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A color electrophotographic. copying apparatus which 
is capable of adjusting color balance. With the appara 
tus, an original image to be copied is scanned and col 
or-resolved, whereafte'r one of the color-resolved radi 
ations is adjusted in color balance by a corresponding 
?lter. The particular color-resolved radiation is then 
converted into an electrical signal, which is corrected 
and ampli?ed for further adjustment of the color'bal 
ance. Thereafter, the electrical signal is again con 
verted into the form of radiation, which is scanned to 
form an electrostatic latent image on a photosensitive 
medium. The latent image is developed with a color 
toner corresponding thereto, and then transferred and 
?xed onto a transfer sheet. Such a cycle of operation 
is repeated for each of the resolved colors, andthe re 
sultant color images are superposed one upon another 
on the transfer sheet to thereby provide a final copy 
image with excellent color balance corresponding to 
the original image. 
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COLOR ELECTROPHOTOGRAPHIC COPYING 
APPARATUS CAPABLE OF COLOR BALANCE 

ADJUSTMENT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to an electrophotographic 

copying apparatus for producing colored copies by the 
use of color resolution, and particularly to such an ap 
paratus which can automatically carry out a series of 
electrophotographic processes repetitively for each of 
resolved, colors. More particularly, the invention re 
lates to a copying apparatus which can correct the 
color balance under optical and electrical controls to 
thereby provide colored copies with excellent color re 
producibility. 

2. Description of the Prior Art 

10 

An electrophotographic technique for providing _ 
color copies is disclosed, for example, in U.S. Pat. No. 
2,986,466 to E. K. Kaprelian issued on May 30, 1961. 
According to this patent, photosensitive drums are ar 
ranged in response to various colors, and light from an 
original picture is passed through ?lters for the various 
colors so as to form latent images on the respective 
photosensitive drums. Thereafter, the latent images are 
developed with ‘corresponding color toners. From the 
?rst to last photosensitive drums, the developed images 
are successively transferred onto a transfer sheet until 
the image transfer from the last drum is completed, 
whereupon there is provided a color copy image. 
Other types of color electrophotography are shown 

as by U.S. Pat. No. 2,962,347 to J. Dessauer, issued on 
Nov. 29, 1960, and U.S. Pat. No. 3,060,019 to 
S.W.Johnson, issued on October 23, 1962. 

All these prior techniques, however, are unsatisfac 
tory in terms of the color reproducibility and the size 
of the apparatus. > 

SUMMARY OF THEINVENTION 

It is a primary object of the present invention to pro; 
vide a color copying apparatus which is simple in struc 
ture and reliable in operation. 

It is another object of the present invention to pro 
vide a color copying apparatus which can produce copy 
images with excellent color balance. 

1t is still another object of the present invention to 
provide a color copying apparatus which permits the 
use of a photosensitive medium requiring no panchro 
matic sensitivity. 

It is yet still another object of the present invention 
to provide a color copying apparatus which is compact 
and fully automatic as well as low in cost. 
According to the present invention, an original image 

to be copied is scanned for color resolution and opti 
cally adjusted in color balance, whereafter the color 
resolved light rays are converted into electrical signals, 
which, in turn, are corrected and ampli?ed in accor 
dance with the characteristics of the photosensitive me 
dium and other factors. Such electrical signals are con 
verted again into light rays and projected on the photo 
sensitive medium to form an electrostatic latent image 
on the photosensitive medium. The electrophoto 
graphic processes advantageously available for the 
present invention may be those proposed in the appli 
cant’s copending applications. The electrophoto 
graphic copying apparatus of the present invention is 
based on the process described in copending U.S. Pat. 
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2 
Application Ser. Nos. 563,899 and 571,538 of the pres 
ent applicant. 

In the process of this invention, fundamentally speak 
ing, the photosensitive plate comprises a base, a photo 
conductive layer on said base, and a translucent insu 
lating layer on said photoconductive layer. First of all, 
the surface of the translucent insulating layer is 
charged (the primary charge), and by making the use 
of the ?eld thereof, the charge layer is strongly trapped 
between the photoconductive layer and translucent in 
sulating layer and in the immediate neighborhood 
thereof. Next, an alternating current corona discharge 
(the secondary corona discharge) of the polarity oppo 
site to the primary charge, and the illumination of the 
original image, and carried out simultaneously. Then, 
light rays are uniformly irradiated on the whole surface 
of the translucent insulating layer to form the static 
image of high contrast in accordance with light and 
dark patterns of the original image on the surface of the 
translucent insulating layer. 

Further, in the apparatus of the present invention, 
various process means of exposure, charging, develop 
ment, transfer and cleaning are all based on those dis 
closed in U.S. Application, Ser. No. 585,091 ?led Oct. 
7, 1966 by the applicant which matured into U.S. Pat. 
No. 3,438,706 on Apr. 15, 1969. 
The original image is illuminated and scanned by a 

regular polygonal scanning mirror. This scanning mir 
ror is of the type commonly used in the art of high 
speed cameras, but in the present invention it is suf? 
ciently small in size to make full use of the space allot 
ted for an optical system in a conventional copying ap~ 
paratus. The re?ected light from the original image so 
scanned is resolved into three colors by a dichroic mir 
ror. If desired, the light may be resolved into more col 
ors. 

Wedge-shaped‘ ?lters are movably disposed on't'he 
optical path in a direction perpendicular thereto in 
order to adjust the color balance between the respec 
tive color-resolved light rays. The positions of the re 
spective wedge-shaped ?lters may appropriately be de 
termined on the paths of the respective color-resolved 
lights. The color-resolved lights so adjusted are passed 
to phototubes, which convert such lights into electrical 
signals, which in turn are suitably corrected and ampli 
?ed through an ampli?er and thereafter converted 
again into light rays by a discharge tube. The extent of 
such correctionand ampli?cation is appropriately con‘ 
trolled in accordance with the characteristic of the 
photosensitive medium, the densities of developing 
toners, etc. The light rays thus converted are again 
scanned and directed to the photosensitive medium, 
which thus produces an electrophotographic latent 
image thereon. Such electrostatic latent image is devel 
oped with color toner corresponding thereto, and 
transferred to a transfer sheet. Thereafter, the photo 
sensitive medium is cleaned. The above-described 
operation takes place repetitively for each of the re 
solved colors, thus ?nally providing a color copy of the 
original image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will become fully apparent from the 
following detailed description of an embodiment 
thereof taken in conjunction with the accompanying 
drawings, in which: 
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FIG. 1 is a schematic representation of the optical ar 
rangement in the apparatus according to an embodi 
ment of the present invention; 
FIG. 2 illustrates the arrangement of various electro 

photographic process systems incorporated in the ap 
paratus of the present invention; and 
FIG. 3 is a perspective view of a regular polygonal 

scanning mirror employed in the optical system of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Description will now be made of a speci?c embodi 
ment of the present copying apparatus in which a color 
original image is subjected to color separation and 
thereafter development is effected with four color ton 
ers such as cyan, magenta, yellow and black, thereby 
providing a color copy image. 
Referring to FIG. 1 of the drawings, a color original 

to be copied is designated by P and which bears an orig 
inal image facing downwardly and is movable at a pre 
determined velocity in a direction vertical with respect 
to the plane of the drawing sheet. 
A pair of white light lamps l are provided for illumi 

nating the image-bearing surface of the original P. A 
regular polygonal mirror 2 is disposed below the origi 
nal P for rotation about its own center at a predeter 
mined velocity in the direction as indicated by an ar 
row. The regular polygonal mirror is best shown in the 
perspective view of FIG. 3. A mirror system'is desig 
nated by 4. A dichroic mirror 34 serves to resolve inci 
dent light into three colors. A shaft-mirror 35 is pro 
vided to obtain an optical image to be masked with 
black toner. Re?ective mirrors 36, 37 and 38 are pro 
vided for changing the direction of the light paths re 
spectively. Filters 3 are provided for color resolution 
and for color balance adjustment, the ?lters 3,, 32, 33 
and'34 corresponding to cyan, magenta, yellow and 

' black, respectively. 
Further provided are slits 5 for cutting scattered light 

rays, condenser lenses 6, phototubes 7, a color repro 
duction correcting ampli?er circuit 8, discharge tube 9, 
a condenser lens 10, and a regularpolygonal mirror 11 
of the same shape as and rotatable synchronously with 
the aforesaid polygonal mirror 2. Instead of using such 

- two similar mirrors 2 and 11, a single such mirror may 
be used as a common one. A photosensitive medium 12 
is shown as a rotatable drum type, vbut alternatively it 
may take the form of ?at sheet or endless belt. 
Referring to FIG. 2, there is shown an arrangement 

for carrying out a series of electrophotographic proc 
esses with respect to the photosensitive medium, which 
has an outermost layer 12' of dielectric material in ac 
cordance with the type, of the electrophotography de 
scribed previously. The arrangement includes a pri 
mary Charger 13, means 14 for effecting exposure and 
discharge simultaneously, overall exposure means 15, 
and developing means 16 for various colors, say, 16, 
for cyan,‘ 162 for magenta, 16a for yellow and 164 for 
black. The arrangement vfurther includes an image 
transfer means 1'7 having pawl means 171 for retaining 
a transfer sheet 18 until all color images are transferred 
in a manner to be described. Where the toners in use 

' are of the‘ dry type, heat fixing means 21 may be pro 
vided. Cleaning means is generally designated by nu 
meral 22. 
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4 
In operation, the color original P is illuminated by the 

white light lamps 1 and moved in the aforesaid direc 
tion as the successive portions thereof are scanned lat 
erally thereof (i.e. in the direction perpendicular to the 
direction of movement of the original P) by the succes 
sive reflection surface of the regular polygonal rotat 
able mirror 2, until the entire surface area of the origi 
nal is scanned. During this scanning process, light re 
flected from the successive sides of the regular polygo 
nal mirror 2 is directed to follow a path a so that the 
light is subjected to color resolution by the dichroic 
mirror 34. For further thorough color resolution and 
color balance adjustment, the light rays thus resolved 
are further passed through ?lters 3. For example, the 
cyan ray is passed through the ?lter 31 for cyan, where 
after the light ray b resulting from such secondary color 
resolution is passed through the slit 5, for cutting scat 
tered light and through the condenser lens 6, to the 
phototube 7. 
.Thus, the phototube 7 continuously produces a cur 

rent corresponding to the intensity of the successive 
cyan rays resulting from the color resolution. This cur 
rent is suitably corrected and amplified by the color re 
production correcting ampli?er circuit 8 in accordance 
with various factors such as the re?ection factor of the 
original, the characteristics of the illuminating lamps, 
filters, phototubes, photosensitive medium, toners, the 
efficiency of the image transfer, etc. Thereafter, the 
current is converted into a radiation c through the pho 
totube 9. The emitted radiation is scanned by the regu 
lar polygonal mirror 1 l rotating synchronously with the 
regular polygonal mirror 2, and directed to the surface 
of the photosensitive medium 12 which is rotating syn 
chronously with the movement of the original P while 
the various electrophotographic process means 13-15 
are operative, whereby the photosensitive medium 12, 
as it passes the overall exposure means 15, produces an 
electrostatic latent image corresponding to the pattern 
of the cyan component contained in the picture of the 
color original P. Subsequently, the electrostatic latent 
image is developed by the developing means l6l 
containing a developer of cyanic color and then trans 
ferred onto the transfer sheet 18 at the transfer means 
17. 
The described series of processes may be succes 

sively repeated with respect to each of the other re 
solved colors, i.e. magenta, yellow and masking black 
by electrically and mechanically changing over the re 
spective color resolving ?lters and developing the re 
spective latent images with the associated color devel 
oping means (162, 163 and 16., for magenta, yellow and 
black, respectively), thus successively providing devel 
oped images of the respective resolved colors on the 
photosensitive medium 12. These different color im 
ages are then successively transferred onto the transfer 
sheet which already carries the cyanic color pattern 
thereon, thereby providing a complete color print or 
copy. 
The image transfer means herein used comprises a 

transfer roller 17 and a pawl 17, for retaining a transfer 
sheet wrapped around the transfer roller. The transfer 
roller 17 is rotated in synchronism with the movement 
of the original carriage with the pawl 17, retaining the 
transfer sheet thereto, and when the four cycles of 
transfer process have all been completed, the pawl 17, 
releases its retention to allow the transfer sheet to be 
discharged through outlet 20. 
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The heating means 21 serves to heat and ?x the ton 
ers to the transfer sheet during each transfer cycle if the 
toners in use are dry ones. If the developer in use is in 
the form of liquid, the heating means 21 serves to 
quickly evaporate any carrier liquid and expedite the 
fixing and~drying of the toner on the transfer sheet. 
Where the photosensitive medium in use is in a con 

tinuous form such as drum or endless belt, more clearly 
colored copies may be provided by dividing the image 
forming peripheral surfaceof the photosensitive me 
dium into sections corresponding to individual particu 

' lar colors. More speci?cally, so long as the illustrated 
case, the outer peripheral surface of the drum type 
photosensitive medium 12 may be divided into four 
‘sections I to IV so as to correspond to the four colors, 
i.e. cyan, magenta, yellow and masking blank, respec 
tively. This will ensure a genuine monochromatic 
image to be formed in each divisional surface section 
of the photosensitive drum, thus resulting in a highly 
clear color copy image with the respective monochro 
matic images superposed one upon another. 
Theoperation of the developing means 16, — 164 with 

respect to thevcorresponding' surface sections l - IV of 
the photosensitive medium may be accomplished by a 
cam mechanismv The cleaning device 22 includes suc 
tion type cleaning means 22,- 224 which are operable 
with respect to the respective surface sections 1 - IV to 
remove any residual developer of distinct colors from 
such surface sections after image transfer. 

Further, in the above-described copying apparatus, 
enhanced color reproducibility is provided by elabo 
rately designing the various color-resolving ?lters. 
More specifically, as shown, the color-resolving ?lters 
31-3., are wedge-shaped and positioned for movement 
perpendicularly to the optical path to thereby vary the 

' rate of light transmitting therethrough so as to adjust 
the color balance of the resultant copy. 
At the outset of a copy operation, a standard two 

color test sheet is ?rst copied and the copy sheet thus 
obtained is juxtaposed with the said standard two-color 
test sheet on the original carriage of the copying appa 
ratus to electro-optically compare and measure these 
two sheets with respect to the difference in color bal 
ance therebetween. Then, the wedge-shaped ?lters are 
automatically adjusted in position in accordance with 
the output of the measured difference in color balance 
until such difference becomes zero. Thus, the copying 
apparatus is now ready to continuously produce copies 
with high ?delity to the color tones of any color origi 
nal. 
As noted from the foregoing description, the present 

invention enables an operator to obtain electrophoto 
graphic color copies rapidly and automatically on ac» 
count of a considerably simple and compact construc 
tion, and also enables the resolved color lights of a 
color original picture to be temporally converted into 
electrical signals which may be suitably corrected and 
ampli?ed in accordance with various factors, such as 
the reflection factor of the original, the characteristics 
of the illuminating lamps, filters, phototubes, photosen 
sitive medium, toners, the image transfer efficiency, 
etc., whereby the color balance of the resultant copies 
may be readily controlled by an electrical operation to 
provide color copies with excellent color reproducibil 
ity. Furthermore, the radiations emitted for ‘scanning 
the photosensitive medium may be selected to any suit 
able wavelength in accordance with the sensitivity 
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range of the photosensitive medium, and this leads to 
an advantage that the photosensitive medium to be 
used need not necessarily be panchromatic. 
Thus, according to the present invention, the light 

relfected from an original image is color-resolved, 
whereafter the resolved color lights are automatically 
adjusted in color balance by the wedge-shaped ?lters, 
then converted into electrical signals and ampli?ed 
suitably. This permits the use of a photosensitive me 
dium having a narrow sensitivity range which has here 
tofore been regarded as unsuitable, and also enables 
the color balance adjustment to be achieved with much 
readiness. In these respects, the color electrophoto 
graphic copying apparatus embodying the present in 
vention is satisfactory for its intended purposes. More 
over, the copying apparatus of the present invention 
may find a usage as a simple printer which can not only 
copy original images but also can vary the color bal 
ance or equalize the density of the resultant copies. 

It will be apparent to those skilled in the art from the 
speci?cation, drawings and appended claims that the 
apparatus of the present invention is applicable for 
other various purposes than described above. 
We claim: 
1. A color electrophotographic copying apparatus for 

forming an electrostatic latent image on a photosensi 
tive medium having photoconductivity, said apparatus 
comprising: 

a. means for illuminating an original image; 
b. means for scanning said original image to enable 

radiation re?ected therefrom to be converted into 
electrical signals, and means for moving said origi 
nal image, wherein said means for scanning the ra 
diation re?ected from said original image com 
prises a regular polygonal mirror having an axis of 
rotation extending in the direction of movement of 
said original image, said regular polygonal mirror 
being rotatable about said axis of rotation thereof 
synchronously with the movement of said original 
image; 

c. means including wedge-shaped ?lter means dis 
posed in the path of said radiation for color 
resolving said radiation re?ected from said scanned 
original image for providing a plurality of ?rst sepa 
rate color-resolved radiations; ‘ 

(1. means for varying the position of said wedge 
shaped ?lter means to adjust the densities of said 
color-resolved radiations for the adjustment of the 
color balance therebetween; 

e. means for converting said color—resolved radia 
tions into electrical signals and for amplifying such 
electrical signals and emitting them again in the 
form of second radiations for a suitable image re 
production on a photosensitive medium; 

f. means for scanning said second radiations to direct 
them to a precharge photosensitive medium to 
thereby form electrostatic latent images thereon; 

g. developing means for successively imparting color 
toners to said electrostatic latent images formed on 
said photosensitive medium by said color-resolved 
radiations, said color toners corresponding to said 
electrostatic latent images, respectively; 

h. means for transferring said color-developed im 
ages to a transfer sheet; 

i. means for cleaning any residual toner on said pho~ 
tosensitive medium; and 
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j. means for retaining said transfer sheet until com 
pletion of transferring all the color-resolved images 
by applying all said process means for each re 
solved color. 

2. Apparatus according to claim 1 wherein said col 
or-resolving means further comprises a dichroic mirror 
for providing said ?rst separate radiations; and said 
converting means includes a plurality of light-receiving 
elements for generating said electrical signals repre 
senting said resolved colors, and means for successively 
selecting said generated signals for coupling to light 
emitting means for controlling said light emitting 
means to provide said second radiations. ' 

3. Apparatus according to claim 2, wherein said 
wedge-shaped ?lter means comprises a plurality of 
wedge-shaped ?lters adjustably positioned between 
said dichroic mirror and said light-receiving elements 
to vary‘the transmissibility of said ?rst color-resolved 
radiations. 

4. Apparatus according to claim 3, wherein an origi 
nal image having various primary color tones‘and a 
copy thereof are juxtaposed on an original carriage; 
means are provided for generating input signals from 
said original image and said copy and for comparing 
said signals;'and means are provided for controlling ad 
justment of said wedge-shaped ?lters in response to 
said comparison until the difference between said input 
signals becomes zero. ' 

5. A color electrophotographic copying apparatus for‘ 
forming an electrostatic latent image on a photosensi 
tive medium having photoconductivity, said apparatus 
comprising: i 

a. means for illuminating an original image; 
b. means for scanning said original image to enable 

radiation reflected therefrom to be converted into 
electrical signals, and means for moving said origi 
nal and said photosensitive medium synchronously 
with each other; 

. means including wedge-shaped ?lter means dis 
posed in the path of said radiation for color 
resolving said radiation re?ected from said scanned 
original image for providing a plurality of ?rst sepa 
rate color-resolved radiations; 1 

d. means for varying the position of said wedge 
shaped filter means to adjust the densities of said 
color-resolved radiations for the adjustment of the 
color balance therebetween; 

e. means for converting said color-resolved radia 
tions into electrical signals and for amplifying such 
electrical signals and emitting them again in the 
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form of second radiations for a suitable image re 
production on a photosensitive medium; 

f. means for scanning said second radiations to direct 
them to a precharged photosensitive medium to 
thereby'form electrostatic latent images thereon, 
wherein said means for scanning the radiation re 
?ected from said original image and said means for 
scanning and directing said color-resolved radia 
tions to said photosensitive medium are provided 
by polygonal mirror means rotatable synchro 
nously with the movement of said originalimage 
and of said photosensitive medium; 

g. developing means for successively imparting color 
toners to said electrostatic latent images formed on 
said photosensitive medium by said color-resolved 
radiations, said color toners corresponding to said 
electrostatic latent images, respectively; 

h. means for transferring said color-developed im 
ages to a transfer sheet; 

. means for cleaning any residual toner on said pho 

tosensitive medium; and - 
. j. means for retaining said transfer sheet until com 

pletion of transferring all the color-resolved images 
by applying all said process means for each' re 
solved color. 

6. Apparatus according to claim 5, wherein said col 
or-resolving means further comprises a dichroic mirror 
for providing said separate radiations and means are 
provided wherein said electrical signals representing 
said resolved colors are successively selected upon 
completion of a cycle of operation so that such signals 
are successively emitted in the form of radiations of the 
respective colors. 

7. Apparatus according to claim 6, wherein said 
wedge-shaped filter means comprises ‘a plurality of 
wedge-shaped ?lters adjustably positioned perpendicu 
lar to the optical paths of said separate radiations from 
said dichroic mirror so as to vary the transmissibility of 
said color-resolved radiations. 

8. Apparatus according to claim 7, wherein an origi 
nal image having various primary color tones and a 
copy thereof are juxtaposed on an original carriage; 
means are provided for generating input signals from 
said original image and said copy and for comparing 
said signals; and means are provided for controlling ad 
justment of said wedge-shaped ?lters in response to 
said comparison until the difference between said input 
signals becomes zero. 

* * * * * 
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