range" is used to mean
the range of the color information 25 which is regarded as being the same
as the color information of the appointed point. When a touch key b is
pressed, the range of conversion Is widened so that the conversion Is
effected to include also regions which have different density levels and
hues. On the other hand, when a touch key c Is pressed, the range of con-
version is narrowed so that the conversion Is effected to Include only the
region having the appointed density level and hue. 30     If this point is
pointed correctly, the user presses the touch key a of the picture P 341,
so that the display proceeds to a picture P 370. The picture P 370 is
intended for allowing the user to appoint the color to which the color of
the point appointed on the picture P 340 is to be converted Le., the color
to be obtained after the color conversion. In this case, the user can
select one from four types of color, i.e., standard color, designated
colors, registerd colors and white, as the color after the conversion. When
a standard color is to be selected 35  as the color to be obtained after
the conversion, the user presses the touch key a on the picture P 70 so as
to appoint one of standard colors displayed on the picture P 390. These
colors are: yellow, magenta, cyan, black, red, green and blue. Thus, the
standard colors are color informations peculiar to the copying apparatus.
In the illustrated embodiment, the standard colors have ratios as shown In
Fig. 45 so that the print image is formed with a medium level of color
density. It Is, however, quite natural that the user wishes to increase or
40  decrease the color density from the previously set density. In such a
case, the user an appoint any desired density of the color after the
conversion, by pressing a density appointing key on the center of the
picture P 390. If the user has pressed the key c (designated color) on the
picture P 370, the content of the display is changed to a picture P 380.
The user then appoints a point having a color Information to be obtained
after the 45  conversion by means of the point pen, in the same manner as
the appointment of the color coordinates of the color information before
the conversion. if the user wishes to vary only the density without
changing the color coordinates, he presses the density control key a on the
center of the picture P 381 thereby to set the density of the color to be
obtained after te conversion at any desired level. When the desired color
is not found on the original nor in the list of the standard colors, the
user can effect 50  the color conversion by making use of the color
information which is registered through the process of the later- mentioned
color registration mode. To this end,the user presses the touch key c on
the picture P 370 and then presses the touch key of the No. corresponding
to the color number to be used, from among the colors regis- tered through
the picture P 391. It Is possible to change only the density of color
without changing the ratios of the color components, also in this mode.
When the touch key c (white) is pressed on the picture P 370, the 55
effect same as that produced by the operation in the masking mode M 310.
When the user wishes to appoint the paint mode M 33 in the image separation
mode M 330, he presses the touch key c on the picture P 330 so that the
content of the display is changed to a picture P 370. Then, the painting
color is appointed in the same manner as that of the procedure which is
conducted in the color 27    EP0292212B1 conversion mode M 332 after the
display of the picture P 370. When the user wishes to print only the
appointed area in a desired color balance (color tone), he presses a touch
key d (color balance), so that the content of the display is changed to a
picture P 350 which enables the user to control the densities of color
components, i.e., yellow, magenta, cyan and black, by means of an a
up/down key. In the picture P 350, the states of appointment of the density
levels are indicated by black bar graphs together with a gradation or
scale. When a touch key e is pressed on the picture P 330 so as to appoint
the free color mode, the display is changed to a picture P 361 which
enables the user to select whether an appointed color or a registered color



is to be used as the color of the MONO color. 10     Namely, when the user
has pressed the key a to select the appointed color, the display is changed
to a picture P 362 and the user appoints, by means of the point pen, a
point on the image to be copied having the desired mono-color information.
The display then proceeds to a picture P 363. In this state, If the user
wishes to effect a mono-color copying through varying only the density
while maintaining the hue of the mono-color, he can select the free color
mode and to obtain a copy of the desired density of the same hue, by
pressing 15  the density control key a on the picture P 363. When an OK key
b is pressed on the picture P 363, the display proceeds to a picture P 365.
The user can Input, by means of the point pen, the position of the
reference color Information which he wishes to convert into the same
density as the density of the color information appointed through the
picture P 362, whereby a free color mode is executed to produce a copy
Image of the desired density. 20     Conversely, when the user has pressed
the touch key b to select the registered color, the display proceeds to a
picture P 364 to enable the user to use the color Information of the
desired one of a plurality of registered colors. Conversion of the density
alone, i.e., conversion without changing the hue, can be effected also in
this case. As the OK key on the picture P 364 is pressed, the display
proceeds to a picture P 365 which enables the user to select the free color
mode in which the user can make the density of the standard color appointed
25  on the picture P 365 coincide with the registered color appointed on
the picture P 364. <Explanation of Color Creation Mode> Referring to Fig.
41, the colorcreation (create) mode M 400 Isfurtherdevided into six types
of mode: name- o0  ly, a color mode M 410, color conversion mode 420, paint
mode M 430, a sharpness mode M 440, a color bal- ance mode M 450 and a free
color mode M 460. The user can appoint one or more of these five modes. It
is recalled that the area appointing mode M 330 described before also has
the color mode M 331, color conversion mode M 332, paint mode M 333, the
color balance mode M 334 and the free color mode M 335. The sole point of
difference between these modes in the color creation mode M 400 and those
of the area 35  appointing mode M 300 resides in that, in the color
creation mode M 400, the effects ofthese modes are applied to the whole
area on the original, unlike the area pointing mode in which the effects
are produced only on se- lected area. Other portions of these modes are the
same as those of the corresponding modes In the area appointing mode M 300.
The description therefore is omitted as to these five modes: namely, the
color mode M 410, color conversion mode M 420, paint mode M 430 and the
color balance mode M 450. 40     The sharpness mode M 440 is a mode for
enabling the sharpness of the image to be adjusted. This can be conducted
by, for example, effecting an edge stressing on the character images or by
controlling the rate of smoothing effect on halftone image. The practical
manner of setting of the color create mode will be explained hereinunder
with reference to Fig. 37. When the color create mode key 425 on the
digitizer 18 is pressed, the content of the liquid crustal 45  display
proceeds to a picture P 400. If the user presses the touch key b (color
mode) on the picture P 400, the display proceeds to a picture P 410 which
enables the user to select. the color mode to be copied. When the
monochrome color mode other than 3- and 4-full-color modes is selected, the
content of the display is further changed to a picture P 411 which enables
the user to select either one of negative and positive. When the user has
pressed the touch key c (sharpness) on the picture P 430, the content of
the display 50  is changed to a picture P430 which enable the use
toadjustthesharpnessof the copy Image. Ifthe userwishes to strengthen the
sharpness, he presses the strengthening touch key I so that the amount of
edge stressing is Increased as explained before, so that minute lines such
as those of characters are printed dearly. Con- versely, when the user
wishes to weaken the sharpness, he presses a weakening touch key h so that
the smoothing is effected on the peripheral pixels so as to increase the
smoothing effect, whereby defects such 56  as moire Inevitably produced
when halftone image Is copied can be suppressed. The operations in the
color conversion mode M 420, paint mode M 430 and the color balance mode M
450 are not described because they are materiafly the same as those in the
area appointing mode. 28    EP 0 292 212 B1 (Explanation of Fitting
Synthesizing Mode> The fitting (insertion) synthesizing mode M 600 is a
mode which is executed when there are two types of originals such as those
shown in Figs. 42E and 42F. Namely, this mode is conducted when It is
desired to shift 5   an appointed color Image area Into an appointed area
of a monochrome or color Image region, with or without magnification, and
to print an image synthesized from these two types of images. The manner of
setting of the fitting synthesizing mode will be described with reference
to a picture on the liquid crystal panel and keys on the touch key panel.
As the first step, the user places the original on the co- 



ordinates detection plate of the digitizer 18, and presses a fitting
synthesizing key 427 which is an entry key 10  forallowing this mode to
enter. As a result, the content of the liquid crystal display is changed
from the standard picture P 000 shown in Fig. 33 to a picture P 600 shown
in Fig. 39. Then, the user appoints the color image area to be shifted, by
pointing two points on a diagonal line of this area. In this state, a
picture P 610 appears on the display so as to show two dot points similarto
the appointed points. In order to shift this area to another area, the user
presses the touch key a on the picture P 610 and then appoints two points
again. If the area to 15  be shifted is correctly appointed, the user
presses the touch key b and then appoints the destination area to which the
area is to be shifted, by appointing two points on a diagonal line by means
of the point pen 421. If the destined area is correctly appointed, the user
presses a touch key c on the picture P 630 so that the content of the
display on the liquid crystal display is changed to a picture P 640 which
enables the user to set the mag- nification of the color image to be
shifted. If the user wishes to shift the area in real size, i.e., without
magni- 20  fication, he presses the touch key d and then presses an ending
touch key thereby completing the operation. When the size of the Image area
to be shifted is greater than the size of the destined area as in the case
of Figs. 42A and 42B, an automatic control is performed such that the
shifted Image area is fitted In accordance with the destined area.
Conversely, if the size of the image area to be shifted is smaller than the
size of the destined area, the shifted Image is fitted in the destined area
with the vacant portion printed as a white Image, 25  by an automatic
control. When it is desired to fit the shifted Image to the destined area
after a change in the size of the shifted image, the user presses the touch
key e on the picture P 640. In consequence, the content of the display is
changed to a picture P 640 which enables the user to appoint the
magnifications both in the X direction (sub- scan direction) and Ydirection
(main scan direction) in the same manneras that explained before in
connection 30  with the zooming mode. More specifically, when the
userwishes to fit the shifted color image area in X-Y equal auto-zooming
mode, he presses the touch key g on the picture P 650 so as to reverse the
key display. When the user wishes to print the shifted color Image area in
the same size as the destined area, he presses touch keys h and i on the
picture P 650 so as to reverse the key display. The change In the size of
the shifted color image area only in X or Y direction, as well as change of
the image size at an equal rate both in X and Y di- 35  rections, can be
conducted simply by manipulation of the upidown key. After the completion
of the described operation, the operator presses the touch key J so that
the display is reset to show the standard picture P 000 shown in Fig. 33,
thus completing the setting of operation in the fitting synthesizing mode.
40  'Enlarging Continuous Copying Mode> The enlarging continuous copying
(enlargementserial copy) mode M 500 is a mode which is executed when the
size of the copy Image of the whole or selected area on the original
produced at a predetermined magni- fication is greater than the size of
preselected copy paper. Namely, in such a case, the apparatus set in this
45  mode automatically divides the original into two areas In accordance
with the set magnification and the se- lected paper size, and the images of
these two areas are copied on different copy paper sheets, whereby a copy
image of a size greater than the preselected paper size can easily be
obtained by adhering these two copy paper sheets. The operation of the
apparatus in this mode is as follows. For selecting this mode of operation,
the user 50  presses an enlarging continuous copying key 436 on the
dgitizer and then presses an end key a on the picture P 500 shown in Fig.
38 Thereafter, the operation is automatically performed in the
above-described manner simply by selection of the magnification and paper
size. cRegistration Mode> 55 The registration mode M 700 Includes three
forms: namely, a color registration mode M 710, a zoom pro- gram mode M 720
and a manual paper feed appointing mode M 730. The color registration mode
M 710 is a mode which enables registration of the color obtained after the
29    EP0292212B1 color conversion in each of the color creation mode M 400
and the area appointing mode M 300. The zoom program mode M 720 is a mode
which automatically computes the magnification upon receipt of data con-
cerning the size of the original and the length of the copy paper. The thus
computed magnification is displayed on the standard picture P 000 and the
copy Is produced with this magnification. 5      The color copying
apparatus of this embodiment Is constructed to allow a manual feed of the
copy paper besides the paper feed from the upper and lower paper cassettes.
The manual paper feed appointing mode M 730 is a mode forallowing the
usertofeed a copy papermanually. When the userwishesto use the apparatus 



in so-called AIRS (Automatic Paper Select) mode, the user can appoint the
size of the paper to be manually fed, by using this function. 10     For
commencing the operation in the registration mode, the user presses a g key
402 on the control section shown in Fig. 31, so that the content of the
display is changed to a picture P 700 shown in Fig. 40-1. When the user
wishes to register a color by the color registration mode M 710, he presses
the touch key a on the picture P 700 so that the content of the display is
changed to a picture P 710. The user then places on the digitizer 16 the
original having the color region of a color to be registered, and points
this color region by the 15  point pen 421. In consequence, the content of
the display Is changed to P 711 to enable the user to set the registration
No. with which the color Is to be registered, by pressing a key of the
corresponding No. When the user wishes to register another color
simultaneously, he presses the touch key d on the picture P 711 so that the
content of the display Is returned to the picture P 710. The user then
conducts the described operation for appointing 20  the additional color to
be registered. After the input of the coordinates of the color region to be
registered, the user presses the key e and then presses the touch key f
which is a reading start key appearing on the picture P712. After the
pressing of the key f, the process proceeds following the flow chart shown
in Fig. 44. Namely, the halogen lamp 10 isturned on in StepS700. In Step
S701, computation is executed to determine the number 25  of the driving
pulse for the stepping motor on the basis of the distance to the appointed
coordinates in the sub- scan direction. Then, the aforesaid appointed shift
command is issued to cause the original scanning unit to move. In Step S
702, the data contained by one line In the appointed sub-scan position is
picked up by operation in the line data pickup mode, and is stored In the
RAM 78' shown In Fig. 11-1. In Step S 703, the CPU 22 com- putes the mean
values of data of 8 pixels on the leading and trailing side of the
coordiantes-appointed main 30  scan position, from the data stored In the
RAM 78', and the thus computed mean value is stored in the RAM 24. In Step
S 704, a judgment is conducted as to whether all of the registered
coordinates have been read. if there still is any coordinates which are to
be read, the process returns to Step S 701 so repeat the described
operation. Upon conforming the reading of all the registered coordinates,
the process proceeds to Step S 705 in which the halogen lamp 10 is turned
off and the original scanning unit is returned to the home position, thus
35  completing the operation. When the user presses the touch key a (zoom
program), the content of the display is changed to a picture P 720 which
enables the user to set the size of the original and the copy size by means
of up/down key. The thus set numerical values are displayed on the picture
P 720 and,at the same time, the ratio copy size/original size is displayed
in terms of percents. The result of the computation is displayed on the
magnification display 40  area display is changed to a picture P 850. As
the user presses the touch key b on the picture P 850, the content of the
display is changed to a picture P 852. In advance to the copying operation,
a data as to whether the present mode is a mode for picking up one-line
black level data from the CCD 16 is to be picked up by the RAM 78, by means
of the touch key C and the display C on the picture P 852. If the state as
shown In Fig. 40- 2 is indicated by the display C, the operation mode which
does not pickup the one-line black level data is set 45  in the RAMs 24 and
25. If the character portion of the display C has been reversed by an input
through the touch key C, a modebfor picking up the black level signal is
set in the RAMs 24 and 25. The touch key performs a toggle-type action.
Other functions of the service mode are not described because they do not
constitute any critical portion of the invention. Fig. 51 shows a procedure
for operating the operating section in a case where the film projector (211
In 50  Fig. 24) is mounted. After the film projector 211 has been
connected, if the projector mode selection key 406 in Fig. 31 is turned ON,
the display on the liquid crystal touch panel changes to P 800. In this
picture, selection is made as to whether the film is negative or positive.
For example, if the negative film Is then selected, the picture changes to
P 810, i.e., the picture for selecting the ASA sensitivity of the film.
Then, for example, the film sensitivity ASA1 00 is selected. Subsequently,
as described in detail In the procedure in connection with 55  Fig. 29, the
negative base film Is set, and the P 820 shading start key is turned ON to
correct the shading. The negative film to be printed Is then set in the
holder 215, and the copy button (400 in Fig. 31) is turned ON to effect an
AE operation for determining the exposure voltage. Subsequently, Image
formation is repeated In the order of yellow, magenta, cyan, and black, as
in the case of Fig. 25A. 30    EP 0 292 212 B1 Fig. 46 is a flow chart of
the sequence control of this color copying apparatus. A description will be
given hereafterof this sequence control with reference tothe flow chart.
The copy key is pressed to light the halogen lamp in Step 100, the shading
processing of the black correction mode and the white correction mode, the
op- 



eration of which has already been described, is effected In Steps 101 and
102, respectively. 5      Adescription will now be given of the black
correction mode in Step 101. Specifically, the black correction mode
Includes the black reference value fetching mode, the black level data
calculation processing mode, and the black correction mode for correcting
the actual image data, as has already been described in connection with
Figs.1 OA, 1 OB, 1 0C, and 1OD. The black level data fetched in the black
reference value fetching mode is susceptible to the effect of noise, as
described above, so that a measure is taken to alleviate the effect of
noise 10  in the CCD main scanning direction in the calculation processing
mode. However, level variations, though small, are also contained between
the CCD channels in the repetition of the main scanning of the CCDs. Con-
sequently, if the data fetched as the black level data contain level
differences between the channels, these level differences give rise to a
color discrepancy of an image between the channels. To avoid this, the
touch key C in the DARK ADJ mode in the ADJUST mode P 852 in the
above-described ADJUST mode (Fig. 40-2) 15  is pressed, and the mode for
fetching the black level signal to the black level RAM 78 is set In the
RAMs 24, 25 shown in Fig. 2. The mode set in the RAMs 24, 25 is
discriminated in Step 101-1 in the black correction mode Step 101 shown In
Fig. 46, the black level signal is fetched through Steps 101-2 and 101-3,
the black correction is performed in Step 101-4, and the copy image is
confirmed. After confirmation of the copy image, if a color discrepancy has
occurred between the CCD channels, a copying operation is performed again,
and 2o  the image is reconfirmed. When the black level data which do not
produce the color discrepancy between the CCD channels have been fetched as
a result, the touch key C is pressed in the DARK ADJ mode In the service
mode P 800 to change the display C Into the reverse display, and the mode
which does not fetch the black level signal to the RAM 78 is set In the
RAMs 24, 25. Subsequently, Steps 101-2 and 101-3 are not executed in the
black correction mode Step 101, and the black correction is performed in
Step 101-4 by the black level 25 data fetched previously. In this
embodiment, since the state of correction is displayed at the time of the
black correction, the apparatus can be used with ease in operation. If the
designated color conversion has been set in the color conversion mode or
the paint mode, the color registration and designated color read processing
is performed in Step 104 shown in Fig. 46, and the density data which have
undergone color separation at designated coordinates are stored in the
predetermined areas, 30  respectively, in response to the registration mode
and the detection of the designated color. This operation is shown in Fig.
44. In Step 105, ajudgment is made as to whether or not the original
recognition mode has been set, and if YES is the answer, in Step 106-1 the
scanning unit 16 is made to scan 435 mm, L.e., the maximum original
detection length to detect the position and size of the original In the
above-described original recogni- tion 200 via the CPU bus. On the other
hand, if the original recognition mode has not been set, in Step 106-2 35
the selected papersize is recognized as the original size, and these Items
of information are stored in the RAM 24. In Step 107,a judgment is made as
to whetheror not the shift mode has been set, and If YES is the answer, the
original scanning unit 16 is shifted In advance to the original side by the
amount of that shift. In Step 109, a bit map for outputting gate signals
for the respective functions generated by the RAMA 138 or RAMB 137 Is
prepared on the basis of information set by each mode. 40      Fig. 49 is a
RAM map set in the RAMs 24, 25 In which information set by each of the
above-described modes has been set. The AREA-MODE contains information on
discrimination of each mode concerning the operation in each area, such as
painting and trimming. AREA-XY contains information on the original size
and the size of each area, while AREA-ALPT contains Information after color
conversion and information as to whether or nor the reference color or the
designated color is a registered color. AREA-ALPT-XY is an informa- 45
tion area concerning the color coordinates In acasewhere the contentof the
AREA-ALPT Is a designated color, while AREA-DENS is a data area concerning
density adjustment after conversion. AREA-PT-XY is an infor- mation area
concerning color coordinates prior to conversion at the time of the color
conversion mode, while AREA-CLMD contains information on the color mode of
the original or a designated area. REGI-COLOR stores information of each
color registered in the color registration mode and used as the 50
registered color. This area Is stored in the backup memory of the RAM 25
and is stored even if the power supply is cut off. Bit maps shown in Fig.
50 are prepared on the basis of the information thus set. First, the
coordinate data in the sub-scanning direction are fetched from the AREA-XY
storing the size information of each area and are sorted and stored in an
X-ADD area in order starting with the smallest value. Sorting is similarly
carried out 55  in the main scanning direction as well. Next, w1w is set
atthe positions of the BIT-MAP corresponding to the starting pointand the
terminating point in the main scanning direction in each area, and a
similar operation is performed up to the coordinates of the terminating
point in the sub-scanning. At this juncture, the bit positions at which "1"
Is set correspond to the 31    



EP0292212B1 respective gate signals generated by the RAMA 136 or RAMB 137,
and the bit positions are determined in ac- cordance with the modes of the
relevant areas. For instance, area 1, which is the original area,
corresponds to TMAREA 660 (edge emphasis) shown In Fig. 21A, while area 5
for color balance designation corresponds toGAREA626 (gamma
characteristics) shown in Fig. 19. Thereafter, bit mapsforrespective areas
are compiled 5   in the BITMAP area shown in Fig. 50. Next, in Step 109-1,
the following processing is performed with respect to the mode of each
area. First, area 2 Is in a single colormode of cyan and is a monochrome
image in contrast to the fourcolors of the original. If unprocessed video
signals for this area 2 are transmitted during the development of cyan,
area 2 is printed with an image constituted only by cyan components, and
images of other yellow and magenta components 10  are not printed.
Accordingly, when a designated area has been selected in the single color
mode, the following coefficients are set in the register which Is selected
when the MAREA 564 becomes active, by the masking coefficient register
shown in Fig. 1IA, so as to obtain an ND image: 15               aYl,
aY2.   aY3                            0.  0,  0 ,8MI;        . M2,
lM3               0,   0.   0 -YC1.        7C 2.       -yC3
Y3,  %,  %,Y 20 k2  .             2,    m2                   0.  0   0 The
data (used in the four- or three-color mode) stored In the RAM 23 shown in
Fig. 2 are set in the masking 25  coefficient register which is selected
when the MAREA 564 is set to '0o. Subsequently, with respect to area 2
which is in the paint mode, data are set in each register shown in Fig. 18A
and selected by the respective gate signals CHAREAO, 1,2,3 corresponding to
the bits of BIIMAP area described above. First, FF is setin y, 159, 00 in
yf160, FF in mu 161, 00 in mll 62, FF In Cu 163, and 00 In C, 164
respectively, so as to effect conversion with respect to all the Input
video signals. Subsequently, color information after conversion which has
been so  stored in Fig. 49 is loaded from the AREA-ALPT or REGI-COLOR, the
respective color data are multiplied with the coefficients of the density
adjustment data of AREA-DENS, and density data after conversion to y' 166,
m' 167, and c' 168 are set, respectively. With respect to the color
conversion of area 4, values in which certain offset values are added to
the respective density data prior to conversion in Fig. 49 are set to the
registers of the aforementioned yu 159, ...,C1 164, respectively, and post
conversion data are similarly set thereafter. 35     In this operation, the
user can freely vary the offset value by means of the parameters which are
set by the conversion range appointing key on the picture P 341 shown in
Fig. 36. In the color balance of area 5, the aforementioned data values are
fetched from the color balance value AREA-BLAN at the time of area
designation in Fig. 49 and are set In the areas of Y, M, C, and BK of the
RAM 177 selected when the gate signal GAREA 626 is set to 1 ". Data are
fetched from the BLANCE, which repre- 40 sents color balance at the time of
color creation, and are set in the areas selected when the GAREA 628 Is set
to n0". In Step 109, a start command is outputto the printerviathe SRCOM
516. In Step 110, ITOP shown in the timing chart of Fig. 47 is detected,
and, In Step 111, the output video signals C0, C1, C2 of Y, M, C, and Bk
are changed over. In Step 112, the halogen lamp Is lit. In Step 113, the
completion of each video scanning is judged, 45  and, if completed, the
halogen lamp is turned off in Step 114. In Steps 114 and 115, the
completion of copying is checked, and if completed, a stop command is
output to the printer In step 116.thereby completing the copy- ing
operation. A description will be made hereinunder as to the sequence
control executed when the free color mode has been selected, with reference
to a flow chart shown in Fig. 55. As the copy key is pressed, the halogen
50  lamp lights up and black- and white-level corrections are conducted in
Step S 301. If the appointed color mode and the density control by means of
coordinate appointment have been set in the free color mode, the process
proceeds to Step S 303 in which the color Information of the appointed
color and the MONO value appointed by coordinate are read and stored in
predetermined areas. This operation is the same as that explained before in
connection with Fig. 44. 55     In Step S 304, a starting instruction for
starting the printer Is output through the SRCOM 516. In Step S 305, the
ITOP as shown in the timing chart of Fig. 47 is detected and, in Step S
306, change-over of the video signals C0, C1, C2 of Y, M, C,Bk is
conducted. In Step S 307, the gamma curves for Y, M and C are set in the
MONO gamma RAMs in the manner shown in Fig. 54A. At the same time, a gamma
curve is set for Bk in such 32    EP0292212B1 a manner that 0 is output for
all the Input values. In Step S 308, the halogen lamp lights up. In Step S
309, the 



completion of each video scan Is judged. If completed, the halogen lamp is
turned off In Step S 310 and the completion of the copying operation is
checked In Steps S 311 and and S 312. When the completion of the copying
operation is confirmed, a stopping Instruction for stopping the printer is
Issued in Step S 313, thus c   finishing the whole copying sequence. <HINT
517 Interrupt Processing> Fig. 48 is a flow chart of interrupt processing
for the signal HINT 517 output from the timer 28. In Step 1o  200-1, a
check Is made as to whether or not the timer for the stepping motor start
has timed out. If YES is the answer, the stepping motor is started, and, in
Step 200, the BIT-MAP data for one line indicated by X-ADD, which are shown
in Fig. 50, are set in the RAM 136 or 137. In Step 201, 1 is added to the
address of the data to be set in the next interrupting operation. In Step
202, changeover signals C3 595, C4 596, C6 593 for the RAMs 136, 137 are
output, and, In Step 203, the time until the changeover of the next
sub-scanning is set to 15  the timer 28. Subsequently, the contents of the
BIT-MAM indicated by the X-ADD are consecutively set In the RAM 136 or 137
to change over the gate signal. Namely, each time the carriage moves in the
sub-scanning direction and an interruption occurs, the con- tents of
processing in the X direction are changed over, and color processing of
conversion to various colors and the like can be performed for each area.
20      As has been described above, in the color copying apparatus in
accordance with this embodiment various color modes are possible, so that
it is possible to reproduce various colors freely. Although the described
embodiment of the apparatus of the invention Is a color image forming
apparatus making use of electrophotographic recording system, this is only
illustrative and the Invention can be carried out with various types of
recording methods such as ink jet recording method, thermal transfer
recording meth- 25  odand so forth. It is also to be understood that the
reading unit and the image forming unit may be installed remotely from each
other with suitable communication lines connected therebetween, although in
the descri- bed embodiment the reading unit and the image forming unit are
Installed in the vicinity of each other. As has been described, according
to the present Invention as claimed, It is possible to obtain copy Images
of desired colors from various types of originals such as mono-color
originalfull-color originaland so forth. It 30  is also possible to
reproduce any desired gradation level existing In the original with a
desired gradation level. Furthermore, it is possible to convert mono-color
image patterns having different gradation levels, e.g., black or yellow
image in white background into a desired color with designated luminance,
hue and saturation. Furthermore, the described embodiment enables the user
to convert various types of original such as mono-color and full-color
Images into a desired color having a desired gradation, whereby a copy of
the desired 35  color and the desired gradation can be output. Claims 40
1.  Image processing apparatus comprising: input means for inputting image
data representing individual density levels of colour components of the
pixels of an original image; hue appointing means for appointing a desired
hue; and converting means for converting said image data into converted
image data representing the hue 45      to be reproduced; characterized in
that said converting means are arranged to convert the density levels of
the color components represented by the input image data so that the
density ratios between pixels of different colours in the original Image
are preserved as directly proportional density ratios between corresponding
pixels in the converted image so as to preserve the gradation of the
original image. 50 2. Apparatus according to claim 1, having density
appointing means for appointing a density level, wherein the density of the
converted image is also determinable by the appointed density level. 3.
Apparatus according to claim I or 2, wherein said converting means includes
a memory for storing the 55      appointed hue as a ratio of the density
levels of a plurality of colour components. 4. Apparatus according to claim
3, when dependent on claim 1, wherein said converting means includes a
look-up table responsive to the original image data to output converted
image data, and means for setting 33    * C   L  M   S* a manner that 0 is
output for all the input values. In Step S 308, the halogen lamp lights up.
In Step S 309, the completion of each video scan is Judged. If completed,
the halogen lamp is turned off in Step S 310 and the completion of the
copying operation is checked in Steps S 311 and and S 312. When the
completion of the copying operation Is confirmed, a stopping Instruction
for stopping the printer Is issued in Step S 313, thus 



5   finishing the whole copying sequence. <HINT 517 Interrupt Processing>
Fig. 48 is a flow chart of Interrupt processing for the signal HINT 517
output from the timer 28. In Step 1o  200-1, a check is made as to whether
or not the timer for the stepping motor start has timed out. If YES is the
answer, the stepping motor is started, and, in Step 200, the BIT-MAP data
for one line indicated by X-ADD, which are shown in Fig. 50, are set in the
RAM 136 or 137. In Step 201, 1 is added to the address of the data to be
set In the next Interrupting operation. In Step 202, changeover signals C3
595, C4 596, C6 593 for the RAMs 136, 137 are output, and, in Step 203, the
time until the changeover of the next sub-scanning Is set to 15  the timer
28. Subsequently, the contents of the BIT-MAM indicated by the X-ADD are
consecutively set in the RAM 136 or 137 to change over the gate signal.
Namely, each time the carriage moves in the sub-scanning direction and an
Interruption occurs, the con- tents of processing In the X direction are
changed over, and color processing of conversion to various colors and the
like can be performed for each area. 20      As has been described above,
in the color copying apparatus in accordance with this embodiment, various
color modes are possible, so that it is possible to reproduce various
colors freely. Although the described embodiment of the apparatus of the
Invention is a color image forming apparatus making use of
electrophotographic recording system, this is only illustrative and the
invention can be carried out with various types of recording methods such
as Ink jet recording method, thermal transfer recording meth- 25  od,and so
forth. It is also to be understood that the reading unit and the Image
forming unit may be installed remotely from each other with suitable
communication lines connected therebetween, although in the descri- bed
embodiment the reading unit and the image forming unit are installed in the
vicinity of each other. As has been described, according to the present
invention as claimed, It Is possible to obtain copy images of desired
colors from various types of originals such as mono-color
original,full-color original,and so forth. It 30  is also possible to
reproduce any desired gradation level existing in the original with a
desired gradation level. Furthermore, it is possible to convert mono-color
image patterns having different gradation levels, e.g., black or yellow
image In white background into a desired color with designated luminance,
hue and saturation. Furthermore, the described embodiment enables the user
to convert various types of original such as mono-colorand full-color
Images into a desired color having a desired gradation, whereby a copy of
the desired 35  color and the desired gradation can be output. Claims 40
1.  Image processing apparatus comprising: input means for inputting image
data representing individual density levels of colour components of the
pixels of an original Image; hue appointing means for appointing a desired
hue; and converting means for converting said Image data into converted
image data representing the hue 45      to be reproduced; characterized In
that said converting means are arranged to convert the density levels of
the color components represented by the Input Image data so that the
density ratios between pixels of different colours In the original image
are preserved as directly proportional density ratios between corresponding
pixels In the converted image so as to preserve the gradation of the
original image. 50 2. Apparatus according to claim 1, having density
appointing means for appointing a density level, wherein the density of the
converted image is also determinable by the appointed density level. 3.
Apparatus according to claim I or 2, wherein said converting means includes
a memory for storing the 55      appointed hue as a ratio of the density
levels of a plurality of colour components. 4. Apparatus according to claim
3, when dependent on claim 1, wherein said converting means Includes a
look-up table responsive to the original Image data to output converted
image data, and means for setting 33    data at each address of said table
in accordance with the appointed hue. 5. Apparatus according to claim 3,
when dependent on claim 2, wherein said converting means includes a look-up
table responsive to the original Image data to output converted image data,
and means forsetting 6       data at each address of said table In
accordance with the appointed hue and the appointed density level. 6.
Armethod of processing Image data comprising Inputting image data
representing individual density levels of color components of the pixels of
an original Image, and the step of converting said Image data into
converted Image data representing a desired hue to be reproduced; 10
characterised in that in said converting step the density levels of the
color components represented 



by the converted image data are so converted that the density ratios of the
color components of the pixels of the converted image are directly
proportional to the density ratios of the color components of the cor-
responding pixels of the original image, so as to preserve the gradation of
the original image. 15  7. A method according to claim 6, including the
step of appointing a density level so that the density of the converted
Image is determined by the appointed density level. 8. A method according
to either claim 6 or claim 7, including storing In memory the desired hue
as a ratio of density levels of a plurality of color components. 20 9. A
method according to claim 8, when dependent on claim 8, including setting a
desired hue by setting data at addresses of a look-up table in accordance
with the desired hue. 10. A method according to claim 8, when dependent on
claim 7, including setting a desired hue by setting 25      data at
addresses of a look-up table In accordance with the desired hue and the
appointed density level. 11. Apparatus according to claims I to 5, wherein
said input means is an Image reading device for scanning an original Image
and generating the image data. 30  12. Apparatus according to claim 11,
wherein said conversion means performs the conversion In synchronism with
the scanning by said Image reading device. 13. Apparatus according to claim
11, further comprising an image forming device for forming an image on a
medium based on the converted Image data. 35 14. Apparatus according to
claim 13, wherein said conversion means performs the conversion In
synchronism with the Image forming by said Image forming device. 15.
Apparatus according to claim 13, wherein said image forming device forms a
plurality of colorcomponent 40      images frame-sequentially. 1. Apparatus
according to claim 15, wherein said conversion means Is used for the
plurality of color com- ponent Images. 45  17. Apparatus according to claim
13, furthercomprising mode setting means forsetting a mode in which said
converting means Is activated. 18. Apparatus according to any preceding
claim, wherein said input means Is a flat-bed scanner. 50  19. Apparatus
according to claim 18, wherein said flat-bed scanner consists of plural
line sensors. 20. Apparatus according to any preceding claim, wherein said
hue appointing means appoints the desired hue by appointing a desired
portion on the original image. 55   21. Apparatus according to any
preceding claim, wherein said area appointing means and said hue appointing
means Include common operating means for appointing the area and the
desired hue. 22. Apparatus according to claim 21, wherein said common
operating means comprises a digitizer. 34    23. Apparatus according to any
preceding claim, further comprising image formation means forforming a
visi- ble image on a medium in accordance with the converted image data. 6
PatentansprOche 1. Bildverarbeitungagerdt, das eine Eingabeeinrichtung zum
Eingeben von Bliddaten, die einzelne Dichtepegel von Farbkompo- nenten der
Bildelemente eines uraprOnglichen Bildes darsteilen, 10           eine
Farbtonbestimmungseinrichtung zum Bestimmen eines erwanschten Farbtons und
eine Umsetzeinrichtung zum Umsetzen der Bliddaten In umgesetzte Bilddaten
aufweist, die den zu reproduzierenden Farbton darstellen, dadurch
gokonnzelchnot, dat die Umsetzeinrchtung zum Umsetzen der durch die
eingegebenen Bilddaten dargesteliten Dich- 15      tepegel der
Farbkomponenten in derWeise gestaltet ist, dal3 die Dichteverhlltnisse
zwischen Bildelemen- ten von verschiedenen Farben in dem ursprOnglichen
Bild als direkt proportional zu den Dichteverhilt- nissen zwischen
entsprechenden Bildelementen in dem umgewandelten Bild beibehalten werden,
um die Gradation des ursprunglichen Bildes beizubehalten. 20  2. Gerft nach
Anspruch 1, das elne Dichtebestimmungseinrichtung zum Bestimmen eines
Dichtbpegels auf- weist, wobei die Dichte des umgesetzten Bildes auch durch
den bestimmten DIchtepegel festlegbar ist 3.  Gerat nach Anspruch I oder 2,
in dem die Umsetzeinrichtung elnen Speicher zum Speichern des be- stimmten
Farbtones als ein Verhiltnis der Dichtepegel einer Vieizahl von
Farbkomponenten enthalt. 25 4.  Gerit nach Anspruch 3 bei ROckbeziehung auf
Anspruch 1, in dem die Umsetzeinrichtung eine auf die 



ursprfnglichen Biiddaten durch Ausgabe der umgesetzten Bilddaten
ansprechende Nachachlagetabelle und eine Einrichtung fOr das Einsetzen von
Daten an einerjewelligen Adresse der Tabelle enteprechend dem bestimmten
Farbton enthalt. so 5. Gerat nach Anspruch 3 bei Rfickbeziehung auf
Anspruch 2, in dem die Umsetzeinrichtung eine auf die ureprOnglichen
Bilddaten durch Ausgabe der umgesetzten Bliddaten ansprechende
Nachschiagetabelle und eine Einrichtung zum Einsetzen von Daten an
einerjeweiligenAdresse derTabelle enteprechend dem bestimmten Farbton und
dem bestimmten Dichtepegel enthalt. 35 6. Verfahren zum Verarbeiten von
Bilddaten, das die Eingabe von Bilddaten, die einzelne Dichtepegel von
Farbkomponenten der Bildelementb eines ursprOnglichen Bildes darstellen,
und einen Schritt zum Um- setzen der BlIddaten in umgesetzte Bilddaten
umfait, die einen zu reproduzierenden erwOnschten Farb- ton darstellen, 40
dadurch gekennzeichnet, dag bel dem Umsetzungsschritt die durch die
umgesetzten Biiddaten dargestellten Dichtepegel der Farbkomponenten derart
umgesetzt werden, dal3 die Dichteverhiltnisse der Farbkomponenten der
Bildelemente des umgesetzten Bildes zu den Dichteverhaltnissen der Farb-
komponenten der entsprechenden Bildelemente des ursprOnglichen Bildes
direkt proportional sind, um die Gradation des ursprOnglichen Bildes
beizubehalten. 45 7. Verfahren nach Anspruch 6, welches einen Schritt zum
Bestimmen eines Dichtepegels umfai-t, so dai3 die Dichte des umgesetzten
Blides durch den bestimmten Dichtepegel festgelegt ist. 8. Verfahren nach
Anspruch 6 oder 7, welches das Einspeichern des bestimmten Farbtons als
Verhaltnis 50      von Dichtepegeln einerVielzahl von Farbkomponenten in
eonen Speicher umfalk 9. Verfahren nach Anspruch 8 bei Rcickbeziehung auf
Anspruch 6, welches das Einsatllen eines erwOnsch- ten Farbtons durch
Einsetzen von Daten an Adressen einer Nachschlagetabelle entsprechend dem
er- wfrnschten Farbton urnfalt. 55 10. Verfahren nach Anspruch 8 bei
ROckbeziehung auf Anspruch 7, weiches das Einsteilen eines erwunsch- ten
Farbtons durch Einsetzen von Daten an Adressen elner Nachschlagetabelbe
entsprechend dem er- wOnschten Farbton und dem bestimmten Dichtepegel
umfaPt. 35    w                          ~    ~~~~~~~~~~EP 0 292 212 Si
Hl N!   I a       11. Gerfit nach Anspruch 1 bis 5, in dem die
Eingabeeinrichtung eine Bildleseeinrichtung fOr das Abtasten eines
urspriinglichen Bildes und das Erzeugen der Bilddaten ist. 12. Gerat nach
Anspruch 11, in dam die Umsetzeinrichtung die Umsetzung synchron mit dem
Abtasten durch s       die Blldleseeinrichtung ausfihrt. 13. Gerat nach
Anspruch 11, das ferner eine Bilderzeugungseinrichtung fOr das Erzeugen
sines Bildes auf einem Trager gemiR den umgesetzten BlIddaten aufweist. 10
14. Gerat nach Anspruch 13, in dem die Umsetzeinrichtung die Umsetzung
synchron rmit der Bilderzeugung durch die Bilderzeugungseinrichtung
ausfihrt. 15. Gerfit nach Anspruch 13, In dem die Bilderzeugungseinrichtung
in Bildern aufeinanderfolgend eine Viel- zahl von Farbkomponentenbildern
erzeugt. 15 16 Gerat nach Anspruch 15, In dem die Umsetzeinrichtung fOrdie
Vleizahl von Farbkomponentenblldern emn- gesetzt ist. 17. Gerat nach
Anspruch 13, dasfernereine BetriebsarteinsatlleinnchtungfOrdas Einstellen
einer Betriebsart 20      aufweiast, bei der die Umsetzelnrichtung in
Betrieb gesetzt let. 18. Gerat nach einem der vorangehenden Anspr(Iche,
wobei die Eingabeeinrichtung eine Flachbett-Abtast- einrichtung ist. 25
19. Gerat nach Anspruch 18, wobei die Flachbett-Abtasteinrichtung aus
mehreren Zeilensensoren besteht. 20. Gerat nach einem der vorangehenden
AnsprOche, wobel die Farbtonbestimmungseinrichtung den er- wLinschten
Farbton durch Bestimmen eines erwOnschten Abschnitts auf dem
ursprLinglichen Blid be- stimmt. 30 21. Gerfit nach einem der vorangehenden
AnsprLiche, wobei die Flichenbestimmungseinrichtung und die
Farbtonbeatimmungseinrichtung sine gemeinsame Arbeitselnrichtung zum
Bestimmen der Flache und 



des erwOnschten Farbtons aufweisen. 35  22. Gerat nach Anspruch 21, wobel
die gemeinsame Arbeitseinrichtung elnen Digitalisierer aufweist. 23. Gerat
nach elnem der vorangehenden AnsprOche, das ferner eine
Bilderzeugungselnrichtung zum Er- zeugen aines slchtbaren Bildes auf elnem
Medium entaprechend den umgesetztbn Bliddaten aufweiat. 40 Revendlcatlons
1. Apparail de traitement d'Images comprenant: un moyen d'introduction pour
Introduire des donnees d'images representant des niveaux Indivi- 45
duels de densit6 de composantes en couleur des pixels d'une image
originate; un moyen de designatlon de nuance pour d6signer une nuance
souhait6e; des moyens de conversion pourconvertirlesdites donnees d'Images
en donn6es d'images conver- ties representant la nuance a reproduire;
caracterise en ce que lesdits moyens de conversion sont agenc6s pour
convertir les niveaux de 50      densit6 des composantes en couleur
repr6sent6es par lea donn6es d'images introduites de telle sorte qua les
rapports de densit6 entre pixels de differentes couleurs, dans l'image
originals, sont pr6serv6s sous la forme de rapports de densit6 directement
proportionnels entre des pixels correspondants dans l[image convertie, de
maniere A pr6server la gradation de l'image originale. 55  2. Apparell
selon la revendicatlon 1, comportant un moyen de designation de densit6
pour d6signer un ni- veau de densit6, la densit6 de I'image convertie
pouvant aussi 6tre determin6e par le niveau de densit6 d6sign6. 36    EP 0
292 212 11 c 1111                      1    I! 3. Appareil selon la
revendication I ou 2, dans 1equel leadits moyens de conversion comporent
une memoire pour stocker la nuance d6sign6e sous la forms d'un rapport des
niveaux de densite d'une pluralite de composantes en couleur. 5   4.
Apparell solon la revendlcation 3, lorsqu'dlle depend de la revendication
1, dans lequel lesdits moyens de conversion comportent une table de
consultation sensible aux donn6es d'images originales pour d6- livreren
sortie des donnees d'images converties, t un moyen pourdtablilrdes donn6es
A chaque adresse de ladite table en fonction de la nuance designes. 0o  5.
Appareil solon la revendication 3, lorsqu'elle depend de la revendication
2, dans loquel lesdits moyens de conversion comportent une table de
consultation sensible aux donn6es d'lmages originales pour d6- livreren
sortie des donn6es d'images converties, et un moyen pour6tablir des donn6es
A chaque adresse de ladite table en fonction de la nuance design6e et du
niveau de densite design6. 1S  6. Proc6d6 detraitementde donn6es d'images
comprenant l'introduction de donnees d'images repr6sentant des niveaux
Indivduels de densit6 de composantes en couleur des pixels d'une image
originale, et l'etape de conversion desdites donnees d'images en donn6es
d'images converties representant une nuance sou- hait6e A reproduire;
caracteris6 on ce quo, dans laditb etape de conversion, les niveaux de
densite des composantes 20      en couleurrepr6sentes par lea donnees
d'images converties sontconvertis do tells sorts quo lea rapports de
densite des composantes en couleur des pixels de l'image convertioesont
directement proportionnels aux rapports de densite des composantes en
couleur des pixels correspondants de 'image originals, de manibre A
pr6server la gradation de l'image originale. 25  7. Procde selon la
revendication 6, comportant l'etape de designation d'un niveau de densith
de tells sorts quo la densite de l'image convertle est determin6a par Is
niveau de densite d6sign6. 8. Procede salon l'une quelconque des
revendications 6 ou 7, comportant le stockage en m6moire de la nuance
souhait6e sous la forms d'un rapport des niveaux de densiti d'une pluralite
de composantes en 30      couleur. 9.  Procede solon la revendication 8,
lorsqu'elle d6pend de la revendicatlon 6, comportant l'etablissement d'une
nuance souhait6e en 6tablissant des donn6es aux adresses d'une table de
consultation en fonction de la nuance souhait6e. 3S 10. Proc6d6 solon la
revendication 8, lorsqu'elle d6pend de la revendication 7, comportant
1'6tablissement d'une nuance souhaithe en 6tablissantdes donnees aux
adresses d'une table de consultation en fonction de la nuance souhait6e et
du niveau de densit6 d6sign6. 40  11. Appareil solon lesa revendications 1
A 5, dans lequel ledit moyen d'introduction est un dispositif de lecture
d'lmages pour balayer une image originals et g6n6rer les donn6es d'images. 



12. Appareil solon la revendication 11, dans lequol lesdits moyens de
conversion effectuent la conversion en synchronisms avec le balayage par
ledit dispositif de lecture d'lmages. 45 13. Appareil selon la
revendication 11 comprenant en outre un dispositif do formation d'images
pour former une Image sur un support en fonctlon des donn6es d'images
converties. 14. Appareil solon la revendicatlon 13, dans lequel lesdits
moyens de conversion effectuent la conversion s0      en synchronisme avec
la formation d'lmage par ledit dispositif de formation d'lmages. 15.
Appareil solon la revendlcation 13, dans loquel ledit dispositif de
formation d'lmages forms une pluralit6 d'images composantes en couleur par
s6quence d'lmages completes. 55   16. Appareil solon la revendicatlon 15,
dans lequel lesdits moyens de conversion sontutilisis pour la pluralit6
d'lmages composantes en couleur. 17. Apparell solon la revendication 13,
comprenant en outre un moyon d'6tablissement de mode pour etablir 37    EP
0 292 212 B1      11  111W 1L111 l  111''1 un mode selon lequel lesdits
moyens de conversion sont actionnes. 1& Appareil solon l'une quelconque des
revendications prec6dentes, dans lequel ledit moyen d'introduction est un
dispositif de balayage de courbes a plateau. 5 19. Appareil salon la
revendicatlon 18, dans lequel ledit dispositif de balayage de courbes a
plateau consistb en plusleurs d6tecteurs de lignes. 20. Apparell solon
l'une quelconque des revendicatbons precedentes, dans lequel ledit moyen de
designation 10      de nuance dhsigne la nuance souhait6e en designant une
partie souhalteo sur 'lmage originals. 21. Appareil solon l'une quelconque
des revendlcations prec6dentes, dans lequel leditmoyen de designation do
zone et ledit moyen de designation de nuance comportent un moyen
d'actionnement commun pour designer la zone et la nuance souhait6e. 15 22.
Apparell selon la revendlbation 21, dans lequel ledit moyen d'actlonnement
commun comprend un num6- riseur. 23. Apparell selon I'une quelconque des
revendications pr6c6dentes, comprenant en outre un moyen de for- 20
mation d'image pour former une Image visible sur un support, en fonction
des donnees d'images conver- ties. 25 30 35 40 45 50 55 38    


