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(54) DOCUMENT READING UNIT THAT ENSURES DISTINGUISHING AND READING 
FLUORESCENT COLOR

(57) A document reading unit includes an R light
source(211), a G light source(212), a B light source(213),
a UV light source(214), a lighting control unit(241), a first
photoelectric conversion element(216), a second photo-
electric conversion element(218), a lens(219), and an
output unit(243). The first photoelectric conversion ele-
ment(216) includes an M filter. The second photoelectric
conversion element(218) includes a G filter. The output
unit(243) outputs outputs of the first photoelectric con-
version element(216) and the second photoelectric con-
version element(218) at the time of simultaneous lighting
of the R and G light sources(211, 212) and an output of
the first photoelectric conversion element(216) at the
time of simultaneous lighting of the B and UV light sourc-
es(213, 214) as the image data, and outputs an output
of the second photoelectric conversion element(218) at
the time of simultaneous lighting of the B and UV light
source(213, 214) as fluorescent color data indicating a
fluorescent color region.
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Description

FIELD OF THE INVENTION

[0001] This invention is related to a document reading
unit that reads documents including fluorescent color.

BACKGROUND

[0002] Unless otherwise indicated herein, the descrip-
tion in this section is not prior art to the claims in this
application and is not admitted to be prior art by inclusion
in this section.
[0003] While a full-color document is read as image
data where red (R), green (G), and blue (B) are expressed
by luminance levels, its color cannot be determined
whether it is a fluorescent color or not based on the lu-
minance level. Then, there is a proposed technique
where the addition of reading with an ultraviolet light dis-
tinguishes and reads a fluorescent color to improve the
reproducibility of the fluorescent color.

SUMMARY

[0004] A document reading unit according to one as-
pect of the invention reads an original document as image
data expressed by luminance signals of RGB. The doc-
ument reading unit includes an R light source, a G light
source, a B light source, a UV light source, a lighting
control unit, a first photoelectric conversion element, a
second photoelectric conversion element, a lens, and an
output unit. The R light source irradiates the original doc-
ument with a red light. The G light source irradiates the
original document with a green light. The B light source
irradiates the original document with a blue light. The UV
light source irradiates the original document with an ul-
traviolet light. The lighting control unit switches between
simultaneous lighting of the R light source and the G light
source and simultaneous lighting of the B light source
and the UV light source when reading one line in the
original document. The first photoelectric conversion el-
ement includes an M filter. The M filter transmits the red
light and the blue light and cuts off the green light and
the ultraviolet light. The second photoelectric conversion
element includes a G filter. The G filter transmits the
green light and cuts off the red light, the blue light, and
the ultraviolet light. The lens guides reflected lights from
the original document to the first photoelectric conversion
element and the second photoelectric conversion ele-
ment. The output unit outputs outputs of the first photo-
electric conversion element and the second photoelectric
conversion element at the time of simultaneous lighting
of the R light source and the G light source and an output
of the first photoelectric conversion element at the time
of simultaneous lighting of the B light source and the UV
light source as the image data. The output unit outputs
an output of the second photoelectric conversion element
at the time of simultaneous lighting of the B light source

and the UV light source as fluorescent color data indicat-
ing a fluorescent color region.
[0005] These as well as other aspects, advantages,
and alternatives will become apparent to those of ordi-
nary skill in the art by reading the following detailed de-
scription with reference where appropriate to the accom-
panying drawings. Further, it should be understood that
the description provided in this summary section and
elsewhere in this document is intended to illustrate the
claimed subject matter by way of example and not by
way of limitation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

FIG. 1 schematically illustrates a cross section of an
image processing apparatus including a document
reading unit according to one embodiment of the in-
vention;
FIG. 2 illustrates a block diagram illustrating a sche-
matic configuration of the document reading unit ac-
cording to the one embodiment;
FIGS. 3A and 3B illustrate explanatory diagrams il-
lustrating a reading operation by a contact imaging
sensor (CIS) according to the one embodiment;
FIG. 4 illustrates spectral spectrum examples of an
R light source, a G light source, a B light source, and
a UV light source according to the one embodiment;
FIG. 5 illustrates spectral characteristic examples of
an M filter and a G filter according to the one em-
bodiment; and
FIG. 6 illustrates spectral spectrum examples of ra-
diated lights radiated from a fluorescent color excited
by the UV light source according to the one embod-
iment.

DETAILED DESCRIPTION

[0007] Example apparatuses are described herein.
Other example embodiments or features may further be
utilized, and other changes may be made, without de-
parting from the spirit or scope of the subject matter pre-
sented herein. In the following detailed description, ref-
erence is made to the accompanying drawings, which
form a part thereof.
[0008] The example embodiments described herein
are not meant to be limiting. It will be readily understood
that the aspects of the present invention, as generally
described herein, and illustrated in the drawings, can be
arranged, substituted, combined, separated, and de-
signed in a wide variety of different configurations, all of
which are explicitly contemplated herein.
[0009] The following describes an embodiment of the
invention in detail with reference to the drawings. In the
following embodiment, like reference numerals are des-
ignated to configurations that indicate similar functions.
[0010] The embodiment relates to an image process-
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ing apparatus 1, such as a copier and a multi-functional
product (MFP). With reference to FIG. 1, the image
processing apparatus 1 includes a document reading unit
2, a document feeding unit 3, an image forming unit 4, a
recording sheet feeding unit 5, and an operation unit 6.
[0011] The document reading unit 2 includes a contact
imaging sensor (CIS) 21, a reading unit 23, a reading
control unit 24, and an FFC 25. The CIS 21 includes light
sources such as LEDs, which irradiate an imaging target
with lights, photoelectric conversion elements including
a plurality of imaging devices arranged in a main-scan-
ning direction, and an optical component such as a lens.
The reading unit 23 includes the CIS 21 and reciprocates
in a sub-scanning direction along a back surface of a
contact glass 22 on which an original document is placed.
The reading control unit 24 controls an image reading
operation by the document reading unit 2. The FFC 25
connects the reading unit 23 to the reading control unit 24.
[0012] The document feeding unit 3 functions as a cov-
er that opens and closes the top surface of the contact
glass 22, and the document feeding unit 3 is opened up-
ward to open the top surface of the contact glass 22, so
as to be ready for placing the original document on the
contact glass 22.
[0013] When reading of the original document is in-
structed through the operation unit 6 in a state where the
original document is not placed on the document feeding
unit 3 or an open state where the document feeding unit
3 is opened, the original document placed on the contact
glass 22 is read. When reading the original document
placed on the contact glass 22, the reading unit 23 is
moved to the position opposed to the contact glass 22,
and then reads the original document placed on the con-
tact glass 22 while scanning in the sub-scanning direction
orthogonal to the main-scanning direction to obtain im-
age data, so as to output the obtained image data to the
image forming unit 4.
[0014] When reading of the original document is in-
structed through the operation unit 6 in a state where the
original document is placed on the document feeding unit
3, the original document conveyed by the document feed-
ing unit 3 is read. When the original document conveyed
by the document feeding unit 3 is read, the reading unit
23 is moved to the position opposed to a slit glass 26
located in a document conveying path, and then reads
the original document via the slit glass 26 in synchroni-
zation with a document conveying operation by the doc-
ument feeding unit 3 to obtain image data, so as to output
the obtained image data to the image forming unit 4.
[0015] The image forming unit 4 forms a toner image
based on image data and transfers the formed toner im-
age onto the recording sheet conveyed from the record-
ing sheet feeding unit 5. The image forming unit 4 repeat-
edly executes an electrostatic latent image process on
respective colors of yellow, magenta, cyan, and black to
form a yellow toner image, a magenta toner image, a
cyan toner image, and a black toner image to superim-
pose these images, thus forming a color image on the

recording sheet. The image forming unit 4 is not limited
to an electrophotographic method, may be an inkjet re-
cording method, and may be another recording method
or printing method.
[0016] The operation unit 6 includes: a function as a
display that displays, for example, a state of the image
processing apparatus 1; and a function as an input unit
that accepts a setting of the image processing apparatus
1 and an input of an operation instruction, and is consti-
tuted of, for example, various kinds of operation keys and
a touch panel.
[0017] With reference to FIG. 2, the document reading
unit 2 includes the reading unit 23, which includes the
CIS 21, the reading control unit 24, and a driving mech-
anism 27, which reciprocates the reading unit 23 by the
control of the reading control unit 24 in the sub-scanning
direction.
[0018] With reference to FIG. 2, the CIS 21 includes
an R light source 211, a G light source 212, a B light
source 213, a UV light source 214, a first photoelectric
conversion element 216, a second photoelectric conver-
sion element 218, and a lens 219. The R light source 211
irradiates the original document with a red light (an R
light). The G light source 212 irradiates the original doc-
ument with a green light (a G light). The B light source
213 irradiates the original document with a blue light (a
B light). The UV light source 214 irradiates the original
document with an UV light (ultraviolet light). The first pho-
toelectric conversion element 216 includes an M filter
215 that transmits magenta (M). The second photoelec-
tric conversion element 218 includes a G filter 217 that
transmits green (G). The lens 219 guides reflected lights
from the original document to the first photoelectric con-
version element 216 and the second photoelectric con-
version element 218.
[0019] The reading control unit 24 is an arithmetic
processing circuit such as a microcomputer that includes,
for example, a Central Processing Unit (CPU), a Read
Only Memory (ROM), and a Random Access Memory
(RAM). In the ROM, a control program for performing an
operation control of the document reading unit 2 is stored.
The reading control unit 24 reads the control program
stored in the ROM to load the control program to the
RAM, so as to perform the control of the document read-
ing unit 2.
[0020] The reading control unit 24 functions as a light-
ing control unit 241, an A/D converter 242, and an output
unit 243. The lighting control unit 241 supplies the CIS
21 with a first LED drive signal and a second LED drive
signal. The first LED drive signal controls lighting of the
R light source 211 and the G light source 212. The second
LED drive signal controls lighting of the B light source
213 and the UV light source 214. The A/D converter 242
converts an analog image signal from the CIS 21 into
digital data. The output unit 243 outputs the image signal
converted into the digital data to the image forming unit
4. The reading control unit 24 may be partially or entirely
configured as an individual IC (a semiconductor integrat-
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ed circuit), which is designed exclusively for its execution.
[0021] When reading one line in the original document,
as illustrated in FIGS. 3A and 3B, the lighting control unit
241 switches between simultaneous lighting of the R light
source 211 and the G light source 212 and simultaneous
lighting of the B light source 213 and the UV light source
214.
[0022] With reference to FIGS. 4 and 5, the M filter 215
transmits the R light irradiated from the R light source
211 and cuts off the G light irradiated from the G light
source 212. Thus, when the R light source 211 and the
G light source 212 simultaneously light, only the R light
among the reflected lights from the original document
enters the first photoelectric conversion element 216, and
then the analog image signal output from the first photo-
electric conversion element 216 becomes an R output
indicating a luminance level of R component.
[0023] The G filter 217 cuts off the R light irradiated
from the R light source 211 and transmits the G light
irradiated from the G light source 212. Thus, when the R
light source 211 and the G light source 212 simultane-
ously light, only the G light among the reflected lights
from the original document enters the second photoelec-
tric conversion element 218, and then the analog image
signal output from the second photoelectric conversion
element 218 becomes a G output indicating a luminance
level of G component.
[0024] Furthermore, the M filter 215 transmits the B
light irradiated from the B light source 213 and cuts off
the UV light irradiated from the UV light source 214. Thus,
when the B light source 213 and the UV light source 214
simultaneously light, only the B light among the reflected
lights from the original document enters the first photo-
electric conversion element 216, and then the analog im-
age signal output from the first photoelectric conversion
element 216 becomes a B output indicating a luminance
level of B component.
[0025] Furthermore, the G filter 217 cuts off both the
B light irradiated from the B light source 213 and the UV
irradiated from the UV light source 214. Thus, when the
B light source 213 and the UV light source 214 simulta-
neously light, and if a fluorescent color is not used in the
original document, the reflected lights from the original
document do not enter the second photoelectric conver-
sion element 218.
[0026] In contrast to this, if a fluorescent color is used
in the original document and when the UV light source
214 lights, as illustrated in FIG. 6, an ultraviolet light ex-
cites the fluorescent color to radiate a spectral energy in
a visible light region, which the G filter 217 transmits.
Thus, when the B light source 213 and the UV light source
214 simultaneously light and if a fluorescent color is used
in the original document, only a radiated light from the
fluorescent color enters the second photoelectric conver-
sion element 218, and then the analog image signal out-
put from the second photoelectric conversion element
218 becomes a UV output indicating presence/absence
of a fluorescent color.

[0027] The A/D converter 242 converts the R output
and the B output, which are output from the first photo-
electric conversion element 216, and the G output and
the UV output, which are output from the second photo-
electric conversion element 218, into digital data.
[0028] The output unit 243 outputs the R output, the G
output, and the B output, which are converted into the
digital data, as the image data expressed by luminance
signals of R, G, and B to the image forming unit 4 and
outputs the UV output, which is converted into the digital
data, as fluorescent color data indicating a fluorescent
color region, to the image forming unit 4.
[0029] Then, the image forming unit 4 performs a color
space conversion into a CYMK system on the received
image data to form the respective colors toner images,
so as to form the color image on the recording sheet.
When the image forming unit 4 recognizes the fluores-
cent color region using the received fluorescent color da-
ta, the image forming unit 4 executes image processing
for fluorescent color on the pixels inside the fluorescent
color region in the received image data to approximate
to the fluorescent color of the original document. The
image forming unit 4, which functions as an image
processing unit, executes, for example, image process-
ing that increases saturation of the pixels inside the flu-
orescent color region and image processing where the
pixels inside the fluorescent color region are replaced
with approximated colors as the processing for fluores-
cent color.
[0030] While the radiated light from the fluorescent
color enter also the first photoelectric conversion element
216 and is superimposed to the G output when the B light
source 213 and the UV light source 214 simultaneously
light, the radiated light from this fluorescent color is can-
celed out by referring to the UV output, the R output, and
the B output to be converted into appropriate G data.
[0031] Typical document reading methods include: an
RGB sequentially lighting method where photoelectric
conversion elements aligned in one row sequentially
switch respective R, G, and B light sources to read one
line in an original document; and a color filter method
where photoelectric conversion elements that include re-
spective R, G, and B color filters and are aligned in three
rows reads one line in an original document. While the
RGB sequentially lighting method is inexpensive, its
scanning speed is slow. While the color filter method is
expensive, its scanning speed is fast.
[0032] In the RGB sequentially lighting method, when
the UV light source is included, one line is read with four
times of lighting, which leads to a further slow scanning
speed. As in a typical technology, with the color filter
method using the UV light source, one line is read with
two times of lighting regardless of being expensive.
[0033] In contrast, according to the embodiment as de-
scribed above, the document reading unit 2 that reads
an original document as image data expressed by lumi-
nance signals of RGB includes: the R light source 211
that irradiates an original document with a red light; the
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G light source 212 that irradiates the original document
with a green light; the B light source 213 that irradiates
the original document with a blue light; the UV light source
214 that irradiates the original document with an ultravi-
olet light; the lighting control unit 241 that switches be-
tween simultaneous lighting of the R light source 211 and
the G light source 212 and simultaneous lighting of the
B light source 213 and the UV light source 214 when
reading one line in the original document; the first pho-
toelectric conversion element 216 that includes the M
filter 215 that transmits the red light and the blue light
and cuts off the green light and the ultraviolet light; the
second photoelectric conversion element 218 that in-
cludes the G filter 217 that transmits the green light and
cuts off the red light, the blue light, and the ultraviolet
light; the lens 219 that guides reflected lights from the
original document to the first photoelectric conversion
element 216 and the second photoelectric conversion
element 218; and the output unit 243 that outputs outputs
of the first photoelectric conversion element 216 and the
second photoelectric conversion element 218 at the time
of simultaneous lighting of the R light source 211 and the
G light source 212 and an output of the first photoelectric
conversion element 216 at the time of simultaneous light-
ing of the B light source 213 and the UV light source 214
as the image data, and outputs an output of the second
photoelectric conversion element 218 at the time of si-
multaneous lighting of the B light source 213 and the UV
light source 214 as fluorescent color data indicating a
fluorescent color region.
[0034] This configuration ensures two times of lighting
of the first photoelectric conversion element 216 and the
second photoelectric conversion element 218 aligned in
two rows to read one line even when the UV light source
214 for detecting a fluorescent color is included in addi-
tion to the R light source 211, the G light source 212, and
the B light source 213. This ensures distinguishing and
reading a fluorescent color with a lower-price configura-
tion than the color filter method without degrading its
scanning speed compared with the RGB sequentially
lighting method.
[0035] Furthermore, in the embodiment, the first pho-
toelectric conversion element 216 outputs the R output
indicating the luminance level of R component when the
R light source 211 and the G light source 212 simultane-
ously light, and outputs the B output indicating the lumi-
nance level of B component when the B light source 213
and the UV light source 214 simultaneously light. The
second photoelectric conversion element 218 outputs
the G output indicating the luminance level of G compo-
nent when the R light source 211 and the G light source
212 simultaneously light, and outputs the UV output in-
dicating the presence/absence of a fluorescent color
when the B light source 213 and the UV light source 214
simultaneously light.
[0036] While various aspects and embodiments have
been disclosed herein, other aspects and embodiments
will be apparent to those skilled in the art. The various

aspects and embodiments disclosed herein are for pur-
poses of illustration and are not intended to be limiting,
with the true scope and spirit being indicated by the fol-
lowing claims.

Claims

1. A document reading unit that reads an original doc-
ument as image data expressed by luminance sig-
nals of RGB, comprising:

an R light source(211) that irradiates the original
document with a red light;
a G light source(212) that irradiates the original
document with a green light;
a B light source(213) that irradiates the original
document with a blue light;
a UV light source(214) that irradiates the original
document with an ultraviolet light;
a lighting control unit(241) that switches be-
tween simultaneous lighting of the R light
source(211) and the G light source(212) and si-
multaneous lighting of the B light source(213)
and the UV light source(214) when reading one
line in the original document;
a first photoelectric conversion element(216)
that includes an M filter, the M filter transmitting
the red light and the blue light and cutting off the
green light and the ultraviolet light;
a second photoelectric conversion ele-
ment(218) that includes a G filter, the G filter
transmitting the green light and cutting off the
red light, the blue light, and the ultraviolet light;
a lens(219) that guides reflected lights from the
original document to the first photoelectric con-
version element(216) and the second photoe-
lectric conversion element(218); and
an output unit(243) that outputs outputs of the
first photoelectric conversion element(216) and
the second photoelectric conversion ele-
ment(218) at the time of simultaneous lighting
of the R light source(211) and the G light
source(212) and an output of the first photoe-
lectric conversion element(216) at the time of
simultaneous lighting of the B light source(213)
and the UV light source(214) as the image data,
the output unit(243) outputting an output of the
second photoelectric conversion element(218)
at the time of simultaneous lighting of the B light
source(213) and the UV light source(214) as flu-
orescent color data indicating a fluorescent color
region.

2. The document reading unit according to claim 1,
wherein the first photoelectric conversion ele-
ment(216) outputs an R output indicating a lumi-
nance level of R component when the R light
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source(211) and the G light source(212) simultane-
ously light, the first photoelectric conversion ele-
ment(216) outputting a B output indicating a lumi-
nance level of B component when the B light
source(213) and the UV light source(214) simulta-
neously light, and
the second photoelectric conversion element(218)
outputs a G output indicating a luminance level of G
component when the R light source(211) and the G
light source(212) simultaneously light, the second
photoelectric conversion element(218) outputting a
UV output indicating presence/absence of a fluores-
cent color when the B light source(213) and the UV
light source(214) simultaneously light.

3. An image processing apparatus comprising:

the document reading unit(2) according to claim
1 or 2; and
an image processing unit(4) that executes im-
age processing that increases saturation of pix-
els inside a fluorescent color region in the image
data or image processing where the pixels inside
the fluorescent color region are replaced with
approximated colors when recognizing the flu-
orescent color region based on the fluorescent
color data.
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