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(54) IMAGE FORMATION APPARATUS

(57) There is provided an image forming apparatus
which can control reciprocation of a carriage and paper
feed in a highly accurate manner and form an image of
high quality even when paper skews or paper of a dif-
ferent type from that of the paper set is supplied. An ink
jet printer (1) provided with a motion sensor (70) in a
carriage (31) determines the type of paper (P) by using

a paper position signal output by the motion sensor (70)
and changes printing conditions in accordance with the
type of paper. Also, the ink jet printer (1) calculates a
moving amount of the carriage (31), a feed amount and
a deviation amount of the paper (P), and controls the
reciprocation of the carriage (31) and the feeding of the
paper (P) based on calculated values.
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Description

Technical Field

[0001] The present invention relates to an image
forming apparatus capable of controlling reciprocation
of a carriage and paper feed in a highly accurate man-
ner.

Background Art

[0002] An image forming apparatus such as a printer
is conventionally provided with a carriage which is re-
ciprocable in a direction perpendicular to a paper feed
direction (a main scanning direction) by a driving force
transmitted from a stepping motor or a DC motor with
an encoder through a train of gears.
[0003] During printing, the carriage selectively ejects
ink from ink jet nozzles formed at the lower face of the
carriage on the basis of dot pattern data while recipro-
cating.
[0004] Although the control of the reciprocation of the
carriage is performed by controlling the rotation amount
of the stepping motor or the DC motor with an encoder
as the driving source, the control cannot be achieved in
a highly accurate manner because of rotational pitch er-
rors due to the structure of the motor, accuracy errors
of gears caused during manufacture thereof or the like.
[0005] Regarding paper feed, although the control of
the feed amount of paper is performed also by control-
ling the rotation amount of the stepping motor or the DC
motor with an encoder as the driving source, the paper
feed cannot be achieved in a highly accurate manner
because of rotational pitch errors due to the structure of
the motor, accuracy errors of gears caused during man-
ufacture thereof, errors in outer diameters of feed roll-
ers, errors in feed amounts that are dependent on the
types of paper used, or the like.
[0006] There are further problems that when the ac-
tual paper feed direction is deviated with respect to the
feed path of the printer, the printing area of paper is shift-
ed from the center, and that when paper of a different
type from that of the paper set at the printer is supplied,
requirements for printing become inappropriate and
thus printing cannot be performed appropriately.

Disclosure of Invention

[0007] The present invention, which has been made
in view of these problems, has an object to provide an
image forming apparatus capable of controlling recipro-
cation of a carriage and paper feed in a highly accurate
manner and of forming images of high quality even when
paper skews or paper of a different type from that of pa-
per set at the printer is supplied.
[0008] (1) The invention of claim 1 provides an image
forming apparatus having a recording device provided
to be reciprocable in a width direction of paper that per-

forms recording on the paper. The image forming appa-
ratus comprises: a paper position signal generating de-
vice that irradiates the paper with a light with coherence
and receives a reflected light of the light with coherence
to generate a paper position signal with respect to a po-
sition of the paper, wherein the paper position signal
generating device is provided so as to move in synchro-
nization with the recording device in the width direction.
[0009] According to the image forming apparatus of
the present invention, it is possible to detect the position
of the paper by using the paper position signal generat-
ed by the paper position signal generating device. Ad-
ditionally, it is possible to detect the moving amount of
the paper (e.g. the paper feed amount in the feed direc-
tion, the deviation amount of the paper in a direction per-
pendicular to the feed direction), for example, by chron-
ologically comparing the paper position signals during
the feeding of the paper.
[0010] Accordingly, the image forming apparatus of
the present invention can, for example, detect the mov-
ing amount (feed amount) of the paper in the feed direc-
tion and accurately control the feed of the paper by using
the detected feed amount. Thus, the image forming ap-
paratus of the present invention is capable of forming
an image of high quality.
[0011] In addition, the image forming apparatus of the
present invention, for example, detects the deviation
amount of the paper and changes a printing area on the
paper in accordance with the deviation amount, thereby
preventing deviation of the printing area on the paper.
[0012] Especially in the image forming apparatus of
the present invention, in which the paper position signal
generating device is configured so as to move in syn-
chronization with the recording device in the width di-
rection, it is possible to detect the moving amount of the
recording device in the width direction with respect to
the paper by chronologically comparing the paper posi-
tion signals generated by the paper position signal gen-
erating device during the movement of the recording de-
vice in the width direction. Thus, the image forming ap-
paratus of the present invention is capable of forming
an image of high quality.
[0013] Consequently, the image forming apparatus of
the present invention can accurately control the move-
ment of the recording device, for example, by using the
moving amount of the recording device detected as
above.
[0014] The above-mentioned width direction means,
for example, a direction perpendicular to the paper feed
direction.
[0015] (2) The invention of claim 2 provides the image
forming apparatus as set forth in claim 1, wherein the
paper position signal generating device is mounted to a
carriage that holds the recording device.
[0016] The present invention illustrates how to mount
the paper position signal generating device.
[0017] According to the present invention, since the
paper position signal generating device is mounted to
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the carriage holding the recording device (e.g. an ink jet
head), the paper position signal generating device can
move in synchronization with the recording device in the
main scanning direction of the carriage (the width direc-
tion).
[0018] (3) The invention of claim 3 provides the image
forming apparatus as set forth in claim 1 or 2, which
comprises a recording device moving amount detection
device that detects a recording device moving amount
that is a moving amount of the recording device in the
width direction by using the paper position signal.
[0019] The image forming apparatus of the present in-
vention, which is provided with the recording device
moving amount detection device that detects the mov-
ing amount of the recording device in the width direction
(the recording device moving amount), for example, can
accurately control recording on the paper by the record-
ing device by using the detected moving amount of the
recording device.
[0020] As an example, the recording device moving
amount detection device detects the moving amount of
the recording device in the width direction, by chrono-
logically comparing paper position signals generated by
the paper position signal generating device during the
movement of the recording device.
[0021] (4) The invention of claim 4 provides the image
forming apparatus as set forth in claim 3, wherein the
recording on the paper by the recording device in the
width direction is controlled by using the moving amount
of the recording device.
[0022] According to the image forming apparatus of
the present invention, it is possible to control the record-
ing on the paper by the recording device by using the
moving amount of the recording device detected by the
moving amount of recording device moving amount de-
tection device, and thereby to form an image of high
quality.
[0023] Control of recording on the paper by the re-
cording device may be performed, for example, by de-
termining the timing of recording on the paper by the
recording device based on the moving amount of the
recording device.
[0024] (5) The invention of claim 5 provides the image
forming apparatus as set forth in claim 3 or 4, wherein
the recording device moving amount detection device
detects the moving amount of the recording device with
respect to the paper by chronologically comparing
speckle patterns generated by the light being reflected
from the paper.
[0025] The present invention illustrates how to detect
the moving amount by the recording device moving
amount detection device.
[0026] According to the image forming apparatus of
the present invention, since the moving amount of the
recording device with respect to the paper is detected
by chronologically comparing speckle patterns generat-
ed in the reflected light from the paper, the moving
amount of the recording device can be detected accu-

rately. Thus, the image forming apparatus of the present
invention is capable of forming an image of high quality.
[0027] A specific method of detecting the moving
amount of the recording device may include, for exam-
ple, chronologically comparing the speckle patterns to
determine the moving amount thereof, and then detect-
ing the moving amount of the recording device based
on the moving amount of the speckle patterns.
[0028] The speckle patterns mean interference pat-
terns generated in the reflected light when a light with
coherence is reflected on the surface of an object. The
speckle patterns are influenced by the surface shape of
the object at the point where the light is reflected. When
the recording device is moved with respect to the paper,
the point where the light is reflected is shifted, with the
result that the speckle patterns in the reflected light are
moved. In other words, the moving amount of the speck-
le patterns corresponds to the moving amount of the re-
cording device with respect to the paper.
[0029] (6) The invention of claim 6 provides the image
forming apparatus as set forth in any one of claims 1-5,
which comprises a paper feed device that feeds the pa-
per and a paper feed amount detection device that de-
tects the paper feed amount by using the paper position
signal.
[0030] The image forming apparatus of the present in-
vention, which is provided with the paper feed amount
detection device that detects the paper feed amount,
can accurately control, for example, the paper feed by
using the paper feed amount detection device. Thus, the
image forming apparatus of the present invention is ca-
pable of forming an image of high quality.
[0031] As an example, the paper feed amount detec-
tion device detects the paper feed amount by, for exam-
ple, chronologically comparing paper position signals
generated by the paper position signal generating de-
vice during the paper feed.
[0032] (7) The invention of claim 7 provides the image
forming apparatus as set forth in claim 6, wherein the
feed device is controlled by using the paper feed amount
detection device.
[0033] According to the image forming apparatus of
the present invention, it is possible to control the paper
feed device by using the paper feed amount detected
by the paper feed amount detection device, and thereby
to achieve a highly accurate paper feed and to form an
image of high quality.
[0034] A specific method of controlling the paper feed
device by using the paper feed amount detection device
may include, for example, determining timing of feed
and interruption of paper feed (e.g. interruption of feed-
ing for recording by the recording device) based on the
paper feed amount detected by the paper feed amount
detection device.
[0035] (8) The invention of claim 8 provides the image
forming apparatus as set forth in any one of claims 1-7,
wherein the paper feed amount detection device calcu-
lates the paper feed amount by chronologically compar-
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ing speckle patterns generated by the light being reflect-
ed from the paper.
[0036] According to the image forming apparatus of
the present invention, the paper feed amount is detected
by chronologically comparing speckle patterns generat-
ed in the reflected light from the paper, and therefore the
paper feed amount can be detected accurately. Thus,
the image forming apparatus of the present invention is
capable of forming an image of high quality.
[0037] A specific method of detecting the paper feed
amount may include, for example, determining the mov-
ing amount of the speckle patterns generated in the re-
flected light during the paper feed, and then detecting
the paper feed amount based on the moving amount of
the speckle patterns.
[0038] The speckle patterns are influenced by the sur-
face shape of the paper at the point where the light is
reflected. When the paper is fed, the point where the
light is reflected is shifted, with the result that the speckle
patterns in the reflected light are moved. In other words,
the moving amount of the speckle patterns corresponds
to the paper feed amount.
[0039] (9) The invention of claim 9 provides the image
forming apparatus as set forth in any one of claims 1-8,
which further comprises a deviation detection device
that detects deviation when the paper is fed by using the
paper position signal.
[0040] The image forming apparatus of the present in-
vention, which is provided with the deviation detection
device that detects deviation when the paper is fed, can
control the movement of the recording device in the
width direction, for example, based on the detected de-
viation amount. Accordingly, the image forming appara-
tus of the present invention prevents deviation of the
printing area on the paper or printing on a place other
than the paper resulting in stains on the image forming
apparatus.
[0041] As an example, the deviation amount detection
device detects the deviation of the paper by, for exam-
ple, chronologically comparing paper position signals
generated by the paper position signal generating de-
vice during the feeding of the paper in the feed direction.
[0042] The deviation means that, for example, the pa-
per is moved in a direction different from the original di-
rection during the paper feed.
[0043] (10) The invention of claim 10 provides the im-
age forming apparatus as set forth in claim 9, wherein
the movement of the recording device is controlled
based on the deviation amount detected by the devia-
tion detection device.
[0044] The image forming apparatus of the present in-
vention, in which the movement of the recording device
is controlled based on the deviation amount detected by
the deviation detection device, for example, prevents
deviation of the printing area on the paper or printing on
a place other than the paper resulting in stains on the
image forming apparatus.
[0045] (11) The invention of claim 11 provides the im-

age forming apparatus as set forth in claim 10, wherein
the movement of the recording device is controlled such
that a position at which recording on the paper is per-
formed is a predetermined position.
[0046] This invention illustrates control of the move-
ment of the recording device based on the deviation
amount detected by the deviation detection device.
[0047] According to the present invention, for exam-
ple, when a deviation of the paper in a specific direction
during paper feed is detected by the deviation detection
device, the moving range of the recording device (the
position of the recording device when forming an image
on the paper) is shifted to the direction of the deviation
by an amount corresponding to the deviation amount.
[0048] As a result, the position of the image on the
paper is prevented from being shifted despite the devi-
ation of the paper.
[0049] Also, it is prevented from forming an image by
the recording device (for example, ejecting ink) to the
outside of the paper and thereby prevented from stain-
ing the image forming apparatus.
[0050] (12) The invention of claim 12 provides the im-
age forming apparatus as set forth in any one of claims
1-11, which further comprises a paper condition identi-
fication device that identifies conditions of the paper by
using the paper position signal.
[0051] According to the image forming apparatus of
the present invention, in which conditions of the paper
(e.g. the type of the paper) are identified by the paper
condition identification device, it may be possible to
change the recording conditions of the recording device
(for example, the amount of ink droplets to be ejected
in the case where the recording device is an ink jet
head), for example, in accordance with the identified
conditions of the paper. Thus, the image forming appa-
ratus of the present invention is capable of forming an
image under the recording conditions suitable for the pa-
per.
[0052] (13) The invention of claim 13 provides the im-
age forming apparatus as set forth in claim 12, wherein
the paper condition identification device identifies the
type of the paper based on the speckle patterns gener-
ated by the light being reflected from the paper.
[0053] The present invention illustrates a paper con-
dition identification device.
[0054] The speckle patterns generated by the reflect-
ed light from the paper are influenced by the surface
shape of the paper, and therefore vary depending on the
conditions of the paper (e.g. the type of the paper).
[0055] Then, according to the present invention, the
conditions of the paper are identified based on the
speckle patterns.
[0056] Therefore, according to the image forming ap-
paratus of the present invention, it may be possible, for
example, to change the recording conditions of the re-
cording device in accordance with the identified condi-
tions of the paper. Thus, the image forming apparatus
of the present invention is capable of forming an image
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under the recording conditions suitable for the paper.
[0057] (14) The invention of claim 14 provides the im-
age forming apparatus as set forth in claim 12 or 13,
wherein the recording device changes recording condi-
tions depending on conditions of the paper identified by
the paper condition identification device.
[0058] According to the image forming apparatus of
the present invention, it is possible to change the record-
ing conditions in accordance with the identified condi-
tions of the paper by the paper condition identification
device, and thereby to form an image of high quality.
[0059] The recording conditions are, for example, the
amount of ink droplets, i.e. the number of times of ejec-
tion of ink and the size of droplets in the case where the
recording device is a device to eject ink (for example,
an ink jet head).
[0060] (15) The invention of claim 15 provides the im-
age forming apparatus as set forth in any one of claims
1-14, wherein the paper feed is prohibited while the re-
cording device is moved in the width direction, and
wherein the movement of the recording device in the
width direction is prohibited while the paper is fed.
[0061] According to the image forming apparatus of
the present invention, in which the paper feed is prohib-
ited while the recording device is moved in the width di-
rection, changes in the paper position signal during the
movement of the recording device are not affected by
the paper feed.
[0062] With this arrangement, the image forming ap-
paratus of the present invention is capable of, for exam-
ple, accurately detecting the moving amount of the re-
cording device.
[0063] According to the image forming apparatus of
the present invention, in which the movement of the re-
cording device is prohibited while the paper is fed,
changes in the paper position signal during the period
of time are not affected by the movement of the record-
ing device.
[0064] With this arrangement, the image forming ap-
paratus of the present invention is capable of accurately
detecting, for example, the feed amount and the devia-
tion amount of the paper.
[0065] (16) The invention of claim 16 provides the im-
age forming apparatus as set forth in any one of claims
1-15, wherein receipt of the light is performed by using
a photoreceptor including a plurality of two-dimension-
ally arranged pixels.
[0066] Since the image forming apparatus of the
present invention includes the photoreceptor provided
with a plurality of two-dimensionally arranged pixels, a
paper position signal can be generated as a two-dimen-
sional image signal, for example, based on the received
reflected light.
[0067] Accordingly, it is possible, for example, to ac-
curately calculate the moving amount of the recording
device, the paper feed amount and the deviation amount
of the paper, or to accurately identify the conditions of
the paper by using the paper position signal. Thus, the

image forming apparatus of the present invention is ca-
pable of forming an image of high quality.
[0068] (17) The invention of claim 17 provides the im-
age forming apparatus as set forth in any one of claims
1-16, wherein a position at which the light is reflected by
the paper is upstream with respect to the paper feed di-
rection from a position at which the recording device per-
forms recording.
[0069] In the image forming apparatus of the present
invention, the position where the light is reflected on the
paper is upstream from the recording device, and there-
fore recording by the recording device has not been per-
formed at the position.
[0070] Accordingly, the reflected light is not changed
due to the recording on the paper by the recording de-
vice (e.g. application of ink), or the paper position signal
generated based on the reflected light is not changed
due the surface condition of the paper.
[0071] As a result, the image forming apparatus is ca-
pable of, for example, accurately calculating the moving
amount of the recording device, the paper feed amount
and the deviation amount of the paper, or accurately
identifying the conditions of the paper by using the paper
position signal.

Brief Description of Drawings

[0072]

Fig. 1 is an explanatory view showing the overall
structure of an ink jet printer 1 of Embodiment 1;
Fig. 2 is an explanatory view showing the structure
of a peripheral portion of a paper feed mechanism
20 in the ink jet printer 1 of Embodiment 1;
Fig. 3 is an explanatory view showing the structure
of a motion sensor 70 in the ink jet printer 1 of Em-
bodiment 1;
Fig. 4 is an explanatory view showing the structure
of a controller 50 in the ink jet printer 1 of Embodi-
ment 1;
Fig. 5 is an explanatory view showing the structure
of the controller 50 in the ink jet printer 1 of Embod-
iment 1;
Fig. 6A and Fig. 6B are explanatory views showing
the operation of a carriage 31 in the ink jet printer 1
of Embodiment 1;
Fig. 7 is an explanatory view showing the operation
of the carriage 31 in the ink jet printer 1 of Embod-
iment 1;
Fig. 8 is an explanatory view showing the operation
of the carriage 31 in the ink jet printer 1 of Embod-
iment 1;
Fig. 9 is a flowchart showing a printing process per-
formed by the ink jet printer 1 of Embodiment 1;
Fig. 10 is an explanatory view showing a paper type
determination process performed by the ink jet
printer 1 of Embodiment 1;
Fig. 11 is an explanatory view showing a method for
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detecting the type of paper during the paper type
determination process performed by the ink jet
printer 1 of Embodiment 1;
Fig. 12 is an explanatory view showing a method
for detecting the feed amount and the deviation
amount of the paper during the printing process per-
formed by the ink jet printer 1 of Embodiment 1;
Fig. 13 is a flowchart illustrating a calculation proc-
ess of the feed amount shown in Fig. 12;
Fig. 14 is an explanatory view illustrating a deviation
amount determination process performed by the ink
jet printer 1 of Embodiment 1;
Fig. 15 is an explanatory view showing a specific
line printing process performed by the ink jet printer
1 of Embodiment 1;
Fig. 16 is a flowchart showing a procedure of con-
trolling a CR motor by a CR motor controlling circuit;
Fig. 17 is an explanatory view illustrating the struc-
ture of a speed correction circuit in the CR motor
control circuit;
Fig. 18 is an explanatory view showing the specific
line printing process performed by the ink jet printer
1 of Embodiment 1; and
Fig. 19 is an explanatory view showing a trailing end
printing process performed by the ink jet printer 1
of Embodiment 1.

Best Mode for Carrying Out the Invention

[0073] An example (embodiment) of the image form-
ing apparatus of the present invention will now be de-
scribed hereinafter. It should be noted that the image
forming apparatus is exemplarily illustrated as an ink jet
printer in this embodiment.

(Embodiment)

a) The overall structure of an ink jet printer 1 will now be
described using Fig. 1.

[0074] The ink jet printer 1 includes a paper supply
mechanism 10 capable of accommodating a plurality of
sheets of paper P and of supplying the plurality of sheets
of paper one by one, a paper feed mechanism 20 for
feeding the paper P that has been supplied by the paper
supply mechanism 10 to a paper eject table (not shown)
through a paper feed path 4, a print mechanism 30 for
printing (forming an image) by ejecting ink onto the pa-
per P during feeding, a drive mechanism (not shown)
for transmitting driving force to rollers provided in the
paper supply mechanism 10 and the paper feed mech-
anism 20, a control mechanism 50 (not shown) for con-
trolling actions of each of the above-listed components,
and a main body frame 2 for supporting each of the
above-listed components.

b) The structure of the paper supply mechanism 10 will
now be described using Fig. 1.

[0075] The paper supply mechanism 10 includes a
paper feed cassette 11 which is attached in a freely at-
tachable/detachable manner to a cassette mounting
concave 2a formed at an upper end of a rear end portion
of the main body frame 2.
[0076] The paper feed cassette 11 includes, on the
upper side thereof (upper side in Fig. 1), a paper table
12 onto which a plurality of sheets of paper P are
stacked. A rear end portion (left-hand side in Fig. 1) of
the paper table 12 is pivotally supported at a main body
of the paper feed cassette 11 in a freely swinging man-
ner while a front end portion (right-hand side in Fig. 1)
thereof is biased upwardly by a compression coil spring
13.
[0077] Further, the paper supply mechanism 10 in-
cludes a paper feed roller 14 extending in the left and
right directions (in the depth direction in Fig. 1) on an
upper side of the front end portion of the paper table 12.
Both left and right ends of the paper feed roller 14 are
pivotally supported, each in a freely rotating manner, by
a pair of right and left side wall plates 3 coupled to the
main body frame 2, and the paper feed roller 14 is ro-
tated by the driving force that is transmitted from a feed
motor 62 (not shown) through the drive mechanism (not
shown).
[0078] The plurality of sheets of paper P stacked on
the paper table 12 of the paper feed cassette 11 are
pressed against the paper feed roller 14 by the com-
pression coil spring 13 through the paper table 12. Ac-
cordingly, when the paper feed roller 14 is rotated by the
drive mechanism in a counter-clockwise direction, the
uppermost sheet of paper P that contacts the paper feed
roller 14 is fed in a paper feed direction F (right-hand
side direction in Fig. 1) directed to the print mechanism
30.

c) The structure of the paper feed mechanism 20 will
now be described using Figs. 1 to 3.

[0079] The paper feed mechanism 20 is provided with
a paper feed path 4 for feeding paper P. The paper feed
path 4 includes a part of the main body frame 2 that ex-
tends from the cassette mounting concave 2a to a front-
ward extending paper guide portion 2b.
[0080] The paper feed mechanism 20 is further pro-
vided with a rubber-made first feed roller 21 pivotally
supported in a rotating manner in the paper feed path 4
upstream (left-hand side in Fig. 1) from a later described
print head 36 of the print mechanism 30. The first feed
roller 21 is driven in a clockwise direction (clockwise di-
rection in Fig. 1) by the driving force transmitted from
the drive mechanism. A follower roller 22 abuts the first
feed roller 21 from above. The follower roller 22 is piv-
otally attached to a lower end of the swinging arm 24,
and the swinging arm 24, in turn, is pivotally attached to
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the side wall plates 3 at its upper end portion while being
pressed and biased in a direction of pressing the follow-
er roller 22 against the first feed roller 21 by means of a
compression coil spring 23.
[0081] The paper feed mechanism 20 is further pro-
vided with a rubber-made second feed roller 25 pivotally
supported by the main body frame 2 in a rotating manner
in the paper feed path 4 downstream from the print head
36. The second feed roller 25 is driven in the clockwise
direction (clockwise direction in Fig. 1) by the driving
force transmitted from the drive mechanism. A plurality
of spur rollers 26 abut the second feed roller 25 from
above. The spur rollers 26, each of which is a gear-like
roller with a plurality of radial protrusions, are pivotally
supported in a rotating manner by a mounting plate 27
that is fixedly attached to a later described supporting
plate 33 at specified intervals in the printing width direc-
tion (depth direction in Fig. 1).
[0082] With the above-described arrangement, the
paper P that has been supplied from the paper supply
mechanism 10 is fed in the paper feed direction F in ac-
cordance with the rotation of the first feed roller 21 and
the second feed roller 25.
[0083] The paper feed mechanism 20 is further pro-
vided with a paper edge detection sensor 42 for detect-
ing presence or absence of paper P slightly upstream
from the print head 36.
[0084] As shown in Fig. 1, the paper edge detection
sensor 42 includes a rotating portion 41 provided so as
to be rotatable about axis 41a and biased in a counter-
clockwise direction, and a detecting portion 40 that is
switched off when the rotating portion 41 rotates in a
counter-clockwise direction, while being switched on
when the rotating portion 41 rotates in a clockwise di-
rection.
[0085] The operation of the paper edge detection sen-
sor 42 at the time when the paper P passes therethrough
will be described below. When paper P is not present in
the vicinity of the print head 36, the rotating portion 41
is rotated in a counter-clockwise direction by the biasing
force with its tip end (right end in Fig. 1) projecting up-
ward above the paper feed path 4. In the case, the de-
tecting portion 40 is in an off state.
[0086] When the paper P is fed from the upstream and
its leading end rotates the rotating portion 41 in the
clockwise direction, the detecting portion 40 is in an on
state.
[0087] When the paper P further proceeds so that its
trailing end passes the rotating portion 41, the rotating
portion 41 is rotated again in the counter-clockwise di-
rection by the biasing force and the detecting portion 40
is switched off.
[0088] In other words, the paper edge detection sen-
sor 42 is switched on in the presence of paper P, while
it is switched off in the absence of paper P, so that pres-
ence or absence of paper P may be detected.

d) The structure of the print mechanism 30 will now be
described using Figs. 1 to 5.

[0089] The print mechanism 30 is provided with a
guide rod 32 supported by not-shown side walls and ex-
tending in the left and right directions (depth direction in
Fig. 1), a supporting plate 33 provided in front of the
main body frame 2 (right-hand side in Fig. 1) so as to
project upward, and a carriage 31 supported by the
guide rod 32 and an upper end portion of the supporting
plate 33 so as to be movable in the left and right direc-
tions.
[0090] A cartridge holder 34 is fixed to the carriage
31, and an ink cartridge 35 containing therein ink to be
supplied for printing is attached to the cartridge holder
34 in an attachable/detachable manner.
[0091] Print heads 36a-d (see Fig. 5) corresponding,
respectively, to four colors of Y, C, M, K, are mounted to
the carriage 31 so as to face the paper feed path 4. A
plurality of ink jet nozzles (not shown) which eject ink
supplied from the ink cartridge 35 are formed in the print
head 36. The ink jet nozzles may be arranged such that,
for instance, total 64 nozzles are arranged in a double
row, with 32 nozzles in each row.
[0092] The carriage 31 can be reciprocated in a per-
pendicular direction to the feed direction F of the paper
(main scanning direction) by the driving force transmit-
ted from the CR motor 63 through a not-shown carriage
drive mechanism. During printing, the carriage 31 (ink
jet nozzles) selectively eject ink through, for instance,
the 64 ink jet nozzles on the basis of dot pattern data to
be printed while performing reciprocating movement.
[0093] Also, a motion sensor 70 is provided at a lower
end portion of the side surface of the carriage 31 as
shown in Fig. 2. Accordingly, in accordance with (in syn-
chronization with) the movement of the carriage 31 in
the main scanning direction, the motion sensor 70 is
moved in the same direction.
[0094] As shown in Fig. 3, the motion sensor 70 is pro-
vided with a semiconductor laser 74 for irradiating laser
light towards the paper, a lens 75 for receiving the re-
flected light of the laser light, a two-dimensiontal semi-
conductor image sensor 76 and a housing 73 for con-
taining the above members.
[0095] The semiconductor laser 74 irradiates laser
light onto the paper P through an aperture portion 73a
provided in the housing 73, and then the reflected light
is introduced to the two-dimensional semiconductor im-
age sensor 76 through the aperture portion 73a and the
lens 75. The reflected light includes an interference pat-
tern of spots referred to as speckles (a speckle pattern),
which pattern corresponds to the surface shape of the
paper P at the point where the laser light has been re-
flected.
[0096] The two-dimensional semiconductor image
sensor 76 is provided with a light-receiving portion in
which, for example, 400 by 400 pixels of approximately
5µm size are arranged, and performs photoelectric con-
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version of the reflected light from the paper P to gener-
ate an image signal 70a. The image signal 70a is trans-
mitted to a motion sensor processing circuit 77 (Fig. 5)
in a control circuit 50.
[0097] The image signal 70a output from the motion
sensor 70, which is generated based on the reflected
light including the speckle pattern as described above,
also includes a speckle pattern corresponding to the
surface shape of the paper P at the point where the laser
light is reflected. Accordingly, when the paper P is fed
or when the carriage 31 is shifted with respect to the
paper P, the point where the laser light is reflected is
shifted, and thereby the speckle pattern in the image sig-
nal 70a is also shifted.
[0098] That is, the shift of the speckle pattern in the
image signal 70a corresponds to the movement of the
paper P or the shift of the carriage 31.
[0099] The image signal 70a is used during printing
for determining the type of the paper P, detecting the
leading end and the trailing end of the paper P, control-
ling the paper feed and controlling the reciprocation of
the carriage 31, which will be described later in detail.

e) The structure of the control mechanism 50 (controller)
will now be described using Figs. 4 and 5.

[0100] The control mechanism 50 is provided with an
ASIC (Application Specific IC) 54 which is a type of cus-
tom logic IC for controlling drive system components of
the ink jet printer 1, as shown in Fig. 4. The ASIC 54 is
provided with the motion sensor processing circuit 77,
a CR motor control circuit 58, a head drive control circuit
56, a feed motor control circuit 64, an interruption control
circuit 80, a bus control/DMA controller 81 and an I/F
control circuit 82.
[0101] The control mechanism 50 is also provided
with a CPU 51 for controlling the ink jet printer 1, a ROM
52 for recording control programs to be executed by the
CPU 51, initial values, after-mentioned head drive
waveforms and the like, and a RAM 53 for storing graph-
ic information, various setting information and the like.
These components are interconnected through a data
bus 55b and an address bus 55a. Also, a paper edge
detection sensor 42 is connected to the CPU 51.
[0102] The CPU 51, the ROM 52 and the RAM 53 are
connected also to the ASIC 54 through the data bus 55b
and the address bus 55a.
[0103] Furthermore, the motion sensor 70 for detect-
ing the position of the not-shown carriage 31, a CR mo-
tor driver 65 for controlling the CR motor 63 to recipro-
cate the not-shown carriage 31 in the main scanning di-
rection, a head driver 59 for controlling the print head
36a for ejecting yellow ink and print heads 36 (the print
head 36b for ejecting cyan ink, the print head 36c for
ejecting magenta ink, the print head 36d for ejecting
black ink), and a feed motor driver 66 for controlling a
feed motor 62 to feed the paper P in a sub scanning
direction are connected to the ASIC 54. In addition, a

HOST I/F 83 as an interface for mediating communica-
tion of data with a not-shown external device such as a
computer is connected to the ASIC 54.
[0104] The detailed structures of the motion sensor
processing circuit 77, the CR motor control circuit 58 and
the head drive control circuit 56 in the ASIC 54 will now
be described with reference to FIG. 5. FIG. 5 is a block
diagram showing the detailed structure of the ASIC 2.
[0105] 1 As shown in FIG. 5, the motion sensor
processing circuit 77 in ASIC 54, which is provided with
a position detection circuit 77a, a speed detection circuit
77b and a group of detection speed setting registers
77c, is designed to receive input of an image signal 70a
from the motion sensor 70.
[0106] The position detection circuit 77a detects the
relative position between the paper P and the motion
sensor 70 by using the image signal 70a.
[0107] Specifically, a speckle pattern appearing in the
image signal 70a is compared chronologically at a spec-
ified timing and the moving amount of the speckle pat-
tern is measured. Then, the relative moving amount be-
tween the paper P and the motion sensor 70 is calcu-
lated by multiplying the moving amount of the speckle
pattern by a predetermined coefficient. The relative po-
sition between the paper P and the motion sensor 70
can be detected by accumulating the relative moving
amount.
[0108] The relative position between the paper P and
the motion sensor 70 means the position of the paper P
in the feed path when the carriage 31 is stopped (i.e. the
motion sensor 70 is stopped) and the paper P is being
fed, while meaning the position of the carriage 31 in the
main scanning direction when the feeding of the paper
P is stopped and the carriage 31 is moving in the main
scanning direction.
[0109] In other words, the position detection circuit
77a detects the position of the paper P in the feed path
and the position of the carriage 31 in the main scanning
direction.
[0110] The speed detection circuit 77b detects the rel-
ative moving speed between the paper P and the motion
sensor 70.
[0111] Specifically, the relative moving speed be-
tween the paper P and the motion sensor 70 is detected
based on the relative moving amount detected by the
position detection circuit 77a and the time necessary for
the movement.
[0112] The relative moving speed between the paper
P and the motion sensor 70 means the feeding speed
of the paper P in the feed path when the carriage 31 is
stopped (i.e. the motion sensor 70 is stopped) and the
paper P is being fed, while meaning the moving speed
of the carriage 31 in the main scanning direction when
the feeding of the paper P is stopped and the carriage
31 is moving in the main scanning direction.
[0113] In other words, the speed detection circuit 77b
detects the feeding speed of the paper P and the moving
speed of the carriage 31 in the main scanning direction.
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[0114] 2 The CR motor control circuit 58 in the ASIC
54 is provided with a speed correction circuit 58a for cor-
recting the moving speed of the carriage 31 and a PWM
(Pulse-Wave-Modulation) generating circuit 58b for
generating waveform data of PWM control for perform-
ing PWM control of the CR motor 63. The CR motor con-
trol circuit 58 is connected to the CR motor driver 65,
and, in turn, the CR motor driver 65 is connected to the
CR motor 63. Accordingly, the waveform data of PWM
control is transmitted from the CR motor control circuit
58, and the CR motor driver 65 performs PWM control
of the CR motor 63.
[0115] 3 The head drive control circuit 56 in the ASIC
54 is provided with a head drive waveform generating
circuit 56c that generates head drive waveforms for driv-
ing the print heads 36a, 36b, 36c and 36d for printing,
a group of waveform registers 56a for storing data of
head drive waveforms to be generated by the head drive
waveform generating circuit 56c, and a group of printing
start position registers 56b for storing data of printing
start positions. A head driver 59 for controlling the print
heads 36a, 36b, 36c and 36d and a DC/DC converter
57 for supplying the head driver 59 with a voltage to be
provided to the print heads 36a, 36b, 36c and 36d are
connected to the head drive control circuit 56.
[0116] The head drive control circuit 56 is configured
such that timing signals are provided from the motion
sensor processing circuit 77 through a signal line 101
and interruption signals are provided through a signal
line 102.
[0117] f) The operation of the carriage 31 will now be
described using Figs. 6-8. Fig. 6A and Fig. 6B are views
illustrating the relationship among the position, the
speed and the printing section of the carriage 31 of the
ink jet printer 1 in the main scanning direction. Fig. 7 is
a diagram illustrating the relationship among the posi-
tion, the speed and the head drive waveform of the car-
riage 31 of the ink jet printer 1. Fig. 8 is a diagram show-
ing an example of head drive waveforms.
[0118] In the ink jet printer 1 of Embodiment 1, the
position and the speed of the carriage 31 in the main
scanning direction are detected by the motion sensor
processing circuit 77. Then, the movement of the car-
riage 31 and the printing arc controlled by using the de-
tected position and speed as described below.

i) Firstly, the schematic operation of the carriage 31
during printing will be described using FIG. 6A.

[0119] 1 During printing, the carriage 31 moves from
an initial position (P0) in a moving direction of the car-
riage 31 during printing (hereinafter "Direction G") at an
accelerating speed until arriving at a position P1. The
carriage 31 does not perform printing in the section from
P0 to P1.
[0120] P0 is a predetermined position, while P1 is a
position to be determined by using the position and
speed of the carriage 31. The process of determining

P1 will be described later in detail. After-mentioned
P2-P6 are also positions to be determined by using the
position and speed of the carriage 31.
[0121] 2 Once arriving at the position P1, the car-
riage 31 starts printing and advances at a further accel-
erating speed until arriving at a position P2. In the sec-
tion from the position P1 to the position P2 (Section A),
"Waveform 1" is adopted as the head drive waveform,
as shown in FIG. 7, and the print heads 36a-d are driven.
[0122] 3 In the section from the position P2 to a po-
sition P3 (hereinafter referred to as "Section B"), the car-
riage 31 moves at a further accelerating speed. In Sec-
tion B, "Waveform 2" is adopted as the head drive wave-
form, as shown in FIG. 7, and the print heads 36a-d are
driven.
[0123] 4 In the section from the position P3 to a po-
sition P4 (hereinafter referred to as "Section C"), the car-
riage 31 moves at an approximately constant speed. In
Section C, "Waveform 3" is adopted as the head drive
waveform, as shown in FIG. 7, and the print heads 36a-
d are driven.
[0124] 5 In the section from the position P4 to a po-
sition P5 (hereinafter referred to as "Section D"), the car-
riage 31 moves at a decelerating speed. In Section D,
"Waveform 2" is adopted as the head drive waveform,
as shown in FIG. 7, and the print heads 36a·d are driven.
[0125] 6 In the section from the position P5 to a po-
sition P6 (hereinafter referred to as "Section E"), the car-
riage 31 moves at a decelerating speed. In Section E,
"Waveform 1" is adopted as the head drive waveform,
as shown in FIG. 7, and the print heads 36a-d are driven.
[0126] 7 In the section from the position P6 to a po-
sition P7 at which the carriage 31 turns back, printing is
not performed.
[0127] ii) Next, determination of a section in which
printing is performed and the positions P1-P6 as a basis
for changing the head drive waveform to be used will be
described by using FIG. 6B.
[0128] P1 is determined based on the timing at which
the speed of the carriage 31 that starts from the position
P0 and moves in Direction G at an accelerating speed
reaches SPD1, and on the deviation amount of the pa-
per P. (Measurement of the deviation amount will be de-
scribed later.)
[0129] In the case where the paper P moves without
deviation, the position of the carriage 31 when the speed
of the carriage 31 reaches SPD1 (P1a in Fig. 6B) is P1.
[0130] In the case where the paper P moves with a
deviation in Direction G, a position (P1b in FIG. 6B) shift-
ed from the position P1a in Direction G by an accumu-
lated value (α) of the deviation amount of the paper P
at the point in time is P1.
[0131] In contrast, in the case where the paper P
moves with a deviation in a direction opposite to Direc-
tion G, the position shifted from the position P1a in a
direction opposite to Direction G by an accumulated val-
ue (8) of the deviation amount of the paper P at the point
in time (P1c in FIG. 6B) is P1.
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[0132] In a specific process of determining P1, the po-
sition and speed of the carriage 31 are first detected by
the motion sensor processing circuit 77 by using an im-
age signal 70a provided from the motion sensor 70.
[0133] Subsequently, the position (P1a) at which the
speed of the carriage 31 reaches SPD1 is calculated by
using the above position and speed, and P1 is deter-
mined by shifting the position (P1a) by the accumulated
value (α or β) of the deviation amount of the paper P.
[0134] In the same manner, P2-P6 are determined as
respective positions at which the speed of the carriage
31 reaches a given speed in the case where the paper
P moves without deviation. Specifically, P2 is a position
at which the accelerating speed of the carriage 31
reaches SPD2, P3 is a position at which the accelerating
speed of the carriage 31 reaches SPD3, P4 is a position
at which the decelerating speed of the carriage 31 falls
below SPD3, P5 is a position at which the decelerating
speed of the carriage 31 falls below SPD2, and P6 is a
position at which the decelerating speed of the carriage
31 falls below SPD1.
[0135] In the case where the paper P moves with a
deviation, in the same manner as P1 described above,
P2-P6 are determined, respectively, as positions (P2b-
P6b or P2c-P6c) which are shifted from the positions of
P2-P6 in the case without deviation (i.e. P2a·P6a) by an
accumulated value (α or β) of the deviation amount of
the paper P at the point in time.
[0136] That is, the respective printing start positions
are shifted in the carriage feed direction by an amount
equal to the accumulated value of the deviation amount,
which can eliminate the effects of the deviation.
[0137] iii) Next, an example of the head drive wave-
forms, i.e. Waveform 1, Waveform 2 and Waveform 3,
will be described with reference to FIG. 8. The print
heads 36a-d are described here as ink jet heads.
[0138] As shown in FIG. 8(1), Waveform 1 is a wave-
form including only a drive pulse P1 that drives the ink
jet heads. Waveform 2 is a waveform including a drive
pulse P2 that drives the ink jet heads and a cancel pulse
P3 that cancels residual oscillation of the ink jet heads
in ink channels. Waveform 3, which is a waveform in-
cluding a drive pulse P4 that drives the ink jet heads and
a cancel pulse P5 that cancels residual oscillation of the
ink jet heads in the ink channels, has a greater interval
between the drive pulse P4 and the cancel pulse P5 as
compared with the case of Waveform 2. Since the re-
sidual oscillation in the ink channels is cancelled by the
cancel pulses P3, P5, higher speed printing operation
can be achieved. The waveform data of Waveform 1
through Waveform 3 is stored in the ROM 52.
[0139] A plurality of waveforms having basically the
same form but different amplitudes of drive pulses for
driving the ink jet heads are stored in the ROM 52 with
respect to Waveform 1, Waveform 2 and Waveform 3,
respectively.
[0140] Specifically, Waveforms 1a-1c with different
amplitudes of P1 are stored with respect to Waveform

1, Waveforms 2a-2c with different amplitudes of P2 are
stored with respect to Waveform 2, and Waveforms 3a-
3c with different amplitudes of P5 are stored with respect
to Waveform 3.
[0141] It is determined which of Waveforms 1a-1c in
Waveform 1 should be used for driving heads, depend-
ing on the type of the paper. In each case of Waveform
2 and Waveform 3, it is also determined which of the
waveforms should be used, depending on the type of
the paper.

g) The printing process of the ink jet printer 1 will now
be described using Figs. 9 to 16.

[0142] In Step 100, as shown in Fig. 9, a printing start
signal and printing data (dot pattern data) are input from
the external electronic device through the Host I/F 83
into the control mechanism 50. The input printing data
is stored in the RAM 53.
[0143] In Step 110, the paper P is taken out from the
paper feed cassette 11 and is fed along the feed path 4.
[0144] More particularly, the feed motor driver 66 of
the data control mechanism 50 sends a driving signal to
the feed motor 62. The driving force of the feed motor
62 is transmitted to the paper feed roller 14 of the paper
supply mechanism 10 through the driving mechanism.
The driven paper feed roller 14 takes out the paper P
sheet by sheet from the paper feed cassette 11 and
feeds the sheet to the feed path 4.
[0145] Upon detection of the leading end of the paper
P in Step 120 by the paper edge detection sensor 42,
in Step 130, the paper feed roller 14 further rotates by
a specified amount so that the leading end of the paper
P hits against a nip of the first feed roller 21 and the
follower roller 22 to cause so-called resist actions; then
the feed motor 62, in turn, is rotationally driven in the
reverse direction to cause the first feed roller 21, which
has been rotating in a counter-clockwise direction in
Figs. 1 and 2, to start rotating in a clockwise direction
by a specified amount (a prescribed amount for a lead-
ing end) to feed the paper P until the head of a printing
area of the paper P is placed right under the print head
36 of the print mechanism 30. Thereafter, the first feed
roller 21 and the paper P temporarily stop.
[0146] It should be noted that since the driving force
of the feed motor 62 is not transmitted to the paper feed
roller 14 when the first feed roller 21 is rotationally driven
in a clockwise direction by the feed motor 62, no adverse
effect will be caused to the feeding of the paper P ac-
companying the rotation of the first feed roller 21.
[0147] In Step 140, paper type determination process
is performed.
[0148] The paper type determination process will be
described by using Fig. 10 and Fig. 11.
[0149] In Step 300, image signals 70a output by the
motion sensor 70 are captured five times, and the cap-
tured image signals are stored in the RAM 53.
[0150] In Step 310, the five image signals 70a stored
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in Step 300 are averaged to create average data.
[0151] In Step 320, pattern recognition of the average
data created in Step 310 is performed.
[0152] Specifically, the average data includes, as
shown in Fig. 11, a speckle pattern corresponding to the
surface shape of the paper at the point where the laser
light has been reflected, and the speckle pattern (e.g.
the size, the density of the speckle pattern) is detected
by using a pattern recognition method.
[0153] In Step 330, a reference pattern closest to the
pattern of the average data detected in Step 320 is se-
lected. Reference patterns are speckle patterns corre-
sponding, respectively, to various types of paper and
previously stored in the ROM 52.
[0154] In Step 340, it is determined whether the dif-
ference between the reference pattern selected in Step
330 and the pattern of the average data is within a spec-
ified value. If YES, the process proceeds to Step 350,
while if NO, the process proceeds to Step 360.
[0155] In Step 350, the type of paper P is determined
based on the reference pattern selected in Step 330.
Specifically, it is determined that type of the paper P is
a type of paper corresponding to the reference pattern
selected in Step 330. The type of paper determined as
above is stored in the RAM 53. The type of paper stored
in the RAM 53 will be used in selecting the head drive
waveform during the after-mentioned specific line print-
ing process.
[0156] When the process in Step 350 is finished, the
paper type determination process is terminated and the
process proceeds to Step 150 in the printing process
(Fig. 9).
[0157] In contrast, if it is determined in Step 340 that
the difference between the reference pattern and the
pattern of the average data is beyond the specified val-
ue, the process proceeds to Step 360. In Step 360, a
warning that the type of the supplied paper is improper
is indicated on the display portion (not shown) of the ink
jet printer 1 or on the display of the external device (the
host computer), and the printing process is stopped.
[0158] Returning to the printing process (Fig. 9), print-
ing of the printing data corresponding to the first line is
performed by using the print mechanism 30 with the pa-
per P in a suspended state in Step 150. In other words,
printing is performed by the CR motor driver 65 driving
the CR motor 63 to make the carriage 31 operate on the
basis of the printing data stored in the RAM 53, and by
outputting the head drive waveform from the head drive
control circuit 56 to the head driver 59 to drive the print
heads 36.
[0159] In Step 150, the head drive waveform is select-
ed in accordance with the type of paper determined in
Step 140 so as to change a printing condition (the
amount of ink droplets ejected by the print heads 36).
[0160] In Step 160, the counted value stored in the
RAM 53 is reset as a preparation for executing a later-
mentioned process (i.e. a process of determining wheth-
er the counted value in Step 160 or later has reached a

prescribed amount for line feed). The counted value,
which is a parameter that is counted up on the basis of
signals output from the motion sensor 70, will be de-
scribed in detail later.
[0161] In Step 170, an image signal 70a (a paper po-
sition signal) related to the position of the paper P is de-
tected by using the motion sensor 70 and is stored in
the RAM 53 (execution of paper position signal gener-
ating device).
[0162] More particularly, a laser beam from the sem-
iconductor laser 74 of the motion sensor 70 is irradiated
onto the surface of the paper P, and the reflected light
is detected by the two-dimensional semiconductor im-
age sensor 76. The two-dimensional semiconductor im-
age sensor 76 performs photoelectric conversion of the
reflected light to generate an image signal 70a, and
stores the image signal 70a in the RAM 53.
[0163] In Step 180, the paper P is fed in the down-
stream direction by driving the feed motor 62 by a single
pulse.
[0164] In Step 190, it is determined whether or not the
paper edge detection sensor 42 has detected the trailing
end of the paper P (that is, whether the trailing end of
the paper P in the feed direction has not yet passed the
paper edge detection sensor 42 or already has).
[0165] If the answer is NO (if the paper edge detection
sensor 42 is on), the process proceeds to Step 200. If
the answer is YES (if the paper edge detection sensor
42 is off), the process proceeds to Step 290.
[0166] In Step 200, an image signal 70a related to the
position of the paper P is stored in the RAM 53 in the
same manner as in Step 170 (execution of paper posi-
tion signal generating device).
[0167] In Step 210, the newest signal and the next
newest signal among the image signals 70a that have
been stored in the RAM 53 either in Step 170 or in Step
200 are used for performing calculation in the motion
sensor processing circuit 77, and the feed amount by
which the paper P has been fed in the feed direction and
the deviation amount by which the paper P has been
moved in the direction perpendicular to the feed direc-
tion in Step 180 are calculated (execution of the paper
feed amount detection device and the deviation detec-
tion device).
[0168] A detailed description will now be made below
using Fig. 12.
[0169] The image signal 70a that is stored in the RAM
53 in Step 170 or Step 200 includes each speckle pat-
tern corresponding to the surface shape at the point
where the laser light is reflected (the surface of the paper
P).
[0170] When the paper P is fed, the point at which la-
ser light is reflected is shifted, and the speckle pattern
in the image signal 70a is moved so as to correspond
to the feeding of the paper P.
[0171] In other words, the speckle pattern before the
feeding of the paper P is moved to the speckle pattern
after the feeding of the paper P by an amount corre-
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sponding to the feed amount of the paper P.
[0172] Accordingly, the moving amount of the paper
P can be calculated on the basis of measured results
obtained by measuring the moving amount of the speck-
le pattern accompanying the feeding of the paper P.
[0173] Thus, in this Step 210, speckle patterns of the
respective image signals 70a stored in the RAM 53 be-
fore and after the feeding of the paper P (Step 180) are
first compared as illustrated in Fig. 12 for measuring the
moving amount of the speckle pattern. Then, the moving
amount of the paper P in Step 180 is calculated on the
basis of the measurement result.
[0174] The component in the feed direction of the
movement of the paper P is defined as the feed amount,
while the component in the direction perpendicular to
the feed direction is defined as the deviation amount.
The feed amount and the deviation amount are stored
in the RAM 53.
[0175] Now, the calculation process of the feed
amount described using Fig. 12 will be described based
on Fig. 13.
[0176] The motion sensor 70 detects the speckle pat-
terns continuously and sends speckle pattern informa-
tion converted into digital signals through the amplifier
71 and the A/D converter 72 to the correlator 77d
(S361).
[0177] The correlator 77d adjusts the threshold value
to extract characteristic points (S362), and specifies
several characteristic points (S363).
[0178] If the specification of characteristic points is
normally completed (S363: YES), the moving direction
and the moving amount of the characteristic points are
calculated based on the speckle pattern information and
the resolution of the photoreceptor by comparison be-
tween the previous data and the current data of the char-
acteristic points which move in accordance with the
movement of an object to be observed (S364). Subse-
quently, by multiplying the moving amount calculated in
S364 by a predetermined correction factor with respect
to the actual moving amount of the paper, the feed
amount is calculated (S365). Then, the current data of
the characteristic points is stored so as to replace the
previous data of the characteristic points (S366), a char-
acteristic point detection error counter (described in de-
tail later) is cleared (S367), and the entire process is
terminated.
[0179] The case where the specification of character-
istic points is not normally completed in S363 (S363:
NO) is, for example, the case where characteristic
points cannot be specified in the graphic information in
spite of adjusting the threshold value because of the in-
fluence of noises, and the like.
[0180] Subsequently, the characteristic point error
counter for counting the number of characteristic point
detection errors is incremented (S368). If the character-
istic point detection error counter indicates the number
greater than 20, that is, the characteristic point detection
ends up with twenty-one consecutive errors (S369:

YES), a moving amount detection error is determined
and error handling such as informing the user of the er-
ror and stopping the operation of the device is per-
formed. On the other hand, if the characteristic point de-
tection error counter indicates the number equal to or
less than 20 (S369: NO), the moving amount is deter-
mined as 0 without calculating the actual moving
amount (S370) and the process is terminated.
[0181] Thus, it is possible to prevent an incorrect mov-
ing amount provided by a detection error from being
used for input of feedback control.
[0182] The above described processes are executed
at each sampling frequency for calculation of the moving
amount. The sampling frequency for calculation of the
moving amount is set within a time (approximately sev-
eral dozen µs) short enough for the characteristic points
not to move out of a detection area to be detected by
the photoreceptor even when the paper and the motion
sensor 70 are relatively moved at a predetermined max-
imum speed. Calculation and addition of the moving
amount from the position where the previous call was
made is continued until this processing routine is called
by an interrupt or the like.
[0183] Returning to Fig. 9, in Step 220 a deviation
amount determination process is executed based on the
deviation amount calculated in Step 210.
[0184] The deviation amount determination process
will be described by using Fig. 14.
[0185] In Step 400, an accumulated deviation amount
value is updated by adding the deviation amount calcu-
lated in Step 210 to the accumulated value of the devi-
ation amount (the accumulated deviation amount value)
at the time of the previous process. That is, the accu-
mulated deviation amount value updated in Step 400 is
the total of the deviation amounts from the time when
the printing process is started.
[0186] In Step 410, it is determined whether or not the
accumulated deviation amount value has reached a pre-
scribed acceptable deviation amount. In the case of
YES, the process proceeds to Step 420. In Step 420, a
warning is indicated on a display portion (not shown) of
the ink jet printer 1, and the printing process is terminat-
ed.
[0187] In the case of NO in Step 410, the process re-
turns to the main routine in Fig. 9.
[0188] After returning to the main routine of the print-
ing process (Fig. 9), in Step 230, the feed amount of the
paper P as calculated in Step 200 is added to the count-
ed value, which is a parameter stored in the RAM 53 (an
accumulated value of the feed amount of the paper P
when Step 230 was executed the last time), to update
the counted value. The counted value is a value to be
reset in Step 160 as described above.
[0189] In Step 240, it is determined whether or not the
counted value updated in Step 230 has reached a pre-
scribed amount for line feed (a length of the nozzle por-
tions of the print head 36: for instance, 1 inch). If the
counted value has reached the prescribed amount for
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line feed, the process proceeds to Step 250, while if the
counted value has not reached the prescribed amount
for line feed yet, the process proceeds to Step 180.
[0190] In Step 250, the number of times for which driv-
ing by a single pulse (Step 180) has been performed
since the immediately preceding printing (Step 150 or
Step 260) is stored in the RAM 53 as the number of puls-
es for line feed.
[0191] Further, an average value of the numbers of
pulses for line feed counted since the start of the printing
process is calculated as an average number of pulses
for line feed and is stored in the RAM 53.
[0192] In Step 260, a specific line printing process is
performed.
[0193] The specific line printing process is a process
to print a single line using the carriage 31. The process
will be described below by using Fig. 15 to Fig. 18. Fig.
15 is a flowchart showing the preparation for printing,
while Fig. 18 is a flowchart showing the operation of the
carriage 31 during printing.
[0194] The preparation for printing will be described
with reference to Fig. 15.
[0195] In Step 500, a carriage feeding speed, at which
the carriage 31 is moved for performing printing, is read
from the ROM 52, and is set at a group of detection
speed setting registers 77c in the motion sensor
processing circuit 77 of the ASIC 54.
[0196] In Step 510, parameters for performing feed-
back control to allow a stable movement of the carriage
31 at a constant speed are read from the ROM 52, and
are set at the group of detection speed setting registers
77c in the motion sensor processing circuit 77 of the
ASIC 54.
[0197] In Step 520, in accordance with the format in-
formation of printing included in the printing data stored
in the RAM 53, a printing start position and a carriage
scanning stop position are set at a group of printing start
position registers 56b in the head drive control circuit 56
of the ASIC 54.
[0198] In Step 530, the speed of the carriage 31 (here-
inafter referred to as the "CR detection speed") serving
as a basis for determining the positions P1 to P6, at
which the head drive waveform is updated (switched)
during the moving process of the carriage 31, is read
from the ROM 52, and is set at the group of detection
speed setting registers 77c in the motion sensor
processing circuit 77 of the ASIC 54. The CR detection
speed specifically includes three types of speeds
SPD1-SPD3 as mentioned above.
[0199] In Step 540, waveform data about "Waveform
1", "Waveform 2", and "Waveform 3" as the head drive
waveforms is read from the ROM 52.
[0200] In this case, waveforms to be read with respect
to "Waveform 1", "Waveform 2", and "Waveform 3" are
selected, respectively, in accordance with the type of the
paper P identified in Step 140.
[0201] For instance, when the type of the paper P is
identified as plain paper in Step 140, "Waveform 1a",

"Waveform 2a", and "Waveform 3a" are read from
"Waveform 1", "Waveform 2", and "Waveform 3," re-
spectively, while "Waveform 1b", "Waveform 2b", and
"Waveform 3b" are read when the type of the paper P
is identified as high-resolution printing paper (i.e. super
fine paper) in Step 140.
[0202] In Step 550, the head drive waveforms read in
Step 540 are written to the group of waveform registers
56a in the head drive control circuit 56 of the ASIC 54.
[0203] In Step 560, the CR motor control circuit 58 ac-
tivates the CR motor 63 by performing PWM control
through the CR motor driver 65, and the carriage 31
starts its movement from the initial position (the position
P0 shown in Fig. 6A and Fig. 6B) toward the carriage
scanning end position (the position P7 shown in Fig. 6A
and Fig. 6B).
[0204] The procedure of controlling the CR motor by
the CR motor control circuit 58 will be described below
based on Fig. 16. Generation of the control signal ac-
cording to the procedure is started after the CR motor
is activated in the process of S560 in Fig. 15.
[0205] Although the CR motor control circuit 58 oper-
ates as hardware, the operation as hardware will be de-
scribed here in the form of a flowchart to facilitate better
understanding.
[0206] First, the speed correction circuit 58a starts a
timer (S571). Next, the speed correction circuit 58a
waits until the timing for calculation has been reached
(S572: NO). Specifically, it waits until the measured time
t by the timer has reached the time for calculation t0 set
in the timing setting register 112 (t<t0).
[0207] When the timing for calculation has been
reached in the procedure in S572 (S572: YES), the
speed correction circuit 58a checks whether or not the
current position of the carriage 31 has reached the scan-
ning end position (P7) (S573). In this case, it is deter-
mined whether or not the carriage 31 has reached the
scanning end position by comparing the position calcu-
lated by the position detection circuit 77a which calcu-
lates the position of the carriage 31 based on the feed
amount calculation flow in Fig. 13 with the scanning end
position (P7).
[0208] In the procedure of S573, the current position
of the carriage 31 is calculated from the moving amount
of the carriage 31 with respect to the paper by using the
feed amount calculation flow in Fig. 13. If it is determined
that the current position of the carriage 31 has not
reached the scanning end position (S573: NO), the
speed correction circuit 58a generates a control signal
to be input to the PWM generating circuit 58b (S574).
The procedure of generating a control signal by the
speed correction circuit 58a will be described later with
reference to Fig. 17. The speed here means a value ob-
tained by dividing the moving amount of the carriage 31
during t0 by the timing (the interval) t0 at which the cal-
culation of the moving amount of the carriage 31 is per-
formed.
[0209] Subsequently, the speed correction circuit 58a
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converts the control signal into a PWM signal and out-
puts the PWM signal to the PWM generating circuit 58b
(S575).
[0210] The speed correction circuit 58a then stops
and resets the timer (S576), and returns to the proce-
dure in S571.
[0211] When it is determined in the procedure in S573
that the current position of the carriage 31 has reached
the scanning end position (S573: YES) after the proce-
dures from S571 through S576 are repeatedly per-
formed, the present procedure of generating a control
signal is terminated.
[0212] The procedure of generating a control signal
by the speed correction circuit 58a will be described be-
low based on Fig. 17. The speed correction circuit 58a
of the CR motor control circuit 58, which is for performing
feedback control such that the speed y by the speed de-
tection circuit 77b is equal to the carriage moving speed
r set in the group of detection speed setting registers
77c, comprises a first adder add1, an integrator int, a
first gain integrator g1, a state estimator obs, a second
gain integrator g2 and a second adder add2.
[0213] In the speed correction circuit 58a, the devia-
tion (r-y) between the carriage moving speed r set in the
group of detection speed setting registers 77c and the
speed y measured by the speed detection circuit 77b is
first calculated by the first adder add1.
[0214] Then the accumulated value of the deviation
( ∫ (r-y)dt0) is calculated by means of the integrator int
by discrete integration of the deviation calculated by the
first adder add1 with respect to the time for calculation
t0 set in the timing setting register 112.
[0215] Subsequently, a first control signal having a
value "u1(=-F1 ∗ ∫ (r-y)dt0)" obtained by integrating the
accumulated value of the deviation calculated by the in-
tegrator int and the integral gain F1 set in the first gain
setting register 115 is generated by the first gain inte-
grator g1.
[0216] By the state estimator obs, the quantity of state
x indicating the internal state of the carriage mechanism
is estimated based on a control input u indicated by the
control signal input to the PWM generating circuit 58b
and the speed y measured by the speed detection circuit
77b.
[0217] Then, a second control signal having a value
"u2(=-F2∗x)" obtained by integrating the quantity of
state x estimated by the state estimator obs and the
state feedback gain F2 set in the second gain setting
register 116 is generated by the second gain integrator
g2.
[0218] Moreover, a control signal having a value of "u
(=u1+u2)" obtained by adding the first and second con-
trol signals as a control input u is generated by the sec-
ond adder add2.
[0219] This causes the CR motor 63 to be rotated in
a rotating direction at an angular velocity corresponding
to the value of the control input u of the control signal,
and the carriage 31 is moved in parallel in accordance

with the rotation.
[0220] The operation of the carriage 31 during printing
will now be described with reference to the flowchart in
Fig. 18.
[0221] In Step 600, it is determined whether or not the
position of the carriage 31 starting from the position P0
has reached the position P1.
[0222] The position P1 is determined based on the po-
sition of the carriage 31 and the accumulated value of
the deviation amount of the paper P when the speed of
the carriage 31 reaches the speed SPD1 as described
above. Specifically, the position is determined as below.
[0223] While the position of the carriage 31 is detect-
ed by the position detection circuit 77a of the motion
sensor processing circuit 77 by using the image signal
70a from the motion sensor 70, the speed of the carriage
31 is detected by the speed detection circuit 77b.
[0224] Based on the position and the speed of the car-
riage 31, the position of the carriage 31 (P1a) when the
speed of the carriage 31 reaches a prescribed speed
SPD1 set to the group of detection speed setting regis-
ters 77c is calculated.
[0225] When the paper P moves without deviation,
the position P1a is determined as the position P1, while
when the paper P moves with deviation, a position (P1b
or P1c) shifted from the position P1a by the accumulated
value of deviation amount at the point in time is deter-
mined as the position P1. As the deviation amount, a
value measured in Step 210 and stored in the RAM 53
is used.
[0226] If the position of the carriage 31 detected by
the position detection circuit 77a has reached the posi-
tion P1 determined as above, a P1 position interrupt sig-
nal is sent from the motion sensor processing circuit 77
to the head drive control circuit 56 through a signal line
102, and the process proceeds to Step 610. If the posi-
tion of the carriage 31 has not reached the position P1,
the process returns to Step 600.
[0227] In Step 610, Waveform 1 for head driving is
read from the group of waveform registers 56a of the
head drive control circuit 56, and then Waveform 1 is
output to the head driver 59 by the head drive waveform
generating circuit 56c.
[0228] Accordingly, the printing operation is per-
formed by the print heads 36a-d of the carriage 31 driven
by Waveform 1 in Section A shown in Fig. 6A. Waveform
1, which is read in Step 540 depending on the type of
the paper identified in Step 140 as described above, is
one of Waveform 1a, Waveform 1b and Waveform 1c.
[0229] In Step 620, the position P2 is determined in
the same manner as in Step 600, and then it is deter-
mined whether or not the position of the carriage 31 has
reached the position P2.
[0230] That is, a position P2a (the position of the car-
riage 31 when the speed of the carriage 31 reaches
SPD2) is calculated by the motion sensor processing
circuit 77 by using the image signal 70a from the motion
sensor 70, and a position shifted from the position P2a
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by the accumulated value of the deviation amount of the
paper P is determined as the position P2. Then, it is de-
termined whether or not the carriage 31 has reached the
position P2.
[0231] If YES, a P2 position interrupt signal is sent
from the motion sensor processing circuit 77 to the head
drive control circuit 56 through the signal line 102, and
the process proceeds to Step 630. If the position of the
carriage 31 has not reached the position P1, the process
returns to Step 620.
[0232] In Step 630, Waveform 2 for head driving is
read from the group of waveform registers 56a of the
head drive control circuit 56, and then Waveform 2 is
output to the head driver 59 by the head drive waveform
generating circuit 56a. Accordingly, the printing opera-
tion is performed by the print heads 36a-d driven by
Waveform 2 in Section B shown in Fig. 6A. Waveform
2, which is read in Step 540 depending on the type of
the paper identified in Step 140 as described above, is
one of Waveform 2a, Waveform 2b and Waveform 2c.
[0233] In Step 640, the position P3 is determined in
the same manner as in Step 600, and then it is deter-
mined whether or not the carriage 31 has reached the
position P2.
[0234] That is, a position P3a (the position of the car-
riage 31 when the speed of the carriage 31 reaches
SPD3) is calculated by the motion sensor processing
circuit 77 by using the image signal 70a from the motion
sensor 70, and a position shifted from the position P2a
by the accumulated value of the deviation amount of the
paper P is determined as the position P3. Then, it is de-
termined whether or not the carriage 31 has reached the
position P3.
[0235] If YES, a P3 position interrupt signal is sent
from the motion sensor processing circuit 77 to the head
drive control circuit 56 through the signal line 102, and
the process proceeds to Step 650. If the carriage 31 has
not reached the position P3, the process returns to Step
640.
[0236] In Step 650, Waveform 3 for head driving is
read from the group of waveform registers 56a of the
head drive control circuit 56, and then Waveform 3 is
output to the head driver 59 by the head drive waveform
generating circuit 56c. Accordingly, the printing opera-
tion is performed by the print heads 36a-d driven by
Waveform 3 in Section C shown in Fig. 6A. Waveform
3, which is read in Step 540 depending on the type of
the paper identified in Step 140 as described above, is
one of Waveform 3a, Waveform 3b and Waveform 3c.
[0237] In Step 660, the position P4 is determined in
the same manner as in Step 600, and then it is deter-
mined whether or not the carriage 31 has reached the
position P4.
[0238] That is, a position P4a (the position of the car-
riage 31 when the speed of the carriage 31 falls below
SPD3) is calculated by the motion sensor processing
circuit 77 by using the image signal 70a from the motion
sensor 70, and a position shifted from the position P4a

by the accumulated value of the deviation amount of the
paper P is determined as the position P4. Then, it is de-
termined whether or not the carriage 31 has reached the
position P4.
[0239] If YES, a P4 position interrupt signal is sent
from the motion sensor processing circuit 77 to the head
drive control circuit 56 through the signal line 102, and
the process proceeds to Step 670. If the carriage 31 has
not reached the position P4, the process returns to Step
660.
[0240] In Step 670, Waveform 2 for head driving is
read from the group of waveform registers 56a of the
head drive control circuit 56, and then Waveform 2 is
output to the head driver 59 by the head drive waveform
generating circuit 56c. Accordingly, the printing opera-
tion is performed by the print heads 36a-d driven by
Waveform 2 in Section D shown in Fig. 6A.
[0241] In Step 680, the position P5 is determined in
the same manner as in Step 600, and then it is deter-
mined whether or not the carriage 31 has reached the
position P5.
[0242] That is, a position P5a (the position of the car-
riage 31 when the speed of the carriage 31 falls below
SPD2) is calculated by the motion sensor processing
circuit 77 by using the image signal 70a from the motion
sensor 70, and a position shifted from the position P5a
by the accumulated value of the deviation amount of the
paper P is determined as the position P5. Then, it is de-
termined whether or not the carriage 31 has reached the
position P5.
[0243] If YES, a P5 position interrupt signal is sent
from the motion sensor processing circuit 77 to the head
drive control circuit 56 through the signal line 102, and
the process proceeds to Step 690. If it is determined that
the carriage 31 has not reached the position P5, the
process returns to Step 680.
[0244] In Step 690, Waveform 1 for head driving is
read from the group of waveform registers 56a of the
head drive control circuit 5, and then Waveform 1 is out-
put to the head driver 59 by the head drive waveform
generating circuit 56c. Accordingly, the printing opera-
tion is performed by the print heads 36a·d driven by
Waveform 1 in Section E shown in Fig. 6A.
[0245] When it is determined that the carriage 31 has
reached a position P6 determined in the same manner
as the above P1 to P5, the head drive control circuit 56
stops outputting the waveform of the printing signal to
the head driver 59 to end the printing, and thereby the
printing operation of a single line is terminated.
[0246] Returning to the main routine in Fig. 9, it is de-
termined in Step 270 whether or not any printing data
that has not been printed yet is present. If YES, the proc-
ess proceeds to Step 160, while if NO, the process pro-
ceeds to Step 280.
[0247] In Step 280, the feed motor 62 is driven by a
specified amount for discharging the paper P toward the
downstream side of the feed path 4.
[0248] In contrast, if it is determined NO in Step 190
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(in the case where it is determined that the paper edge
detection sensor 42 is off), a trailing end printing process
is executed.
[0249] The trailing end printing process will now be
described by using Fig. 19.
[0250] In Step 800, the paper P is fed in the down-
stream direction by driving the feed motor 62 by a single
pulse.
[0251] In Step 810, it is determined whether or not the
number of pulses has reached the average number of
pulses for line feed set in Step 250. If it is determined
YES, the process proceeds to Step 820, while if it is de-
termined NO, the process proceeds to Step 800.
[0252] In Step 820, printing corresponding to a single
line is performed as in Step 260. It is the head portion
of the printing data which have not been printed yet that
is to be printed in this Step 820.
[0253] In Step 830, it is determined whether or not the
number of times Step 800 has been executed since the
motion sensor 70 detected the trailing end of the paper
P (since it was determined NO in Step 190) has reached
a specified number of pulses for trailing end feeding
(that is, whether or not printing has been completed up
to the trailing end of the paper P). If NO, the process
proceeds to Step 840, while, if YES, the process pro-
ceeds to Step 850.
[0254] In Step 840, it is determined whether or not any
printing data that has not been printed yet is present. If
NO, the process proceeds to Step 850, while, if YES,
the process proceeds to Step 860.
[0255] In Step 850, the first feed roller 21 and the sec-
ond feed roller 25 are driven by the feed motor 62 to
discharge the paper P toward the downstream side of
the feed path 4.
[0256] In contrast, if it is determined YES in Step 840,
the process proceeds to Step 860. In Step 860, the
number of pulses stored in the RAM 53 is reset, and the
process proceeds to Step 800.
[0257] With the above arrangement, after the trailing
end of the paper P passes the paper edge detection sen-
sor 42, feeding of the paper P is controlled on the basis
of the average number of pulses for line feed before
then, so that feeding of the paper P can be performed
appropriately even if the trailing end of the paper P
should pass through the motion sensor 70 after then.
Accordingly, it is possible to perform so-called margin-
less printing, i.e. printing almost up to the trailing end of
the paper P.
[0258] It is to be understood, however, that after the
trailing end of the paper P passes through the motion
sensor 70, the moving position of the carriage 31 cannot
be detected by the motion sensor 70, and, therefore, it
is necessary to detect the position and speed of the car-
riage by usual means such as an encoder.
[0259] However, when the surface of the paper guide
portion 2b (the platen) facing the motion sensor 70 is
configured so as to generate a speckle pattern, the im-
age signal 70a (generated based on the reflected light

from the paper guide portion 2b) from the motion sensor
70 can be used as it is (to detect the position and speed
of the carriage).

g) Effects provided by the ink jet printer 1 will now be
described.

[0260]

1 In the ink jet printer 1 of the present embodiment,
the position of the carriage 31 in the main scanning
direction is detected by using the motion sensor 70,
and the reciprocation of and the printing by the car-
riage 31 are controlled based on the detected posi-
tion. Accordingly, a high accuracy in the timing of
the reciprocation and the printing of the carriage 31
is achieved, which allows accurate printing.
2 In the ink jet printer 1 of the present embodiment,
the paper feed amount is detected by using the mo-
tion sensor 70, and the feeding of the paper is con-
trolled based on the feed amount. Accordingly, a
high accuracy in the paper feed is achieved, which
allows accurate printing.
3 In the ink jet printer 1 of the present embodiment,
the deviation of the paper is detected by using the
motion sensor 70, and the printing area of the car-
riage 31 is changed based on the deviation amount-
That is, the position P1 which is a position where
the carriage 31 starts printing and the position P6
which is a position where the carriage 31 completes
printing are set in accordance with the deviation
amount of the paper P.

Accordingly, even when the paper is fed with
deviation, it is possible to prevent deviation of the
printing area of the paper or ejection of ink to the
outside of the paper, which may result in stains on
the ink jet printer 1.
4 In the ink jet printer 1 of the present embodiment,
the type of the paper is identified by using the mo-
tion sensor 70, and the printing conditions may be
changed in accordance with the type of the paper.
In other words, the head drive waveform is selected
in accordance with the type of the paper. This allows
printing to be performed always under the condi-
tions corresponding to the type of the paper.
5 According to the ink jet printer 1 of the present
embodiment, the paper P is fed at a high speed
through normal motor control during a period of time
from when the paper P is taken out from the paper
feed cassette 11 until the head of the printing area
of the paper P reaches right under the print head
36, and after completion of printing (i.e. after com-
pletion of printing corresponding to the printing data
or after performing printing to the last of the printing
area of the paper P).

During printing, feeding of the paper P is con-
trolled in a highly accurate manner on the basis of
the image signal 70a received from the motion sen-
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sor 70.
In other words, during the printing process in

which highly accurate paper feed is required, feed-
ing is performed by using the motion sensor, and
during a period in which accuracy of paper feed is
not so much required (prior to the start of printing
and after the completion of printing), the paper P is
fed at a high speed through normal motor control to
thereby achieve both highly accurate printing and
reduced printing time.
6 According to the ink jet printer 1 of the present
embodiment, the paths of laser light within the mo-
tion sensor 70 (the semiconductor laser 74, points
on the paper at which laser light is reflected and the
two-dimensional semiconductor image sensor 76)
are all housed inside of the housing 73.

This prevents leakage of laser light to the exte-
rior of the housing 73 and results in smaller effects
of laser light on human bodies.
7 According to the ink jet printer 1 of the present
embodiment, the laser light within the motion sen-
sor 70 is irradiated downward.

Accordingly, if it should happen that the direc-
tion of the semiconductor laser is deviated to cause
leakage of laser light to the exterior of the motion
sensor, possible effects on human bodies can be
reduced.
8 It is the two-dimensional semiconductor image
sensor 76 having two-dimensionally arranged pix-
els that receives the reflected light within the motion
sensor 70 of the ink jet printer 1 of the present em-
bodiment.

[0261] Since speckle patterns generated by the re-
flected light may thus be detected as two-dimensional
images, it is possible to perform accurate comparison
of speckle patterns by the motion sensor processing cir-
cuit 77. Accordingly, control of the reciprocation of and
the printing by the carriage 31, feed control of the paper
P, identification of the type of paper and detection of the
deviation amount can be performed in a further accurate
manner.
[0262] It is to be understood that the present invention
is not limited to the above described embodiment, but
may be practiced in various forms within the scope not
departing from the gist of the present invention.
[0263] For example, the type of paper can be deter-
mined based on the light intensity of the average data
in the paper type determination process (Fig. 10).
[0264] Specifically, the light intensity of the average
data is measured in Step 320, and a reference light in-
tensity (previously stored in ROM 52 depending, re-
spectively, on the types of paper) closest to the meas-
ured light intensity is selected in Step 330. Then, it is
determined in Step 350 that the type of the paper P is a
paper corresponding to the reference light intensity se-
lected in Step 330.

Industrial Applicability

[0265] According to an image forming apparatus of
the present invention, as described above in detail, it is
possible to control reciprocation of a carriage and paper
feed in a highly accurate manner and to form an image
of high quality even when paper moves in a deviated
direction or paper of a different type from that of the pa-
per prescribed at the printer is supplied.

Claims

1. An image forming apparatus having a recording de-
vice provided to be reciprocable in a width direction
of paper that performs recording on the paper, the
image forming apparatus comprising:

a paper position signal generating device that
irradiates the paper with a light with coherence
and receives a reflected light of the light with
coherence to generate a paper position signal
with respect to a position of the paper,

wherein the paper position signal generating device
is provided so as to move in synchronization with
the recording device in the width direction.

2. The image forming apparatus as set forth in claim
1, wherein the paper position signal generating de-
vice is mounted to a carriage that holds the record-
ing device.

3. The image forming apparatus as set forth in claim
1 or 2, comprising a recording device moving
amount detection device that detects a recording
device moving amount that is a moving amount of
the recording device in the width direction by using
the paper position signal.

4. The image forming apparatus as set forth in claim
3, wherein recording on the paper by the recording
device in the width direction is controlled by using
the recording device moving amount.

5. The image forming apparatus as set forth in claim
3 or 4, wherein the recording device moving amount
detection device detects the moving amount of the
recording device with respect to the paper by chron-
ologically comparing speckle patterns generated by
the light being reflected from the paper.

6. The image forming apparatus as set forth in any one
of claims 1-5, further comprising:

a paper feed device that feeds the paper; and
a paper feed amount detection device that de-
tects a paper feed amount by using the paper
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position signal.

7. The image forming apparatus as set forth in claim
6, wherein the feed device is controlled by using the
paper feed amount detection device.

8. The image forming apparatus as set forth in any one
of claims 1-7, wherein the paper feed amount de-
tection device calculates the paper feed amount by
chronologically comparing the speckle patterns
generated by the light being reflected from the pa-
per.

9. The image forming apparatus as set forth in any one
of claims 1-8, further comprising a deviation detec-
tion device that detects deviation when the paper is
fed by using the paper position signal.

10. The image forming apparatus as set forth in claim
9, wherein a movement of the recording device is
controlled based on a deviation amount detected by
the deviation detection device.

11. The image forming apparatus as set forth in claim
10, wherein a movement of the recording device is
controlled such that a position at which recording
on the paper is performed is a predetermined posi-
tion.

12. The image forming apparatus as set forth in any one
of claims 1-11, further comprising a paper condition
identification device that identifies conditions of the
paper by using the paper position signal.

13. The image forming apparatus as set forth in claim
12, wherein the paper condition identification de-
vice identifies a type of the paper based on the
speckle patterns generated by the light being re-
flected from the paper.

14. The image forming apparatus as set forth in claim
12 or 13, wherein the recording device changes re-
cording conditions depending on conditions of the
paper identified by the paper condition identification
device.

15. The image forming apparatus as set forth in any one
of claims 1-14,

wherein the feeding of the paper is prohibited
while the recording device is moved in the width di-
rection,

and wherein the movement of the recording
device in the width direction is prohibited while the
paper is fed.

16. The image forming apparatus as set forth in any one
of claims 1-15, wherein receipt of the light is per-
formed by using a photoreceptor including a plural-

ity of two-dimensionally arranged pixels.

17. The image forming apparatus as set forth in any one
of claims 1-16, wherein a position at which the light
is reflected on the paper is upstream with respect
to a paper feed direction from a position at which
the recording device performs recording.
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