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® The invention provides an image reading ap-

paratus capable of performing normal reading mode
for outputting a digital image signal and test mode
for preparing a black correction signal. In the appara-

tus, there are provided an Image reader for

photoelectrically reading an image and outputting an

analog image signal, the Image reader adapted to

read a black image in the test mode; A/D converter

for converting the analog image signal into a digital

image signal, the A/D converter selectively provided

with either high or low reference potential to select

either wide or narrow conversion scale range; pro-

ducing circuit for producing a black level correction

signal in the test mode; correction circuit for conrect-

ing an analog image signal on the basis of the black

level correction signal in the normal reading mode;

and cotrol circuit for controlling in accordance with

the test mode or the normal reading mode so that, in

the test mode, the image reader reads a black

image, the A/D converter is provided with the low

reference potential and converts a black analog sig-

nal into a black digital signal and the producing

circuit produces a black level correction signal on

the basis of the black digital signal, and while, in the

normal reading mode, the correction circuit corrects

an analog image signal on the basis of the black

level correction signal and the A/D converter is pro-

vided with the high reference potential and converts

the corrected analog image signal into a digital im-

age signal.
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BACKGROUND OF THE INVENTION

This invention relates to an image reading ap-

paratus which is suitable for a digital copier in

which a laser beam is utilized.

An image processing apparatus, for example, a

digital copier to which a laser beam is applied, is

composed of the scanning part 300. the image

processing part 400, and the printing part 100 as

,iiiustrated in Rg. 2.

When the scanning part 300 is operated and

the document 200 Is optically scanned, the image

infonmation of the document 200 is converted into

an optical image. This optical image is supplied to

the image processing part 400 to be converted Into

an image signal and the Image signal is processed,

wherein image processing comprises magnifying

and reducing, halftoning, outline processing and so

forth. When a color image is processed, the image

processing includes color ghosting correction pro-

cessing.

In the printing part 100, an image is recorded

according to the digital image signal (the image

data) which Is composed of a' predetermined num-

ber of bit

Fig. 3 is a schematic illustration which shows

an example of the printing part 100. In this exam-

ple, an electrophotographic printer to which a

photoreceptor drum is applied, is used and laser

beams are used as the light source to fonm an

electrostatic latent Image on the photoreceptor

drum.

in Fig. 3, the Image data DATA outputted from

the image processing part 400 is supplied to the

modulation part 110 in which a signal is formed

according to the Image data DATA.

The signal outputted from the modulation cir-

cuit 110 Is supplied to the semiconductor laser 931

and image forming is conducted. The laser driving

circuit 932 is controlled by the control signal sent

from the timing circuit 933 so that the laser driving

circuit 932 can be driven only when the image is

formed in the horizontally and vertically effective

range.

The signal to indicate the amount of laser

beams Is fed back to the laser drMng circuit 932

from the semiconductor laser 931 and the semi-

conductor laser 931 Is controlled by the laser driv-

ing circuit 932 so that the amount of laser emitted

by the semiconductor laser 931 can become con-

stant

The laser beam emitted from the semiconduc-

tor laser 931 Is supplied to the polygon mirror 935

and deflected. The scanning start point of the laser

beam which was deflected by the polygon mirror

935.is detected by the index sensor 936. The de-

tected signal is converted Into a voltage signal by

the lA/ amplifier 937 so that the index signal SI can

be form d, wherein the index signal SI is not ^

illustrated in the drawing. The index signal SI is

supplied to the control means which controls the

5 timing of optical scanning in the scanning part 300.

The numeral 934 is a motor driving circuit

which rotates the polygon mirror 935. The control

signal is supplied to the motor driving circuit 934

from the timing circuit 933.

70 Rg. 4 illustrates an example of a laser beam
scanner in which image-formation is conducted.

The laser beam emitted from the semiconductor

laser 931 falls on the above-described polygon

min'or 935 through the mirrors 942 and 943. The

IS laser beam is deflected by the polygon mirror 935.

The deflected laser beam is irradiated on the sur-

face of the photoreceptor drum 130 through the f-e

lens 944 which is used in order to change the laser

beam to the beam with a predetennined diameter.

20 The numerals 945 and 946 are cylindrical len-

ses which are used to correct the inclined angle.

The laser beam scans the surface of the

photoreceptor drum 130 in the prescribed direction

"a" at a constant speed by the polygon minror 935.

25 The surface of the photoreceptor drum 130 is ex-

posed to the laser beam in accordance with the

image data so that an electrostatic latent image can

be formed.

The toner which is charged to the reversed

30 polarity adheres to the latent Image on the

photoreceptor drum and the latent Image is devel-

oped, which is not Illustrated in the drawing. Then,

a recording paper is put on the toner Image. Elec-

trical charge of the polarity which is reverse to that

35 of the toner, is impressed on the reverse side of

the recording paper by a corona charger so that

the toner image can be transferred onto the record-

ing paper. Furthermore, heat or pressure is given

onto the transfen-ed toner image so that the trans-

40 ferred toner image can be fixed onto the recording

paper. Rg. 5 is a schematic illustration which

shows an example of the scanning part 300.

In Rg. 5, the numeral 1 is a CCD line formed

sensor. The output signal of the line formed sensor

45 1 is supplied to the input terminal of the differential

amplifier 5 through the buffer 2, the sample holding

circuit 3.and the clamp circuit 4, wherein they are

connected in series.

The output signal of the differential amplifier 5

50 is supplied to the flash type A/D converter 6 of 8-

bit. for. instance, and converted Into the digital

signal. The standard voltage Vr, for example -2V, is

supplied to the A/D converter 6. The level of the

analog signal corresponding to the digital signal

65 FFH is set by the standard voltage Vr. To be more

concrete, the digital signal of OOH to FFH Is out-

putted by the A/D converter 6 corresponding to the

voltage OV to -2V. In other words, the full conver-
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sion scale of the A/D converter 6 is 2V. The output

signal of the A/D converter 6 is supplied to the

black level corr ction signal producing circuit 7.

The black lev I conrection signal producing circuit 7

is provided with the memory in which the black

level conrection signal is written. The controller 8

controls to writing in to the memory and to reading

out from the memory.

In this case, when the recording key (the copy

key) 9 connected with the controller 8 is pressed,

firstly test mode is canied out so that the light

source (not illustrated in the drawing) which irradi-

ates the document 200 (Refer to Rg. 2.) Is turned

off. At this moment, the output signal of the line

sensor 1 is only composed of the dark current

component. This dark cun^ent component Is con-

verted into the digital signal by the A/D converter 6

and supplied to the black level correction signal

producing circuit 7. In the black level correction

signal producing circuit 7, averaging is conducted

and one line of black level correction signal is

produced. This black level conrection signal is writ-

ten in the memory to be stored. In this case, the

level of the signal supplied to'the input terminal of

the differential amplifier 5 is 0.

After a line of black level correction signal is

produced by the black level connection signal pro-

ducing circuit 7 and written In the memory, normal

reading mode is carried out so that a line of black

level coaection signal is repeatedly read out at

each line and this signal is converted into the

analog signal by the D/A converter 10. Then, the

signal is supplied to the input terminal of the dif-

ferential amplifier 5 through the buffer 11.

In this case, the light source is turned on and

the output signal of the CCD line sensor 1 be-

comes the image signal which includes the dark

current component. This image signal is supplied

to the Input terminal of the differential amplifier 5.

Accordingly, the image signal from which the 'dark

current component is eliminated, is outputted from

the differential amplifier 5. This Image signal is

outputted as the Image data DATA of 8-bit through

the A/D converter 6.

According to the example illustrated in Rg. 5.

the image data DATA from which the dark current

component was eliminated can be obtained from

the A/D converter 6.

However, in the example illustrated in Rg. 5,

the full conversion scale of the A/D converter is 2V,

which is the same when the dark current compo-

nent is sampled in the A/D converter 6 and the

black I vel conrection signal is produced in the

black level correction signal producing circuit 7.

However, taking Into consideration that the dark

current component is generally some lOmV, the

accuracy of the above-described sampling is not

good and it has this disadvantage that the wave-

form of the image signal which is outputted from

the differential amplifier 5 after black level con-ec-

tion, is d teriorated.

For exampl , assume that the temperature dif-

5 ference has occurred in the longitudinal direction of

the line formed sensor 1, and that the dark current

component reciprocating with each pixel of the line

formed sensor 1 has occunred as Illustrated in Rg.

6A, wherein the dark cunrent component is inclined

10 in the logitudinal direction of the sensor 1, When
the dark current component described above is

converted by D/A conversion after it was converted

by A/D conversion with the full conversion scale

2V, the result is as shown in Rg. 6B. Accordingly,

75 the connected image signal which is outputted from

the differential amplifier 5 is shown in Rg. 6C.

Incidentally, when the full conversion scale is 2V.

the quantization level is 2/256 V = 7.8mV.

20

SUMMARY OF THE INVENTION

The object of the present invention is to Im-

25 prove the wave-form of the image signal after the

black level correction was conducted.

The image reading apparatus of the present

Invention is characterized in that an image signal

obtained by an image pick-up element is supplied

30 to a circuit in which a black level correction circuit

and an A/D converter are connected in series;

when a black level conrection signal is produced,

the output signal of the A/D converter is supplied to

a black level correction signal producing circuit and

35 the black level correction signal used for conrecting

a dark current component included in the image

signal is produced; when the black level is cor-

rected, the conrection signal is outputted from the

black level correction signal producing circuit and

40 supplied to the conrection circuit so that a dark

cunrent component of an image signal is corrected

and the corrected image signal can be outputted;

the Image reading apparatus is provided with a

switching means by which the full conversion scale

45 of the A/D converter can be switched; and when

the black level correction signal is produced, the

full conversion scale of the A/D converter is made

smaller than when the black level connection is

conducted.

60 In the aix)ve-described composition, when the

black level correction signal Is produced by sam-

pling the dark current component In the A/D con-

verter 8, the full conversion scale 6 is made small.

For that reason, even when the dark current com-

55 ponent is small, an accurate sampling can be con-

ducted and the wave-fonnn of the Image signal after

the black level was corrected, can be improved.
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BRIEF DESCRIPTION OF THE DRAWINGS

Rg. 1 is a schematic illustration which shows an

example of the image reading apparatuses of

the present invention.

Rg. 2, Rg. 3. and Rg. 4 are schematic Illustra-

tions of the image processing apparatus.

Rg. 5 is a schematic illustration which shows an

example of the conventional image reading ap-

paratuses.

Rg. 6 is an illustration which explains the motion

of the examples shown In Rg. 1 and Rg. 5.

DESCRIPTION OF THE PREFERRED EMBODI-
MENT

Refemng to Rg. 1, an example of the image
reading apparatuses of the present invention will be
explained. In Rg. 1, the portions which correspond

to those illustrated in Rg. 5 are given the same
numerals and the detailed explanation about them

is omitted.

In Rg. 1, the numei^ 21 Is a selector to which'

the standard voltage Vrl (for example, -IV) and

Vr2 (for exampje, -2V) is supplied. In the selector

21, either the standard voltage Vr1 or Vr2 is se-

lected and supplied to the A/D converter 6.

In this case, the selector 21 is controlled by the

controller 8. When the black level signal is pro-

duced, the dark current component Is sampled in

the A/D converter 6 and the standard voltage Vrl is

selected and supplied to the A/Q converter 6. In

this way, the standard voltage Vrl (-1V) Is made to

reciprocate with the digital signal FFH. In other

words, the digital signal OOH to FFH Is outputted

from the A/D converter 6 reciprocating with the

standard voltage (OV to = 1V). Namely, the full

conversion scale of the A/D converter 6 is IV.

When the black level signal is corrected, the

black level connection signal is supplied to the

differential amplifier 5 and the standard voltage Vr2

Is selected and supplied to the A/D converter 6. In

this way. the standard voltage -2V is made to

reciprocate with the digital signal FFH. In other

words, the digital signal (OOH to FFH) Is outputted

from the A/D converter reciprocating with the stan-

dard voltage (OV to -2V). Namely, the full conver-

sion scale of the A/D converter 6 is 2V.

When the black level signal is corrected, the

black level correction signal which is read out from

the memory of the black level correction signal

producing circuit 7 is converted into the anaiog

signal by the A/D converter 10. After that, the

signal is sent to the voltage dividing circuit 22

which is composed of the resistors R1 and R2. and

compressed to the level of R2/(R1 + R2), in other

words 1/2. In this cas . th equation of

R2/(R1+R2) = Vr1A/r2 must be satisfied. The
reason why the level is compressed as describ d

above is as follows: as the full conversion scale of

5 the A/D converter 6 is IV when the black level

correction signal is produced, the output signal

level of the D/A converter 9 becomes double the

conventional signal level.

The black level connection signal which is out-

70 putted from the voltage dividing circuit 22 is sup-

plied to the input terminal of the differential am-
plifier 5 through the buffer 11.

When the recording key (the copy key) 9 con-

nected with the controller 8 is pressed under the

75 conditions described above, firstly test mode is

carried out so that the light source is tumed off and

only the dark cunrent component becomes the out-

put signal from the line formed sensor 1. This dark

cunrent component is converted into the digital

20 signal by the A/D converter 6 and supplied to the

black level correction signal producing circuit 7. In

this case, the standard voltage Vrl is selected by

the selector 21 and supplied to the A/D converter

6. Accordingly, the full conversion scale of the A/D

25 converter 6 is 1V. A line of black level correction

signal is produced in the black level correction

signal producing circuit 7 by averaging a plurality

of lines, for instance, and this black level correction

signal is written in the memory in order to be
30 stored. In this case, the level of the signal which is

inputted into the input temninal of the differential

amplifier 5. is 0.

After a line of the black level conrection signal

is written in the memory at the black level correc-

35 tion signal producing circuit 7. normal reading

mode is carried out so that a line of black level

correction signal is repeatedly read out at each

line. After this black level correction signal Is con-

verted into the analog signal by the D/A converter

40 10, it is compressed to the level of R2/(R1 +R2)
times or 1/2 time by the voltage dividing circuit 22.

Then, the black level correction signal is supplied

to the input terminal of the differential amplifier 5

through the buffer 11.

46 At this moment, the light source is tumed on

and the output signal of the line formed sensor 1

becomes the image signal including the dark cur-

rent component. This image signal is supplied to

one of the input terminal of the differential amplifier

50 5. Accordingly, the image signal from which the

dark current component has been eliminated Is

outputted from the differential amplifier 5. This im-

age signal is outputted as the image data DATA of

8-bit through the A/D converter 6. In this case, as

55 the standard voltage Vr2 which was selected by the

s lector 21 is supplied to the A/D converter 6, the

full conversion seal of the A/D converter 6 be-

comes 2V,
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As explained above, in this example, when the

dark current component Is sampled by the A/D

converter 6 in order to produce the black level

correction signal, the full conversion scale of the

A/D converter 6 is made small, wherein the value Is

1V. Therefore, even when the dark current compo-

nent is small, sampling can be conducted accu-

rately and the wave form of the image signal after

the black level signal correction was conducted,

can be remarkably improved.

For instance, assume that the dark current

component occurs reciprocating with each pixel of

the CCD line formed sensor, wherein the dark

current component is inclined In the direction of the

line formed sensor arrangement as shovm in Rg.

6A. After the above-described dark current compo-

nent is converted by the A/D converter with the full

conversion scale 1V. it Is converted by the D/A

converter and its level is compressed. Then, the

result Illustrated in Rg. 6D can be obtained. Ac-

cordingly, the corrected image signal outputted

from the differential amplifier 5 is shown in Rg. 6E
and It Is clear that the wave form is remarkably

improved. Incidentally, when the conversion scale

is IV. the quantization level is 1/256 V = 3.9mV.

In the example described above, the voltage

dividing circuit 22 is provided to the later stage of

the D/A converter 1. However, when the full conver-

sion level of the D/A converter 10 is set to 1/2 of

the conventional value, this voltage dividing circuit

22 becomes unnecessary.

In the at>ove-described example, the black lev-

el connection signal is newly made and renewed In

the black level correction signal producing circuit 7

each time tiie recording key 9 Is pressed. However,

the black level correction signal may be renewed at

a constant interval.

In the above-described example the line

formed sensor 1 , In other words, a one dimension

sensor was used as the image pick-up element. A
two dimension sensor can also be applied to the

apparatus In the same way. In this case, a screen

of black level confection signal is produced In the

black level conrection signa! producing circuit 7.

In the above-described example, when the

black level correction signal Is produced, the full

conversion scale of the A/D converter 6 is IV.

However. It should be understood that the present

invention is not limited to the specific case de-

scribed above. It is clear that the smaller the full

conversion scale is made, the higher the effect of

wave-form improvement can be expected after cor-

rection.

In the above-described example, the black lev-

el signal was corrected with the diff rential am-

plifier 5 at the stage of the analog signal. However,

the black level signal may be corrected after it is

converted int the analog signal. To be more con-

crete, the black level signal niay be corrected with

the black level con" ction signal produced in the

black level correction signal producing circuit 7. In

other words, the connection circuit may be provided

5 to the later stage of the A/D converter 6 so that the

black level can be conrected at tiie stage of the

digital signal.

As explained above, according to the present

invention, when the black level correction signal is

70 produced, the full conversion scale of tiie A/D

converter is made small. Consequently, the dark

cunrent component of a lower level can be sampled

accurately and the wave-form of the image signal

after the black level was corrected, can be im-

is proved.

Claims

20 1 . An image reading apparatus capable of pertorm-

Ing normal reading mode for outputting a digital

image signal and test mode for preparing a black

correction signal, comprising:

image reading means for photoelectrically reading

25 an image and outputting an analog image signal,

the image reading means adapted to read a black

image in the test mode;

A/D converter for converting tiie analog image sig-

nal into a digital image signal, the A/D converter

30 selectively provided with either high or low refer-

ence potential to select either wide or narrow con-

version scale range;

producing means for producing a black level cor-

rection signal in the test mode;

35 correction means for correcting an analog image

signal on the basis of the black level correction

signal In the normal reading mode; and

cotrol means controls in accordance with the test

mode or the normal reading mode so that.

40 in the test mode, the image reading means reads a

black image, the A/D converter is provided witii the

lovf reference potential and converts a black analog

signal Into a black digital signal and the producing

means produces a black level correction signal on

45 the basis of the black digital signal,

and while, in the normal reading mode, the correc-

tion means corrects an analog image signal on the

basis of the black level correction signal and the

A/D converter Is provided witii tiie high reference

50 potential and converts the corrected analog image

signal Into a digital Image signal.

2. The apparatus of claim 1

,

wherein the correction means is a differential am-

plifier arranged beween the image reading means

55 and the A/D converter, and wherein one input ter-

minal of the differential amplifire is provided witii

an analog image signal from the image reading

means, the other input terminal of the differential

5
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amplifier Is provided with the black level correction

signal, and output signal from the differential am-

plifier is introduced into the A/D converter.

3. Th apparatus of claim 2.

wherein in the test mode the other Input terminal is 5

provided with potential level of zero volt.

4. The apparatus of claim 1

,

wherein the image reading means includes a light

source, and

wherein. In the test mode, the image reading io

means reads an Image with the light source being

switched OFF.

5. The apparatus of claim 1

,

wherein the black correction signal Is digital signal

and is stored In a memory. is

6. The apparatus of claim 5,

wgerein there Is provided a D/A converter for con-

verting the black correction signal into an analog

signal and

wherein there is further provided a voltage dividing 20

circuit for adusting the difference between the high

and low reference potential.

7. An Image reading apparatus capable of perform-

ing normal reading mode for outputtlng a digital

Image signal and test mode for preparing a black 25

correction signal, comprising:

image reading means for photoelectrically reading

an image and outputting an analog Image signal,

the image reading means adapted to read a black

Image In the test mode; 30

A/D converter for converting the analog image sig-

nal into a digital image signal, the A/D converter

selectively provided with either high or low refer-

ence potential to select either wide or narrow con-

version scale range; 35

producing means for producing a black level cor-

rection signal In the test mode;

conrection means for correcting a digital image

signal on the basis of the black level connection

signal in the normal reading mode; and 40

cotrol means controls in accordance with the test

mode or the normal reading mode so that,

in the test mode, the image reading means reads a

black Image, the A/D converter is provided with the

low reference potential and converts a black analog 45

signal Into a black digital signal and the producing

means produces a black level conrection signal on

thei)asis of the black digital signal,

and while, In the nonmal reading mode, the A/D

converter Is provided with the high reference po- so

tential and converts an analog image signal into a

digital image signal and the correction means cor-

rects the digital signal on the basis of the black

level correction signal

55

6
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