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IMAGE READING APPARATUS AND PROGRAM 

BACKGROUND 

1. Technical Field 

5 [0001] 

10 

The present invention relates to an image reading 

apparatus and a program. 

2. Related Art 

[0002] 

Conventionally, as a copy machine, a facsimile, or a 

scanner for computer input, an image reading apparatus that 

automatically reads out image information of a document have 

been used. In the image reading apparatus of the related art, 

a light source that extends in a direction perpendicular to a 

15 conveying path of the document is used to irradiate light onto 

20 

25 

the document, and reflected light from the irradiated document 

is received by an imaging sensor to read out an image on the 

document. 

[0003] 

JP-A-2005-051556 suggests an image reading apparatus 

including N light sources each of which irradiates light onto 

a document or a reference plate and is capable of adjusting 

the amount of light, an optical reading unit that converts a 

reflected light from the document or the reference plate into 

an analog signal, an adjusting unit that performs gain 
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processing on the analog signal, an A/D converter that 

converts the gain-processed analog signal into a digital 

signal, and a control unit that sets a gain value with respect 

to the adjusting unit. The control unit solely turns ON the N 

light sources to read and scan the reference plate to obtain N 

gain values of the respective light sources in which the input 

signal to the A/D converter is between the maximum input level 

and the minimum input level of the A/D converter which is 

approximately [l/N] times of a level close to the maximum 

input level. The control unit also sets a single gain value 

selected from the N gain values with respect to the adjusting 

unit and adjusts the amount of light of a light source other 

than the light sources that have the selected gain value to 

read the images of the document. 

15 [0005] 

20 

25 

Here, there are some cases where the reading speed of 

the document is changed depending on the reading type of the 

document. Therefore, even though the reading speed of the 

document is changed, it is required that the image to be read 

out should not be easily changed. 

SUMMARY OF THE INVENTION 

[0006) 

[1] According to an aspect of the invention, an image 

reading apparatus includes a light source, a reading unit, a 
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moving unit, a moving speed control unit, a turn-ON time 

control unit. The light source irradiates light onto a 

document. The reading unit receives light reflected from the 

document, converts the received light into electrical charges, 

and accumulates the electrical charges as an image signal. The 

moving unit relatively moves the light source and the document. 

The moving speed control unit controls a moving speed of the 

moving unit in accordance with a reading mode of the image 

reading apparatus to control a reading speed in the reading 

unit. The turn-ON time control unit controls the light source 

to be turned off in a given period based on the reading mode 

when the reading unit accumulates the electric charges so as 

to prevent the electrical charges accumulated in the reading 

unit from reaching a saturation amount. 

[0007] 

[2] The image reading apparatus of [1] further includes 

an amplifier unit that amplifies the image signal at a given 

amplification factor, 

wherein, in a case where the charge accumulated in the 

20 reading unit do not reach the saturation amount while the 

light source is continuously turned ON, the amplifier unit 

changes the amplification factor based on the reading speed. 

[3] The image reading apparatus of [1] or [2], wherein 

the reading unit includes a semiconductor device that 

25 vertically and horizontally transfers the electrical charges 
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accumulated by a charge coupled device to read out the 

electrical charges as the image signal, and 

the turn-ON time control unit sets the given period in a 

period during which the electrical charges are horizontally 

transferred to control turn-ON time of the light source. 

[4] The image reading apparatus of [1] or [2] , wherein 

the reading unit includes a semiconductor device that 

vertically and horizontally transfers the electrical charges 

accumulated by a charge coupled device to read out the 

electrical charges as the image signal, and 

the turn-ON time control unit does not turn ON or OFF 

the light source within a predetermined time in which a 

starting time and an ending time of the period during which 

the charges are vertically transferred are included. 

[0008] 

[5] According to another aspect of the invention, an 

image reading program includes: 

controlling the light source that irradiates light onto 

a document; 

controlling a reading unit that receives light reflected 

from the document, converts the received light into electrical 

charges, and accumulates the electrical charges as an image 

signal; and 

controlling a moving speed control unit that controls a 

moving speed of a moving unit that relatively moves the light 
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source and the document in accordance with a reading mode of 

the image reading apparatus to control a reading speed in the 

reading unit, 

wherein, in the controlling step of the light source, 

5 the light source is controlled to be turned off in a given 

period based on the reading mode when the reading unit 

accumulates the electric charges so as to prevent the 

electrical charges accumulated in the reading unit from 

reaching a saturation amount. 

10 [6] The image reading program of [5] further includes: 

controlling an amplifier unit that amplifies the image 

signal at a given amplification factor, 

wherein, in a case where the charge accumulated in the 

reading unit do not reach the saturation amount while the 

15 light source is continuously turned ON, the amplifier unit 

changes the amplification factor based on the reading speed. 

[0009] 

With the configuration of [l] , as compared with the case 

that does not adopt the configuration of [l] , it is possible 

20 to provide an image reading apparatus which makes it difficult 

for an image to be read to be changed even though the reading 

speed of the document is changed. 

With the configuration of [2], as compared with the case 

that does not adopt the configuration of [2] , it is possible 

25 to obtain a read image whose noise is small. 
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With the configuration of [3] , as compared with the case 

that does not adopt the configuration of [3], a color 

variation in the image to be read is hardly generated. 

With the configuration of [4], as compared with the case 

5 that does not adopt the configuration of [4] , color variation 

caused by turning ON or OFF the light source hardly affects 

the image. 

With the configuration of [5], as compared with the case 

that does not adopt the configuration of [5] , it is possible 

10 to allow a computer to implement a function that makes it 

difficult for an image to be read to be changed even though 

the reading speed of the document is changed. 

With the configuration of [6] , as compared with the case 

that does not adopt the configuration of [6] , it is possible 

15 to obtain a read image whose noise is small. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Exemplary embodiments of the invention will be described 

in detail based on the following figures, wherein: 

20 [0010] 

25 

FIG. 1 illustrates an exemplary configuration of an 

image reading apparatus according to an embodiment of the 

present invention; 

FIG. 2 illustrates an exemplary configuration of a light 

source according to the embodiment; 
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FIG. 3 is a block diagram illustrating a control/image 

processing unit; 

FIG. 4 is a block diagram illustrating a signal 

processing unit; 

FIG. 5-1 is a flow chart illustrating an exemplary 

operation of an image processing circuit; 

FIG. 5-2 is a flow chart illustrating an exemplary 

operation of an image processing circuit; 

FIG. 6 illustrates a control signal that allows a light 

source controller to operate the light source and a control 

signal that allows a CCD controller to operate a CCD image 

sensor; 

FIG. 7 illustrates an operation of transferring a 

photoelectric converted charge in a CCD image sensor; 

FIG. 8 is a conceptual diagram illustrating a 

relationship between a reading speed of a CCD image sensor and 

an amplification factor in an output amplifier circuit; 

FIGS. 9A to 9C are timing charts of a light source turn­

ON signal when a reading mode is changed; and 

FIG. 10 is a flow chart illustrating an exemplary 

operation of a device controller. 

DETAILED DESCRIPTION 

[0011] 

25 <Description of an Entire Image Reading Apparatus> 
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Hereinafter, embodiments of the present invention will 

be described in detail with reference to the accompanying 

drawings. 

FIG. 1 illustrates an exemplary configuration of an 

5 image reading apparatus 1 according to an embodiment of the 

present invention. The image reading apparatus 1 shown in FIG. 

1 can read out not only an image of a fixed document, but also 

an image of a document which is being conveyed. Therefore, the 

image reading apparatus 1 includes a document feeding device 

10 10 that sequentially conveys a document from the loaded bundle 

of documents and a reading device 50 that scans the document 

to read an image. 

[0012] 

The document feeding device 10 includes a document 

15 loading unit 11 that loads a bundle of documents formed with a 

plurality of documents and a discharged document loading unit 

12 that is located below the document loading unit 11 and 

loads documents that has been read-out. The document feeding 

device 10 includes a paper conveying rollerl3 that takes out 

20 and conveys a document of the document loading module 11. A 

processing mechanism 14 that processes paper one by one using 

a feed roller and a retard roller is provided in the 

downstream of the document conveying direction of the paper 

conveying roller 13. In a first conveying path 31 where a 

25 document is conveyed, a pre-register roller 15, a register 
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roller 16, a platen roller 17, and an outer roller 18 are 

provided in this order from the upstream of the document 

conveying direction. Inside the document feeding device 10, a 

CIS (contact image sensor) unit 40 is provided. 

5 [0013] 

The pre-register roller 15 conveys the document that is 

processed one by one toward the downstream rollers and forms a 

loop of the documents. The register roller 16 temporally stops 

the rotation and then restarts the rotation at an appropriate 

10 timing and feeds the documents while adjusting the 

registration (shift) with respect to the reading device 50 

which will be described below. The platen roller 17 assists to 

convey a document that is being read in by the reading device 

50. The outer roller 18 conveys the document that is read in 

15 by the reading device 50 to the further downstream. A second 

conveying path 32 that guides the document to the discharged 

document loading unit 12 is provided further downstream of the 

document conveying direction than the outer roller 18. An 

ejecting roller 19 is provided in the second conveying path 32 

20 in the second conveying path 32. 

[ 0014] 

In the image reading apparatus 1, a third conveying path 

33 is provided between an outlet of the outer roller 18 and an 

inlet of the pre-register roller 15 so that the images formed 

25 on both sides of the document can be read in one process. The 
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above-mentioned ejecting roller 19 also has a function that 

makes the document upside down and conveys the document to the 

third conveying path 33. 

In the image reading apparatus 1, when both sides of the 

5 document are read out, a fourth conveying path 34 is provided 

so as to eject the document to be upside down once again at 

the time of being ejected to the discharged document loading 

unit 12. The fourth conveying path 34 is provided above the 

second conveying path 32. The above-mentioned ejecting roller 

10 19 also has a function that makes the document upside down and 

conveys the document to the fourth conveying path 34. 

[0015] 

In the meantime, the reading device 50 supports the 

document feeding device 10 so as to be able to close and open, 

15 allows the document feeding device 10 to be supported by a 

device frame 51, and reads an image of the document conveyed 

by the document feeding device 10. The reading device 50 

includes the device frame 51 that forms a chassis, a first 

platen glass 52A that loads a document whose image will be 

20 read in a stop status, and a second platen glass 52B having an 

opening for light to read out the document conveyed by the 

document feeding device 10. Here, the second platen glass 52B 

may be configured by an elongated transparent glass plate. 

[0016] 

25 The reading device 50 includes a full-rate carriage 53 
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that stops below the second platen glass 52B or scans across 

the first platen glass 52A to read in the image and a half 

rate carriage 54 that supplies the light obtained by the full 

rate carriage 53 to an imaging unit. The full rate carriage 53 

5 is provided with a light source 55 that is turned on to 

irradiate light onto the document, a first mirror 57A that 

reflects the light from the light source 55 to irradiate the 

light onto the document, and a second mirror 57B that reflects 

the reflected light obtained from the document. The half rate 

10 carriage 54 includes a third mirror 57C and a fourth mirror 

57D that provide the light obtained from the second mirror 57B 

to the imaging unit. The reading device 50 includes a driving 

source (not shown) such as a motor that moves the half rate 

carriage 54 and the full rate carriage 53 having the light 

15 source 55 in a sub-scanning direction. The driving source 

serves as an example of a moving means that relatively moves 

the light source 55 and the document. 

[0017] 

The reading device 50 includes an imaging lens 58 and a 

20 CCD (charge coupled device) image sensor 59 that is an example 

of a reading unit that receives the reflected light from the 

document and then photoelectrically converts the received 

light to accumulate electrical charges as an image signal so 

as to read the image of the document. The imaging lens 58 

25 optically reduces an optical image obtained from the fourth 
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mirror 57D. The CCD image sensor 59 photoelectrically converts 

an optical image formed by the imaging lens 58. That is, the 

reading device 50 forms an image on the CCD image sensor 59 

using a so-called reduction optical system. The CCD image 

5 sensor 59 is configured, for example, by three line color CCD 

sensor. The CCD image sensor 59 photoelectrically converts the 

reflected light from the document in the pixel unit to output 

R (red) , G (green), and B (blue) analog image signals 

(hereinafter, referred to as "RGB signals") as an image signal. 

10 The reading device 50 includes a guide 56A that guides the 

document to be conveyed in the document feeding device 10 

between the first platen glass 52A and the second platen glass 

52B. Below the guide 56A, a white reference plate 56B that 

extends along a main scanning direction and a chromatic 

15 reference plate 56C that is an example of a chromatic 

reference member are installed. 

[0018] 

The reading device 50 further includes a control/image 

processing unit 60 as an example of a control unit. The 

20 control/image processing unit 60 performs predetermined 

processing on image data of the document input from an image 

sensor (not shown) provided in the contact image sensor unit 

40 and the CCD image sensor 59. The control/image processing 

unit 60 controls individual operations of the components in 

25 the reading operation of the image reading apparatus 1. 
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[0019] 

Next, descriptions will be made for a case where the 

image reading apparatus 1 reads out the document. For example, 

when an image of the document disposed on the first platen 

5 glass 52A is read out, the full rate carriage 53 and the half 

rate carriage 54 move in a scanning direction (a direction 

indicated by an arrow) at a ratio of 2:1. In this case, light 

is irradiated onto a side of the document to be read from the 

light source 55 of the full rate carriage 53 via the first 

10 mirror 57A. Next, the reflected light from the document is 

reflected onto the second mirror 57B. 

[0020] 

Thereafter, the reflected light is reflected by the 

third mirror 57C and the fourth mirror 57D in this order to be 

15 guided to the imaging lens 58. The light guided to the imaging 

lens 58 is imaged onto a light receiving surface of the CCD 

image sensor 59. The CCD image sensor 59 is a one dimensional 

sensor, and performs a simultaneous processing for one line of 

the image sensor, which will be described in detail below. If 

20 it is completed to read out one line in the line direction 

(main scanning direction) , the full rate carriage 53 moves to 

a direction perpendicular to the main scanning direction (sub­

scanning direction) , and thus the next line of the document is 

read out. Such a processing is performed for entire size of 

25 the document, and then the one page of document is completely 
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read out. 

[0021] 

In the meantime, when the image of the document to be 

conveyed by the document feeding device 10 is read, the 

5 document to be conveyed by the document feeding device 10 

passes on the second platen glass 52B. At this time, the full 

rate carriage 53 and the half rate carriage 54 stop in a 

position indicated by the solid line in FIG. 1. The reflected 

light from the one line of the document that has passed the 

10 platen roller 17 of the document feeding device 10 is guided 

to the imaging lens 58 via the second mirror 57B, the third 

mirror 57C, and the fourth mirror 57D. In this case, the 

document feeding device 10 functions as an example of a moving 

means that relatively moves the light source 55 and the 

15 document. 

[0022] 

The reflected light forms an image by the imaging lens 

58 and the image is read by the CCD image sensor 59. After 

simultaneously performing processings for one line in the main 

20 scanning direction by the CCD image sensor 59 which is a one­

dimensional sensor, the next one line in the main scanning 

direction of the document to be conveyed by the document 

feeding device 10 is read in. Thereafter, the rear end of the 

document passes through the reading out position of the second 

25 platen glass 52B so that one page is completely read out in 
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the sub-scanning direction. Here, according to the present 

embodiment, when the first side of the document is read out by 

the CCD image sensor 59, the second side of the document can 

be read out by the contact image sensor unit 40 at the same 

5 time. 

10 

[0023] 

<Description of Light Source> 

FIG. 2 is a view showing a configuration example of a 

light source 55 according to the embodiment. 

The light source 55 shown in FIG. 2 includes light 

emitting diode (LED) chips 551 that are arranged in a line on 

a multilayer substrate 550, fixing holes 552 that are formed 

on the multilayer substrate 550 to fix the light sources 55, 

and a light guiding plate 560 that is disposed in an light 

15 emitting direction of the LED chips 551 to guide the light 

from the LED chips 551 and radiate the light with a 

predetermined light distribution pattern. 

[0024] 

The multilayer substrate 550 of the present embodiment 

20 is a glass epoxy substrate and formed with a single substrate 

by laminating layers. Wiring lines that are formed by a metal 

film made of copper or the like are formed between a surface 

of the multilayer substrate 550 on which the LED chips 551 are 

arranged (front surface), a surface opposing the front surface 

25 (rear surface), and the single substrate. 

- 15 -

acfl



SG 

[0025] 

The LED chips 551 include a GaN based semiconductor 

layer formed therein and generate a blue light component. 

However, the color is changed by the fluorescent material 

5 applied on the surface of the LED chips 551 so that a white 

light component is radiated. The LED chips 551 are arranged in 

lines in the main scanning direction on the multilayer 

substrate 550, in which the gaps between the chips are uniform. 

[0026] 

10 The light guiding plate 560 is formed of a transparent 

resin such as acryl, and disposed in the light emitting 

direction of the LED chips 551 to guide the light from the LED 

chips 551, as described above. A filter that is not shown in 

the drawings is provided on a light emitting surface 560a of 

15 the light guiding plate 560 from which the light is emitted. 

On the filter, a convex and concave structure having a 

predetermined pattern is formed. Therefore, it is possible to 

emit the light with the predetermined light distribution 

pattern using the convex and concave structure. The light 

20 guiding plate 560 is mounted and fixed by a bracket (not 

shown) with a predetermined distance from the multilayer 

substrate 550. 

25 

[0027] 

<Description of Control/Image Processing Unit> 

Next, descriptions will me made regarding the 
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control/image processing unit 60 shown in FIG. 1. 

FIG. 3 is a block diagram illustrating a control/image 

processing unit 60. The control/image processing unit 60 to 

which the present embodiment is applied includes a signal 

5 processing unit 70 that processes image information obtained 

from the CCD image sensor 59 (see FIG. 1) and a device 

controller 80 that controls the document feeding device 10 and 

the reading device 50. 

10 

[0028] 

The signal processing unit 70 performs predetermined 

image processing on the output from the CCD image sensor 59. 

The output from the signal processing unit 70 is output to a 

host system such as an image output terminal (IOT) of a 

printer or a PC. 

15 [0029] 

FIG. 4 is a block diagram illustrating the signal 

processing unit 70. The signal processing unit 70 shown in FIG. 

4 includes a sample and hold circuit 71, a black level 

adjusting circuit 72, an output amplifier circuit 73 that is 

20 an example of an amplifier means, an A/D converting circuit 74, 

an image processing circuit (DSP: digital signal processor) 75, 

and an image memory 76. 

[0030] 

The sample and hold circuit 71 receives an RGB signal as 

25 analog image data from the CCD image sensor 59, samples the 
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signal, and holds the signal for a predetermined period of 

time. A black brightness level of the RGB signal is adjusted 

by the black level adjusting circuit 72, and then the RGB 

signal is amplified by the output amplifier circuit 73 at a 

5 predetermined amplification rate to be a predetermined output 

level. 

Next, the RGB signal which is an analog signal is 

converted into a digital signal for every pixel of the CCD 

image sensor 59 by the A/D converting circuit 74 to be DR, DG, 

10 and DV signals as digital image data. The digital image data 

after A/D conversion, for example, is represented using a 

concentration of 8 bit (256 grayscale), and a minimum 

concentration of zero (0) is output at a black level, and a 

maximum concentration of 255 is output at a white level. 

15 Therefore, image processing such as shading correction or 

gamma correction is performed on the DR, DG, and DB signals by 

the image processing circuit 75 which will be described in 

detail below and the signals are output. 

20 

[0031] 

Returning to FIG. 3, the device controller 80 includes 

an image reading controller 81 that controls to read out one 

side or both sides of the document and totally controls the 

document feeding device 10 and the reading device 50, a CCD 

controller 82 that controls the CCD image sensor 59, a light 

25 source controller 83 that controls the light source 55 at an 
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appropriate reading timing, a scan controller 84 that controls 

on/off or the moving speed of the motor in the reading device 

50 to control the scanning operation of the full rate carriage 

53 and the half rate carriage 54, and a conveying mechanism 

5 controller 85 that controls the motor in the document feeding 

device 10, operation of various rollers, operation of the 

feeder clutch and switching operation of a gate. Control 

signals are output from the various controllers to the 

document feeding device 10 and the reading device 50, and the 

10 controllers can control the operations based on the control 

signals. 

[0032] 

The image reading controller 81 sets a reading mode 

(reading type) based on a control signal from the host system 

15 or a sensor output detected, for example, by the automatic 

selection reading function, and selection of a user through a 

user interface (UI) and controls the document feeding device 

10 and the reading device 50. As the reading mode, a document 

fixed reading mode that reads the document by loading the 

20 document on the first platen glass 52A or a document flowing 

reading mode such as a single side reading mode using one pass 

or a reversed both sides reading mode using a reverse pass may 

be considered. Further, for example, a character image reading 

mode (character mode) that outputs image data that has been 

25 ensured to easily read out the character image by performing a 
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predetermined image processing on the image data that is 

obtained by reading the document, or a picture image reading 

mode (picture mode) that outputs image data that has been 

ensured to easily see a picture image by performing 

5 predetermined image processing on the image data obtained by 

reading the document may be set. And, a black and white 

reading mode that reads out the document as black and white 

images or a color reading mode that reads out the document as 

color images may be set. Further, there are 

10 enlargement/reduction modes that enlarge or reduce the image. 

[0033] 

15 

<Description of Operation of Image Processing Circuit> 

Next, descriptions will be made regarding the operation 

of the image processing circuit 75 in detail. 

FIGS. 5-1 and 5-1 are flow charts illustrating an 

example of the operation of the image processing circuit 75. 

First, the image processing circuit 75 receives the DR, 

DG, and DB signals as digital image data from the A/D 

converting circuit 74 (step SlOl). The image data is stored in 

20 the image memory 76 (step 8102). Next, the image data is read 

out from the image memory 76 and shading correction is 

performed on the image data (step S103). Continuously, gamma 

correction is performed on the image data (step S104). The 

background color of the document is detected and then 

25 processing of removing the background color is performed (step 

-20-

acfl



SG 

8105) . The image data in which the above image processings are 

performed is stored in the memory 76 again (step 8106). 

[0034] 

Next, the image processing circuit 75 determines whether 

5 to perform the processing of reducing the image by 50% (step 

8107) or not. If 50% of reduction is intended for the image 

("Yes" at step 8107), the image processing circuit 75 reads 

the image data from the image memory 76 and deletes every 

other pixel of the image data in the main scanning direction 

10 and the sub-scanning direction (step 8108). Therefore, it is 

possible to reduce the image by 50%. After reducing the image 

by 50%, the image data is stored in the image memory again 

(step 8109) . 

15 

[0035] 

Next, the image processing circuit 75 determines whether 

to enlarge/reduce the image in the main scanning direction 

(step 8110). If the image is intended to be enlarged/reduced 

in the main scanning direction ("Yes" at step 8110), the image 

processing circuit 75 reads out the image data from the image 

20 memory 76, and performs a predetermined processing to 

enlarge/reduce the image in the main scanning direction (step 

8111). After performing the enlargement/reduction processing 

in the main scanning direction, the image data is stored in 

the image memory 76 again (step 8112). 

25 [0036] 
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The image processing circuit 75 determines whether to 

enlarge/reduce the image in the sub-scanning direction (step 

8113). If the image is intended to be enlarged/reduced in the 

sub-scanning direction ("Yes" at step 8113), the image 

5 processing unit 75 reads out the image data from the image 

memory 76 and performs a predetermined processing to 

enlarge/reduce the image in the sub-scanning direction (step 

8114). After performing the enlargement/reduction processing 

in the sub-scanning direction, the image data is stored in the 

10 image memory 76 again (step 8115). 

[0037] 

The image processing circuit 75 reads out the image data 

from the image memory 76 and performs smoothing/emphasis 

filter processing (step 8116). By performing these processing, 

15 random noise included in the image may be removed, minute 

variation of the concentration for every pixel may be reduced 

(smoothing), and the change of the concentration value at the 

edge of the characters may be emphasized (emphasis) . After 

performing these processing, the image data is stored in the 

20 image memory again (step 8117). 

[0038] 

Whether to perform the processing for the above­

mentioned 50% reduction of the image, enlargement/reduction of 

the image in the main scanning direction, 

25 enlargement/reduction of the image in the sub-scanning 
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direction or not, is determined, for example, depending on 

whether the user has specified the processing using the UI. 

Before performing the enlargement/reduction processing of the 

image in the main scanning direction and the 

5 enlargement/reduction processing of the image in the sub­

scanning direction, the 50% reduction is separately performed. 

This is because the processing of the 50% reduction can be 

simply performed, and thus, the load in the image processing 

circuit 75 can be relieved. 

10 [0039] 

According to the present embodiment, the image 

processing circuit 75 performs the above processings using 

software. When the enlargement/reduction of the image is 

performed, as described above, the separate processing is 

15 required. Therefore, the load necessary for the processing is 

increased. As described above, the image data is frequently 

read out/stored from/in the image memory 76. However, since 

the frequent reading out and storing operations make the 

processing capacity of the image processing circuit 75 to be 

20 limited, a large amount of images cannot be processed at one 

time. This is because, basically, after processing one image, 

operations that stores the image in the image memory 76, and 

then reads out the image from the image memory 76to perform 

the next image processing are repeated. Therefore, the load in 

25 the image processing circuit 75 is increased by the above 
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processes. For this reason, the processing of the image 

processing circuit 75 cannot satisfy the speed of reading the 

image. The above disadvantage is more significant at the time 

of reading the color images. Therefore, in case of reading 

5 color images, the amount of image signals is three times more 

than that of the black-and-white image reading. Therefore, the 

load in the image processing circuit 75 is also increased as 

much as the increased amount of image signals. 

10 

[ 0 04 0] 

According to the present embodiment, if the reading mode 

is the color image reading mode and the enlargement/reduction 

processing is accompanied, the processing is performed by 

decreasing the speed of reading the document. More 

specifically, if the reading mode is the color image reading 

15 mode and the enlargement/reduction processing is accompanied, 

the moving speed of the moving means such as the above­

mentioned driving source is decreased to decrease the reading 

speed of the document in the CCD image sensor 5. In the 

present embodiment, the scan controller 84 performs the above 

20 speed control. Therefore, the scan controller 84 controls the 

moving speed of the moving means in accordance with the 

reading mode so as to serves as an example of the moving speed 

control unit that adjusts the reading speed in the CCD image 

sensor 59. 

25 [0041] 
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When the reading speed of the document in the CCD image 

sensor 59 is decreased by decreasing the moving speed of the 

moving means, the charges accumulated in the CCD image sensor 

59 are saturated to exceed a saturated output voltage of the 

5 CCD image sensor 59. Therefore, by decreasing the reading 

speed of the document, the photo accumulation period of the 

CCD image sensor 59 becomes longer, which results in 

increasing the exposure amount. Therefore, if the reading 

speed of the document is lower than a predetermined speed, the 

10 light that is received by the CCD image sensor 59 becomes 

larger than the saturated exposure amount so that the charges 

that are accumulated in the CCD image sensor 59 reaches the 

saturation amount (saturated charge amount). In this case, it 

is difficult to normally read out the document. 

15 (0042] 

Therefore, according to the present embodiment, in the 

above-mentioned case, a turn-OFF period of the light source is 

set based on the reading mode to control the turn-ON period of 

the light source so as to prevent the charges accumulated in 

20 the CCD image sensor 59 from reaching the saturation amount. 

That is, the light source controller 83 serves as an example 

of a turn-ON time control unit. 

(0043] 

<Description of Operation of Light Source and CCD Image 

25 Sensor> 
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FIG. 6 is a view illustrating a control signal that 

allows a light source controller 83 to operate the light 

source 55 and a control signal that allows a CCD controller 82 

to operate a CCD image sensor 59. 

In the drawing, the upper part shows a timing chart of 

the control signal that allows the light source controller 83 

to operate the light source 55. The lower part shows a timing 

chart of the control signal that allows the CCD controller 82 

to operate the CCD image sensor 59. 

10 [0044] 

The timing chart in the lower part is a CCD driving 

clock CLK. In the present embodiment, the period of time "a" 

to time "d" refers to a transferring period of image 

information for one line in the main scanning direction and an 

15 accumulating period of the light for one line in the main 

scanning direction. The transferring period is divided into 

two periods, that is, a vertical transferring period and a 

horizontal transferring period. 

20 

[0045] 

FIG. 7 is a view illustrating an operation of 

transferring a photoelectric converted charge in a CCD image 

sensor 59. 

In the CCD image sensor 59, photo diodes are arranged in 

lines on a receiving surface on which the light reflected from 

25 the document is received. According to the present embodiment, 
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photo diodes corresponding to R (red), G (green) , and B (blue) 

colors are arranged in three lines so that the image recorded 

in the document can be read in RGB colors. According to the 

present embodiment, for example, 7,500 photo diodes are 

5 arranged for one line. FIG. 7 shows one line of photo diodes 

as an example. 

[0046] 

The photo diodes P in FIG . 7 are arranged in one line in 

the main scanning direction, one photo diode P corresponds to 

10 one pixel when the image reading apparatus 1 (see FIG. 1) 

reads out the document. Therefore, if light is irradiated onto 

the photo diodes P, photoelectric conversion occurs so that 

charges are accumulated in the photo diodes P. The amount of 

accumulated charges is proportional to the accumulated time 

15 (accumulating period) and the amount of irradiated light. In 

the photo diodes P, the charges are accumulated for a 

predetermined storing period and output as an image signal. 

Generally, the CCD image sensor 59 performs the vertical 

transmission and the horizontal transmission to output the 

20 charges. That is, the charges accumulated in the photo diodes 

P are vertically transferred and then sent to a charge 

transferring unit D. The charge transferring unit D is a 

semiconductor device formed of a CCD (charge coupled device) 

The charges are horizontally transferred sequentially from the 

25 charge transferring unit D so that the charges are output as 
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an image signal for one line. 

[0047] 

Returning to FIG. 6, the charges accumulated in the 

photo diodes P are vertically transferred from the photo 

5 diodes P described with reference to FIG. 7 to the charge 

transferring unit D between the time a and the time b of a 

vertical transmission period. Then, the first horizontal 

transmission is performed in the charge transferring unit D 

between the time "cl" and the time "c2". The second horizontal 

10 transmission is performed between the time "c3" and the time 

"c4". The horizontal transmission is repeated until the 

charges for one line are completely and horizontally 

transferred. Charges for the next one line are 

photoelectrically converted and accumulated in the photo 

15 diodes P between the time "a" and the time "d" during which 

the vertical transmission and the horizontal transmission are 

performed. Therefore, the charges are vertically and 

horizontally transferred during the next period, and are 

output as the image information to the external of the CCD 

20 image sensor 5 9 . 

[0048] 

According to the present embodiment, a light source 

turn-ON signal is switched ON to OFF during the charging 

period of the CCD image sensor 59 as shown in the timing chart 

25 of the upper part to set the period during which the light 
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source 55 is turned OFF (period between the time "Ll" and the 

time "L2"). By doing this, the charges accumulated in the CCD 

image sensor 59 are reduced. Therefore, it is possible to 

prevent the charges accumulated in the CCD image sensor 59 

5 from reaching the saturated amount. 

[0049] 

The turn-OFF period of the light source 55 is set in 

case where the exposure amount of the CCD image sensor 59 

exceeds the saturated exposure amount and the charges 

10 accumulated in the CCD image sensor 59 reaches the saturated 

charge amount, while the light source 55 is continuously 

turned ON. That is, even though the light source 55 is 

continuously turned ON, if the exposure amount of the CCD 

image sensor 59 is below the saturated exposure amount, there 

15 is no need to set the turn-OFF period. Therefore, in case that 

the moving speed of the moving means exceeds the predetermined 

speed so that the reading speed of the document exceeds the 

predetermined speed, the exposure amount of the CCD image 

sensor 58 is below the saturated exposure amount. In this case, 

20 since the charges that are accumulated in the CCD image sensor 

58 do not reach the saturated charge amount, there is no need 

to set the turn-OFF period of the light source 55. 

[0050] 

Here, the turn-OFF period of the light source 55 is 

25 preferably set in the period during which the CCD image sensor 
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59 horizontally transfers the charges. The light source 55, as 

described above, for example, uses light that is emitted by an 

LED. However, before and after turning ON and OFF the LED, the 

color tint changes easily. Therefore, when the turn-OFF period 

5 of the light source 55 is set in the period during which the 

CCD image sensor 59 vertically transfers the charges, the 

document may not be normally read out due to the influence of 

the color change of the LED. 

10 

[0051] 

As the same reason, within a predetermined time that 

includes the starting time (time a) and the ending time (time 

b) of the period during which the charge is vertically 

transferred by the CCD image sensor 59, it is preferable that 

the light source is not turned ON and OFF. The predetermined 

15 time is illustrated in FIG. 6 where the time "a" is inserted 

between the time "al" and the time "a2" and the time "b" is 

inserted between the time "bl" and time "b2". Therefore, the 

time period of the time "al" to "a2" and the time "bl" to time 

"b2" is a time during which the color tint of the light source 

20 55 is easily varied and the turn-OFF time of the light source 

55 is preferably set to avoid the above period. 

[ 0 0 52] 

According to the present embodiment, , if the charges 

that are accumulated in the CCD image sensor 59 do not reach 

25 the saturated charge amount while the light source 55 is 

- 30 -

acfl



5 

SG 

continuously turned ON, the amplification factor of the output 

amplifier circuit 73 (see FIG. 4) is changed based on the 

reading speed. 

(0053] 

FIG. 8 is a conceptual diagram illustrating a 

relationship between a reading speed of a CCD image sensor 59 

and an amplification factor in an output amplifier circuit 73. 

In FIG . 8, the horizontal axis indicates the reading speed and 

the vertical axis indicates the amplification factor of the 

10 output amplifier circuit 73. 

(0054] 

In FIG. 8, if the reading speed is below Vl, the charges 

that are accumulated in the CCD image sensor 59 reaches the 

saturated charge amount while the light source 55 is 

15 continuously turned ON. In the speed area where the reading 

speed exceeds Vl, the amplification factor of the output 

amplifier circuit 73 is increased. In other words, in the 

speed area where the reading speed exceeds Vl, if the light 

storage period of the CCD image sensor 59 is short, the 

20 amplification factor of the output amplifier circuit 73 is 

increased and if the light storage period of the CCD image 

sensor 59 is long, the amplification factor of the output 

amplifier circuit 73 is decreased. By doing this, the output 

level from the output amplifier circuit 73 is substantially 

25 constant. Accordingly, it becomes difficult to depend on the 
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light storage period of the CCD image sensor 59. If the light 

storage period of the CCD image sensor 59 is long, more light 

can be photoelectrically converted to be image information. 

Therefore, it is possible to obtain better S/N ratio (signal 

5 to noise ratio) . 

[0055] 

FIGS. 9A to C show timing charts of a light source turn­

on signal when a reading mode is changed. 

FIG. 9A shows a timing chart of a light source turn-ON 

10 signal when the enlargement/reduction processing is not 

performed at the time of reading black and white images. FIG. 

9B shows a timing chart of a light source turn-ON signal when 

the enlargement/reduction processing is performed at the time 

of reading black and white images. FIG. 9C shows a timing 

15 chart of a light source turn-ON signal when the 

enlargement/reduction processing is not performed at the time 

of reading color images. 

[0056] 

As shown in FIG. 9A, the reading time for one line by 

20 the CCD image sensor 59 is the period between the time "e" and 

the time "f". The time is specifically, for example, 300 Os. 

That is, the light storage period of the CCD image sensor 59 

corresponds to the period between the time "e" and the time 

"f". During the storage period, since the charges that are 

25 accumulated in the CCD image sensor 59 do not reach the 
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saturated charge amount, the light source turn-ON signal 

remains ON state, the light source 55 is not turned OFF and 

maintains the turned-ON state. 

(0057] 

As shown in FIG. 9B, the reading time for one line is 

twice as much as that of FIG. 9A, and corresponds to the 

period between the time "e" and the time "g". Therefore, the 

light storage period of the CCD image sensor 59 corresponds to 

the period between the time "e" and the time "g". Even though 

10 the storage period is twice the storage period of FIG. 9A, 

since the charges that are accumulated in the CCD image sensor 

59 do not reach the saturated charge amount, the light source 

turn-ON signal is ON, and the light source 55 is not turned 

OFF and maintains the turned-ON state. However, since the 

15 intensity of the image signal output from the CCD image sensor 

59 becomes twice, as compared with the case where the turn-OFF 

period of the light source is set, the output level from the 

output amplifier circuit 73 is allowed to become almost the 

same as that of FIG. 9A by making the amplification factor of 

20 the output amplifier circuit 73 (see FIG. 4) to be half of the 

amplification factor of FIG. 9A. By doing this, the S/N ratio 

of the image to be read becomes better than that of FIG. 9A. 

(0058] 

As shown in FIG. 9C, the reading time for one line is 

25 four times as much as that of FIG. 9A, and corresponds to the 
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period between the time "e" and the time "i". Therefore, the 

light storage period of the CCD image sensor 59 is the period 

between the time "e" and the time "i". The storage period is 

four times the storage period of FIG. 9A. According to the 

5 present embodiment, while the light source 55 is turned ON, 

the charges that are accumulated in the CCD image sensor 59 

reaches the saturated charge amount. Therefore, the light 

source turn-ON signal is switched from ON to OFF between the 

time "g" and the time "i" to set the turn-OFF period of the 

10 light source. In this case, the intensity of the image signal 

output from the CCD image sensor 59 is almost the same as the 

intensity in FIG. 9B. Therefore, the amplification factor of 

the output amplifier circuit 93 becomes the same as that of 

FIG. 9B and the output level from the output amplifier circuit 

15 73 is almost the same as those of FIGS. 9A and 9B. 

[0059] 

<Description of Overall Operation of Device Controller> 

Next, descriptions will be made regarding the overall 

20 operation of the device controller 80 including the control of 

the light source 55 and the CCD image sensor 59. 

FIG. 10 is a flow chart illustrating an example of an 

operation of the device controller 80. 

First, the image reading controller 81 sets the reading 

25 mode based on the sensor output and the selection of a user 
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using the UI (step 8201). Based on the set reading mode, the 

image reading controller 81 determines the moving speed 

(scanning speed) of the moving means (step 8202). 

The image reading controller 81 determines the turn-OFF 

5 period of the light source 55 (step 8203) . The turn-OFF period 

may be determined based on any of the reading mode and the 

scanning speed. As described above, depending on the reading 

mode, the turn-OFF period may not be set . 

[0060) 

10 The light source controller 83 turns ON the light source 

55 by switching the light source turn-ON signal from OFF to ON 

(step 8204) . The scan controller 84 starts the scanning at a 

scanning speed determined at step 8202 (step 8205) . 

Next, the CCD image sensor 59 reads out a first line at 

15 a predetermined timing (step 8206) . The reading operation is 

performed by vertically and horizontally transferring the 

photoelectrically converted charges by the CCD image sensor 59 

according to the CCD driving clocks output from the CCD 

controller 82 as shown in FIGS. 6 and 7. 

20 [ 0 061) 

During the period of the horizontal transmission, the 

light source controller 83 switches the light source turn-ON 

signal from ON to OFF during the turn-OFF period determined by 

the image reading controller 81 to turn OFF the light source 

25 55 (step 8207) . If the reading operation for the first line is 
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completed, the image reading controller 81 determines whether 

lines to be read remains (step 8208) .If there is no more lines 

to be read ("No" at step 8208), the reading operation of the 

document is completed. If there are lines to be read ("Yes" at 

5 step 8208), the processing returns to step 206, the reading 

operation for the next line is performed. 

[0062] 

The device controller 80 performs the above-mentioned 

control so that even though the reading speed is changed, it 

10 is possible to prevent the charges that are accumulated in the 

CCD image sensor 59 from reaching the saturated charge amount. 

Therefore, even though the reading speed is changed, it 

becomes difficult for the images to be read to change. 

15 

[0063] 

According to the present embodiment described above, the 

processings performed by the signal processing unit 70 or the 

device controller 80 may be implemented by cooperation of 

software and hardware resources. That is, a CPU (not shown) in 

a control computer provided in the image reading apparatus 1 

20 executes programs so as to implement the functions of the 

25 

signal processing unit 70 or the device controller 80 provided 

in the image reading apparatus 1 and implements the functions 

of the components. 

[0064] 

The processings performed by the device controller 80 
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described with reference to FIG. 10 allows a computer to 

perform a turn-ON control function that controls the light 

source 55 to be turned ON to irradiate light onto the document, 

a reading unit control function that controls the CCD image 

5 sensor 59 that receives the reflected light from the document 

and photoelectrically converts the received light to 

accumulate the charges as the image signal, and a moving speed 

control function that controls the moving speed of the moving 

means that relatively moves the light source 55 and the 

10 document according to the reading mode. The turn-ON control 

function can be implemented by a program that controls the 

turn-ON time of the light source 55 by setting the period 

during which the light source 55 is turned OFF based on the 

reading mode in the period during which the CCD image sensor 

15 59 accumulates the charges so that the charges accumulated in 

the CCD image sensor 55 do not reach the saturated charge 

amount. 

The foregoing description of the exemplary embodiment of 

the present invention has been provided for the purpose of 

20 illustration and description. It is not intended to be 

exhaustive or to limit the invention to the precise forms 

disclosed. Obviously, many modifications and various will be 

apparent to practitioners skilled in the art. The embodiments 

were chosen and described in order to best explain the 

25 principles of the invention and its practical application, 
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thereby enabling other skilled in the art to understand the 

invention for various embodiments and with the various 

modifications as are suited to the particular use contemplated. 

It is intended that the scope of the. invention be defined by 

5 the following claims and their equivalents. 
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WHAT IS CLAIMED IS: 

1. An image reading apparatus comprising: 

a light source that irradiates light onto a document; 

a reading unit that receives light reflected from the 

document, converts the received light into electrical charges, 

and accumulates the electrical charges as an image signal; 

a moving unit that relatively moves the light source and 

the document; 

a moving speed control unit that controls a moving speed 

of the moving unit in accordance with a reading mode of the 

image reading apparatus to control a reading speed in the 

reading unit; and 

a turn-ON time control unit that controls the light 

source to be turned off in a given period based on the reading 

mode when the reading unit accumulates the electric charges so 

as to prevent the electrical charges accumulated in the 

reading unit from reaching a saturation amount. 

2. The image reading apparatus according to claim 1 

further comprising an amplifier unit that amplifies the image 

signal at a given amplification factor, 

wherein, in a case where the charge accumulated in the 

reading unit do not reach the saturation amount while the 

light source is continuously turned ON, the amplifier unit 

changes the amplification factor based on the reading speed. 
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3. The image reading apparatus according to claim 1 or 

2, wherein the reading unit includes a semiconductor device 

that vertically and horizontally transfers the electrical 

charges accumulated by a charge coupled device to read out the 

electrical charges as the image signal, and 

the turn-ON time control unit sets the given period in a 

period during which the electrical charges are horizontally 

transferred to control turn-ON time of the light source. 

4. The image reading apparatus according to claim 1 or 

2, wherein the reading unit includes a semiconductor device 

that vertically and horizontally transfers the electrical 

charges accumulated by a charge coupled device to read out the 

electrical charges as the image signal, and 

the turn-ON time control unit does not turn ON or OFF 

the light source within a predetermined time in which a 

starting time and an ending time of the period during which 

the charges are vertically transferred are included. 

5. An image reading program comprising: 

controlling the light source that irradiates light onto 

a document; 

controlling a reading unit that receives light reflected 

25 from the document, converts the received light into electrical 
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charges, and accumulates the electrical charges as an image 

signal; and 

controlling a moving speed control unit that controls a 

moving speed of a moving unit that relatively moves the light 

5 source and the document in accordance with a reading mode of 

the image reading apparatus to control a reading speed in the 

reading unit, 

10 

15 

20 

wherein, in the controlling step of the light source, 

the light source is controlled to be turned off in a given 

period based on the reading mode when the reading unit 

accumulates the electric charges so as to prevent the 

electrical charges accumulated in the reading unit from 

reaching a saturation amount. 

6 . The image reading program according to claim 5, 

further comprising: 

controlling an amplifier unit that amplifies the image 

signal at a given amplification factor, 

wherein, in a case where the charge accumulated in the 

reading unit do not reach the saturation amount while the 

light source is continuously turned ON, the amplifier unit 

changes the amplification factor based on the reading speed. 

- 41 -

acfl


