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(57) ABSTRACT 
Image forming apparatus and method for identifying the 
type of transfer material and controlling irradiation of a laser 
beam for latent image formation based on the identi?ed type 
of transfer material. A latent image is formed by modulating 
a pulse number, pulseWidth, or amplitude of an outputted 
laser beam to achieve scan-line density of 250 Lines/inch or 
more. By this, it is possible to suppress occurrence of an 
optical interference caused by the optical system and prevent 
image quality deterioration due to the optical interference. 

701 

LAsER 
osCILLATOR 

\\ 702 
\ LAsER 
\ BEAM 
\\ DRIVING 

PROTOsENsITIvE : \ CONTROLLER 

DRUM \ 
\c 

POLYGON sCANNER 

701 

\ 
\ LASER 
\ OSCILLATOR 

\‘ 702 

\\ l€ \\ ‘\ 
\‘ \ DRIVING 

PHOTOSENSITIVE \ \g \ 

DRUM SCANNING \\\\: CONTROLLER 
DIRECTION 

PHOTOSENSITIVE 
DRUM SCANNING 

DIRECTION 

DRIVING 
CONTROLLER 

POLYGON SCANNER 



Patent Application Publication Jun. 27, 2002 Sheet 1 0f 11 US 2002/0080227 A1 

TONER IMAGE 

01 Q1 I Q1 

INCREASE THE NUMBER OF LINES 

LINE SPACES BECOME VARIANT 



Patent Application Publication Jun. 27, 2002 Sheet 2 0f 11 US 2002/0080227 A1 

.EXE mzo 

N 

.0: 



Patent Application Publication Jun. 27, 2002 Sheet 3 0f 11 US 2002/0080227 Al 

F | G_ 3 A DENSITY DISTRIBUTION 
OF ORIGINAL IMAGE 

1st 2nd 3rd 4th 

1st 

2nd 

3rd / 
/ 

4th 

/ 

F I G DENSITY DISTRIBUTION AFTER 
ERROR DIFFUSION PROCESS 

1st 2nd 3rd 4th 

1st 

/ 

2nd 

3rd 

4th 

/ 



Patent Application Publication Jun. 27, 2002 Sheet 4 0f 11 US 2002/0080227 A1 

(JIIIIL 
m6 _ 

mm 

i525; 5o: 7: 
M62 5 <0 

Q 92 m F _ .HE Ow y 
to mmmmm?z w 



Patent Application Publication Jun. 27, 2002 Sheet 5 0f 11 US 2002/0080227 A1 



Patent Application Publication Jun. 27, 2002 Sheet 6 0f 11 US 2002/0080227 A1 

22 zzmtow 

60V MEEEEEE @ Q 



Patent Application Publication Jun. 27, 2002 Sheet 7 0f 11 US 2002/0080227 A1 

F I G. 7A 701 
/_/ 

LASER 
OSCILLATOR 

\ 

‘\ ‘\\ LASER fJ 
\. BEAM 
\\ DRIvING 

PHOTOSENSITIVE \_ CONTROLLER 
DRUM \~ 

\\ 

POLYGON SCANNER 

' 701 

\ /J 
\_ LASER 

\\ OSCILLATOR 

\\ 702 
\\_\~ \‘ DRIVIN: 

PHOTOSENSITIVE _\ \_ \‘ CONTROLLER 
DRUM SCANNING \\_\ 

DIRECTION ‘ 

F I G 7C POLYGON SCANNER 
' 701 

\ 
\\ LASER 
\\ OSCILLATOR 

702 
/__/ 

\:\\\ DRIvING 
PI-IOTOSENSITIvE CONTROLLER 

DRuM SCANNING 
DIRECTION 

POLYGON SCANNER 



Patent Application Publication Jun. 27, 2002 Sheet 8 0f 11 US 2002/0080227 A1 

FIG. 8 

CONVEY TRANSFER 
8801K’ MATERIAL 

S802 

IDENTIFY 
TRANSFER MATERIAL? 

NO 

S804 

CHANGE SCAN-LINE PRINT IN REGULAR 
S803 T" DENSITY PAPER MODE 

CONTROL LASER BEAM 
A IRRADIATION 

S805 (PULSE NUMBER MODULATION) 

8806’» LATENT IMAGE FORMATION ‘ 

i 

3807*“ DEVELOPMENT 



Patent Application Publication Jun. 27, 2002 Sheet 9 0f 11 US 2002/0080227 A1 

FIG. 9 

CONVEY TRANSPER 
8901 “’ MATERIAL 

S902 

IDENTIFY 
TRANSFER MATERIAL? 

NO 

S906 

DDNTRDL LASER BEAM PRINT IN REGULAR 
S903 “” IRRADIATIDN BASED ON PAPER MODE 

INPuTTED vIDED SIGNALS 
(PULSE AMPLIFICATION 
MODULATION) 

S904 ’\/ LATENT IMAGE FORMATION 

3905 ’» DEVELOPMENT 



Patent Application Publication Jun. 27, 2002 Sheet 10 0f 11 US 2002/0080227 A1 

FIG. 10 

CONVEY TRANSFER 
S1001 A“ MATERIAL 

S1002 

IDENTIFY 
TRANSFER MATERIAL? 

NO 

S1008 

(J 
CALCULATE PRINT IN REGULAR 

81003 x THRESHOLD VALUE PAPER MODE 

cDNvERT DENSITY LEvEL 
81004 P“ OF ORIGINAL IMAGE 

I 

S A coNTRoL LAsER IRRADIATION 
1005 (PULSEWIDTH MODULATION) 

7 

$1006 ’\- LATENT IMAGE FORMATION 

V 

51 007 w DEVELOPMENT 



Patent Application Publication Jun. 27, 2002 Sheet 11 0f 11 US 2002/0080227 A1 

FIG. 11 

TRANSFER MATERIAL 
IDENTIFYING MODULE 

SCANNING-LINE DENSITY 
CHANGING MODULE 

CONTROL MODULE 

PULSE AMPLIFICATION 
MODULATION CONTROL MODULE 

CONTROL MODULE 

I 
I 
I 

I 
I 
I 
I 
w 

I 
I 
I 
I 

I 
I 
I 

1104” 



US 2002/0080227 A1 

IMAGE FORMING APPARATUS AND IMAGE 
FORMING METHOD 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an image forming 
apparatus and an image forming method using a transparent 
laminated ?lm on Which a color toner image is formed by an 
electrophotographic printing method or an electrostatic 
printing method. More particularly, the present invention 
relates to an image forming apparatus and an image forming 
method for forming a color image on a transparent laminated 
?lm Which is to be placed on an overhead projector (OHP). 

[0002] FIG. 5 is a cross-section of an electrophotographic 
printing apparatus, capable of forming a full-color image. In 
FIG. 5, the electrophotographic printing apparatus com 
prises a transfer material conveyance system located from 
one side to the substantial center of the apparatus main body 
100, a latent image forming unit provided adjacent to a 
transfer drum 8 Which is a part of the transfer material 
conveyance system, and a rotation-type developing unit 
serving as developing means, located adjacent to the latent 
image forming unit. The aforementioned transfer material 
conveyance system comprises: transfer material feeding 
trays 101 and 102 Which are detachably inserted to openings 
provided on one side (right side in FIG. 5) of the apparatus 
main body 100; transfer material feeding rollers 103 and 104 
provided substantially directly above the trays 101 and 102; 
feeding guides 4A and 104b comprising feeding rollers 106, 
Which are located adjacent to the feeding rollers 103 and 
104; a transfer drum 8 rotatable in the direction of an arroW 
in FIG. 5; a conveyance belt 15 provided adjacent to a 
separation claW 14; and a ?xer 16 Which is provided near the 
end of the conveyance belt 15 in the conveyance direction, 
and is provided adjacent to a discharge tray 17 Which 
extends from the apparatus main body 100 and is detachable 
from the apparatus main body 100. The transfer drum 8 is 
located adjacent to the feeding guide 104b. Near the periph 
ery of the transfer drum 8, an abutting roller 7, a gripper 6, 
a transfer-material separation charger 12, and a separation 
claW 14 are provided in the upstream-to-doWnstream direc 
tion of the rotation of the transfer drum 8. In the interior 
periphery of the transfer drum 8, a transfer charger 9 and a 
transfer-material separation charger 13 are provided. 

[0003] The latent image forming unit comprises: the pho 
tosensitive drum 2 serving as an image transfer body, Whose 
outer periphery abuts against the outer periphery of the 
aforementioned transfer drum 8, and is rotatable in the 
direction of an arroW in FIG. 5; image exposure means, such 
as a laser-beam scanner, for forming an electrostatic latent 
image on the periphery of the photosensitive drum 2; and 
image exposure re?ection means such as a polygon mirror. 
Near the periphery of the photosensitive drum 2, an elec 
trostatic charger for discharge (hereinafter referred to as 
discharger) 10, cleaning means 11, and a primary electro 
static charger 3 are provided in the upstream-to-doWnstream 
direction of the rotation of the photosensitive drum 2. 

[0004] The rotation-type developing unit comprises: a 
rotational body 4a; and an yelloW developer 4Y, a magenta 
developer 4M, a cyan developer 4C and a black developer 
4BK Which are incorporated in the rotational body 4a and 
enable to visualiZe the electrostatic latent image formed on 
the periphery of the photosensitive drum 2 at a position 
facing the periphery of the photosensitive drum 2. 
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[0005] An image forming sequence of the image forming 
apparatus having the above-described construction is brie?y 
described, taking a full-color mode as an example. When the 
photosensitive drum 2 is rotated in the direction of the arroW 
in FIG. 5, a photosensitive material on the photosensitive 
drum 2 is uniformly charged by the primary electrostatic 
charger 3, then image exposure is performed by a laser beam 
E Which is modulated by yelloW image signals of an original 
image (not shoWn). By this, an electrostatic latent image is 
formed on the photosensitive drum 2, and the electrostatic 
latent image is developed by the yelloW developer 4Y Which 
is positioned at a predetermined developing positions by 
rotation of the rotational body 4a. 

[0006] MeanWhile, a transfer material conveyed through 
the feeding guide 4A, feeding rollers 106, and feeding guide 
104b, is gripped by the gripper 6 in a predetermined timing, 
and is electrostatically Wrapped around the transfer drum 8 
by the abutting roller 7 and electrodes facing the abutting 
roller 7. While the transfer drum 8 rotates in the direction of 
an arroW in FIG. 5 in synchroniZation With the photosen 
sitive drum 2, the image developed by the yelloW developer 
4Y is transferred by the transfer charger 9 at the position 
Where the periphery of the photosensitive drum 2 abuts 
against the periphery of the transfer drum 8. The transfer 
drum 8 continues its rotation, preparing to transfer the next 
color (magenta in FIG. 5). 

[0007] The photosensitive drum 2 is discharged by the 
discharger 10 and cleaned by the cleaning means 11. Then, 
the photosensitive drum 2 is charged again by the primary 
electrostatic charger 3 and the above-described image expo 
sure is performed according to the subsequent magenta 
image signals. The above-described image exposure is per 
formed on the photosensitive drum 2 according to magenta 
image signals. The rotation-type developing unit rotates 
While an electrostatic latent image is formed on the photo 
sensitive drum 2 according to the magenta image signals by 
the above image exposure. The magenta developer 4M is 
positioned at a predetermined developing position and a 
predetermined magenta development is performed. Next, 
the above-described process is performed With respect to 
cyan and black and completes the transfer process for four 
colors. The four-color toner image formed on the transfer 
material is discharged by the discharger 10 and charger 13. 
The gripper 6 releases the transfer material, the transfer 
material is then separated from the transfer drum 8 by the 
separation claW 14 and is transferred to the ?xer 16 by the 
conveyance belt 15 to be ?xed by heat and pressure. As a 
result, a series of full-color print sequence is completed and 
the necessary full-color print image is formed. The ?xer 16 
includes a surface-lubricant coating mechanism Which pro 
motes separation of an OHP ?lm from a ?xation member. 
HoWever, it is a recent trend to use less amount of the surface 
lubricant. 

[0008] Next, toner used in the electrophotographic appa 
ratus is described. 

[0009] Toner for a color electrophotographic printing 
apparatus requires excellent melting and color mixture char 
acteristics When heat is applied. Thus, toner having a sharp 
melt characteristic is preferable Where the softening point is 
loW and melting time is short. 
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[0010] The use of a sharp-melt toner improves the color 
reproducible range of an original image, and enables to 
achieve a colored copy consistent With a multiple-color 
original image. 

[0011] The foregoing sharp-melt toner is manufactured by 
melting and mixing, e.g., polyester resin, styrene-acrylic 
resin, colorant (dye, sublimation-type dye), charge control 
agent and the like, then grinding and classifying them. If 
necessary, a process of adding various external agents to the 
toner may be added. 

[0012] For color toner, it is particularly preferable to 
employ toner utiliZing polyester as binding resin, taking into 
account of ?xation and sharp-melt characteristics. The 
sharp-melt polyester resin is a high molecular compound 
including ester bonding in the principal chain of a molecule 
in Which diol compound and dicarboxylic acid are synthe 
siZed. 

[0013] Particularly, because of its sharp melting charac 
teristic, it is preferable to use polyester resin, represented by 
the folloWing formula (1) (R is ethylene or propylene 
radical; X and y are respectively a positive integer Which is 
1 or more; and the average value of x+y is 2 to 10), Where 
a bisphenol derivative or its substituent as a diol component, 
and a carboxylic acid compound (e.g., fumaric acid, maleic 
acid, maleic anhydride, phthalic acid, terephthalic acid, 
trimellitic acid, pyromellitic acid or the like) comprising 
carboxylic acid of bi- (or more) valence or its acid anhydride 
or its sub-alkyl ester, are at least copolymeriZed. 

(1) 

CH3 

CH3 

[0014] The softening point of the sharp-melt polyester 
resin is 60° C. to 150° C., preferably 80° C. to 120°0 C. The 
softening characteristic of toner, having the above-described 
sharp-melt polyester resin as binding resin, is shoWn in FIG. 
6. 

[0015] Herein, FloW-Tester CFT 500 (manufactured by 
ShimadZu Corporation) is used for the purpose of an experi 
ment. Assume that a die (noZZle) has a diameter of 0.5 mm 
and a thickness of 1.0 mm, and an extrusion load of 50 kg 
is added to the toner. At the initial setting temperature of 80° 
C., the toner is preheated for 300 seconds. Then, the tem 
perature is uniformly raised at the rate of 5° C./minute. The 
curve representing the amount of plunger fall and the 
temperature is obtained (hereinafter referred to as a soften 
ing curve S). The sample toner used is ?ne poWder precisely 
measured to 1 g-3 g. The cross section of the plunger is 10 
cm2. 

[0016] FIG. 6 shoWs the curve obtained as the softening 
curve S. Along With the uniform temperature rise, toner is 
gradually heated and begins to How out (plunger descent 
AQB). As the temperature increases further, the melted 
toner ?oWs out in a greater amount (BQCQD). Finally, the 
plunger stops falling and the toner ?oW stops (D—>E). 
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[0017] The height H of the softening curve S indicates the 
amount of the entire ?oW. The temperature T0 for H/2, 
corresponding to the point C, indicates the softening point of 
the toner. 

[0018] The above measurement method can be similarly 
applied to measuring a heat melting characteristic of resin 
for forming binding resin or a second transparent resin layer. 

[0019] The sharp-melt toner or resin satis?es the folloWing 
condition: 

[0020] Where T1 indicates the temperature When the melt 
viscosity is 105 cp, and T2 indicates the temperature When 
the viscosity is 5x104 cp. 

[0021] The sharp-melt toner or resin, having the above 
described temperature versus melting viscosity characteris 
tics, is characteriZed by extremely sharp viscosity decrease 
caused by heating. Such decrease in viscosity enables appro 
priate mixing betWeen the top toner layer and the bottom 
toner layer, and enables rapid enhancement in transparency 
in the toner layers, resulting in excellent subtractive mixture. 

[0022] Lately, less use of the surface lubricant is the trend 
for improving the quality of a projected image of an OHP 
?lm. 

[0023] HoWever, in the above-described conventional 
example, since the projection image quality has been 
improved to brighter and more vivid colors, the deterioration 
in image quality caused by optical interference betWeen the 
optical portion of the projector and an OHP image become 
more conspicuous. 

[0024] The deterioration in image quality is noW described 
With reference to FIG. 4. FIG. 4 is an explanatory vieW 
shoWing a mechanism of occurrence of interference stripes. 
In a case Where toner images formed as a binary image are 
periodically arrayed on the OHP ?lm, the OHP ?lm acts as 
a diffraction grating. In addition, a Fresnel lens of the 
projector also acts as a diffraction grating. Therefore, 
because of the ?lm and the lens arrangement, scattered light 
from the tWo gratings interfere With each other, generating 
difference in light intensity. The difference in intensity of 
light causes light-and-dark stripes in a projected image. The 
object of the present invention is to achieve an image 
forming apparatus Which eliminates such light-and-dark 
stripes in a projected image of an OHP ?lm. The present 
invention has a further object to provide an image forming 
apparatus and method having the neW functions. 

SUMMARY OF THE INVENTION 

[0025] In order to achieve the above objects, the image 
forming apparatus and image forming method according to 
the present invention achieves a projected image of better 
quality Where a formed image does not act as a diffraction 
grating and Where optical interference does not occur 
betWeen an optical system of a projector and the formed 
image in a case Where a light-transmitting transparent ?lm is 
selected as a printing material. 

[0026] More speci?cally, an image forming apparatus 
according to the present invention is characteriZed by com 
prising: conveyance means for conveying a transfer mate 
rial; transfer material identifying means for identifying a 
type of transfer material conveyed by the conveyance 
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means; scan-line density changing means for changing scan 
line density of a laser beam based on an identi?ed result; 
pulse number modulation control means for modulating an 
output pulse number of the laser beam based on the changed 
scan-line density; latent image forming means for forming a 
latent image at the changed scan-line density, in accordance 
With the type of transfer material; and developing means for 
developing the formed latent image. 

[0027] Furthermore, an image forming apparatus accord 
ing to the present invention is characteriZed by comprising: 
conveyance means for conveying a transfer material; trans 
fer material identifying means for identifying a type of 
transfer material conveyed by the conveyance means; ampli 
tude modulation control means for modulating an output 
pulse amplitude of a laser beam for latent image formation, 
in accordance With an identi?ed result; latent image forming 
means for forming a latent image charged at multivalue 
levels based on irradiation of the laser beam Where ampli 
tude is modulated; and developing means for developing the 
formed latent image. 

[0028] Furthermore, an image forming apparatus accord 
ing to the present invention is characteriZed by comprising: 
conveyance means for conveying a transfer material; trans 
fer material identifying means for identifying a type of 
transfer material conveyed by the conveyance means; 
threshold value calculating means for calculating a threshold 
value for density data conversion in accordance With an 
identi?ed result; density level converting means for forming 
a converted image Where density of an original image has 
been converted by comparing the density of the original 
image With the calculated threshold value; pulseWidth 
modulation control means for modulating an output pulse 
Width of a laser beam in accordance With the converted 
density data; latent image forming means for forming a 
latent image based on irradiation of the laser beam Where 
pulseWidth is modulated; and developing means for devel 
oping the formed latent image. 

[0029] Moreover, an image forming method according to 
the present invention is characteriZed by comprising the 
steps of: a conveyance step of conveying a transfer material; 
a transfer material identifying step of identifying a type of 
transfer material conveyed in the conveyance step; a scan 
line density changing step of changing scan-line density of 
a laser beam based on an identi?ed result; a pulse number 
modulation control step of modulating an output pulse 
number of the laser beam based on the changed scan-line 
density; a latent image forming step of forming a latent 
image at the changed scan-line density, in accordance With 
the type of transfer material; and a developing step of 
developing the formed latent image. 

[0030] Furthermore, an image forming method according 
to the present invention is characteriZed by comprising the 
steps of: a conveyance step of conveying a transfer material; 
a transfer material identifying step of identifying a type of 
transfer material conveyed in the conveyance step; an ampli 
tude modulation control step of modulating an output pulse 
amplitude of a laser beam for latent image formation, in 
accordance With an identi?ed result; a latent image forming 
step of forming a latent image charged at multivalue levels 
based on irradiation of the laser beam Where amplitude is 
modulated; and a developing step of developing the formed 
latent image. 
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[0031] Furthermore, an image forming method according 
to the present invention is characteriZed by comprising the 
steps of: a conveyance step of conveying a transfer material; 
a transfer material identifying step of identifying a type of 
transfer material conveyed in the conveyance step; a thresh 
old value calculating step of calculating a threshold value for 
density data conversion in accordance With an identi?ed 
result; a density level converting step of forming a converted 
image Where density of an original image has been con 
verted by comparing the density of the original image With 
the calculated threshold value; a pulseWidth modulation 
control step of modulating an output pulseWidth of a laser 
beam in accordance With the converted density data; a latent 
image forming step of forming a latent image based on 
irradiation of the laser beam Where pulseWidth is modulated; 
and a developing step of developing the formed latent 
image. 

[0032] Moreover, an image forming apparatus according 
to the present invention is characteriZed by comprising: 
identifying means for identifying a type of print medium; 
and control means for controlling printing operation for 
forming an image on the print medium in accordance With 
an identi?ed result of the identifying means. 

[0033] Furthermore, an image forming method according 
to the present invention is characteriZed by comprising the 
steps of: an identifying step of identifying a type of print 
medium; and a control step of controlling printing operation 
for forming an image on the print medium in accordance 
With an identi?ed result in the identifying step. 

[0034] According to an aspect of the image forming 
apparatus of the present invention, the scan-line density is 
250 Lines/inch or more in a case of using a transparent ?lm 
as the transfer material. 

[0035] According to an aspect of the image forming 
method of the present invention, the scan-line density is 250 
Lines/inch or more in a case of using a transparent ?lm as 
the transfer material. 

[0036] According to an aspect of the image forming 
apparatus of the present invention, the identifying means 
determines Whether the print medium is an OHP ?lm or a 
regular sheet of paper. 

[0037] According to an aspect of the image forming 
apparatus of the present invention, the controlling of print 
ing is to control scan-line density at the time of image 
formation. 

[0038] According to an aspect of the image forming 
apparatus of the present invention, the control means con 
trols an output pulse of a laser beam at the time of image 
formation. 

[0039] According to an aspect of the image forming 
apparatus of the present invention, in a case Where the 
identifying means determines that the print medium is an 
OHP ?lm, the control means performs image formation at 
print density such that the OHP ?lm does not act as a 
diffraction grating due to a formed image. 

[0040] According to an aspect of the image forming 
apparatus of the present invention, the print density Where 
the OHP ?lm does not act as a diffraction grating is 250 
Lines/inch or more. 
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[0041] According to an aspect of the image forming 
apparatus of the present invention, the control means con 
trols a thickness of development toner at the time of image 
formation. 

[0042] According to an aspect of the image forming 
apparatus of the present invention, the control means quan 
tiZes a density level of an original image at the time of image 
formation. 

[0043] According to an aspect of the image forming 
method of the present invention, Whether the print medium 
is an OHP ?lm or a regular sheet of paper is determined in 
the identifying step. 

[0044] According to an aspect of the image forming 
method of the present invention, the controlling of printing 
is to control scan-line density at the time of image formation. 

[0045] According to an aspect of the image forming 
method of the present invention, an output pulse of a laser 
beam at the time of image formation is controlled in the 
control step. 

[0046] According to an aspect of the image forming 
method of the present invention, in a case Where it is 
determined that the print medium is an OHP ?lm in the 
identifying step, image formation is performed in the control 
step at print density such that the OHP ?lm does not act as 
a diffraction grating due to a formed image. 

[0047] According to an aspect of the image forming 
method of the present invention, the print density Where the 
OHP ?lm does not act as a diffraction grating is 250 
Lines/inch or more. 

[0048] Other objects and advantages besides those dis 
cussed above shall be apparent to those skilled in the art 
from the description of a preferred embodiment of the 
invention Which folloWs. In the description, reference is 
made to accompanying draWings, Which form a part thereof, 
and Which illustrate an example of the invention. Such 
example, hoWever, is not exhaustive of the various embodi 
ments of the invention, and therefore reference is made to 
the claims Which folloWs the description for determining the 
scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
embodiments of the invention, and together With the 
description, serve to explain the principles of the invention. 

[0050] FIG. 1 is an explanatory vieW shoWing that non 
uniformity of line spaces becomes greater When line density 
is increased; 

[0051] FIG. 2 is an explanatory vieW for explaining an 
intensity modulation method for forming a toner image in 
multivalue levels; 

[0052] FIG. 3A is an explanatory vieW shoWing an origi 
nal image density distribution; 

[0053] FIG. 3B is an explanatory vieW shoWing a density 
distribution after error diffusion is performed; 

[0054] FIG. 4 is an explanatory vieW shoWing a mecha 
nism of occurrence of interference stripes; 
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[0055] FIG. 5 is a cross section of an image forming 
apparatus; 

[0056] 
of toner; 

[0057] FIGS. 7A to 7C are explanatory vieWs shoWing a 
relationship betWeen a laser beam and a photosensitive 
drum; 
[0058] FIG. 8 is a ?oWchart shoWing a pulse number 
modulation process; 

[0059] FIG. 9 is a ?oWchart shoWing a pulse amplitude 
modulation process; 

[0060] FIG. 10 is a ?oWchart shoWing a pulseWidth 
modulation process; and 

[0061] FIG. 11 is a memory map stored in a storage 
medium according to the present embodiment. 

FIG. 6 is a graph shoWing a melting characteristic 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0062] Preferred embodiments of the present invention 
Will be described in detail in accordance With the accom 
panying draWings. 

[0063] [First Embodiment] 
[0064] As shoWn in FIG. 5, a transparent laminated ?lm 
or the like is conveyed by conveyance means Which conveys 
a transfer material, and the type of transfer material is 
identi?ed by transfer material identifying means (not shoWn) 
Which is provided in the conveyance path. The identifying 
means determines the type of transfer material based on 
Whether or not a transmission-type sensor has received 
photoreception signals or Whether or not a re?ection-type 
sensor has received re?ection light. 

[0065] A laser unit irradiates a laser beam E (FIG. 5) on 
a photosensitive drum 2. The irradiation of the laser beam is 
turned on/off in accordance With electric signals (video 
signals) transmitted by a scanner unit, and enables repro 
duction of light/dark portions of an original image on the 
photosensitive drum 2. Although not shoWn, a band-like 
parallel beam de?ected by the polygon scanner unit passes 
an image forming lens and is focused on a point, having the 
siZe equal to one pixel, on the surface of the photosensitive 
drum. Therefore, if a laser beam is irradiated When the 
polygon scanner unit and the photosensitive drum are 
stopped, the laser beam keeps irradiating the point having 
the same siZe as one pixel on the photosensitive drum (FIG. 
7A). If the polygon scanner unit is rotated While the laser 
beam is irradiated, a straight line can be draWn from one end 
to the other end of the photosensitive drum (FIG. 7B). The 
laser beam shoWn in FIG. 7B is called horiZontal scanning. 
During the horiZontal scanning, if the laser beam is turned 
on/off, a broken line can be draWn. At the same time, if the 
photosensitive drum is rotated, the laser beam can be irra 
diated in the circumferential direction of the photosensitive 
drum (vertical scanning: FIG. 7C). A laser oscillator 701 
and a driving controller 702 are controlled in accordance 
With the determination result of the identifying means (trans 
mission-type sensor and re?ection-type sensor). 

[0066] Herein, assuming that a scan-line density (print 
density) is X lines/mm, the polygon scanner unit rotates at 
the speed such that the X times of horiZontal scanning are 
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possible While the surface of the photosensitive drum moves 
(rotates) for 1 mm. Since the photosensitive drum surface 
has already been charged by the primary electrostatic 
charger, the above-described horiZontal scanning and verti 
cal scanning cause to neutraliZe the charge on the portion 
Where the laser beam has been irradiated, and as a result, an 
electrostatic latent image is obtained on the photosensitive 
drum. 

[0067] FIG. 4 shoWs a cross section of an image, formed 
at a predetermined scan-line density While rotating the 
photosensitive drum at a constant speed. FIG. 4 shoWs a 
case Where lines of toner images as a binary image are 
arrayed at equal spaces on an OHP ?lm. When the scan-line 
density is X Lines/mm, the pitch of the toner images is 1/X 
mm. The toner images arrayed periodically on the OHP ?lm 
act as a diffraction grating. A Fresnel lens of the projector 
Which projects an OHP ?lm also acts as a diffraction grating. 
Depending on the arrangement of the OHP ?lm and the lens, 
light interference occurs due to the tWo gratings. This light 
interference causes light-and-dark stripes in a projected 
image. 
[0068] HoWever, the spaces betWeen the lines of toner 
images on the ?lm someWhat vary depending on the image 
formation precision and toner scattering. If the line density 
becomes high, the line positions begin to ?uctuate or the 
lines become non-uniform. As a result, the OHP ?lm no 
longer acts as a diffraction grating (see FIG. 1). 

[0069] The inventor of the present invention has made 
comparison of the light-and-dark stripes in a projected 
image While changing the scan-line density. The toner used 
Was Y (yelloW) toner, and HT (half tone), and OHP manu 
factured by CANON Were used. The relation betWeen the 
scan-line density (Lines/inch) and occurrence of interfer 
ence stripes is shoWn in the folloWing table 1. 

TABLE 1 

Number of 200 250 300 350 
Lines/inch 
Occurrence Occurred Occurred No No 
of a little Occurrence Occurrence 
interference 
stripes 
Con?rmed (X) (A) (Q) (Q) 
by eye 
observation 

X: interference stripes con?rmed by eye observation 
A: slight interference stripes con?rmed by eye observation 
Q: interference stripes not con?rmed by eye observation 

[0070] When the scan-line density is higher than 250 
Lines/inch, no light-and-dark stripes is generated in the 
projected image. 
[0071] Next, a pulse number modulation process is 
described With reference to FIG. 8. In the transfer material 
conveyance process (S801), it is determined Whether or not 
a supplied transfer material is a transparent ?lm such as an 
OHP ?lm or a regular sheet of paper. If it is not an OHP ?lm 
(S802-NO), printing is performed in a regular paper mode 
(S804), While if it is an OHP ?lm (S802-YES), the scan-line 
density changing process is performed (S803). According to 
the experiment of the inventor, 250 Lines/inch or more is 
necessary for the scan-line density. In correspondence With 
the scan-line density changing process, laser irradiation 
control (pulse modulation) is executed. 
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[0072] Next, a latent image is formed (S806) in the regular 
paper mode or in the OHP ?lm mode in Which the scan-line 
density has been changed by pulse number modulation. 
Then, the formed latent image is developed (S807). In the 
?oWchart in FIG. 8, although the scan-line density is set to 
250 Lines/inch or more in the OHP ?lm mode, set separately 
from the regular paper mode, the OHP ?lm mode and the 
regular paper mode may be in the same mode. 

[0073] The laser irradiation control may be executed coop 
eratively by the laser oscillator and rotation controller of the 
polygon scanner. Note that taking into consideration of the 
points in Which the interference stripes occur more con 
spicuously in a bright and vivid image portion, and better 
tonality is achieved With scan-line density not being 
increased in a half-tone portion, the scan-line density may be 
changed by determining a bright and vivid portion (e.g., 
yelloW portion) on an OHP ?lm serving as a transfer 
material. 

[0074] [Effect of First Embodiment] 
[0075] It is determined as to Whether or not a transfer 
material is an OHP ?lm, and in a case of an OHP ?lm, laser 
beam irradiation is controlled to change the scan-line density 
to 250 Lines/inch or more, and a latent image is formed. As 
the precision of image formation is increased, spaces 
betWeen lines of toner images on the OHP ?lm are more 
largely affected by toner scattering. Thus, uniform line 
formation can be prevented. By virtue of this, the OHP ?lm 
no longer acts as a diffraction grating, and the optical system 
of the projector and the ?lm no longer interfere With each 
other on the projected image. Accordingly, the quality of a 
projected image signi?cantly increases. 

[0076] [Second Embodiment] 
[0077] In order not to form a diffraction grating on the 
transfer material, a latent image may be formed by an 
intensity modulation method so as to form a toner image in 
multivalue levels (FIG. 2). By modulating a pulse ampli 
tude, the charging level of the photosensitive drum is 
controlled in multivalue levels for image formation. In other 
Words, by giving multivalued charging levels to the photo 
sensitive drum, the density is changed in accordance With 
the thickness of development toner. Since isolated lines 
cannot be draWn, the ?lm does not interfere With the Fresnel 
lens of the projector projecting the OHP ?lm. 

[0078] Next, the pulse amplitude modulation process is 
described With reference to FIG. 9. Referring to FIG. 9, it 
is determined (S901) as to Whether or not a supplied transfer 
material is a transparent ?lm such as an OHP ?lm. If it is not 
an OHP ?lm (S902-NO), printing is performed in a regular 
paper mode (S906), While if it is an OHP ?lm, laser 
irradiation control (pulse amplitude modulation) is executed 
based on the inputted video signals (S903). By modulating 
the irradiation intensity in multivalue levels and irradiating 
the charged photosensitive drum, a latent image is formed in 
multivalued electrostatic charge levels (S904). Then, the 
latent image is developed (S905). Accordingly, it is possible 
to change the density in accordance With the thickness of 
development toner. 

[0079] In the ?oWchart in FIG. 9, although the OHP ?lm 
mode and the regular paper mode are performed separately, 
the OHP ?lm mode and the regular paper mode may be in 
the same mode. 
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[0080] [Effect of Second Embodiment] 
[0081] It is determined as to Whether or not a transfer 
material is an OHP ?lm, and in a case of an OHP ?lm, the 
amplitude of laser beam is modulated and irradiation on the 
photosensitive drum is controlled. By this, a latent image is 
formed in multivalued electrostatic charge levels. Accord 
ingly, it is possible to change the density in accordance With 
the thickness of development toner. Since isolated lines 
cannot be draWn, the optical system of the projector and the 
?lm no longer interfere With each other on the projected 
image. Accordingly, the quality of a projected image sig 
ni?cantly increases. 

[0082] [Third Embodiment] 
[0083] According to the third embodiment of the present 
invention, a latent image is formed by utiliZing an error 
diffusion method or a dither method, Where density data of 
an original image is quantized based on a threshold value to 
convert the density data in pixel units. According to a knoWn 
method of an error diffusion method, density f(x, y) of an 
original image is compared With a threshold value Tn, 
obtained by a predetermined rule, and the density level of 
the pixels is determined based on the comparison result 
(assume that the obtained density level is g(x, 

[0084] Various methods are knoWn for calculating the 
threshold value Tn. For instance, “A Method of Dynamic 
Threshold Value” (Data Processing, Vol. 17, No. 7, pp 
634-640, 1976), or “An Average Error Calculation Method” 
(Photo Instrumentation and Remote Sensing, Vol. 25, No. 2, 
pp 24-38, 1986) are knoWn. 

[0085] FIG. 3A shoWs a density distribution of an original 
image and FIG. 3B shoWs a density distribution of an 
outputted image on Which an error diffusion process has 
been performed. It is assumed in FIG. 3A that the density 
distribution of the original image is expressed by 4 col 
umns><4 roWs pixel data. The density of each pixel (Width of 
the shadoWed portion) is uniform for each column (assume 
that the Width of the shadoWed portion is 2). The Width 
expresses the density (distribution) of the pixel for the scale 
of convenience. In other Words, the density of the original 
image can be expressed as 

[0086] The density distribution after the error diffusion 
process can be obtained by comparing f(x, y)=2(x=1 to 4, 
y=1 to 4) With the threshold value Tn (n=1 to 4) and 
obtaining a density level of each pixel. 

[0087] More speci?cally, the density distribution of four 
pixels in the fourth roW in FIG. 3B is random, i.e., g(4, 1)=1, 
g(4, 2)=4, g(4, 3)=1, and g(4, 4)=2. The sum of the density 
levels is Zg(4, j)=8(j=1 to 4), thus the density level of the 
original image 8 (2><4=8) is maintained. 

[0088] FIG. 10 is a ?oWchart shoWing the process accord 
ing to the third embodiment. In the transfer material con 
veyance process (S10001), it is determined as to Whether or 
not a supplied transfer material is a transparent ?lm such as 
an OHP ?lm. If it is not an OHP ?lm (S1002-NO), printing 
is performed in a regular paper mode (S1008), While if it is 
an OHP ?lm, a threshold value of the original image is 
calculated (S1002-YES and S1003), and the density level of 
the original image is converted in pixel units based on the 
calculated threshold value (S1004, FIG. 3B). Then, laser 
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beam irradiation control (pulseWidth modulation) is per 
formed (S1005) in accordance With the converted density 
level, and a latent image is formed (S1006), then the latent 
image is developed (S1007). 

[0089] In the ?oWchart in FIG. 10, although laser beam 
irradiation is controlled by pulseWidth modulation in the 
OHP ?lm mode, performed separately from the regular 
paper mode, the OHP ?lm mode and the regular paper mode 
may be in the same mode. 

[0090] The laser irradiation control may be executed coop 
eratively by the laser oscillator and rotation controller of the 
polygon scanner. 

[0091] [Effect of Third Embodiment] 

[0092] Since the density level of an original image is 
quantiZed based on the threshold value, dots and lines are no 
longer arrayed periodically as shoWn in FIG. 3B. Therefore, 
the OHP ?lm no longer acts as a diffraction grating, and the 
optical system of the projector and the ?lm no longer 
interfere With each other on the projected image. Accord 
ingly, the quality of a projected image signi?cantly 
improves. Moreover, because the Fresnel lens of the pro 
jector no longer interferes, a clear projected image can be 
achieved. With regard to the prevention of stripes caused by 
interference of projected light, although the above embodi 
ments have only mentioned about the Fresnel lens as optical 
parts of the projector, the present invention includes other 
optical parts Which cause diffraction. The present invention 
is applicable not only to a light-transmitting transparent ?lm 
but also to a half-transparent ?lm. 

[0093] [Other Embodiments] 
[0094] The present invention can be applied to a system 
constituted by a plurality of devices (e.g., host computer, 
interface, reader, printer) or to an apparatus comprising a 
single device (e.g., copying machine, facsimile machine). 

[0095] Further, the object of the present invention can also 
be achieved by providing a storage medium storing program 
codes for performing the aforesaid processes to a computer 
system or apparatus (e.g., a personal computer), reading the 
program codes, by a CPU or MPU of the computer system 
or apparatus, from the storage medium, then executing the 
program. 

[0096] In this case, the program codes read from the 
storage medium realiZe the functions according to the 
embodiments, and the storage medium storing the program 
codes constitutes the invention. 

[0097] Further, the storage medium, such as a ?oppy disk, 
a hard disk, an optical disk, a magneto-optical disk, CD 
ROM, CD-R, a magnetic tape, a non-volatile type memory 
card, and ROM can be used for providing the program 
codes. 

[0098] Furthermore, besides aforesaid functions according 
to the above embodiments are realiZed by executing the 
program codes Which are read by a computer, the present 
invention includes a case Where an OS (operating system) or 
the like Working on the computer performs a part or the 
entire processes in accordance With designations of the 
program codes and realiZes functions according to the above 
embodiments. 



US 2002/0080227 A1 

[0099] Furthermore, the present invention also includes a 
case Where, after the program codes read from the storage 
medium are Written in a function expansion card Which is 
inserted into the computer or in a memory provided in a 
function eXpansion unit Which is connected to the computer, 
CPU or the like contained in the function expansion card or 
unit performs a part or the entire process in accordance With 
designations of the program codes and realizes functions of 
the above embodiments. 

[0100] In a case Where the present invention is applied to 
the aforesaid storage medium, the storage medium stores 
program codes corresponding to the ?oWcharts described in 
the embodiments. Brie?y, the storage medium stores each 
module shoWn as an eXample of a memory map in FIG. 11. 
More speci?cally, program codes Which correspond to the 
transfer material identifying module 1101, scan-line density 
changing module 1102, pulse number modulation control 
module 1103, pulse amplitude modulation control module 
1104, and pulseWidth modulation control module 1105, at 
least, are to be stored in the storage medium. 

[0101] As has been described above, the type of transfer 
material is ?rst determined and based on the determination 
result, the output pulse number of a laser beam is modulated 
such that a latent image is formed at the scan-line density of 
250 Lines/inch or more. As the precision of image formation 
is increased, spaces betWeen lines of toner images on the 
OHP ?lm are more largely affected by toner scattering. Thus, 
uniform line formation can be prevented. By virtue of this, 
the toner image on the transfer material no longer acts as a 
diffraction grating, and the optical interference no longer 
occurs betWeen the optical system of the projector and the 
transfer material. Accordingly, the quality of a projected 
image signi?cantly increases. 

[0102] Furthermore, as has been described above, the type 
of transfer material is ?rst determined and based on the 
determination result, the output pulse amplitude of a laser 
beam is modulated such that a latent image is formed in 
multivalued electrostatic charge levels. By developing this 
latent image, it is possible to change the density in accor 
dance With the thickness of development toner. Accordingly, 
since isolated lines are not formed, optical interference does 
not occur betWeen the optical system of the projector and the 
transfer material. As a result, the quality of a projected image 
signi?cantly increases. 

[0103] Still further, as has been described above, the type 
of transfer material is determined and based on the deter 
mination result, a threshold value for density data conver 
sion is calculated. Density data of an original image is 
compared With the obtained threshold value, and a conver 
sion image Where density data of the original image has been 
converted in piXel units is formed. An output pulseWidth of 
a laser beam is modulated in accordance With the converted 
density data and a latent image is formed. By this, the 
density level is quantiZed based on the threshold value While 
maintaining the density level of the entire image. Therefore, 
dots and lines are not arrayed periodically, and an image 
formed on the transfer material no longer acts as a diffraction 
grating. Accordingly, optical interference no longer occurs 
betWeen the optical system of the projector and the transfer 
material. As a result, the quality of a projected image 
signi?cantly increases. 

[0104] With regard to the prevention of stripes caused by 
interference of projected light, the present invention 
includes other optical parts of the projector Which cause 
diffraction, besides the Fresnel lens. The present invention is 

Jun. 27, 2002 

applicable not only to a light-transmitting transparent ?lm 
but also to a half-transparent ?lm. 

[0105] The present invention is not limited to the above 
embodiments and various changes and modi?cations can be 
made Within the spirit and scope of the present invention. 
Therefore, to appraise the public of the scope of the present 
invention, the folloWing claims are made. 

What is claimed is: 
1. An image forming apparatus comprising: 

conveyance means for conveying a transfer material; 

transfer material identifying means for identifying a type 
of transfer material conveyed by said conveyance 
means; 

scan-line density changing means for changing scan-line 
density of a laser beam based on an identi?ed result; 

pulse number modulation control means for modulating 
an output pulse number of the laser beam based on the 
changed scan-line density; 

latent image forming means for forming a latent image at 
the changed scan-line density, in accordance With the 
type of transfer material; and 

developing means for developing the formed latent 
image. 

2. The image forming apparatus according to claim 1, 
Wherein the scan-line density is 250 Lines/inch or more in a 
case of using a transparent ?lm as the transfer material. 

3. An image forming apparatus comprising: 

conveyance means for conveying a transfer material; 

transfer material identifying means for identifying a type 
of transfer material conveyed by said conveyance 
means; 

amplitude modulation control means for modulating an 
output pulse amplitude of a laser beam for latent image 
formation, in accordance With an identi?ed result; 

latent image forming means for forming a latent image 
charged at multivalue levels based on irradiation of the 
laser beam Where amplitude is modulated; and 

developing means for developing the formed latent 
image. 

4. An image forming apparatus comprising: 

conveyance means for conveying a transfer material; 

transfer material identifying means for identifying a type 
of transfer material conveyed by said conveyance 
means; 

threshold value calculating means for calculating a thresh 
old value for density data conversion in accordance 
With an identi?ed result; 

density level converting means for forming a converted 
image Where density of an original image has been 
converted by comparing the density of the original 
image With the calculated threshold value; 

pulseWidth modulation control means for modulating an 
output pulseWidth of a laser beam in accordance With 
the converted density data; 
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latent image forming means for forming a latent image 
based on irradiation of the laser beam Where pulseWidth 
is modulated; and 

developing means for developing the formed latent 
image. 

5. An image forming method comprising the steps of: 

a conveyance step of conveying a transfer material; 

a transfer material identifying step of identifying a type of 
transfer material conveyed in said conveyance step; 

a scan-line density changing step of changing scan-line 
density of a laser beam based on an identi?ed result; 

a pulse number modulation control step of modulating an 
output pulse number of the laser beam based on the 
changed scan-line density; 

a latent image forming step of forming a latent image at 
the changed scan-line density, in accordance With the 
type of transfer material; and 

a developing step of developing the formed latent image. 
6. The image forming method according to claim 5, 

Wherein the scan-line density is 250 Lines/inch or more in a 
case of using a transparent ?lm as the transfer material. 

7. An image forming method comprising the steps of: 

a conveyance step of conveying a transfer material; 

a transfer material identifying step of identifying a type of 
transfer material conveyed in said conveyance step; 

an amplitude modulation control step of modulating an 
output pulse amplitude of a laser beam for latent image 
formation, in accordance With an identi?ed result; 

a latent image forming step of forming a latent image 
charged at multivalue levels based on irradiation of the 
laser beam Where amplitude is modulated; and 

a developing step of developing the formed latent image. 
8. An image forming method comprising the steps of: 

a conveyance step of conveying a transfer material; 

a transfer material identifying step of identifying a type of 
transfer material conveyed in said conveyance step; 

a threshold value calculating step of calculating a thresh 
old value for density data conversion in accordance 
With an identi?ed result; 

a density level converting step of forming a converted 
image Where density of an original image has been 
converted by comparing the density of the original 
image With the calculated threshold value; 

a pulseWidth modulation control step of modulating an 
output pulseWidth of a laser beam in accordance With 
the converted density data; 

a latent image forming step of forming a latent image 
based on irradiation of the laser beam Where pulseWidth 
is modulated; and 

a developing step of developing the formed latent image. 
9. An image forming apparatus comprising: 

identifying means for identifying a type of print medium; 
and 
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control means for controlling printing operation for form 
ing an image on the print medium in accordance With 
an identi?ed result of said identifying means. 

10. The image forming apparatus according to claim 9, 
Wherein said identifying means determines Whether the print 
medium is an OHP ?lm or a regular sheet of paper. 

11. The image forming apparatus according to claim 9, 
Wherein the controlling of printing is to control scan-line 
density at the time of image formation. 

12. The image forming apparatus according to claim 11, 
Wherein said control means controls an output pulse of a 
laser beam at the time of image formation. 

13. The image forming apparatus according to claim 10, 
Wherein in a case Where said identifying means determines 
that the print medium is an OHP ?lm, said control means 
performs image formation at print density such that the OHP 
?lm does not act as a diffraction grating due to a formed 
image. 

14. The image forming apparatus according to claim 13, 
the print density Where the OHP ?lm does not act as a 
diffraction grating is 250 Lines/inch or more. 

15. The image forming apparatus according to claim 9, 
Wherein said control means controls a thickness of devel 
opment toner at the time of image formation. 

16. The image forming apparatus according to claim 9, 
Wherein said control means quantiZes a density level of an 
original image at the time of image formation. 

17. An image forming method comprising the steps of: 

an identifying step of identifying a type of print medium; 
and 

a control step of controlling printing operation for form 
ing an image on the print medium in accordance With 
an identi?ed result in said identifying step. 

18. The image forming method according to claim 17, 
Wherein in said identifying step, Whether the print medium 
is an OHP ?lm or a regular sheet of paper is determined. 

19. The image forming method according to claim 17, 
Wherein the controlling of printing is to control scan-line 
density at the time of image formation. 

20. The image forming method according to claim 19, 
Wherein in said control step, an output pulse of a laser beam 
at the time of image formation is controlled. 

21. The image forming method according to claim 19, 
Wherein in a case Where it is determined that the print 
medium is an OHP ?lm in said identifying step, image 
formation is performed in said control step at print density 
such that the OHP ?lm does not act as a diffraction grating 
due to a formed image. 

22. The image forming method according to claim 21, 
Wherein the print density Where the OHP ?lm does not act 
as a diffraction grating is 250 Lines/inch or more. 

23. An image forming apparatus comprising: 

transfer material identifying means for identifying a type 
of transfer material; 

scan-line density changing means for changing scan-line 
density of a laser beam based on an identi?ed result by 
said transfer material identifying means; and 

pulse number modulation control means for modulating 
an output pulse number of the laser beam based on the 
changed scan-line density. 


