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FIELD OF THE INVENTION The present invention relates to a printing
apparatus and printing method and, particularly, to a technique of
implementing a low-cost, high-speed, high-quality printing apparatus. More
particularly, 10 the present invention relates to an inkjet printing
apparatus and control method therefor which maintain a high speed or high
image quality while reducing the RAM capacity or ROM capacity in the
printing apparatus or the number of gates of an ASIC to implement a
low-cost 15 printing apparatus. The present invention also relates to an
inkjet printing apparatus and control method therefor which perform
printing proper for the relationship between the host apparatus of a system
and the printing apparatus. 20 BACKGROUND OF THE INVENTION Inkjet printing
apparatuses have widely been used in printing apparatuses, copying
machines, and the like because low noise, low apparatus cost, low running
cost, 25 compact apparatus, and the like can be facilitated. A conventional
serial inkjet printing apparatus prints one page by repeating main scanning
of scanning 



- 1    a printhead in the main scanning direction and sub-scanning of
conveying a printing medium in the sub-scanning direction. The serial
inkjet printing apparatus ensures a memory (print buffer) having a 5
capacity enough to store print data of at least one scanning. After a11
print data of one scanning is stored in the print buffer, main scanning of
the printhead starts. Especially with the development of color printing
apparatuses and an increase in 10 resolution in response to demands for
higher image qualities, the capacity necessary fox the print buffer
increases. The printing apparatus requires an expensive larger-capacity
memory, resulting in a high apparatus cost. 15 To solve the conventional
problem, Japanese Patent Laid-Open No. 58-146929 discloses a technique of
constituting a memory whose capacity is smaller than a capacity for storing
print data of one scanning, managing print data by a storage address, and
20 efficiently exploiting the small-capacity memory. Japanese Patent
Laid-Open No. 11-227181 discloses a technique of reducing a memory capacity
for storing print data by transmitting print data corresponding to a nozzle
for use from a host apparatus to a printing 25 apparatus by using a
printhead having a plurality of nozzles in the sub-scanning direction and
using a printing apparatus whish repeats main scanning and - 2
sub-scanning to form an image. Japanese Patent Laid-Open No. 11-259248
discloses a technique of achieving reduction in memory capacity and
high-speed printing by starting main scanning of a 5 printhead before the
completion of storing print data of one main scanning in a memory. This
proposal assumes that data enough to complete scanning is always received
during scanning/printing while main scanning of the printhead is executed.
Thus, the memory 10 capacity cannot be greatly reduced. However, no
proposal realizes high-speed printing at lower cost by considering print
data and the main scanning start timing without changing an existing
arrangement. 15 SUMMARY OF THE INVENTION The present invention has been
made to overcome the conventional drawbacks, and has as its object to
provide a printing apparatus which can implement a 



20 low-cost, compact printing apparatus without degrading the original
performance of the apparatus and can realize high-speed printing, an
information processing apparatus, a control method for the printing
apparatus and information processing apparatus, and a program. 25 According
to the present invention, the foregoing object is attained by providing a
printing apparatus which performs printing by driving a printhead on the -
3     basis of print data transmitted from a host apparatus, comprising:
main scanning means for scanning the printhead in a main scanning direction
with respect to a printing 5 medium; buffer means for storing print data;
reception means for receiving, from the host apparatus, main
scanning/printing direction information representing a main
scanning/printing direction of the 10 printhead~ storage means for storing,
in the buffer means, print data corresponding to the printing direction
represented by the main scanning/printing direction information generated
by the host apparatus; and 15 control means for controlling printing by the
printhead on the basis of the main scanning/printing direction information
and the print data stored in the buffer means. 



In a preferred embodiment, when print data are 20 stored up to a specific
column position in the buffer means, the control means starts printing by
the printhead on the basis of the main scanning/printing direction
information and the print data stored in the buffer means. 25 In a
preferred embodiment, when print data are stored up to a position
corresponding to a specific column unit in the buffer means, the control
means - 4    starts printing by the printhead on the basis of the main
scanning/printing direction information and the print data stored in the
buffer means. In a preferred embodiment, the specific column 5 unit is 2k1
x k2 (k1 and k2 are positive integers). In a preferred embodiment, the
buffer means stores print data used for printing during scanning of the
printhead by the main scanning means, and a data amount which can be stored
is smaller than 10 a print data amount for printing by one main scanning of
the printhead by a width printable by main scanning of the printhead by the
main scanning means. In a preferred embodiment, the buffer means stores
print data used for printing during scanning of 15 the printhead by the
main scanning means, and a data amount which can be stored is at least a 



print data amount for one main scanning of the printhead by the main
scanning means. In a preferred embodiment, when print data of one 20 main
scanning are stored in the buffer means, the control means starts printing
by the printhead on the basis of the main scanning/printing direction
information and the print data stored in the buffer means. 25 According to
the present invention, the foregoing object is attained by providing an
information processing apparatus which transmits print data to a - 5
printing apparatus that has a buffer for storing print data and performs
printing by scanning a printhead in a main scanning direction with respect
to a printing medium on the basis of the print data stored in the 5 buffer,
comprising: first transmission means for generating main scanning/printing
direction information representing a main scanning/printing direction of
the printhead, and transmitting the main scanning/printing direction 10
information to the printing apparatus; generation means for generating
print data corresponding to the printing direction represented by the main
scanning/printing direction information; and second transmission means for
transmitting the 15 print data generated by the generation means to the
printing apparatus. According to the present invention, the foregoing
object is attained by providing a method of controlling a printing
apparatus which has a buffer for storing 20 print data and performs
printing by scanning a printhead in a main scanning direction with respect
to a printing medium on the basis of print data from a host apparatus that
is stored in the buffer, comprising: 25 a reception step of receiving, from
the host apparatus, main scanning/printing direction information
representing a main scanning/printing direction of the - 6  



printhead; a storage step of storing, in the buffer, print data
corresponding to the printing direction represented by the main
scanning/printing direction 5 information generated by the host apparatus;
and a control step of controlling printing by the printhead on the basis of
the main scanning/printing direction information and the print data stored
in the buffer. 10 According to the present invention, the foregoing object
is attained by providing a method of controlling an information processing
apparatus which transmits print data to a printing apparatus that has a
buffer for storing print data and performs printing by 15 scanning a
printhead in a main scanning direction with respect to a printing medium on
the basis of the print data stored in the buffer, comprising: a first
transmission step of generating main scanning/printing direction
information representing a 20 main scanning/printing direction of the
printhead, and transmitting the main scanning/printing direction
information to the printing apparatus; a generation step of generating
print data corresponding to the printing direction represented by 25 the
main scanning/printing direction information; and a second transmission
step of transmitting the 



print data generated in the generation step to the    printing apparatus.
According to the present invention, the foregoing object is attained by
providing a program of causing a computer to control a printing apparatus
which has a 5 buffer for storing print data and performs printing by
scanning a printhead in a main scanning direction with respect to a
printing medium on the basis of print data from a host apparatus that is
stored in the buffer, comprising: 10 a program code for a reception step of
receiving, from the host apparatus, main scanning/printing direction
information representing a main scanning/printing direction of a printhead;
a program code for a storage step of storing, in 15 the buffer, print data
corresponding to the printing direction represented by the main
scanning/printing direction information generated by the host apparatus;
and a program code for a control step of controlling 20 printing by the
printhead on the basis of the main scanning/printing direction information
and the print data stored in the buffer. According to the present
invention, the foregoing object is attained by providing a program of
causing a 



25 computer to control an information processing apparatus which transmits
print data to a printing apparatus that has a buffer for storing print data
and performs _ g _   printing by scanning a printhead in a main scanning
direction with respect to a printing medium on the basis of the print data
stored in the buffer, comprising: 5 a program code for a first transmission
step of generating main scanning/printing direction information
representing a main scanning/printing direction of the printhead, and
transmitting the main scanning/printing direction information to the
printing apparatus; 10 a program code for a generation step of generating
print data corresponding to the printing direction represented by the main
scanning/printing direction information; and a program code for a second
transmission step of 15 transmitting the print data generated in the
generation step to the printing apparatus. Other features and advantages of
the present invention will be apparent from the following description taken
in conjunction with the accompanying 20 drawings, in which like reference
characters designate the same or similar parts throughout the figures
thereof. BRIEF DESCRIPTION OF THE DRAWINGS 25 The accompanying drawings,
which are incorporated in and constitute a part of the specification,
illustrate embodiments of the invention and, together _ g _   with the
description, serve to explain the principles of the invention. Fig. 1 is a
perspective view showing the schematic arrangement of an inkjet printing
apparatus 5 to which the present invention can be applied; Fig. 2 is a view
showing the orifice layout of a 



printhead according to the first embodiment; Fig. 3 is a block diagram
showing the main arrangement of the inkjet printing apparatus to which 10
the present invention can be applied; Fig. 4 is a view showing the
arrangement of a print buffer according to the first embodiment; Fig. 5 is
a flow chart showing processing executed by a printing system according to
the first 15 embodiment; and Fig. 6 is a flow chart showing processing
executed by a printing system according to the second embodiment. - 10
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS Preferred embodiments of
the present invention will be described in detail below with reference to
the accompanying drawings. 5 (First Embodiment) Fig. 1 is a perspective
view showing the schematic arrangement of an inkjet printing apparatus to
which the present invention can be applied. The inkjet printer (printing
apparatus 100) can 10 perform both color printing and monochrome printing.
For a monochrome printing apparatus, the printhead is equipped with only
nozzles for discharging black ink (to be described later). A printing
medium 105 inserted into the sheet 15 feed position of the printing
apparatus 100 is fed by a feed roller 106 in a direction indicated by an
arrow P, and conveyed to the printable region of a printhead 104. A platen
107 is arranged below the printing medium 105 in the printable region. A
carriage 101 can be moved 20 by two guide shafts 102 and 103 along them.
The carriage 101 is reciprocally scanned by driving of a stepping motor
(not shown) within a scanning region including a printing region in
directions indicated by arrows Q1 and Q2 serving as a main scanning
direction. 25 After one main scanning ends, the printing medium is fed by a
predetermined amount in the sub-scanning direction indicated by the arrow
P, and waits for the 



- 11    next main scanning. Main scanning and sub-scanning are repeated to
perform printing operation of one page. As for a printing width in the main
scanning direction, a region where the printhead 104 can be 5 mechanically
scanned is determined by the apparatus design. The maximum printing width
is determined depending on the apparatus in correspondence with the
scanning region. Printing can be done for a printing medium 105 having a
printing width determined by the 10 scanning region of the printhead 104 or
a printing medium 105 having a smaller printing width in the printing
apparatus 100. In Fig. 1, the printhead 104 mounted on the carriage 101
includes orifices (printing elements) 15 capable of discharging ink, and an
ink tank which contains ink. The printhead 104 is mounted on the carriage
101 such that printing is done by discharging ink from the orifice of the
printhead 104 to the printing medium l05 below it. 20 Reference numeral 108
denotes an operation panel including switches and a display. The switches
are used to power on/off the printing apparatus 100 or set various printing
modes. The display can display various statuses of the printing apparatus
100. 25 The printhead 104 can print data in four colors: yellow (Y),
magenta (M), cyan (C), and black (Bk). The number of orifices for each of
Y, M, and C is 128, and - 12    the number of orifices for Bk is 320. The
layout pitch between orifices for each color is 1/600 inch in the
sub-scanning direction, which corresponds to about 42 um. The driving
frequency of the printhead 104 is 5 generally 15 kHz, and the printhead 104
can perform printing operation at a density of 600 dpi in the main scanning
direction. The main scanning speed of the carriage 101 in printing
operation is generally 25 inch/sec. 10 A linear encoder (not shown) with a
slit at a cycle of 600 dpi is arranged on the back side of the carriage
101. A mechanical controller 404 (Fig. 3) operates the carriage motor of a
mechanical unit 405, reciprocating the carriage 101 in the main scanning 15
direction (directions indicated by Q1 and Q2 in Fig. 1). The carriage motor
which drives the carriage 101 is, e.g., a DC motor. In general printing
operation, the position or moving speed of the carriage 10l is detected by
an optical sensor on the back side of the 20 carriage 101 by using the
linear encoder. The scanning speed of the carriage 101 is kept constant
under DC servo control. The orifice layout of the printhead 104 will be
explained with reference to Fig. 2. 25 Fig. 2 is a view showing the orifice
layout of the printhead according to the first embodiment. 



As described above, the printhead 104 has - 13    orifices for discharging
a plurality of color inks in yellow (Y), magenta (M), cyan (C), and black
(K). In practice, orifices for each color are arrayed in two lines, and the
layout pitch between the lines is 1/300 5 inch. The printhead 104 moves in
the main scanning directions indicated by the arrows Q1 and Q2 with respect
to the printing medium 105. The printing medium 105 is relatively moved in
the direction indicated by the arrow P with respect to the printhead 10
104. The main arrangement of a printing system comprised of the printing
apparatus 100 and a host apparatus will be explained with reference to Fig.
3. Fig. 3 is a block diagram showing the main 15 arrangement of the inkjet
printing apparatus to which the present invention can be applied. An
external host apparatus 500 is connected to the printing apparatus 100.
Print data (e. g., data containing character data, image data, and control
20 data) is transmitted from the host apparatus 500 to the printing
apparatus 100, and stored in a reception buffer 401. Verify data for
verifying whether print data is correctly transferred, and status data
representing the operation status of the printing 25 apparatus 100 are
transmitted from the printing apparatus 100 to the host apparatus 500. Note
that the host apparatus 500 and printing - 14    apparatus 100 are
connected by, e.g., a USB interface. However, the present invention is not
limited to this. For example, the types of interface include IEEE 1394,
IEEE 1284 (Centronics), IrDA, Bluetooth, or the like. 5 There is also
available another interface which can also transfer data by connecting the
host apparatus 500 and printing apparatus 100 by wire or wirelessly. Print
data stored in the reception buffer 401 is processed into data for printing
in main scanning of 10 the printhead 104 under the control of a CPU 402.
The resultant data is stored in a print buffer 4030 within a random access
memory (RAM) 403. The print buffer 4030 stores data used for printing by
the printhead 104. Data stored in the print buffer 4030 is transferred to
15 the printhead 104, and then printing is executed. In the example shown
in Fig. 3, an area for the print buffer 4030 is ensured in the memory area
of the RAM 403. Data in the print buffer 4030 is transferred to the
printhead 104 by a printhead controller 410. 20 The printhead 104 is
controlled to print character data 



or image data. The printhead controller 410 detects temperature information
or the like representing the state of the printhead 104, and sends the
information to the CPU 402. The information is transmitted to the 25
printhead controller 410 which controls driving of the printhead 104. The
mechanical controller 404 drives and controls - 15    the mechanical unit
405 such as a carriage motor or line feed motor in response to an
instruction from the CPU 402. A sensor/SW controller 406 transmits a signal
to 5 the CPU 402 from a sensor/SW 407 including various sensors and SW
(switch). ' A display element controller 408 controls a display unit 409
comprised of LEDs, liquid crystal display elements, and the like for
display panels in 10 response to an instruction from the CPU 402. A ROM 411
stores data such as various control programs and various setting data for
executing various control operations of the printing apparatus 100. The CPU
402 appropriately loads various control programs 15 and various setting
data into the RAM 403, and executes them, thereby executing various control
operations of the printing apparatus 100. In the present invention, the
capacity of the print buffer 4030 is set smaller than a data amount 



20 printed using a11 the orifices of the printhead 104 necessary for
printing by one main scanning of the printhead l09 by a main
scanning/printing width determined depending on the apparatus. That is, the
RAM 403 ensures a capacity smaller than the necessary 25 capacity for
storing print data of one main scanning in correspondence with the maximum
printing width of the apparatus. This setting can reduce the memory
capacity - 16    of the RAM 403 in the apparatus. The host apparatus 500 is
implemented by a general-purpose computer such as a personal computer or
workstation. The host apparatus 500 has standard 5 building components
mounted in a general-purpose computer (e. g., a CPU, RAM, ROM, hard disk,
external memory, network interface, display, keyboard, and mouse). The
building components are not limited to them, and any building components
can be adopted as 10 long as they realize the present invention. The
building components shown in Fig. 3 may be realized by executing by the CPU
a program stored in the internal ROM of the host apparatus 500 or an
external memory, or realized by dedicated hardware. 15 The following
embodiment will exemplify 1-pass printing using 128 orifices in the
orifices of the printhead 104 for each of Y, M, C, and Bk colors. In a
color printing mode, the entire printing width of 8 inches is printed in
four colors at a 20 density of 600 dpi. The print buffer capacity of a
printing apparatus necessary in a conventional printing method is 128 x 4 x
8 x 600 = 2,457,600 bits According to the first embodiment, the memory 25
capacity of the print buffer 4030 is 1,572,864 bits, which is smaller than
a memory capacity enough to store a11 print data of one main scanning. In
other words, - 17    the memory capacity is set smaller than the memory
capacity of the conventional print buffer, reducing the 



system cost. The print buffer 4030 according to the first 5 embodiment has
detailed arrangements A to E. A: Memory areas are ensured for Y, M, C, and
Bk, respectively. B: Memory areas are ensured in the vertical
(sub-scanning) direction and horizontal (main scanning) 10 direction for
respective rectangular blocks of printing pixels. The block size is
constant commonly to Y, M, C, and Bk in one main scanning. C: The vertical
size (height) of the block can be set by the operation panel 108 or host
apparatus 500. 15 The set value is, e.g., an nl multiple of 8 (n1 is a
positive integer). In the first embodiment, e.g., nl = 16, and the set
value is 8 x 16 = 128. Note that the set value is an nl multiple of 8 for
efficient calculation processing. 20 D: The horizontal size (width) of the
block can be set by the operation panel 108 or host apparatus 500. The set
value is, e.g., an n3 multiple of 2n2 (n2 and n3 are positive integers). In
the first embodiment, n2 - 8, n3 = 1, and the set value is 28 x 1 = 256. 25
Note that the set value is an n3 multiple of 2n2 for efficient calculation
processing. E: No memory area is ensured for a block having - 18  



no data in each color in main printing/scanning. Instead, a zero flag is
set, and data of this block is processed as null data in printing. This can
save the memory capacity of the print buffer 4030. 5 With the rectangular
block arrangement of the print buffer 4030, the print buffer 4030 can be
easily managed. In the first embodiment, the block size is common to Y, M,
C, and Bk, which also facilitates management of the print buffer 4030. 10
Alternatively, the block size can be changed and flexibly cope with
printing conditions for effective use of the print buffer 4030. In the
present invention, processing of starting main scanning of the printhead
l04 is performed before 15 the print buffer 4030 for one main scanning of
the printing apparatus 100 is determined, for the purpose of high-speed
printing processing. In reciprocal printing operation, the main
scanning/printing direction of the printhead 104 in printing operation of
20 the printing apparatus (direction in which main scanning/printing is
done by scanning the printhead 104 from the right or left with respect to
the printing medium 105) is determined by an instruction from the host
apparatus 500. 25 When the printhead 104 starts main scanning/printing from
the right with respect to the printing medium 105, print data is
transferred from the - 19    right from the host apparatus 500. When the
printhead 104 starts main scanning/printing from the left with respect to
the printing medium 105, print data is transferred from the left from the
host apparatus 500. 5 Note that the printhead 104 can print each column.
After print data are determined up to a specific column of one main
scanning, main scanning of the printhead 104 starts. Alternatively, main
scanning may 10 start after print data are determined up to a specific
column unit (block width) of one main scanning. The specific column unit is
preferably 2k1 x k2 (kl and k2 are positive integers) for processing speed
efficiency. The arrangement of the print buffer 4030 15 according to the
first embodiment will be described with reference to Fig. 4. 



Fig. 4 is a view showing the arrangement of the print buffer according to
the first embodiment. In the printing system of the first embodiment, 20
print data for one main scanning of the printing apparatus 100 is created
by the host apparatus 500. Print data is created as binary data obtained by
performing proper image processing for character data or image data to be
printed, and determining whether to 25 discharge ink droplets for a11 Y, M,
C, and Bk colors. The binary data is assigned and determined as print data
for the next main scanning. - 20    In this way, most of data processing
concerning printing is performed by the host apparatus 500. The processing
burden on the printing apparatus 100 can be reduced, and the ROM capacity
for storing control 5 programs and the number of gates of an ASIC can be
reduced. Fig. 4 is a conceptual view showing the block of the print buffer
4030 set when print data corresponding to a width of 8 inches is printed on
an A4-size 10 printing medium 105 by one main scanning. In the first
embodiment, the resolution in the main scanning direction is 600 dpi. At
least 19 blocks with a width of 256 dots are required for printing of the
whole width (4,800 dots) in the main scanning direction. 15 Note that the
print buffer 4030 in the first embodiment has a small memory capacity. The
vertical size (height) of the block is 128 dots, the block width is 256
dots, and the number of blocks which can be ensured is 12. 20 Reciprocal
(two-way) printing operation is done while the printhead 104 is scanned in
main scanning directions Q1 and Q2 with respective to an A4-size printing
medium 105. Printing operation is performed in the direction Q1 while the
printhead 104 moves from 25 the left to right with respect to the printing
medium 105. Printing operation is performed in the direction Q2 while the
printhead l04 moves from the right to left - 21    with respect to the
printing medium 105. R-1 to R-19 represent block numbers in printing
operation along the direction Q1. L-1 to L-19 represent block numbers in
printing operation along the direction Q2. 



S The number of blocks which can be ensured in the print buffer 4030 is 12.
Printing operation in the direction Q1 uses block R-1 as block R-13 when
printing of block R-1 ends after the start of main scanning. When printing
of block R-2 ends, this block is used as 10 block R-14. Blocks are
sequentially used again, ending main scanning. In the direction Q2 of
reciprocal printing operation, similar to the direction Q1, the print
buffer 4030 is used as blacks L-1 to block L-19. Block 15 R-19 is followed
by L-1 between Q1 and Q2. Also in two-way printing operation, data are
sequentially transferred in accordance with print data to be printed by the
printhead 104, and print data corresponding to print columns are stored in
the print 20 buffer 4030. Even if scanning of the printhead Z04 starts
before print data of one main scanning is determined, two-way printing can
be executed while print data are sequentially received during printing. In
each of blocks in Fig. 4, a solid line block 25 represents a block which
can be ensured as a memory area of the print buffer 4030 at the start of
main scanning. A dotted line block represents a block which - 22    cannot
be ensured as a memory area of the print buffer 4030 at the start of main
scanning. If print data is interrupted during main scanning, i.e., data
transfer is left undone, the 5 carriage 101 executes recovery processing of
performing the same main scanning again, printing data from the interrupted
portion, and thus complementing the data. As for a block having no print
data corresponding to a block in each color, no memory area is ensured, and
the 10 next block is ensured instead, effectively using the print buffer
4030. Processing executed by the printing system according to the first
embodiment will be explained with reference to Fig. 5. 15 Fig. 5 is a flow
chart showing processing executed by the printing apparatus according to
the first embodiment. In step S11, the host apparatus 500 determines print
data of one main scanning. 20 In step 512, the host apparatus 500 decides
the main scanning/printing direction of the printhead 104 of the printing
apparatus 100, and transmits main scanning/printing direction information
representing the printing direction to the printing apparatus 100. 25 For
two-way printing, the printing direction changes every main scanning
(directions Q1 and Q2). For one-way printing, the same printing direction
is set. - 23    



To change the direction within one page, the host apparatus 500 properly
transmits corresponding main scanning/printing direction information to the
printing apparatus 100. 5 In step S13, transfer of print data of one main
scanning starts from the host apparatus 500 to the printing apparatus 100.
The layout of print data coincides with the main scanning/printing
direction. As for a block having no print data corresponding to a 10 block
to be ensured in the print buffer 4030, no memory area is ensured. The next
block is ensured instead, effectively using the print buffer 4030. In step
S14, whether print data have been transferred by the number n4 (integer of
1 or more) of 15 printing start blocks where main scanning starts is
determined. If no print data have been transferred (NO in step S14), the
processing waits until print data are transferred. If print data have been
transferred (YES in step S14), the processing advances to step S15. 20 In
the first embodiment, for example, n4 = 10. The entire printing width of
one main scanning is 19 blocks, and the number of ensured blocks is 10. n4
is equal to or smaller than the number of blocks which is obtained from the
RAM capacity of the printing 25 apparatus and the block size and can be
ensured. The number of printing start blocks may be, e.g., 9. However, the
margin for the data transfer rate is - 24    generally maximized, and the
number of ensured blocks = 10 is set as the number n4 of the printing start
blocks. In step S15, the carriage 101 of the printing 5 apparatus 100
starts moving, and printing operation by one main scanning starts. At this
time, data of blocks whose memory areas are not ensured are determined to
have no print data, and null data are transferred to the printhead l04. 10
In step S16, the printing apparatus 100 stores the next print data in a
block having undergone printing while executing print data. In step S17,
whether printing by one main scanning of the printhead 104 has ended is
determined. 15 If printing by one main scanning has not ended (NO in step
S17), the processing waits until the end of printing by one main scanning.
If printing by one main scanning has ended (YES in step S17), the
processing ends. 20 The flow chart of Fig. 5 shows printing operation
concerning one main scanning of the printhead l04. In practice,
preparations for printing by the next main scanning are made parallel to
printing by one main scanning. If all main scanning operations end and main
25 scanning of one page ends, printing of one page ends. When transfer of
print data starts before the host apparatus 500 determines print data of
one main - 25   



scanning, and the printing time is shorter than the sum of the print data
determination time and print data transfer time, transfer of print data may
not catch up with the operation of the carriage 101 during one main 5
scanning. In this case, interruption of data during printing by one main
scanning can be prevented by "starting transfer of print data of one main
scanning from the host apparatus 500 to the printing apparatus 10 100 after
the host apparatus 500 determines print data of at least one main
scanning". The first embodiment does not ensure the print buffer 4030
enough to store print data of one main scanning. If the host apparatus 500
increases the 15 number of orifices used for one main scanning or sets a
high driving frequency for the printhead 104, print data is readily
interrupted during printing by one main scanning. The above-mentioned
recovery processing degrades the printing quality, and it is important to
20 minimize interruption. As described above, the first embodiment achieves
high-speed printing processing by controlling print data transfer
corresponding to the main scanning/printing direction of the printhead 104
by the 25 host apparatus 500 with the arrangement in which scanning starts
before print data of main scanning is determined every main scanning. This
control is - 26    particularly effective for the printing apparatus 100
having no print buffer 4030 enough to store print data of one main
scanning. (Second Embodiment) 5 The first embodiment has exemplified a case
wherein the memory capacity of the print buffer 4030 is not sufficient. The
present invention can also be applied to a case wherein the memory capacity
of the print buffer 4030 is sufficient. 10 Processing executed by a
printing system according to the second embodiment will be explained with
reference to Fig. 6. Fig. 6 is a flow chart showing processing executed by
the printing apparatus according to the 15 second embodiment. In the second
embodiment, the memory capacity of a print buffer 4030 is ensured for print
data of one main scanning or more. In step S21, a host apparatus 500
determines 20 print data of one main scanning. In step S22, the host
apparatus 500 decides the main scanning direction of a printhead 104 of a
printing apparatus 100, and transmits main scanning direction information
to the printing apparatus 100. 25 For two-way printing, the direction
changes every main scanning (directions Q1 and Q2). For one-way printing,
the same direction is set. To change the direction - 27  



within one page, the host apparatus 500 properly transmits corresponding
main scanning direction information to the printing apparatus 100. In step
S23, transfer of print data of one main 5 scanning starts from the host
apparatus 500 to the printing apparatus 100. The layout of print data
coincides with the main scanning/printing direction. In step S24, whether
print data have been transferred by the number n4 (integer of 1 or more) of
10 printing start blocks where main scanning starts is determined. If no
print data have been transferred (NO in step S24), the processing waits
until print data are transferred. If print data have been transferred (YES
in step S24), the processing advances to step S25. 15 In the second
embodiment, for example, n4 = 10. The entire printing width of one main
scanning is 19 blocks, and the number of ensured blocks is 19. Main
scanning therefore starts when print data up to block 10 are transferred.
The number n4 of printing start 20 blocks is a design item decided by the
printing speed and data transfer rate. In step S25, a carriage 101 of the
printing apparatus 100 starts moving, and printing operation by one main
scanning starts. 25 In step S26, the printing apparatus l00 stores the next
print data in a block having undergone printing while executing print data.



_ 2$ _   In step S27, whether printing by one main scanning has ended is
determined. If printing by one main scanning has not ended (NO in step
S27), the processing waits until the end of printing by one main 5
scanning. If printing by one main scanning has ended (YES in step S27), the
processing ends. The flow chart of Fig. 6 shows printing operation
concerning one main scanning of the printhead 104. In practice,
preparations for printing by the next main 10 scanning are made parallel to
printing by one main scanning. If a11 main scanning operations end and main
scanning of one page ends, printing of one page ends. In the second
embodiment, the print buffer 4030 is managed for each block. However, the
present 15 invention is not limited to this. That is, when a print buffer
capable of storing print data of one main scanning can be ensured, like the
second embodiment, the print buffer 4030 may be managed for each raster
corresponding to print data of one main scanning. 20 Detailed management
for each raster allows setting the printing start timing as slow as
possible. The need for recovery processing against the interruption of
transfer during printing can be minimized. As described above, the second
embodiment 25 achieves high-speed printing processing by controlling print
data transfer described in the first embodiment by the host apparatus 500
even when the print buffer - 29  



4030 has a sufficient memory capacity. Management of the print buffer 4030
for each raster can realize stable printing while maintaining high-speed
printing. The above embodiments have been explained by 5 assuming that a
droplet discharged from a printhead is ink and a liquid contained in an ink
tank is ink. However, the content of the ink tank is not limited to ink.
For example, the ink tank may contain a processing solution to be
discharged onto a printing 10 medium to increase the fixing properties,
water resistance, or quality of a printed image. The above embodiments can
increase the density and resolution of printing by using a system which
includes a means (e.g., an electrothermal transducer or 15 laser beam) for
generating heat energy as energy used to discharge ink and causes a state
change of the ink by this heat energy, among other inkjet printing systems.
The printhead is not limited to this system, and may discharge ink by using
a piezoelectric element. 20 As a representative arrangement or principle,
it is preferable to use the basic principle disclosed in, e.g., U.S.P. No.
4,723,129 or 4,740,796. This system is applicable to both a so-called
on-demand apparatus and continuous apparatus. The system is particularly 25
effective in an on-demand apparatus because at least one driving signal
which corresponds to printing information and gives a rapid temperature
rise - 30    exceeding nuclear boiling is applied to an electrothermal
transducer which corresponds to a sheet or channel holding a liquid (ink),
thereby causing this electrothermal transducer to generate heat energy and
5 cause film boiling on the thermal action surface of a printhead, and
consequently a bubble can be formed in the liquid (ink) in one-to-one
correspondence with the driving signal. By growth and shrinkage of this
bubble, the 10 liquid (ink) is discharged from an orifice to form at least
one droplet. This driving signal is more preferably a pulse signal because
growth and shrinkage of a bubble are instantaneously appropriately
performed, so discharge of the liquid (ink) having high 15 response is
achieved. This pulse driving signal is preferably a signal described in
U.S.P. No. 4,463,359 or 4,345,262. Note that superior printing can be
performed by the use of conditions described in U.S.P. No. 4,313,124 which
is 20 the invention concerning the rate of temperature rise on the thermal
action surface. The arrangement of a printhead can be a combination (a
linear liquid channel or a right-angle liquid channel) of orifices, liquid
channels, and 25 electrothermal transducers disclosed in the specifications
described above. The present invention also includes arrangements using
U.S.P. Nos. 4,558,333 



- 31    and 4,459,600 in each of which the thermal action surface is placed
in a bent region. Additionally, it is possible to use an arrangement based
on Japanese Patent Laid-Open No. 59-123670 in which a common slot 5 is used
as a discharge portion of a plurality of electrothermal transducers or
Japanese Patent Laid-Open No. 59-138461 in which an opening for absorbing
the pressure wave of heat energy is opposed to a discharge portion. 10
Furthermore, a full line type printhead having a length corresponding to
the width of the largest printing medium printable by a printing apparatus
can have a structure which meets this length by combining a plurality of
printheads as disclosed in the 15 aforementioned specifications or can be a
single integrated printhead. In addition, it is possible to use not only a
cartridge type printhead, explained in the above embodiments, in which ink
tanks are integrated with a 20 printhead itself, but also an
interchangeable chip type printhead which can be electrically connected to
an apparatus main body and supplied with ink from the apparatus main body
when attached to the apparatus main body. 25 Adding a recovering means or a
preliminary means for a printhead to the printing apparatus described above
is preferable because printing operation can - 32    further stabilize.
Practical examples of the additional means for a printhead are a capping
means, a cleaning means, a pressurizing or drawing means, and an
electrothermal transducer or another heating element or 5 a preliminary
heating means combining them. A predischarge mode for performing discharge
different from printing is also effective to perform stable printing. A
printing mode of the printing apparatus is not 10 restricted to a printing
mode using only a main color such as black. That is, the apparatus can have
at least a composite color mode using different colors and a full color
mode using mixed colors, regardless of whether a printhead is an integrated
head or a 15 combination of a plurality of heads. The present invention is
also achieved by supplying a software program (in the above embodiments,
programs corresponding to flow charts shown in the accompanying drawings)
for realizing the functions of 20 the above-described embodiments to a
system or apparatus directly or from a remote place, and reading out and
executing the supplied program codes by the computer of the system or
apparatus. In this case, the software need not be a program as far as it
has a program 25 function. 



The present invention is therefore realized by program codes installed into
the computer in order to - 33    realize functional processing of the
present invention. That is, the present invention includes a computer
program for realizing functional processing of the present invention. 5 In
this case, the present invention can take any program form such as an
object code, a program executed by an interpreter, or script data supplied
to an OS as long as a program function is attained. A recording medium for
supplying the program 10 includes a floppy disk, hard disk, optical disk,
magnetooptical disk, MO, CD-ROM, CD-R, CD-RW, magnetic tape, nonvolatile
memory card, ROM, and DVD (DVD-ROM and DVD-R) . As another program supply
method, the program can 15 be supplied by connecting a client computer to
an Internet homepage via the browser of the client computer, and
downloading the computer program of the present invention or a compressed
file containing an automatic installing function from the homepage to a 20
recording medium such as a hard disk. The program can also be supplied by
classifying program codes which constitute the program of the present
invention into a plurality of files, and downloading the files from
different homepages. That is, the present invention 25 also contains a WWW
server which allows a plurality of uses to download the program files for
realizing functional processing of the present invention by a - 34
computer. The present invention can also be realized by the following
method. That is, the program of the present invention is encrypted, stored
in a storage medium such 5 as a CD-ROM, and distributed to the user. A user
who satisfies predetermined conditions is caused to download decryption key
information from a homepage via the Internet. The user executes the
encrypted program by using the key information, and installs the program in
10 the computer. The functions of the above-described embodiments are
realized when the computer executes a readout program. Also, the functions
of the above-described embodiments are realized when an OS or the like
running 15 on a computer performs part or all of actual processing on the
basis of the instructions of the program codes. The functions of the
above-described embodiments are also realized when a program read out from
a storage medium is written in the memory of a function expansion 20 board
inserted into a computer or the memory of a function expansion unit
connected to the computer, and the CPU of the function expansion board or
function expansion unit performs part or a11 of actual processing on the
basis of the instructions of the program codes. 25 As many apparently
widely different embodiments of the present invention can be made without
departing from the spirit and scope thereof, it is to be - 35  



understood that the invention is not limited to the specific embodiments
thereof except as defined in the appended claims. - 36    WHAT IS CLAIMED
IS: 1. A printing apparatus which performs printing by driving a printhead
on the basis of print data transmitted from a host apparatus, comprising: 5
main scanning means for scanning the printhead in a main scanning direction
with respect to a printing medium buffer means for storing print data;
reception means for receiving, from the host 10 apparatus, main
scanning/printing direction information representing a main
scanning/printing direction of the printhead; storage means for storing, in
said buffer means, print data corresponding to the printing direction 15
represented by the main scanning/printing direction information generated
by the host apparatus; and control means for controlling printing by the
printhead on the basis of the main scanning/printing direction information
and the print data stored in said 20 buffer means. 2. The apparatus
according to claim 1, wherein when print data are stored up to a specific
column position in said buffer means, said control means starts printing by
the printhead on the basis of the main 25 scanning/printing direction
information and the print data stored in said buffer means. 3. The
apparatus according to claim 1, wherein when - 37    print data are stored
up to a position corresponding to a specific column unit in said buffer
means, said control means starts printing by the printhead on the basis of
the main scanning/printing direction 5 information and the print data
stored in said buffer means. 



4. The apparatus according to claim 3, wherein the specific column unit is
2k1 x k2 (kl and k2 are positive integers). 10 5. The apparatus according
to claim 1, wherein said buffer means stores print data used for printing
during scanning of the printhead by said main scanning means, and a data
amount which can be stored is smaller than 15 a print data amount for
printing by one main scanning of the printhead by a width printable by main
scanning of the printhead by said main scanning means. 6. The apparatus
according to claim l, wherein said buffer means stores print data used for
20 printing during scanning of the printhead by said main scanning means,
and a data amount which can be stored is at least a print data amount for
one main scanning of the printhead by said main scanning means. 25 7. The
apparatus according to claim 6, wherein when print data of one main
scanning are stored in said buffer means, said control means starts
printing by the - 38    printhead on the basis of the main
scanning/printing direction information and the print data stored in said
buffer means. 8. An information processing apparatus which 



5 transmits print data to a printing apparatus that has a buffer for
storing print data and performs printing by scanning a printhead in a main
scanning direction with respect to a printing medium on the basis of the
print data stored in the buffer, comprising: 10 first transmission means
for generating main scanning/printing direction information representing a
main scanning/printing direction of the printhead, and transmitting the
main scanning/printing direction information to the printing apparatus; 15
generation means for generating print data corresponding to the printing
direction represented by the main scanning/printing direction information;
and second transmission means for transmitting the print data generated by
said generation means to the 20 printing apparatus. 9. A method of
controlling a printing apparatus which has a buffer for storing print data
and performs printing by scanning a printhead in a main scanning direction
with respect to a printing medium on the 25 basis of print data from a host
apparatus that is stored in the buffer, comprising: a reception step of
receiving, from the host - 39    apparatus, main scanning/printing
direction information representing a main scanning/printing direction of
the printhead; a storage step of storing, in the buffer, print 5 data
corresponding to the printing direction represented by the main
scanning/printing direction information generated by the host apparatus;
and a control step of controlling printing by the printhead on the basis of
the main scanning/printing 10 direction information and the print data
stored in the buffer. 10. The method according to claim 9, wherein in the
control step, when print data are stored up to a specific column position
in the buffer, printing by the 15 printhead starts on the basis of the main
scanning/printing direction information and the print 



data stored in the buffer. 11. The method according to claim 9, wherein in
the control step, when print data are stored up to a 20 position
corresponding to a specific column unit in the buffer, printing by the
printhead starts on the basis of the main scanning/printing direction
information and the print data stored in the buffer. 12. The method
according to claim 11, wherein the 25 specific column unit is 2k1 x k2 (kl
and k2 are positive integers). 13. The method according to claim 9, wherein
- 40    the buffer stores print data used for printing during scanning of
the printhead, and a data amount which can be stored is smaller than a
print data amount for printing by one main scanning 5 of the printhead by a
width printable by main scanning of the printhead by main scanning means.
14. The method according to claim 9, wherein the buffer stores print data
used for printing during scanning of the printhead, and 10 a data amount
which can be stored is at least a print data amount for one main scanning
of the printhead. 15. The method according to claim 14, wherein in the
control step, when print data of one main scanning are 15 stored in the
buffer, printing by the printhead starts on the basis of the main
scanning/printing direction information and the print data stored in the
buffer. 16. A method of controlling an information processing apparatus
which transmits print data to a printing 20 apparatus that has a buffer for
storing print data and performs printing by scanning a printhead in a main
scanning direction with respect to a printing medium on the basis of the
print data stored in the buffer, comprising: 



25 a first transmission step of generating main scanning/printing direction
information representing a main scanning/printing direction of the
printhead, and - 41    transmitting the main scanning/printing direction
information to the printing apparatus; a generation step of generating
print data corresponding to the printing direction represented by 5 the
main scanning/printing direction information; and a second transmission
step of transmitting the print data generated in the generation step to the
printing apparatus. 17. A program of causing a computer to control a 10
printing apparatus which has a buffer for storing print data and performs
printing by scanning a printhead in a main scanning direction with respect
to a printing medium on the basis of print data from a host apparatus that
is stored in the buffer, comprising: 15 a program code for a reception step
of receiving, from the host apparatus, main scanning/printing direction
information representing a main scanning/printing direction of a printhead;
a program code for a storage step of storing, in 20 the buffer, print data
corresponding to the printing direction represented by the main
scanning/printing direction information generated by the host apparatus;
and a program code for a control step of controlling 



25 printing by the printhead on the basis of the main scanning/printing
direction information and the print data stored in the buffer. - 42    18.
A program of causing a computer to control an information processing
apparatus which transmits print data to a printing apparatus that has a
buffer for storing print data and performs printing by scanning a 5
printhead in a main scanning direction with respect to a printing medium on
the basis of the print data stored in the buffer, comprising: a program
code for a first transmission step of generating main scanning/printing
direction information 10 representing a main scanning/printing direction of
the printhead, and transmitting the main scanning/printing direction
information to the printing apparatus; a program code for a generation step
of generating print data corresponding to the printing 15 direction
represented by the main scanning/printing direction information; and a
program code for a second transmission step of transmitting the print data
generated in the generation step to the printing apparatus. - 43
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