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(54) Recording apparatus and processing method executed by the recording apparatus

(57) A recording apparatus configured to cause a re-
cording head to move and scan in a reciprocating manner
includes a buffer configured to store raster data including
multivalued data, a table in which a plurality of dot pat-
terns is defined for a value of the multivalued data and
including a dot pattern corresponding to the value, a first
information storage unit configured to store an initial val-
ue of the dot pattern according to a direction of scanning
by the recording head and the value of the multivalued
data, a second information storage unit configured to
store information indicating an empty raster in which eve-
ry multivalued data of a raster has a value of "0", a de-

termination unit configured to execute evaluation of the
value of the multivalued data and determination as to
whether a raster is the empty raster for each raster, a
raster control unit configured to execute control for stor-
ing the initial value on the first information storage unit,
control for storing the information on the second informa-
tion storage unit, and control for storing multivalued data
on the buffer according to a result of the evaluation and
the determination by the determination unit, and a gen-
eration unit configured to, based on the initial value stored
by the first information storage unit and the table, read
the multivalued data from the buffer and generate a dot
pattern based on the read multivalued data.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a recording ap-
paratus, a controller for the recording apparatus and a
processing method executed by the recording apparatus.

Description of the Related Art

[0002] A conventional recording apparatus executes
recording of an image on a recording medium. When
data regarding an image to be recorded is received from
a host apparatus, the conventional recording apparatus
rasterizes the received data into binary bitmap data. In
addition, the recording apparatus transfers the bitmap
data to a recording head to execute the recording process
according to the bitmap.
[0003] As a method for rasterizing multivalued data
(e.g. density level values from 0 to 255 for each pixel)
into bitmap data, a conventional method generates and
uses a rasterization table (i.e. a dot matrix) for the gra-
dation (e.g. colour-ranking or shade-ranking, also re-
ferred to as density-ranking) of each pixel. In executing
rasterization described above, if only a fixed rasterization
table (of a single dot matrix associated with each grada-
tion (or density) level) is provided for the gradation of
pixels and if the pixels have the same gradation, then the
same rasterization pattern is obtained (i.e. a series of
pixels with the same colour or shade using the same dot
matrix is printed). In executing rasterization using a fixed
pattern, banding or image unevenness may occur due
to smear on nozzles or unevenly discharged ink because
smear or unevenness is more visible when a regular pat-
tern is used because of the conspicuousness of the reg-
ular pattern.
[0004] In order to address the above-described prob-
lem, a conventional method generates and uses a plu-
rality of dot matrices for the gradation of each pixel. The
conventional method like this selects one from among
the plurality of matrices to apply to each pixel (even if the
pixels are of the same density). In this case, the pattern
corresponding to each gradation is not fixed. Accordingly,
the influence from the smear on the nozzles may not
easily arise. Therefore, the conventional method is ca-
pable of reducing or suppressing visual unevenness that
may otherwise occur due to unevenness of the mechan-
ical accuracy of a recording head. In other words, a
smoother transition of colour or shade from one pixel to
the next in a raster is possible because the pixel colours
or shades are determined based on one of several pos-
sible overall dot matrices.
[0005] Various methods for selecting one from among
a plurality of dot matrices have been conventionally pro-
posed. Japanese Patent Application Laid-Open No.
09-046522 discusses a method for changing a dot matrix

to be used for rasterization on gradation every time data
having the same gradation is processed.
[0006] However, if the method discussed in Japanese
Patent Application Laid-Open No. 09-046522 is used,
the dot matrix is changed in order of appearance (i.e. in
a printing direction) of data. Accordingly, a result of the
rasterization in the forward raster direction (the forward
scanning direction) may be different from a result of the
rasterization in the backward raster direction (the back-
ward scanning direction). Accordingly, in this case, it is
necessary to fix the direction of rasterization.
[0007] In addition, a recording apparatus may include
a plurality of recording modes, such as a single-pass re-
cording mode and a multipass recording mode, either
mode in which both single direction recording and bidi-
rectional recording can be executed. Accordingly, in or-
der to appropriately select a dot matrix, it is necessary
also to consider these recording modes.
[0008] In the method discussed in Japanese Patent
Application Laid-Open No. 09-046522, bitmap data that
has been subjected to rasterization is stored on a buffer.
In this case, it is necessary to secure a storage area
larger than that necessary in storing multivalued data on
a buffer without rasterizing it. Accordingly, the costs of
manufacture may increase.
[0009] On the other hand, it is desired by the market
that recording is executed at a high speed and that costs
of manufacture of a recording apparatus is reduced.
Therefore, it is desirable to reduce the time taken in ex-
ecuting rasterization processing. In addition, it is desira-
ble to simplify the circuitry configuration of a recording
apparatus.

SUMMARY OF THE INVENTION

[0010] According to an aspect of the present invention,
there is provided a recording apparatus as specified in
claims 1 to 5. According to a second aspect of the inven-
tion, there is provided a processing method according to
claims 6 and 7.
[0011] Further features and aspects of the present in-
vention will become apparent from the following detailed
description of exemplary embodiments with reference to
the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention will hereinbelow be described,
purely by way of example, with reference to the following
figures.
[0013] Fig. 1 is a perspective view illustrating an ex-
ample of an external appearance and an exemplary con-
figuration of an inkjet recording apparatus according to
an exemplary embodiment of the present invention.
[0014] Fig. 2 illustrates an exemplary functional con-
figuration of the recording apparatus illustrated in Fig. 1.
[0015] Fig. 3 illustrates an exemplary functional con-
figuration of a controller illustrated in Fig. 2.
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[0016] Fig. 4 is a flow chart illustrating an example of
processing executed by the recording apparatus illustrat-
ed in Fig. 1.
[0017] Fig. 5 is a flow chart illustrating an example of
data rasterization processing, which is executed in step
S107 illustrated in Fig. 4.
[0018] Fig. 6 is a flow chart illustrating an example of
multipass recording and rasterization processing, which
is executed in step S207 illustrated in Fig. 5.
[0019] Fig. 7 illustrates an exemplary functional con-
figuration of a controller according to a second exemplary
embodiment of the present invention.
[0020] Fig. 8 is a flow chart illustrating an exemplary
flow of processing executed by the recording apparatus
according to the second exemplary embodiment of the
present invention.
[0021] Fig. 9 is a flow chart illustrating an example of
data rasterization processing, which is executed in step
S107, according to the second exemplary embodiment
of the present invention.
[0022] Figs. 10A and 10B schematically illustrate an
example of received data, which is transmitted from a
receiving buffer provided in the controller to a raster con-
trol unit.
[0023] Fig. 11 illustrates an example of a rasterization
pattern.
[0024] Fig. 12A illustrates an example of raster data.
Fig. 12B illustrates an example of a method for storing
information about an empty raster. Fig. 12C illustrates
an example of a multivalued data storage unit.
[0025] Fig. 13A illustrates an example of allocation of
a pattern of multivalued data. Fig. 13B illustrates an ex-
ample of a method for storing information about a left
edge and a right edge of multivalued data of a raster.
[0026] DESCRIPTION OF THE EMBODIMENTS
[0027] A recording apparatus according to a first ex-
emplary embodiment of the present invention, which em-
ploys an inkjet recording method, will be described in
detail below. As the recording apparatus according to an
exemplary embodiment of the present invention, it is use-
ful to use a single function printer having a recording (i.e.
printing) function only. It is also useful if a multifunction
printer having a plurality of functions, such as a recording
function, a facsimile transmission function, and a scanner
function, is used as the recording apparatus according
to an exemplary embodiment of the present invention.
Furthermore, the present invention can be implemented
in a manufacturing apparatus configured to manufacture
a colour filter, an electronic device or an optical device
by using a predetermined recording method.
[0028] In the following description, the term "recording"
or to "record" includes an operation or processing for gen-
erating information, such as text, a graphic, an image, a
pattern, or a structure on a recording medium, or process-
ing information to be stored on a recording medium. The
recordal may be performed regardless of whether the
information being recorded has become visible so that a
user can visually recognize the information.

[0029] In addition, in the following description, the term
"recording medium" refers to a medium on which the im-
age or pattern is recorded. The recording medium is gen-
erally made of a material capable of receiving ink, such
as paper, cloth, a plastic film, a metal plate, a glass ma-
terial, a ceramic material, resin, wood, leather, etc. The
term "ink" refers to a liquid, gel or similar that can be used
in generating the image or pattern on a recording medi-
um. The processing of the ink includes processing exe-
cuted for solidification or insolubilization (e.g. coming out
of solution) of a colorant included in the ink to be provided
on a recording medium.
[0030] Fig. 1 is a perspective view of an exemplary
configuration of an inkjet recording apparatus.
[0031] Referring to Fig. 1, an inkjet recording appara-
tus (hereinafter simply referred to as a "recording appa-
ratus") 1 includes a carriage 2. The carriage 2 includes
an inkjet recording head (hereinafter simply referred to
as a "recording head") 3. The recording head 3 discharg-
es ink by using the inkjet recording method to execute
recording. During recording, the carriage 2 reciprocat-
ingly moves along a carriage supporting member 7 in
directions indicated by the arrow A.
[0032] The recording apparatus 1 feeds a recording
medium P, such as a sheet of recording paper, via a
paper feed mechanism 5, to a recording position. At the
timing the recording medium P is fed to the recording
position, the recording head 3 discharges ink onto the
recording medium P. Thus, the recording apparatus 1
executes recording on the recording medium P.
[0033] The carriage 2 of the recording apparatus 1 in-
cludes an ink cartridge 6 as well as the recording head
3. The ink cartridge 6 contains ink to be supplied to the
recording head 3. The ink cartridge 6 is detachably
mounted on the carriage 2.
[0034] The recording apparatus 1 illustrated in Fig. 1
is capable of executing colour recording. Accordingly,
four ink cartridges containing magenta (M), cyan (C), yel-
low (Y), and black (k) inks are mounted on the carriage
2. The four ink cartridges can be mounted and dismount-
ed separately and independently from one another.
[0035] The recording head 3 according to the present
exemplary embodiment employs an inkjet printing meth-
od, in which ink is discharged by using thermal energy.
Accordingly, the recording head 3 includes an electro-
thermal conversion member. The electrothermal conver-
sion member is provided to each ink discharge port. Pulse
voltage is applied to a corresponding electrothermal con-
version member according to a recording signal. Then,
ink is discharged from a corresponding ink discharge
port.
[0036] Fig. 2 illustrates an exemplary functional con-
figuration of the recording apparatus 1 illustrated in Fig.
1. The recording apparatus 1 stores a plurality of raster-
ization tables (dot matrices) in correspondence with each
gradation of multivalued data. The recording apparatus
1 rasterizes the multivalued data into bitmap data by us-
ing any one of the plurality of rasterization tables. Fur-
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thermore, the recording apparatus 1 executes gradation
recording according to the bitmap data. By "gradation",
what is understood is that the colour or density of a pixel
will be graded from light to dark/bright (low to high density
or light to bright colour). The density level may be graded
from 0 to 255 according to the number of dots within a
dot matrix that determines the gradation of the pixel.
[0037] Every time data having the same gradation is
processed, the recording apparatus 1 according to the
present exemplary embodiment changes the rasteriza-
tion table to be used for rasterization on the gradation.
Accordingly, different rasterization patterns are generat-
ed for a plurality of pieces of data having the same gra-
dation.
[0038] In the example illustrated in Fig. 2, a controller
600 includes a micro processing unit (MPU) 601, a read-
only memory (ROM) 602, an application specific integrat-
ed circuit (ASIC) 603, a random access memory (RAM)
604, a system bus 605, and an analogue-to-digital (A/D)
converter 606. In the present exemplary embodiment,
the ROM 602 stores a program corresponding to the fol-
lowing control sequence, a predetermined table, and oth-
er fixed data. The ASIC 603 controls a carriage motor
M1 via a carriage motor driver 640 and a conveyance
motor M2 via a conveyance motor driver 642. In addition,
the ASIC 603 generates a control signal, which is used
for controlling the recording head 3.
[0039] The RAM 604 is used as a work area for ras-
terization of image data and for executing a program ther-
eon. The MPU 601, the ASIC 603, and the RAM 604 are
in communication with one another via the system bus
605 to transmit and receive data therebetween. The A/D
converter 606 converts an analogue signal, which is input
by sensors, into a digital signal (i.e., executes A/D con-
version on the analogue signal) and supplies the digital
signal generated by the conversion to the MPU 601.
[0040] A switch group 620 includes a power switch
621, a print switch 622, and a recovery switch 623. A
sensor group 630 includes sensors for detecting the state
of the recording apparatus 1, such as a position sensor
631 and a temperature sensor 632.
[0041] During scanning and recording by the recording
head 3, the ASIC 603, while directly accessing a storage
area of the RAM 604, transfers dot data (binary data) for
driving a recording element (e.g. a discharge heater) to
the recording head 3.
[0042] The carriage motor M1 is a drive source for
causing the carriage 2 to reciprocatingly move and scan
in the directions indicated by arrow A illustrated in Fig.
1. A carriage motor driver 640 controls driving of the car-
riage motor M1. The conveyance motor M2 is a drive
source for conveying the recording medium P. A convey-
ance motor driver 642 controls driving of the conveyance
motor M2.
[0043] A recording head control unit 644 (shown in Fig.
3) controls the recording head 3 according to recording
data input from the controller 600. The recording head 3
is caused to move and scan in a direction perpendicular

to the conveyance direction of the recording medium P
(hereinafter simply referred to as a "scanning direction").
[0044] The recording by the recording head 3 is exe-
cuted in the single-pass recording mode (both executing
single-direction recording and bidirectional recording can
be executed) or the multipass recording mode (both sin-
gle-direction recording and bidirectional recording can
be executed).
[0045] In the example illustrated in Fig. 2, a computer
610 is a source of supplying image data (alternatively, a
reader apparatus configured to read an image or a digital
camera). The computer 610 is simply referred to as a
host apparatus.
[0046] Between the host apparatus 610 and the re-
cording apparatus 1, image data, a command, and a sta-
tus signal are transmitted and received via an interface
(I/F) 611. The image data is input as data having a format
of a raster (hereinafter simply referred to as "raster data").
[0047] Fig. 3 illustrates an exemplary functional con-
figuration of the controller 600 illustrated in Fig. 2.
Referring to Fig. 3, the controller 600 includes or is con-
nected to an I/F 611 for communicating with the host
apparatus 610. The controller includes a receiving buffer
102, a raster control unit 103, a multivalued data storage
unit 104, a second storage unit 105, a first storage unit
106, and a rasterization control unit (a generation unit)
101. In addition, the controller 600 includes a recording
direction storage unit 108, a rasterization table storage
unit 109, a selector 110, and an initial value storage unit
111.
[0048] The I/F 611 receives raster data from the host
apparatus 610. The receiving buffer 102 temporarily
stores the data received by the I/F 611 from the host
apparatus 610 as received data. The data stored on the
receiving buffer 102 includes raster data. In the present
exemplary embodiment, the raster data may also be sim-
ply referred to as a "raster". The raster data (each raster)
stored on the receiving buffer 102 is transmitted to the
raster control unit 103.
[0049] Now, the raster data will be described in detail
below with reference to Figs. 10A and 10B. Referring to
Fig. 10A, in the raster data, quantized data (multivalued
data) 201 is arranged in the scanning direction (indicated
by arrow A in Fig. 10A) of the recording head. The leading
edge 205 of each raster corresponds to the left edge of
the recording medium while the trailing edge 206 of each
raster corresponds to the right edge of the recording me-
dium. Raster data (202, 203, and 204) is arranged in a
direction perpendicular to the scanning direction A,
though each raster extends along the scanning direction
A. The direction of conveyance of the recording medium
and thus of the raster data is indicated by arrow B in Fig.
10A.
[0050] A raster is made up of a plurality of pixels, each
with a density value. The density value of each pixel may
also be known as its gradation. As will be described later,
there are several ways in which a bitmap may be built up
for the same density value of a pixel. As a raster is made
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up of a plurality of pixels, it comprises a first pixel 205 at
its leading edge and a last pixel 206 at its trailing edge.
The leading pixel, trailing pixel and pixels in between may
have a range of density values as shown in Fig. 10B.
Each number (01, 02 and 03) represents a different den-
sity level. Each may be converted into a different dot ma-
trix in the bitmap. The dot matrices (or patterns) have
different numbers to differentiate them from each other
in a rasterization table. The first storage unit 106 stores
an initial value of the pattern number of a leading edge
(i.e. first pixel) of a raster in forward recording. The initial
value of the pattern number is stored in correspondence
with each gradation (i.e. density value). The initial value
of the raster leading edge 205 can be arbitrarily set.
[0051] The second storage unit 105 stores an initial
value of the pattern number of the trailing edge of the
raster (the raster right edge). More specifically, the sec-
ond storage unit 105 stores an initial value of the pattern
number in backward recording. The initial value of the
pattern number is stored in correspondence with each
gradation.
[0052] The raster control unit 103 acquires data 201
of each raster from the receiving buffer 102. The raster
control unit 103 executes horizontal-vertical (HV) con-
version on the acquired raster. In addition, the raster con-
trol unit 103 stores the converted data on the multivalued
data storage unit 104. In storing the data, the raster con-
trol unit 103 checks (evaluates) the gradation of each
data (multivalued data) within the raster.
[0053] Now, method for checking raster data illustrated
in Fig. 10B, which method is executed by the raster con-
trol unit 103, will be described in detail below. In the ex-
ample illustrated in Fig. 10B, the raster data 201 includes
four pieces of "level 01 data" (i.e. four pixels with density
level 01), three pieces of "level 02 data", and two pieces
of "level 03 data".
[0054] The raster control unit 103 acquires the pattern
number corresponding to the rasterization table for each
gradation. In other words, the raster control unit 103 de-
termines how many different dot matrix patterns are avail-
able for each pixel density, for example, by referring to
a table such as that illustrated in Fig. 11. In the present
exemplary embodiment, the pattern number is stored on
the first storage unit 106. In addition, the raster control
unit 103 changes (increments or decrements) the ac-
quired pattern number in a monitoring process every time
multivalued data having the same gradation is proc-
essed. In other words, the raster control unit uses a dif-
ferent pattern each time a pixel with a specific density
level is to be printed and stores the number of the pres-
ently-used pattern. The reason for this is that if only one
pattern were to be used for each density level, a conspic-
uous regularity of dots may occur in the image, thus de-
grading image quality. Different patterns are thus select-
ed for the same density pixels in order to maintain an
element of irregularity in the printed image.
[0055] In the example illustrated in Fig. 10B, if the pat-
tern number of the level 03 data is "1" and the level 03

data is acquired twice, the raster control unit 103 incre-
ments the pattern number by 2 and as a result, the
present pattern number becomes "3". The above-de-
scribed processing is executed on the other level data
(01 and 02), too (the presently-used pattern number of
level 01 being incremented by 4 and the pattern number
of level 02 being incremented by 3 in the example of Fig.
10B).
[0056] After setting the rasterization table for all
rasters, the raster control unit 103 stores the resulting
pattern number of the rasterization table corresponding
to each gradation in the second storage unit 105. The
raster control unit 103 then executes the above-de-
scribed processing (i.e. the allocation of the appropriate
pattern to pixels of each density) on subsequent raster
data.
[0057] Furthermore, because the second storage unit
105 includes pattern numbers of a plurality of rasters, the
raster control unit 103 also manages the position of the
raster (the raster number). As described above, the sec-
ond storage unit 105 previously stores the pattern
number of the rasterization table corresponding to each
raster, which is to be used in recording in the backward
direction.
[0058] The recording direction storage unit 108 stores
the direction of rasterization by a rasterization unit 107
(i.e., the direction of scanning by the recording head 3)
as designated recording direction information. The des-
ignated recording direction information is stored for each
raster.
[0059] The rasterization table storage unit 109 func-
tions as a matrix storage unit for storing the rasterization
table (the dot matrix). A plurality of rasterization tables is
stored for each gradation (i.e. each density Level 0 to
255) as illustrated in Fig. 11. The rasterization table illus-
trated in Fig. 11 includes rasterization tables (i.e. dot ma-
trix patterns) of levels 00 through 03, though levels 04 to
255 may also be imagined. In addition, each rasterization
table includes 2 � 2 dot matrix data.
[0060] In the example illustrated in Fig. 11, black dots,
each of which is indicated as a black square in Fig. 11,
are dots to be recorded. In addition, white dots, each of
which is indicated as a white square in Fig. 11, are dots
not to be recorded.
[0061] In the rasterization table, a single pattern 1 is
set for the level 00 (patterns 2, 3 and 4 are the same as
pattern 1). Patterns 1 through 4 are set for each of the
levels 01 through 03. Each of the patterns 1 through 4 is
allocated a pattern number (e.g. pattern numbers 1 to 16
or 1 to 13 in the case of Fig. 11, depending on how many
different patterns there are for the density levels of inter-
est). The size of the rasterization table is determined ac-
cording to the number of quantization operations (the
number of gradations) when multivalued data is quan-
tized. In the present exemplary embodiment, the raster-
ization table used in rasterizing multivalued data having
the same gradation is allocated with pattern numbers in-
cluding serial numbers (i.e. sequential numbers).
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[0062] The selector 110 determines the recording di-
rection according to the designated recording direction
information. In addition, the selector 110 selects the data
stored on the first storage unit 106 during forward record-
ing. On the other hand, the selector 110 selects the data
stored on the second storage unit 105 during backward
recording. Accordingly, the initial pattern number accord-
ing to the recording direction is stored on the initial value
storage unit 111.
[0063] Which of the first storage unit 106 and the sec-
ond storage unit 105 is to be used as the source from
which the pattern number is to be acquired is determined
every time recording by the recording head 3 executed
according to the recording width of the recording head 3
is completed. As will be described in detail below, the
above-described determination (selection) processing is
not executed during bidirectional multipass recording
(more specifically, in recording after the second pass).
[0064] The rasterization control unit (generation unit)
101 rasterizes multivalued data into bitmap data. The
rasterization control unit 101 includes a table acquisition
unit 112, a mode determination unit 113, and the raster-
ization unit 107.
[0065] In order to rasterize the data to be rasterized,
the table acquisition unit 112 acquires the rasterization
table from the rasterization table storage unit 109. Ac-
quisition of the rasterization table is executed for each
raster. More specifically, the table acquisition unit 112
acquires the pattern number expanded and stored on the
initial value storage unit 111 as the initial value. Subse-
quently, the table acquisition unit 112 serially acquires
the rasterization tables corresponding to the pattern
number while incrementing or decrementing the acquired
pattern number every time multivalued data having the
same gradation is processed.
[0066] The mode determination unit 113 determines
the recording mode. More specifically, the mode deter-
mination unit 113 determines which of single-direction
recording and bidirectional recording is to be used in ex-
ecuting recording.
[0067] In executing the single direction recording, the
carriage 2 is moved only in either one of the forward di-
rection and the backward direction (in the present exem-
plary embodiment, the forward direction only) to execute
scanning for the recording operation.
[0068] On the other hand, in executing bidirectional
recording, the recording is bi-directionally executed in
the forward and backward directions in the main scanning
direction of the carriage 2. In the single-pass recording
mode, the recording is executed on different areas every
time the carriage 2 is moved. On the other hand, in the
multipass recording mode, the recording is executed by
moving the carriage 2 for a plurality of number of times
in either one of the forward and backward directions for
the same recording area.
[0069] The rasterization unit 107 acquires data from
the multivalued data storage unit 104 for each raster. In
addition, the rasterization unit 107 rasterizes the acquired

raster into bitmap data. The rasterization table acquired
by the table acquisition unit 112 is used for the rasteri-
zation.
[0070] The data size of the bitmap data rasterized by
the rasterization unit 107 is larger than that of the multi-
valued data. After being rasterized by the rasterization
unit 107, the bitmap data is transmitted to the recording
head control unit 644. Then, the recording head control
unit 644 controls the recording head 3 according to the
received bitmap data to execute recording.
[0071] An exemplary flow of processing executed by
the recording apparatus 1 illustrated in Fig. 1 will be de-
scribed in detail below with reference to Fig. 4. The
processing illustrated in Fig. 4 is executed after receiving
data from the host apparatus 610.
[0072] Referring to Fig. 4, in step S101, the recording
apparatus 1 stores the received data on the receiving
buffer 102. More specifically, the raster control unit 103
acquires data from the receiving buffer 102 for each
raster. In step S102, the raster control unit 103 HV-con-
verts the acquired raster and determines the gradation
of each data within the raster.
[0073] In step S103, the raster control unit 103 updates
the pattern number of the rasterization table in corre-
spondence with the gradation of each data. More specif-
ically, in updating the pattern number in step S103, the
raster control unit 103 acquires the initial value of the
pattern number corresponding to each gradation from
the first storage unit 106. In addition, the raster control
unit 103 sets the pattern number to each data according
to the initial value. In other words, the raster control unit
103 increments the pattern number every time data hav-
ing the same gradation is processed and sets the corre-
sponding pattern number on each data.
[0074] After updating the pattern number, the process-
ing advances to step S104. In step S104, the raster con-
trol unit 103 stores the raster of the multivalued data on
the multivalued data storage unit 104. In step S105, the
raster control unit 103 stores the pattern number (the
value at the trailing edge) at the time all the rasters are
completely processed on the second storage unit 105.
In step S106, the recording apparatus 1 determines
whether all the rasters have been completely processed.
If it is determined that the processing of all the rasters
has not been completed yet (NO in step S106), then the
processing returns to step S102. In this case, the record-
ing apparatus 1 repeats the processing in steps S102
through S105 until all the rasters are completely proc-
essed.
[0075] After completing the processing up to step S105
and if all rasters have been processed (YES in S106),
the processing advances to step S107. In step S107, the
recording apparatus 1 executes the rasterization
processing. Then, the processing ends.
[0076] Now, an exemplary flow of the data rasterization
processing in step S107 illustrated in Fig. 4 will be de-
scribed in detail below with reference to Fig. 5. When the
data rasterization processing starts, the recording appa-
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ratus 1 uses the mode determination unit 113 to deter-
mine the recording mode in step S201. More specifically,
the mode determination unit 113 determines which of the
single-pass recording mode and the multipass recording
mode is set as the recording mode.
[0077] If it is determined that the multipass recording
mode has been set (YES in step S201), then the process-
ing advances to step S207. In step S207, the recording
apparatus 1 executes multipass recording and rasteriza-
tion processing. The multipass recording and rasteriza-
tion processing executed in step S207 will be described
in detail later below.
[0078] In step S208, the recording apparatus 1 trans-
mits the bitmap data resulting from the rasterization
processing from the rasterization unit 107 to the record-
ing head control unit 644. The recording head control unit
644 controls the recording head 3 according to the re-
ceived bitmap data to execute recording. In step S209,
the recording apparatus 1 determines whether all the
rasters have been completely processed. If it is deter-
mined that all the rasters have not been completely proc-
essed yet (NO in step S209), then the processing returns
to step S201. In this case, the processing in steps S201
through S208 is repeated until all the rasters are com-
pletely processed.
[0079] If it is determined that the multipass recording
mode has not been set (NO in step S201), the processing
advances to step S202. In step S202, the recording ap-
paratus 1 determines whether the rasterization (record-
ing) direction of the raster to be rasterized (recorded) is
the forward direction by using the selector 110. The de-
termination in step S202 is executed based on the des-
ignated recording direction information stored on the re-
cording direction storage unit 108.
[0080] If it is determined that the recording is to be
executed in the forward direction (YES in step S202),
then the processing advances to step S203. In step S203,
the recording apparatus 1 selects the data stored on the
first storage unit 106. In addition, in step S203, the re-
cording apparatus 1 loads the pattern number from the
first storage unit 106 onto the initial value storage unit
111.
[0081] If it is determined that the recording is to be
executed in the backward direction (NO in step S202),
then the processing advances to step S204. In step S204,
the selector 110 selects the data stored on the second
storage unit 105. In addition, in step S204, the selector
110 of the recording apparatus 1 loads the pattern
number from the second storage unit 105 onto the initial
value storage unit 111.
[0082] After loading the initial value of the pattern
number on the initial value storage unit 111, the recording
apparatus 1 uses the rasterization unit 107 to check (de-
termine) the direction of rasterization of the data accord-
ing to the designated recording direction information
stored on the recording direction storage unit 108.
[0083] After checking the direction of rasterization, the
processing advances to step S205. In step S205, the

recording apparatus 1 uses the rasterization unit 107 to
read the multivalued data from the multivalued data stor-
age unit 104. In step S206, the table acquisition unit 112
acquires the rasterization table according to the initial
value of the pattern number stored on the initial value
storage unit 111. Furthermore, the rasterization unit 107
of the recording apparatus 1 rasterizes the multivalued
data into bitmap data according to the acquired rasteri-
zation table and the direction of rasterization.
[0084] If the direction of rasterization is the forward
raster direction (forward scanning direction), then the in-
itial value of the pattern number is read from the first
storage unit 106. In addition, the recording apparatus 1
increments the pattern number every time the data hav-
ing the same gradation is processed.
[0085] On the other hand, if the direction of rasteriza-
tion is the backward raster direction (backward scanning
direction), then the initial value of the pattern number is
read from the second storage unit 105. In addition, the
recording apparatus 1 decrements the pattern number
every time the data having the same gradation is proc-
essed.
[0086] In step S208, the rasterization unit 107 of the
recording apparatus 1 transmits the rasterized bitmap
data from the rasterization unit 107 to the recording head
control unit 644. Then, the recording head control unit
644 controls the recording head 3 according to the re-
ceived bitmap data to execute recording.
[0087] In step S209, the recording apparatus 1 deter-
mines whether all the rasters have been completely proc-
essed. If it is determined that the processing of all the
rasters has not been completed yet (NO in step S209),
then the processing returns to step S201. In this case,
the recording apparatus 1 repeats the processing in steps
S201 through S208 until all the rasters are completely
processed.
[0088] The flow of processing executed by the record-
ing apparatus 1 described above with reference to Fig.
5 is a mere example and the present invention is not
limited to this. More specifically, the processing illustrated
in Fig. 5 can be appropriately modified. For example, it
is also useful if the transmission of the bitmap data to the
recording head control unit 644 is executed after the ras-
terization of all the rasters into bitmap data is completed.
Alternatively, it is also useful if the processing in different
steps described above is executed in parallel to one an-
other.
[0089] An exemplary flow of multipass recording and
rasterization processing in step S207 illustrated in Fig. 5
will be described in detail below with reference to Fig. 6.
When the multipass recording and rasterization process-
ing starts, in step S301 illustrated in Fig. 6, the recording
apparatus 1 determines whether the current rasterization
pattern is processing for the first pass. If it is determined
that the current rasterization pattern is processing for the
first pass (YES in step S301), then the processing ad-
vances to step S302 and executes the processing in step
S302 and following steps. The processing in steps S302

11 12 



EP 2 282 514 A1

8

5

10

15

20

25

30

35

40

45

50

55

through S305 is substantially similar to the processing in
steps S202 through S205 described above with refer-
ence to Fig. 5. Accordingly, the description thereof will
not be repeated here.
[0090] The processing in step S306 is slightly different
from that in step S206. More specifically, in step S306,
the recording apparatus 1 uses the rasterization unit 107
to thin out the data acquired from the multivalued data
storage unit 104 according to the number of times the
recording head 3 scans the same recording area when
rasterizing the data into bitmap data. In this way, during
multipass recording, the recording can be executed by
scanning the carriage 2 a plurality of times across the
same recording area. The method for executing the thin-
ning processing can be executed by a known method.
Accordingly, the thinning method will not be described in
detail here.
[0091] After completely rasterizing the data into bitmap
data in step S306, the processing advances to step S307.
In step S307, the recording apparatus 1 determines
whether the recording is executed by bidirectional record-
ing. If it is determined that the multipass recording is ex-
ecuted by single direction recording (NO in step S307),
then the processing ends there.
[0092] On the other hand, if it is determined that the
multipass recording is executed by bidirectional record-
ing (YES in step S307), then the processing advances
to step S308. In step S308, the recording apparatus 1
writes the pattern number (the value at the trailing edge)
at the time the rasterization processing in step S306 is
completed on the initial value storage unit 111. Then, the
processing ends.
[0093] Returning to the top of the flow chart of Fig. 6,
if it is determined that the current rasterization pattern is
processing for the second pass or following passes (NO
in step S301), then the processing advances to step
S309. In step S309, the mode determination unit 113 of
the recording apparatus 1 determines whether the mul-
tipass recording is to be executed by bidirectional record-
ing.
[0094] If it is determined that the multipass recording
is to be executed by single direction recording (NO in
step S309), then the processing returns to step S302 and
the recording apparatus 1 repeats the processing in step
S302 and the following steps. On the other hand, if it is
determined that the multipass recording is to be executed
by bidirectional recording (YES in step S309), then the
recording apparatus 1 checks the direction of rasteriza-
tion of the data according to the designated recording
direction information stored on the recording direction
storage unit 108.
[0095] After checking the raster direction, the record-
ing apparatus 1 uses the rasterization unit 107 to read
the same multivalued data as that in the first pass from
the multivalued data storage unit 104 in step S310. The
recording apparatus 1 uses the table acquisition unit 112
to acquire the rasterization table according to the initial
value of the pattern number stored on the initial value

storage unit 111.
[0096] The initial value of the pattern number stored
on the initial value storage unit 111 is the same as that
of the pattern number written in step S308. More specif-
ically, in executing multipass recording by bidirectional
recording, in the rasterization for the second pass and
following passes, the recording apparatus 1 does not
store the initial value by using the selector 110 or the first
storage unit 106.
[0097] After acquiring the initial value of the pattern
number, then in step S311, the rasterization unit 107 of
the recording apparatus 1 rasterizes the multivalued data
into bitmap data based on the rasterization table and the
raster direction acquired in the above-described manner.
More specifically, in step S312, similar to the processing
in step S306 described above, the rasterization unit 107
thins out the data acquired from the multivalued data stor-
age unit 104 according to the number of times of scanning
by the recording head 3 on the same recording area and
rasterizes the thinned data into bitmap data. Then, the
processing ends.
[0098] With the above-described configuration, the
present exemplary embodiment, which is configured to
change the rasterization table used in rasterization for
each gradation every time data having the same grada-
tion is processed, can match a result of recording among
single direction recording, bidirectional recording, and
multipass recording.
[0099] In addition, in multipass recording in the case
of bidirectional recording, the processing for storing the
initial value of the pattern number can be simplified for
the second pass and following passes. More specifically,
for the second pass and following passes, it is not nec-
essary to write the initial value of the pattern number on
the initial value storage unit 111 by using the selector
110 or the first storage unit 106. Accordingly, the present
exemplary embodiment having the above-described
configuration can reduce the time taken for the process-
ing because the processing for acquiring the initial value
of the pattern number can be omitted for the second pass
and following passes in multipass recording. In addition,
the present exemplary embodiment having the above-
described configuration can simplify the circuitry config-
uration for implementing the initial value acquisition
processing.
[0100] In addition, according to the present exemplary
embodiment having the above-described configuration,
the required capacity of the buffer can be reduced be-
cause the present exemplary embodiment directly stores
the input data on the multivalued data storage unit 104
as multivalued data.
[0101] Furthermore, as described above, the present
exemplary embodiment stores a plurality of rasterization
tables for each gradation and executes the rasterization
by using either one of the rasterization tables. Accord-
ingly, the present exemplary embodiment having the
above-described configuration can reduce banding or
image unevenness.
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[0102] In addition, as described above, the initial value
of the top portion of the raster (the raster left edge) can
be arbitrarily set according to the present exemplary em-
bodiment. Accordingly, if the initial value is arbitrarily set,
the present exemplary embodiment can prevent having
to use a fixed pattern even if the same data is present in
the vertical direction over a plurality of rasters.
[0103] A second exemplary embodiment of the
present invention will be described in detail below. The
configuration of the recording apparatus 1 according to
the second exemplary embodiment is similar to the con-
figuration described above with reference to Figs. 1 and
2 in the first exemplary embodiment described above.
Accordingly, the description thereof will not be repeated
here. In the following description, differences from the
first exemplary embodiment only will be described in de-
tail. As one difference point from the first exemplary em-
bodiment, the present exemplary embodiment detects
an empty raster. An empty raster is one for which all
values of the multivalue data are zero.
[0104] Fig. 12A illustrates an example of data including
five rasters (N to N+4) each corresponding to each loca-
tion on paper. In the example illustrated in Fig. 12A, the
"N + 1" raster and the "N + 3" raster are empty rasters.
[0105] Now, an exemplary functional configuration of
a controller 600 according to the present exemplary em-
bodiment will be described in detail below with reference
to Fig. 7. The components and units of the controller 600
according to the present exemplary embodiment similar
to those illustrated in Fig. 3 and described above in the
first exemplary embodiment are provided with the same
reference numerals and symbols as those illustrated in
Fig. 3. Accordingly, the description thereof will not be
repeated here.
[0106] The controller 600 according to the present ex-
emplary embodiment includes an empty raster informa-
tion storage unit 114 and an empty raster determination
unit 115 in addition to the components of the first exem-
plary embodiment. The empty raster information storage
unit 114 stores information about an empty raster for
which all values of multivalued data of each raster has a
value of "0" (the gradation value is "0"). Hereinbelow, the
above-described information is simply referred to as
"empty raster information".
[0107] In executing rasterization of raster data, the
empty raster determination unit 115 is configured to de-
termine whether the raster data to be processed is an
empty raster. A result of the determination by the empty
raster determination unit 115 is stored on the empty raster
information storage unit 114.
[0108] Fig. 12B illustrates an example of the empty
raster information storage unit 114. Referring to Fig. 12B,
the empty raster information storage unit 114 stores in-
formation "1", which indicates an empty raster, at ad-
dresses corresponding to "N + 1" and "N + 3" rasters.
Fig. 12C illustrates an exemplary result obtained by the
raster control circuit 103 storing raster data on the mul-
tivalued data storage unit 104. Similar to the first exem-

plary embodiment, in storing the multivalued data on the
multivalued data storage unit 104, the raster control unit
103 allocates the pattern number.
[0109] Fig. 13A illustrates an exemplary method for
allocating the pattern number for the level 01 of the mul-
tivalued data in the creation of a bitmap as illustrated in
Figs. 12A and 12C. As described above in the first ex-
emplary embodiment, four patterns are provided for the
level 01 as illustrated in Fig. 11. Accordingly, the raster
control unit 103 serially allocates patterns 1 through 4 to
N through "N + 4" rasters. For example, referring to Fig.
12A, in the raster labelled "N", the values of the first,
second, and fifth pixels counting from the left edge have
density level "01". Similarly, in the raster labelled "N +
2", the values of the third and sixth pixels counting from
the left edge have density level "01". Accordingly, refer-
ring to Fig. 13A, the pattern numbers "1", "2", and "3" are
allocated to the "N" raster as the next numbers in the
series of patterns. Then, the pattern numbers "4" and "1"
are allocated to the "N + 2" raster as the next numbers
in the series. As there are only four patterns, once all four
have been used, the first pattern is used again. Similarly,
the pattern numbers "2" and "3" are allocated to the "N
+ 4" raster.
[0110] Fig. 13B illustrates an example of a method for
storing the initial value of the dot pattern for the density
level 01 pixels. In general, the first storage unit 106 and
the second storage unit 105 store the initial value corre-
sponding to the scanning direction. For the raster data
whose multivalued data having a value other than "0"
does not appear (i.e., the raster data whose value (den-
sity level) of all the multivalued data included in the raster
data is "00"), the raster control unit 103 does not allocate
a pattern number. Accordingly, in this case, neither the
first storage unit 106 nor the second storage unit 105
stores information about the empty raster. Referring to
Fig. 13B, the pattern numbers closest to the left edge in
the respective rasters are stored in the storage area
106-01, and the pattern numbers closest to the right edge
in the respective rasters are stored in the storage area
105-01. For example, the pattern number closest to the
left edge in the "N" raster is "1" and the pattern number
closest to the right edge in the "N" raster is "3". Such
numbers "1" and "3" are stored in the storage areas
106-01 and 105-01, respectively. The pattern number
closest to the left edge in the "N + 2" raster is "4" and the
pattern number closest to the right edge in the "N + 2"
raster is "1". Such numbers "4" and "1" are stored in the
storage areas 106-01 and 105-01, respectively. This en-
ables the variety of patterns to be used whether the scan-
ning is in the forward or backward direction, as a "starting
pattern" is made available for either direction in 106-01
and 105-01 respectively.
[0111] In the present exemplary embodiment, an ad-
dress of the storage location of the raster data on the
multivalued data storage unit 104 (within the buffer) is
stored on the empty raster information storage unit 114
as empty raster information.
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[0112] Now, an exemplary method for generating bit-
map data, which is executed by the rasterization control
unit 101, will be described in detail below. The rasteriza-
tion control unit 101 reads multivalued data from the mul-
tivalued data storage unit 104 and generates bitmap data
based on the read multivalued data. In addition, the ras-
terization control unit 101 stores the generated bitmap
data on a transfer buffer included in the rasterization con-
trol unit 101.
[0113] In rasterizing raster data, the rasterization con-
trol unit 101 uses the empty raster determination unit 115
to refer to the data stored on the empty raster information
storage unit 114. If the raster data to be rasterized is an
empty raster, then the rasterization control unit 101 does
not load a pattern number from the second storage unit
105 or the first storage unit 106. In addition, in this case,
the rasterization unit 107 does not execute rasterization
for that raster data. Accordingly, the present exemplary
embodiment can reduce a data bus band.
[0114] Now, an exemplary flow of processing executed
by the recording apparatus 1 according to the present
exemplary embodiment will be described in detail below
with reference to Fig. 8. In the following description,
processing executed after receiving data from the host
apparatus 610 will be described. The processing execut-
ed by the recording apparatus 1 according to the present
exemplary embodiment is basically similar to the
processing illustrated in Fig. 4 in the above-described
first exemplary embodiment. Accordingly, a difference
from the first exemplary embodiment only will be de-
scribed in detail.
[0115] After receiving data from the host apparatus
610, then in step S101, the recording apparatus 1 stores
the received data on the receiving buffer 102. In step
S102, the raster control unit 103 loads raster data for
each raster from the receiving buffer 102. In addition, the
raster control unit 103 executes HV conversion on the
acquired raster data. In step S401, the raster control unit
103 determines the gradation of each multivalued data
within the raster data.
[0116] If it is determined that multivalued data having
a value other than "0" exists within the raster data (YES
in step S401), then the processing advances to step
S103. In step S103, the raster control unit 103 updates
the pattern number corresponding to the rasterization ta-
ble according to the gradation of each multivalued data
as in the first exemplary embodiment. In step S104, the
recording apparatus 1 stores the multivalued data on the
multivalued data storage unit 104.
[0117] On the other hand, if it is determined that all the
multivalued data included in each raster has a value of
0 (NO in step S401), then the processing advances to
step S402. In step S402, the recording apparatus 1 stores
information indicating that the raster data is an empty
raster (empty raster information) on the empty raster in-
formation storage unit 114.
[0118] After that, similar to the first exemplary embod-
iment, in step S106, the recording apparatus 1 deter-

mines whether all the rasters have been completely proc-
essed. If it is determined that all the rasters have not been
completely processed yet (NO in step S106), then the
processing returns to step S102 and the processing in
steps S102 through S105 and the processing in steps
S401 and S402 are repeated. Steps S105 and S106 are
the same as described above with reference to Fig. 4.
[0119] After executing the processing up to step S105,
the processing advances to step S107. In step S107, the
recording apparatus 1 executes the rasterization
processing. Then, the processing ends.
[0120] Now, the data rasterization processing in step
S107 illustrated in Fig. 8 according to the present exem-
plary embodiment will be described in detail below with
reference to Fig. 9. The data rasterization processing ac-
cording to the present exemplary embodiment is similar
to that described above with reference to Fig. 5 in the
first exemplary embodiment. Accordingly, a point in dif-
ference from the first exemplary embodiment will be pri-
marily described in detail below.
[0121] When the data rasterization processing starts,
in step S501, the recording apparatus 1 uses the empty
raster determination unit 115 to refer to the data stored
on the empty raster information storage unit 114. More
specifically, in step S501, the empty raster determination
unit 115 determines whether the raster to be processed
is an empty raster. If it is determined that the raster data
to be processed is an empty raster (YES in step S501),
then the processing advances to step S209 and the re-
cording apparatus 1 does not execute processing on the
raster data. In this case, the processing advances to ras-
terization processing of a subsequent raster.
[0122] More specifically, in this case, in step S209, the
recording apparatus 1 determines whether all the rasters
have been completely processed as in the first exemplary
embodiment. If it is determined that all the rasters have
not been completely processed yet (NO in step S209),
then the processing returns to step S201 and the
processing in steps S201 through S208 are repeated.
On the other hand, if it is determined that all the rasters
have been completely processed (YES in step S209),
then the processing ends.
[0123] The multipass recording and rasterization
processing in step S208 illustrated in Fig. 9 is similar to
the processing in the first exemplary embodiment de-
scribed above with reference to Fig. 6. Accordingly, the
description thereof will not be repeated here.
[0124] As described above, according to the second
exemplary embodiment having the above-described
configuration, if an empty raster that does not include
any multivalued data exists, the recording apparatus 1
does not store the pattern number corresponding to the
rasterization table for the empty raster on the memory
and sets empty raster information instead.
Accordingly, the present exemplary embodiment can re-
duce the required capacity of the storage area. In addi-
tion, in the present exemplary embodiment, rasterization
processing can be omitted for an empty raster. Accord-
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ingly, the present exemplary embodiment having the
above-described configuration can reduce the data bus
band.
[0125] Exemplary embodiments of the present inven-
tion are as described above. However, the present in-
vention is not limited to the embodiments described
above with reference to the attached drawings. More spe-
cifically, the present invention can be implemented by an
appropriate modification thereof within the scope of the
present invention.
[0126] While the present invention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments, but is defined by the scope of
the following claims.
[0127] An aspect of the present invention provides a
processing method for use in a recording apparatus hav-
ing a recording head and first and second storage means,
the method comprising: storing raster data including mul-
tivalued data; storing an initial value of a dot pattern des-
ignated to a direction of scanning by the recording head
and a value of the multivalued data; storing information
indicating an empty raster in which every multivalued da-
ta of a raster has a value of 0; evaluating the value of the
multivalued data and determining whether a raster is the
empty raster for each raster; storing the initial value in
the first storage means, storing the information regarding
empty rasters in the second storage means, and storing
multivalued data on the buffer according to a result of the
evaluation and the determination; and, based on the
stored initial value and the stored associated dot pattern,
reading the multivalued data from the buffer and gener-
ating a dot pattern based on the read multivalued data.

Claims

1. A recording control apparatus (600) configured to
cause a recording head (3) of a recording apparatus
(1) to scan in a reciprocating manner (A), the record-
ing control apparatus comprising:

a buffer (102) configured to store raster data in-
cluding multivalued data;
storage means (104) having stored therein a ta-
ble (Fig. 11) in which at least one dot pattern
(Pattern 1, Pattern 2, Pattern 3, Pattern 4) is
defined for each value (Level 00; Level 01; Level
02; Level 03) of the multivalued data;
first information storage means (105, 106) con-
figured to store an initial value of the dot pattern
in association with both a scanning direction of
the recording head and the value of the multi-
valued data;
second information storage means (114) con-
figured to store information indicating an empty
raster in which every multivalued data of the
raster has a value of 0;

determination means configured to evaluate
each value of the multivalued data and to deter-
mine whether a raster is the empty raster for
each raster;
raster control means configured to store the in-
itial value in the first information storage means,
to store the information indicating the empty
raster on the second information storage
means, and to store multivalued data on the buff-
er, according to a result of the evaluation and
the determination by the determination means;
and
generation means configured, based on the in-
itial value stored in the first information storage
means and the information stored in the table,
to read the multivalued data from the buffer and
to generate an appropriate dot pattern based on
the read multivalued data.

2. A recording control apparatus (600) according to
claim 1, wherein the raster control means is config-
ured to store, in the buffer, multivalued data included
in raster data excluding the empty raster.

3. A recording control apparatus (600) according to
claim 1 or 2, wherein the first information storage
means (105, 106) includes first storage means con-
figured to store an initial value corresponding to a
predetermined scan direction, and second storage
means configured to store an initial value corre-
sponding to a scan direction opposite to the prede-
termined scan direction.

4. A recording control apparatus (600) according to
claim 1, 2 or 3, wherein the raster control means
(103) is configured to set the initial value in the first
information storage means (106) for a raster exclud-
ing the empty raster.

5. A recording control apparatus (600) according to
claim 1, wherein the generation means is configured
to transfer binary data generated based on the dot
pattern to the recording head.

6. A rasterising method for use in a recording apparatus
having a recording head that is able to scan recip-
rocally, the method comprising:

storing a table that associates pixel density val-
ues with dot matrices that are suitable for pro-
viding the pixel density values of a bitmap image;
for each occurrence of a pixel density value in
a raster of the bitmap image, allocating, to each
pixel density value in the raster, a dot matrix from
the table;
storing a first and last dot matrix for each raster;
and
designating the first dot matrix as an initial dot
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matrix for printing in a first scanning direction
and the last dot matrix as an initial dot matrix for
printing in a second scanning direction that is
opposite to the first scanning direction.

7. A rasterising method according to claim 6, wherein
the step of allocating a dot matrix from the table com-
prises allocating a different dot matrix to sequential
same pixel density values.

8. A rasterising method according to claim 6 or 7,
wherein the step of allocating a dot matrix from the
table comprises:

determining a pixel density value that is non-
zero;
and
allocating, to each non-zero pixel density value
in the raster, a dot matrix from the table.

9. A rasterising method according to claim 6 or 7, further
comprising the steps of:

determining at least one raster in the bitmap im-
age that has a zero pixel density value;
storing information indicating that said at least
one raster that has a zero pixel density value;
storing multivalue data for at least one raster in
the bitmap image that has a non-zero pixel den-
sity value; and
allocating a dot matrix only to said at least one
raster for which multivalue data is stored.
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