200004428-9
11 AUG 2000

TITLE OF THE INVENTION
Image processing Method and Apparatus, Printing method and Apparatus, Image
Printing System and Method and Recording Medium -
BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to an image processing method and apparatus suitably
employed in an image printing apparatus employing a printer connected in circuit over
an interface conforming t6 the IEEE (The Institute of Electrical and Electronics
Engineers) 1394 standard. This invention also relates to an image printing method and '
apparatus, an image pnntmg sys.;_tem, an image printing method, and to a storage
medium having stored therein an image processing and printing program.
Description of Related Art

The IEEE (The Institute of Electrical and Electronics Engineers) 1394 standard
provides for the physical standard and the electricai standard for connectors for
interconnection provided in respective equipments. The equipments provided with an
interface pursuant to the IEEE 1394 standard are physically intérconnected to realize
e.g., the hot plug and play automatically executing high-speed digital data
transmission/reception and connection setting between the respective equipments, such
that the IEEE 1394 standard is widespread as the serial interface standard of the
relevant technical field.

Moreover, this IEEE 1394 standard is widespread not only in the field of a
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computer but also as an interface interconnecting AV equipments. Specifically, when
a STB (set top box), receiving the satellite broadcast to display the received broadcast
on a television device, and a printer device, printing an image, are interconnected over
an JEEE 1394 interface, the STB controls the printer apparatus using an FCP (function
control protocol) and AV/C protocol. The STB and the printer device mount an FCP
and an AV/C protocol, and operate in accordance with FCP and AV/C commands.-

In a conventional imgge printing system, provided with a printing device
. mounting an FCP and the AV/C protocol, interconneéted by the IEEE 1394 interface,
and with a controller controlling the printer device, a command packet containing a
printer status command (PRINTER STATUS) is transmitted from the controlléer fo the
printer device, anda corresponding response is acquired, while printing is going on in
the printer device, to recognize the printing state of the print-er device on the side
controller. | |

In the response transmitted from the printer device to the side controller, there
are stored such information as the information specifying whether or not there is' a
prmtmg sheet (Empty), the information indicating whether the printer device is on-line
or off-line (Line), the information indicating whether or not the printer device is
operable (F atal), and the information indicating whether or not the operating state of
the printer device is recoverable (Recoverable). These information are recognized by
the side controller.

It has also been proposed in the Japanese Laying-Open Patent H-10-2295 34 to
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transmit a response from the printer device to the controller to display an error that has
occurred on the side printer device.

However, no consideration has been given as to how the state of the printer
device is to be transmitted/received between the printer device and the controller.
SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide an image processing
method and apparatus in which the image processing apparatus is connected to the
printer device over. an interface pursuant to the IEEE 1394 standard to transmit/receive
the information indicating the detailed printing state to prompt a user to take proper
measures.

It is another object of the present invention to provide a printing method and
apparatus in whichl the printing apparatus is connected to the image processing
apparatus over an interfacé pursuant to the IEEE 1394 standard to transmit/receive the
" information indicating the detailed printing state to prompt a user to take proper
measures.

It is still another object of the present inventio;l to provide an image prinﬁng
method and an image printing system in which the image processing apparatus and the
printer device are interconnected over an interface pursuant to the IEEE 1394 standard
to transmit/receive information indicating the detailed printing state to prompt a user
to take proper measures.

It is yet another object of the present invention to provide a recording medium



having stored therein an image processing program and a printing program, in which
the image processing program and the printing program are such a one by means of
which the information indicating the detailed printing state can be transmitted/received
between equipments interconnected over an interface pursnant to the IEEE 1394
standard to enable a user to take proper measures.

Meanwhile, the present Assignee proposed for the IEEE 1394 Trade
Association the contents of the JP Patent Application No.H-11-233254, based on
which the priority rights of | the present application have been asserted, for
standardization. The contents of these proposals were laid open in the IEEE 1394
Trade Association as the following drafts:

*AV/C Printer Subunit Specification Version 1.0 Draft 0.97:60 (2Q00 AVWG Off-
Cycle Meeting on May 24-25, 2000);

AV/C Printer Subunit Specification Version 1.0 Draft 0.7:5 (iQOO TA QM AV-WG
on Jan. 18, 2000); and

*AV/C Printer Subunit Specification Version 1.0 Draft 0.5:145 (3Q99 TAQM AVWG
Meeting on July 28-30, 1999).

In accordance with the present invention, there is provided an image processing
method and apparatus in which desired still image data corresponding to image data
inputted from outside are generated, the printing state request information requesting
the prmtmg state information indicating the printing state of a printing device is

generated, the still image data generated in the image processing means are included



in a packet pursuant to the IEEE (The Institute of Electrical and Electronic Engineers)
1394 standard to output the resulting packet, the printing state information request
generated by the printing state information request generating means by the AV/C
command set consistent with the FCP (F:unction Control Protocol) pursuant to the
IEEE 1394 standard is defined and ﬁg resulting request is outputted to the printing
device. The printing state is presented to the user in accordance with the printing state
information. So, by acquiring the response to the printing state information request,
it is possible to trgnsmit/receiv.e the information indicating a more detailed printing
state to optimally present the printing state of the printing devicq to the user.

In accord@ce with the present invention, there is also provided a printing
method and apparatus in which still image data contained in a packet pursuant to the
IEEE (The Institute of Electrical and Electronics Engineering) 1394 standard and a
printing state infofmation request defined by the AV/C command set consistent with
an FCP (Function Control Protocol) pursuant to the IEEE 1394 standard are inputted,
the input still image data is printed and the printing state information indicating the
printing state is generated responsive to the inp;xt printing state information request to
output the printing state information in accordance with the FCP. So, by acquiring the
response to the printing state information request, it is possible to transmit/receive the
information indicating a more detailed prihting state to optimally present the printing
state of the printing device to the user.

In accordance with the present invention, there is also provided an image



printing method system and an image printing method wherein, on an image
processing device side, desired still image data corresponding to image data inputted
from outside are generated, the printing state request information which requests the
printing state information indicating the printing state of the printing device is
generated, the generated still image data is contained in a packet pursuant to the IEEE
(The Institute of Electrical and Electronics Engineéring) 1394 standard, and the
resulting packet is outputted to the printing device, whilst the generated printing state
information request is deﬁned. in an AV/C command set consistent with an FCP
(Function Control Protocol) pursuant to the IEEE 1394 standard to output the resulting
defined printing state to the printing device, whereas, on a printing device side, still
image data outputted by the image; processing apparatus and a printing state
information request are inputted, the input still image data is printed, and the generated
printing state information indicating the printing state of the printing device is
outputted responsive to the input printing state information request to thelimage
processing apparatus in accordance with the FCP. On the image processing side, the
printing state information transmitted from the printing device in accordance with an
FCP is received and the printing state is presented to a usef in accordance with the
printing state information. So, by acquiring the response to the printing state
information request, it is possible to transmit/receive the information indicating a more
detailed printing state to optimally present the printing state of the printing device to

the user.



In accordance with the present invention, there is apso provided a recording
medium having sfored therein an image processing program, which image processing
program includes generating desired still image data corresponding to image data
inputted from outside, generaﬁng the printing state request inforﬁlation whichrequests
the printing state information indicating the printing state of the printing device, having
the generated still image data contained in a packet pursuant to the IEEE (The Institute
of Electrical and Electronics Engineering) 1394 standard to output the resulting packet

to the printing device, simultaneously defining the generated printing state

information request in an AV/C command set consistent w1th an FCP (Function
Control Protocol) pursuant to the IEEE 1394 standard to output the resillting defined
printing state information request to the printing device, and receiving the printing
state information transmitted from the printing device in accordance with the FCP and
presenting the printing state to the ﬁser in accordance with the printing state
mformation. So, by acquiring the response to the printing state information request,
it is possible to transmit/receive the information indicating a more detailed printing
state to oi:timally present the printing state of the printing device to :the user.

In accordance with there is also provided a recording medium having stored
therein an image processing program, which image processing program includes
inputting still image data contained in a packet pursuant to the IEEE (The Institute of
Electrit;:al and Electronics Engineering) 1394 standard and a printing state information

request defined by the AV/C command set consistent with an FCP (Function Control
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Protocol) pursuant to the IEEE 1394 standard, printing still image data inputted to the
inputting means, generating the printing state information indicating the printing state
responsive to the input printing state information request to output the printing state
information in accordance with the FCP.  So, by acquiring the response to thé
printing state information request, it is pbssible to transmit/receive the information
indicating a more detailed printing state to optimally present the printing state of the
printing device to the user. |
BRIEF'DESCRIPTI‘ION OF THE DRAWINGS

Fig.1 illustrates an image printing system embodying the present invention.

Fig.2 is a block diagram showing the structure of an STB and a pri'nte-r
apparatus constituting an image printing system embodying the present invention.

Fig.3 i]lu;trates a data structure of an asynchronous packet transmitted/received
between the STB and the printer device.

Fig4 is a plan view showing a data structure of a data portion of the
asynchronous packet.

Fig.5 is a timing cha?t In transmitting an asynchronous packet from a data
conversion unit to a data input unit. -

Fig.6 illustrates an image type of a still image.

Fig.7 illustrates a data structure of an asynchronous packet conta_ining a capture
command. |

Fig.8 illustrates the appellation of an image type stored in the
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image format_specifier.

Fig9 illustrates another example of an image type stored in the
image_format_specifier.

Fig.10 illustrates an image data transmitting sequ;ance in point-sequentially
transmitting still image data of the YCC 4:2:2 pixel format to the printing device.

Fig.11 illustrates an image data transmitting sequence in point-sequentially
transmitting still image data of .the YCC 4:2:0 pixel format to the printing device.

Fig.12 illusj:rates an im;age data transmitting sequence in line-sequentially
transmitting still image data of the YCC 4:2:2 pixel format to the printing device.

Fig.13 il_lustrates an imagé data transmitting sequence m line-sequentially
transmitting still image data of the YCC 4:2:0 pixel format to the printing device.

Fig.14 illustrates point-sequential transmission of a still image with an image
type of 480 422 4x3.

Fig.15 illustrates point-sequential transmission of a still image with an image
type of 480_420_4x3.

Fig.161illustrates line-sequential transmission of a still imége with animagetype -
of 480_422 4x3,

Fig.17 jllustrates line-sequential transmission of a still image with animage type
of 480_420_4x3,

: . py _ ,
Fig.18 is a flowchart for illustrating the processing sequence of the printing

processing performed in a printing device of the image printing system embodying the
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present invention.

Fig.19 illustrates the contents of a status contained in a printer status 2
command.

Fig.20 illustrates the meaning and contents of each setting item contained in the
status.

Fig.21 illu_strates the contents of a warning contained in the printer status 2
command.

Fig.22 illustrates the meaning and the contents of each setting item contained
in the warning.

Fig.23 illustrates the processing sequence by the CPU of the STB in printing an
image displayed on a television receiver device by a printing device.

Fig.24 illustrates the processing sequence by the CPU of the STB in printing an
image displayed on a television receiver device by a pﬁnﬁng device.

Fig.25 is a flowchart for illustrating a processing sequence by the CPU of the
STB in printing an image displayed on a television receiver device by a printing _
device. |

Fig.26 illustrates the processing for printing still image data by a printing device
by transmitting/receiving an asynchronous packet between the STB and the printing
device.

Fig.27 is a flowchart for illustrating the processing of a data conversion unit

when selecting a printer status 1 command or a printer status 2 command.
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Fig.28 illustrates the processing of the STB and the printer employing the
printer status 1 command or the printer status 2 command on error occurrence in the
'printer device during printing by the printer device.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, preferred embodiments of the present invention will
be explained in detail. .

An image printing system 1, embodying the present invention is configured as
shown for example in Fig.1.

This image printing system 1 is made up of an antenna 2 for receiving a moving
picture broadcast using e.g., a communication satellite, a set t;)p box (STB) 3 for
processing the received moving picture dataina pre-set fashion, a television device
4 for displaying moving pictures and an still image and a printing device 5 for printing
and outputting an image.

The antenna 2 receives image signals representing a moving picture to output
the image signals to the STB 3. The image signal, received by'the antenna 2, has
multi-channel image signals superposed there;)n. The image signal is comprised of
moving picture data compressed in accordance with e.g., the MPEG (Moving Picture
Experts Group) system.and which is ciphered in accordance with a pre-set encryption
system.

The television device 4 is fed with moving picture data of the NTSC (National

Television System Committee) system through the STB 3 to display moving f)ictures. .
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Moreover, if the television device 4 is the HD (high definition) TV, moving picture
data pursuant to the HD standard are fed from the STB 3 to display moving pictures.
In addition, this television device 4 has the display state controlled by the STB 3 to
display a still image and other letter information. -

Referring to Fig.2, the STB 3 includes a demodulator 11 for deﬁuoduléting
picture signals received over the antenna 2, a descrambling unit 12 for deciphering the
moving picture data, a data conversion unit 13 for performing data conversion
pursuant to the IEEE 1394 stanciard, a demultiplexer 14 for extracting moving picture
data in a pre-set channel, an image memory 15, an MPEG processor 16 for performing
decoding, a decodiﬁg memory 17, an NTSC .processor 18 for performing data
conversion for display on the television device 4, a display controller 19, and a display
memory 20. The STB 3 also includes an operation inputting unit 21, for inputting a
command from é user, a RAM (random access 'memory) 22 and a CPU (central
processing unit) 23 for controlling various components.

This STB 3 has the demodulator 11, descrambling unit 12, data conversion unit
13, demultiplexer 14, MPEG processor 16, operation inputting unit 21, RAM 22 and
the CPU 23 connected to the bus so that the proceséing operations of the variable
portions will be controlled by the CPU 23 over the bus.

To the demodulator 11 are fed picfure signals of the analog system speciﬁ/ing |
a moving picture stream from the antenna 2. This demodulatof 11 processes the

picture signals from the antenna 2 with demodulation and A/D conversion to generate
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digital moving picture data which is outputted to the descrambling unit 12. The
demodulator 11 is also fed over the bus with control signals from the CPU 23 to
perform demodulation and A/D conversion based on the control signals.

The descrambling unit 12 decrypis the moving picture data from the
demodulator 11. That s, the descrambling unit 12 is fed with ciphered moving picture
data to perform &eciphen'ng in accordance with the encryption system of the input
moving picture data. The descrgmbling unit 12 outputs the deciphered moving picture
- data to the data conversion gnit i3. This descrambling unit 12 is fed ﬁ'o_m the CPU 23
with the control signals over the bus and performs decryption using the encryption key
information contained in the control signals.

The data conversion unit 13 is comprised of an interfacing circuit, in meetiné
with e.g., the IEEE 1394 standard, and is responsive to the control signals from the
descrambling unit 12, in accordance with the IEEE 1394 standard, to process the input
moving picture data or still image data such as to have the input moving picture data
or still imagé data contained in a packet pursuant to the IEEE 1394 standard. In
transmitting temporally continuous data, suéh ‘as moving picture data, the data
conversion unit 13 generates an isochronous packet, whereas, in transmitting static
data, such as still image data or connection se_ttiﬁg data, the data conversion unit 13
generates an asynchronous packet 100, as shown in Fig.3. o N

This asynchronous packet 100, shown in Fig.3, includes a header 101, pursuant

to the IEEE 1394 standard, and a data portion 102.
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In the header 101 are stored an ID of a packét receiving side, that is a
destination ID (destination_ID) of the printing device 5, a transaction label (tl), a retry
code (rt), atransaction code (tcode), priority (pri), an ID of'a packet transmitting side,
that is a transmitting side ID (source_ID) specifying an ID of the ;;acket transmitting
side, that is STB 3, destination_offset specifying a memory address of the packet
receiving- side, a data field length (data_length), an extended transaction code
(extended tcode) and a header CRC (header_CRC; CRC of the header field)
.indicating the CRC for the header 101.

In the data portion 102 are stored -a data field and a data CRC (data__CRC)
indicating the CRC for the header 102. In the data field are st01.~ed data in meeting
with FCP (function control protocol) and the AV/C protocol.

Inthe data field are stored the CTS (command transaction set), command type,
a subunit type (subunit_type) indicating the subunit type of the packet reception side,
and a subunit ID (subunit_ID) indicating the ID of the type of the subunit of the packei
receiving side, as shown in Fig.4. The subunit of the packet receiving side corresponds
to a data inputting unit 31 of the printing device 5, whilst the type of the subunit of the
packet receiving side is representéd by “00010” in the case of the printing device 5.

In the data field, still image data (data) transmitted to the printing device S and
. acommand (command) to the printing device 5 are stored in succession to the sub-unit
ID. The command to be stored in the data field isla command contained in a command

set, called an AV/C command, for controlling the printing device 5. The CTS classes
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the types of the FCP. If the packet to be transmitted is a command, and has a value
0000, an AV/C commm&, defined in the AV/C digital interface commmand set of IEEE
1394, is stored in the data field of the data portion 102.

‘When outputting an asynchron.ous packet, the data conversion unit 13 transmits
it at regular intervals. -

‘When the data conversion unit 13 canses still image data printed by the printing
device 5 to be included in the asynchronous packet 100, fbr transmission, the data
conversion unit 13 transmits tﬁe asynchronous packet 100 at a cycle period of 125
psec, as shown in Fig.5. ;I‘he data conversion unit 13 first transmits a cycle start packet
111, which fs the asynchronous packet 100 including cycle time data (cycle_time_data)
indicating the cycle start (cycle_start) and, via a pre-set time gap, sends a command
pacicet 112 including a capture command in the data portion 102 indicating the effect
that still image data, for example, is to be sent. At each cycle period, the data
conversion unit 13 sepds a data packet 113, which has stored still image data in the
data portion 102, to the printing device 5, which has received the capture command.

When outputting still image data to the printing device 5, the data conversion
unit 13 follows an asynchronous arbitration. When outputting the still image data to
the printing c!evice 5, the data conversion unit 13 outputs each asynchroﬁous packet
100, including still image data, responsive to a response from the printing device 5.

Specifically, this data conversion unit 13 performs processh;gin the transaction

layer, link layer and in the physical layer under serial management pursuant to the
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IEEE 1394 standard. Thus, the data conversion unit 13 sets the connection to the
printing device 5, under control by the CPU 23, and generates the asynchronous packet
100, including still image data and an overhead, as the control information, to transmit
the asynchronous packet 100 at each cycle period to the prmtmg device 5, connected
in circuit, in accordance with the IEEE 1394 standard, by way of performing time
divisional control.

When directly displaying the moving picture data, received by the STB 3, by the
television device 4, without pe-rforming the processing pursuant to the IEEE 1394
standard, the data conversion wnit 13 outputs moving pictfxre data from t_i’;e
descrambling unit 12 to the de'rﬁultiplexer 14, based on the control signal from fiw
CPU 23.

'[he demultiplexer 14 performs channel selection processing of selecting the
channel selected by the CPU 23, from the plural channels superposed on the moving
picture data from the data conversion unit 13, to output only the moving picture data,
indicating the designated channei, to the MPEG processor 16.

The demultiplexer 14 is fed from the MPEG processor 16 with still image data,
composed of the luminance information and the chroma information, under control by
the CPU 23, aﬁd stores the still image data in the image memory 15 to output the
stored data to the data conversion unit 13 under control by the CPU 23.

Based on the control signal from the CPU 23, the MPEG processor 16 decodes

the moving picture data from the demmltiplexer 14, in accordance with the MPEG
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standard, to process the moving picture data into non-compressed moving picture data,
which is outputted to the NTSC processor 18. The MPEG processor 16 processes
each frame constituting a moving picture into an image composed of pixel data
containing the luminance infc;rmaﬁon Y and the chroma information Cr, Cb. At this
time, the MPEG processor 16 stores the moving picture data being decoded, with
plural frames of the moving picture data as a unit, from time to time, in the memory
for MPEG 17, as the MPEG processor 16 uses the memory for MPEG 17 as a work
area. _

The MPEG processor 16 generates a YCC image of a 4:2:2 pixel format in
w]n'éh the sampling frequency ratio of the luminance infor;naﬁon Y, chroma
information Cr and the chroma information Cb is set to 4:2:2,'that is in which tﬁe
chroma information Cr,Cbis ;educed to one half of the luminance information Y in
the vertical or horizontal direction. The MPEG processor 16 also generates a YCC
image of a 4:2:_0 pixel format in which the chroma information Cr, Cb is reduced to
one half the luminance information Y in the vertical and horizontal directions. In the
4:2:0 pixel format, an odd line is free of the chroma information Cb to provide the

‘sampling frequency ratio of 4:2:0, whereas the even line is free of the cl;roma
information Cr to provide the sampling frequency ratio of 4:0:2. This pixel format is
represented by 4:2:0. It is possible for the MPEG processor 16 to generate a YCC
image of a 4:4:4 pixel format, in which the chroma information Cr, Cb is not curtailed,

in place of the 4:2:2 or 4:2:0.
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Based on the control signal indicating the compression ratio etc from the CPU
23, the MPEG processor 16 encodes the moving picture data from the NTSC processor
18, in accordance with the MPEG standard, to compress the moving picture datainthe
time axis direétion and in the spatial direction, to o“utput the resulting compressed
moving picture data to the demultiplexer 14. At this time, the MPEG processor 16
stores moving picture data, being encoded, in the memory for MPEG 17, with plural
frames of the moving picture data as a unit.

The NTSC processor 18 encodes the moving picture data, inputted from the -
MPEG proceésor 16, into moving picture data of the NTSC system, that can be
displayed on the television cievice 4, to output the resulting moviné picture data to 1_;he
television device 4.

The display controller 19 processes the moving picture data inputted from the
MPEG processor 16 for dispiay on the television device 4. The display controller 19
causes the data for processing to be stored from time to time in the display memory
20.

Specifically, this display controller 19 manages control to set the image size of

-an image displayed on the television device 4, from one frame displayed on the
television device 4 to another, to 720 by 480 pixels of the NTSC systém or to 1920
_ horizontal pixels by 1080 vertical pixels of the HD (high definition) system, depending
on the type of the television device 4. In generating one-pixel déta, the display

controller 19 outputs the one-pixel data to the television device 4 using the 16-bit
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information used in the 4:2:2 pixel format in which the sampling frequency ratio of the
luminance signal Y, chroma signal Cr and the chroma signal Cb is 4:2:2, or using the
information used in the 4:2:0 pixel format in which the sampling frequency ratio of the
| luminance signal Y, chr;Jma signal Cr and the chroma signal Cb is 4:2:0.

It is possible for the display controller 19 to output an image of the image type,
which has defined the image size (pixel x, pixel y), scanning system
(interlaced/progressive), pixel format, screen aspect ratio, pixel aspect ratio and data
volume (image size), instead of outputting data by the above-described system, as
shown in Fig.6. In this figure, the image type with the pixel y of 720 pixels, the pixel

.format of 4:2:2 and with the screen aspe& ratio of 16:9, is termed 720_422_16x9. It .
is noted that the display controller 19 also is able to generate an image <.)f

720_422 16x9 and animage of 720_420_16x9, which is the image type of the digital

™V broadcasting system used in USA. The display controller 19 is also able to

generate an image of 576_422_4x3 and animage of 522_420_4x3, which is the image

type of the PAL (phase alternation by line) system.

‘When the user acts 01:1 an actuating button prov1;ded on e.g., the STB 3,.the
operation inputting unit 2 1generates an operation input signal to output the signal to
the CPU 23. Specifically, subject to actuation of the operating button etc by the user,
the opgrai_:ion inputting unit 21 generates an operating input sigpal_ instructing the
moving picture displayed on the television devi;:e 4 to be teinporarily hz;lied to print

a still image by the printing device 5.
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Based on the operating input signal from the operation inputting unit 21, the
CPU 23 generates a control signal controlling the above-mentioned respective parts
of the STB 3.

If the picture signals received over the antenna 2 are displayed on the television
.device 4, the CPU 23 outputs a control signal to each of the demodulator 11,
descrambling unit 12, data conversion unit 13, demultiplexer 14 and the MPEG
processor 16 to manage control to process the moving picture data with demodulation,
decryption, channel selection ax;d with decoding in meeting with the MPEG standard.

If, of the moving pictures displayed on the television device 4, a frame-based
still image is to be céptured by an operating input signal from the operation inputting
unit 21, the CPU 23 generates a control signal to read-in the frame-based sﬁﬂ'iniage
stored in the display memory 20 at a time point of inputting the operating input signal
in the image memory 15. |

‘When fed with an operating input signal instructing the printing device 5 to print
a picture which has yielded still image data, the CPU 23 controls the demultiplexer 14
and the data conversion unit 13 to output a YCC inlage, as a frame-based still image
data stored in the image memory 15, composed of the luminange information L and
the chroma information Cr, Cb, to the printing device 5 via the data conversion unit
13 as the interfacing circuit pursuant to the IEEE 1394 standard.

When transmitting still image data to the printing device 5, under control by the

CPU 23, the data conversion unit 13 sends the asynchronous packet 100, having stored
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therein a capture command shown in Fig.7, .in succession to the subunit ID shown in
Fig.4, under control by the CPU 23, to transmit the capture command for receiving the
still image data to the printing device 5.

In the cap.ture command, shown in Fig.7, a capture command, represented in
hexadecimal XX, is stored as an opcode (operation code). Then, a subfunction is
stored as operand [0], source_subunit_type and source_subunit_ID are stored in the
upper 5 bits and in the lower 3 bits, as an operand [1], respectively, source_plug is
stored as operand [2], status is stored as operand [3] and dest_plug is stored as
loperand [4]. In the capture command, print_job_ID is stored as operand [5] to
operand [16], data_size is stored as operand [17] to operand [26], image_sizg__x is
stored as operand [21] to operand [22], image size_y is stored as operand [23] to
operand [24], image_format_specifier is stored as operand [25], operand [27] to
operand [29] are set as reserved, Next_pic is stored as operand [30] and Next_page is
stored as operand [31] to operand [32].

The source_subunit_type is the information specifying the type of the subunit
transmitting the async:hronous packet 100 on the side STB 3. 'fhe source_subunit ID
is an ID of the subunit transmitting the asynchronous packet 100. The source_plug is
a plug number 'of the subunit 1ransmitting the asynchronous packet 100. The dest_plug
_1is the plug number of the subunit receiving the asynchronous packet 100. The
prmt _job_ID is the ID of the processing (job) of pnntmg a sxll image. The data size

is the date volume transmitted from the STB 3 to the printing device 5 when printing
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a still image by the printing device 5. The image_size_x is the number of pixels in the
x-direction corresponding to the image type shown in Fig.6. The image_size_y is the
number of pixels in the y-direction corresponding to the image type. The
' image_fonnat_spgciﬁer is the _appella-tion of the above image type. The reserved is
made up of an optional number of bits and is provided in order that the number of bits
of the capture command in its entirety will be a multiple of 4. By providing the
reserved, the number of bits is convenient for the data unit when transmitting the
packet pursuant to the IEEE 1394 sfandard. |

In the image format_specifier, the appellation of the image type is stored as it
is identified By hexadecimal values, as shown in Fig.8. In this ﬁgt;re, “chunky” in the .
appellation of the image type denotes that the image is the still image transmitted
point-sequentially from the data conversion unit 13 to the printing device 5, whereas
“liner” denotes that the image is the still image transmitted line-sequentially from the
data conversion unit 13 to the printing device 5

It is also possible for the image format_specifier to contain not only the
appellation of the image type, as shown in P:’ig.8, but also the appellation of the image
typé expressed by the hexadecimal value (sub-value) and not containing the
information pprtinent to the number of pixels, as shown in Fig.9, in distinction from
the image type shown in Fig.8. At this time, the number of pixels printed by the
printing .di.e\'rlce 5is deﬁnéd by the image_size_x described in the operand [21] and

operand [22] and by the image_size_y described in the operand [23] and operand [24]
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of the capture command shown in Fig.7.

For example, 00 1in ixexadecimal, stated in the msb of the
image format_specifier (meaning: sSRGB raw), indicates that the image data is
transmitte:d as RGB data to the printing dévice 5. Moreover, if 00 in hexadecimal is
stated in the msb of the image_fbrmat_speciﬁer, RGB data are transmitted in the order
of R, G, B, R, G, B, - when 00 in hexadecimal is stated in its Isb (Type: sSRGB raw),
and in the order ofR, G, B, 0,R, G, B, 0, - when 01 in hexadecimal is stated in its
Isb (Type: sRGB raw, qua&let). :I‘hat_ is, if 00 is stated in the msb, data 0 is fransmitted
between B and R to transmit R, G, B, 0 as one-unit 4-byte data.

Also, if 01 in hexadecimal is stated in the msb of the image format_specifier
' (meaning: YCC raw), it indicates that image data is to be sent as YCC data to the
printing device 5. If Ol is stated in hexadecimal in the msb of the
image format_specifier, it indicates that the luminance information and the chroma
information are to be transmitted point-sequentially (chunky) as 4:2:2 pixel format
data in case 0X is stated in the Isb (type: YCC 4:2:2 raw/pixel); that the lmninancc?
information and the chroma information are to be transmitted line-sequentially (liner)
as 4:2:2 pixel format data in case 1X is stated in the Isb (type: YCC 4:2:2 raw/line);
that the luminance information and the chroma information are to be transmitted
péint-sequentially (chunky) as 4:2:0 pixel format data in case 8X is stated in the Isb
(type: YCC 4:2:2 raw/chunky); and that the luminance information and the chroma

information are to be transmitted line-sequentially (liner) as 4:2:0 pixel format data
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in case 9X is stated in the Isb (type: YCC 4:2:0 raw/line), where X is an indefinite
number.

If 01 is stated in hexadecimal in the msb of the image format_specifier
(meaning: YCC rawj, and X0 to XC in hexadecimal is stated in its Isb, the pixel ratio -
(pixel ratio 1.00 x 1.00, pixel ratio 1.19 x 1.00 or the pixel ratio 0.89 x 1.00), tile
color space (ITU-R (International Telecommunications Union-Radiocommunication
Sector) BT. 709-2, ITU-R BT. 601-4 or ITU-R BT. 1203), point-sequential (chunky)
or line-sequential (liner) is spec.iﬁed to transmit the data. If X0 to X4 in hexadecimal
or X8 to XCin hexadecunal is stated in the 1Isb, it indicates that an interlaced plcture
ora progresswe picture is to be transm1tted, respectively. Moreover, if X0 to X2 and
X8 to XA are stated in the Isb, it indicates that data pursuant to ITU-R BT. 709-2 is
to be transmitted, whereas, if X3 and XB are stated in the Isb, it indicates that data
pursuant 'to ITU-R BT. 6014 is to be transmitted. If X4 and XC are stated in the Isb,
it indicates that data pursuant to ITU-R BT. 1203 (PAL system) is to be transmitted.

If 10 in hexadecimal is stated in the image_format_specifier (meaning: DCF
Object), it indicates that image data is :to be transmitted to the prii_lting device 5 in the .
format specified for the digital camera (DCF: design rule for carpera format). If 10: in
hexadecimal is stated in the msb of the image_format_specifier and 00 in hexadecimal
is stated in its Isb, it indicates that the data of the Exif form is to be transmitted, in
which the image portion is of the JPEG system and to which is appended a header

recording the photographing state or conditions. If01 in hexadecimal is stated in the
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1sb (type: JFIF (JPEG file interplay format), it indicates that data of the JFIF form is
to be transmitted, whereas, if 02 is stated in the Isb (type: TIFF (tag image file
format)), it indicates that data of the TIFF is to be transmitted. If OF is stated (type;
JPEG (idint photographic coding experts group)), it indicates that image data is to be
transmitted to the printing device 5 in the JPEG form. |
If 80 to 8F is stated in hexadecimal in the msb of the image format_specifier,
it indicétes that transmission is to be done in othel; formats and data of the formét |
spocified in 00 to FF stated in the Isb is transmitted. |
In the image_format_specifier, FE in hexadecimal (meaning: special me;ning)
may be set in the msb, whilst 00 (type: unit plug defined) and 01 -(don’t care) may be
set in the Isb. '
| The data conversion unit 13 transmits the asynchronous packet 100, having
stored therein the capture command, and receives an ACK (acknowledge) from the
. printing device 5, after which it transmits the asynchronous packet 100 containing the
still image data to the printing device 5. _
Tile still image data transmission rule is as shown in Figs.10 to 13.
Fig.10 shows the image data transmission sequeﬂce when transmitting still
image data of the YCC 4:2:2 pixel fofmat point-sequentially (chunky) to the pn'nﬁng
"device 5. Fig.11 shows the pixel data transmission sequence when transmitting the
still image data ‘of the YCC 4:2:0 pixel format point-sequentially (chunky) to the

printing device 5. Fig.12 shows the image data transmission sequence when

25



transmitting still image data of the YCC 4:2:2 pixel format line-sequentially (liner) to
the printing device 5. Fig.13 shows the pixel data transmission sequence when
transmitting the still image data of the YCC 4:2:0 pixel format line-sequentially (liner)
to the printing device 5.-

In Figs.10 to 13, Y,(L;) denotes the luminance information Y of the pixel
number i contained in the line number 7, where 7, used when specifying a pixel in the
luminance information Y., is an integer from 1 to N, and j is an integer from 1 to M.
Cb;(L;) denotes the chroma info;'mation Cb of the pixel number 7 contained in the line
number j, where i, used for designating a pixel of the chroma infqrmation Cb, isof a-

-value of 1, 3, 5, -, N-1, whereas j is of an integer value from 1 to M for YCC 4:2:2
and is of a value of 1, 3, §, -, N-i for YCC 4:2:0. Cr(L;) denotes the chroma
information Cr of the pixel number 7 contained in the line number j, where 7, used for
ciesignating a pixel of the chroma information Cr, is of a value of 1, 3, 5, -, N-1,
whe.reas J is of an integer value ﬁom 1to M for YCC4:2:2 and is of a value of 1,3,5,

-, N-1 for YCC 4:2:0. N and M denote the total number of plxels in a line and the
total number of the pixels i in an image, respectively. -

‘When point-sequentially (chunky) transmitting still image data to the printing
device 5, in which the still image having the image type of Fig.8 of 480_422_;4><§ is
contained in the asynchronous packet 100, with the pixels bearing pixel numbers from
1t0 720 .and from 1 to 480 in the x-direction and in the y-direction, respectively, the

data conversion unit 13 transmits the pixel data as shown in Fig.14.
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That is, the data conversion unit 13 transmits, next to the address offset
(address_offset), the luminance information Y1(L1), luminanc‘;e information Y2(L1),
chroma information Cbl (L1) and the chroma information Cr1(L1), for the pixel
number 1 contained in the line number 1. The data conversion unit 13 transmits, next
to the pixel data up to the pikel numbers 720, contained in the line number 1, the
luminance information and the chroma information as from the net line number 2 until

. it transmits the pixel data up to the pixel number 720 contained in.the line number 480
to complete transmission of the. still image data representing a sole still image.

If the image type is 480_420_4x3, the data conversion unit 13 transmits, next
to the address offset (address_offset), the lnminance information Y1(L1), luminance
information Y2(L1), luminance information Y1 (L2) and the luminance information
Y2(L2), for the pixel number 1 contained in the line number 1, as sh-own in Fig.15.
The data conversion unit 13 then transmits the chroma information Cb1 (L1), chroma
information Cr1(L1), luminance information Y3(L1) and luminance information Y4
(L1). The &ata conversion unit 13 then transmits the pixel data up to the pixel number
’/:'20 contained in the line number 480 to complete the transmission of pixel data
representing a sole still image.

When line-sequentially (liner) transmitting still image data of the image type of
480 422 4x3, contained in the asynchronous packet 100, the data conversion unit 13
transmits, next to the address offset (address_offset), the luminance information

Y1(L1), luminance information Y2(L1), luminance information Y3(L1), luminance
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information Y4(L1), - up to the luminance information Y720(L1 ), for the line number
1, after which it transmits the chroma information Cb1(L1), Crl(L1), -, chroma
information Cb720(L1), Cr720(L1), for the line number 1, and then transmits the
luminance infonnat;on and the chroma information for the line number 2, and so on,
until it transmits the chroma information Cr720 (LA480) for the line number 480 to
complete the transmisgion of the still image data, as shown in Fig.16.

When line-sequentially (line) transmitting still image data of the image type of
480_420_4x3, contained in the :.asynchronous packet 100, the data conversion unit 13
first transmits the luminance information Y1(1.1) up to luminance information Y720
(L1) of the line number 1, followed by the luminance information Y1(L2) up fo
luminance information Y720 (L2) of the line number 2, followed by the chroma
information Cbl (L1) and the chroma information Crl (L1) up to the chroma
information Cb720 (L1) and the chroma information Cr719 (L1) to transmit the pixel
data of the line numbers 1 and 2, after which the data conversion unit 13 transmits the
luminance and chroma information for the line number 3 and so on untii it transmits
the chroma information bb719 (L479) and the chroma information Cr719 (LA4A79) to
complete the transmission of the still image data, as shown in Eig.17.

‘. If, when the still image data is transmitted to the printing device 5 for printing,
as described above, the printing state of the printing device 5 is to be obtained from
the data input unit 31, the data conversion unit 13 transmits a printer status 2

command, shown in Fig.18, different from the printer status command already
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proposed in the IEEE 1394 standard, referred to below as the printer status 1
command, as a command packet to the printing device 5.

The data conversion unit 13 receives a response packet, having stored therein
a response to transmission to the printing device 5 of the command packet having
stored therein the printer status 1 command or the printer status 2 command. The data
conversion unit 13 checks into the data stored in the response packet to recognize by
the CPU 23 an error or an alarm taking place in the printing device 5.

The printer status 1 comxﬁand is a command demanding information specifi&'ng
whether or not there is a printing sheet (Empty), the information indicating whether
the printer device is on-line or off-line (Line), the information indicating whether or.
not the printer device is operable (Fatal), and the information indicating whether or not
the operating state of the printer device is recoverable (Recoverable) from the printing
device 5. Each such information is composed of a one-bit data. On reception of a
response packet, in which the bit for each information has been set in the data input
unit 31, the data input unit 31 recognizes that an error has occﬁrréd in the printing
device 5.

In the printer status 2 command, the information indicating the printer status 2
command (PRINTER STATUS 2 command) is stored as an opcode (operating code)
in *53” hexadecimal. Then, “reserved” is stored in an operand [0], “status” indicating
various errors is ‘stored in the operand [1] and in the operand [2], and “reserved” is

stored in the operand [3] and in the operand [4]. Then, “Current_print_job_ID”,
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specifying the job currently printed is stored in the operands [5] t§ [16], “warning”
indicating the alarm is stored in the operand [17] and “reserved” is stored in the
operands [18] to [20].

In the status, the error information is stored, as shown in Figs.19 and 20. That
is, there are stored in the status the colorant error information, indicating whether or
not the colorants, such as dye, ink, ribbon or toner is depleted, cover error information
(Cover_open), indicating whether or not a cover constituting a casing of the printing
device 5 is open, sheet stuffing error information (jammed), indiéathxg whether 01: not
paper sheet jamminghas occurred, the head error information (Head_error), indicat:ing
whether or not the printer head is not operable, printing size error informatioh
(Small_paper), indicating whether or not the printing paper sheet is small-sized, the
cartridge error information (No_cartridge), indicating lwhether or not there is no
cartridge, use error information (occupied) indicating whether or not the printing
device 5 is used by another equipment connected to the prinﬁng device 5, testing error
information (testing) indicating whether or not the printing device 5 is being tested,
and the reﬁdying eliror information (Warmup) indicating whether or not the printing
device 5 is being readied. -

The above-mentioned various information is 1-bit data represented b¥ O or 1.
If0 is stored in the colorant error information, it indicates that the colorant is uséi')le,
whereas, if 1 is stored therein, it indicates that the colorant is depleted.

If 0 is stored in the cover error information, it indicates that the cover is not
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open, whereas, if 1 is stored in the cover error information, it indicates that the cover
is open.

If 0 is stored in the paper stuffed error information, it indicates that no paper
jamming is produced, whereas, if 1 is stored therein, it indicates that paper jamming
is produced. |

_ If 0 is stored in the head error information, it indicates that the printer head can
be operated, whereas, if 1 is stox_'ed therein, it indicates that the printer head cannot be
operated;

I£0 is stored in the printing size error information , it indicates that the printing
paper sheet is not smgll—sized, whereas, if 1 is stored therein, it indicates that the
printing paper sheet is smgll—sized.

If 0 is stored in the cartridge error information, it indicates that the cartridge
is usable, whereas, if 1 is stored therein, it indicates that there is no cartridge available.

If 0 is stored in the use error information, it indicates that the printing device is
not being used by another equipment, whereas, if 1 is stored therefn, it indicates that
the printing device is being used by another equipment.

If0 is stored in the testing error information, it indicates that the printing devi.ce
is not being tested, whereas, if 1 is stored therein, it indicates that the printing device
is being tested.

If 0 is stored in the readying error information, it indicates that the printing

device is not being warmed up for printing, whereas, if 1 is stored therein, it indicates
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that the printing device is being warmed up for printing.

In the warning, there is stored the alarm information for giving a warning to the
printing processing, as shown in Figs.21 and 22. That is, there are stored in the
wamning the printing paper sheet alarm information (media_alarm_empty), indicating
a warning as to the remaining paper sheets provided in the printing device 5, and the
colorant alarm information (colorant almost empty) indicating an alarm as to the
remaining quantity of the colorant in the printing device 5.

The above-mentioned informatior; stored in the waming, is the 1-bit
information, represented by O or 1. If 0 is stored in the pﬁnting paper sheet alarm
information, it indicates that there is sufficient amount of the printing paper sheets,
whereas, if 1 is stored therein, it indicates that only a small amount of the printing
paper .sheets.

If O is stored in the colorant' alarm information, it indicates that a sufficient
amount of the colorant is usable, whereas, if 1 is stored therein, it indicates that the
colorant is substantially depleted. |

The prmtmg device 5 includes a data input unit 31, fed with still image data
from the printing device 5, a ROM (read-only memory) 32, in which a printing control
program is stored, a printing engine 33 for printing on a medium, aRAM 34 and a
CPU 35 contréﬁing various portions of the printing device 5, as shown in Fig.2.

The data input unit 31 is made up of an interfacing circuit, pursuant to, for

example, the IEEE 1394 standard, and is responsive to a control signal from the CPU
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35 to process the still image data contained in the asynchronous packet 100 from the
STB 3 in accordance with the IEEE 1394 standard.

Specifically, this data input unit 31 performs processing for the transaction
layer link layer and the physical layer, under serial management pursuant to the IEEE
1394 standard. So, the data input unit 31 outputs the still image data contained in the
asynchronous packet 100 to the CPU 35.

If mechanically connected over e.g., an optical cable to the STB 3, the data
input unit 31 eﬂ'eé?s connection sefting with the data conversion unit 13 of the STB 3

.for tl_'ansmitting/feceiving the asynchronous packet 100 with the printing device 5.

The data input unit 31 is also fed from the CPU 35 with a control signal stating

that a colorant error, cover error, a jamming error, a head error, a printing size error,

a cartridge error, a use error, a testing error and a readying error have been produced.

In addition, the data input unit 31 is fed with a control signal indicating that the
remaiﬁing amount of the printing paper sheets or the colorant has been verified to be
small and less than a pre-set value.

If the data input unit 31 has received a command packet containing the printer
status 1 command, it is fed from the CPU 35 with a control signal indicating whether
or not an error is produced, and generates a response packet, in whiqh a bit for each
information (Empty, Line, Fatal and Reéoverable) is set, as a response to the

command, to output the so-produced response packet to the data input unit 31.
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If the data iﬁput unit 31 has received a command packet containing the printer
status 2 command, it is fed from the CPU 35 with a control signal indicating whether
or not an error and an alarm are produced, and generates a response packet, in which
bits for the error information and the alarm information are set, as a response to the
command, to output the so-produced response packet to the data input unit 31.

The printing engine 33 is made up of a medium holding ahd driving mechanism,
a printer head, and a printer head driving mechanism, and is driven by the CPU 35 to
print a still image on the medjum.

The CPU 35 generates a control signal controlling thé data input unit 31 and the
printing engine 33. At this time, the CPU 35 operates under a printing control program
stored m the ROM 32, while controlling the contents of the RAM 34, which then is
operating as a work area.

If ﬂle col;)rant error, cover error, jamming error, head error, printing size error,
cartridge error, use error, testing error or. the readying error has been produced, the
CPU 35 issues a control signal stating that effect to the data input unit 31.

if the CPU 35 has verified that the remaining amount of the printing paper
sheets or the colorant has been verified to be small and less than a pre-set value; it
issues a control signal stating that effect to the data input unit 31.

If fed from the data input unit 31 with the information indicating various
printing settings, such as the printing sheet type information (media_type), printing

sheet size information (Media_size), printing quality information (Print_quality),
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printing color information (Mono_color), printing offset position information (offset)
and the printing layout information (Layout_type), the CPU 35 controls thé printing
engine 33 responsive to the variable printing settings.

In accordance with the printing control program, the CPU 35 performs the
processing shown in the flowchart of Fig.23.

First, at step ST1 in Fig.23, the data input unit 31 of the printing device 5
receives a data packet generated pursuant to the IEEE 1394 standard from the data
. conversion unit 13. At this time, the data input unit 31 performs processing in the
transaction layer, link laygr and in the physical layer pursuant to the IEEE 1394
standard to extract still image data corresponding to the YCC image made up of the
Tuminance information Y and the chroma information Cr, Cb.

At the next step ST2, the CPU 35 performs screen dumping for printing the

entire data displayed on the screen of the television device 4.

At the next step ST3, the CPU 35 performs rastering on the still image data
scr;:en-dumped at the above step ST2. That is, the CPU 35 converts the still image data
into dot-type data for transferring the still image data to the printing engine 33.

At the next step ST4, the CPU 35 enlarges/contrécts the still image data,
rastered at the above step ST3, in accordance with e.g., the printing size information.
That is, the CPU 35 manages control to vary the size of the still image being printed

¢.g., within a range specified by the user.
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At the next step ST5, the CPU 35 adjusts the color of the still image data,
enlarged/contracted at the above step ST4, to change the still image data composed of
the luminance information and the chroma information into printing data composed
of red (R), green (G) and blue (B) data.

The relation between the pixel values, specified in the color space by the Y
(ITU-R BT. 601-4) format, and the pixel value, specified in the color space by RGB,
is as follows: _

Y’sorvee = 0.299*R’ gop + 0.58'.7*G’mB + 0.144*B’ggp

Cr’eorvee = 0.713*(R’gas — Yeorvoe) = 0.500%R’pqp ~ 0.419*.G’R_GB —~ 0.081*B’ggp

Cb’gorvce = 0.564*(R’rap — Ysoryee) =— 0.169¥R’p6p — 0.331*G g p + 0.500%B ;gp
In terms of an 8-bit value, the following relation holds:

Y’ sorvee it = (219.0%Y go1p6p) + 16.0

Cr’eorvoc_sir = (224.0*Cb’goyycc) + 128.0

Cb’gorvec shin = (224.0*Cr g1 voc) + 128.0. -

This 8-bit value is returned as image data from the STB 3 to the printing device
5. At this step ST5, the 8-bit YCOC value is converted into RGB.

The relation betwcen_ the pixel values, specified in the color space by the Y
(ITU-R BT. 709-2) format, and the éixel value, specified in the color space by RGB,
is as follows: | |
Y’ s00vcc = 0.2126*R’ ggp + 0.7152%Gpgp + 0.0722*B 65

Cr’yoo1vce = 0.5389*(B’pap — Y 209vec)
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Cb’movec = 0-§3 50*(R’rap — Y "09vcc)-

In terms of an 8-bit value, the-following relation holds:
Y’ 0ovec_swit = (219.0%Y 700p6p) +16.0
Cr’sovec svie = (224.0*Cb’y9ycc) + 128.0
Cb”nsvoc, g = (224.0¥Crp9yc0) + 128.0.

This 8-bit value is returned as image data from the STB 3 to the printing device
5. At this step STS5, the 8-bit YCC value is converted into RGB.

At the next step ST6, t'he CPU 35 effects color adjustment and performs
processing of converting RGB printing data to cyan, magenta and )_'ellow, to determine
the ratio of the cyan, magenta and yellow in each dot. At the néxt step ST7, the CPU
35 dithers the printing data.

At step ST8, the CPU 35 outputs the printing data, obtained on dithering, to the
printing engine 33 to drive the printing engine 33 to print an image on a medium.

In the above-described image printing system 1, the processing performed by .
the CPU 23 in printing the image data received by the STB 3 by the printing device 5
is explained with reference to Fig.25. |

In the flowchart shown in Fig.25, the CPU 23 is fed at step ST11 with an
operating input signal to the effect that the moving picture displayed on the television
device 4 be frozen, by the user acting on an operating button provided on the STB 3..
The CPU 23 is responsive thereto to control the display gontroller 19 to halt the

outputting of the moving picture data from the NTSC processor 18 to the television

37



device 4 to display a still image on the television device 4.

If, at the next step ST12, the operating input signal for selecting the frame-based
still image data, demonstrated on the television device 4 and frozen by the operation
atstep ST11, and for printing the displayed image data on the printing device 5, is sent
to the CPU 35, the CPU controls the display controller 19, MPEG processor 16 and
the demultiplexer 14 to read the frame-based still image data stored in the display
memory 20 into the imaée memory 15. This causes the CPU 23 to store the still image
data, composed of the luminance information Y and the chroma information Cr, Cb,
in the image memory 15.

At the next step ST13, the CPU 35 controls the data conversion unit 13 so that
connection setting will be made between the_ STB 3 and the printing device 5 in
accordance with the IEEE 1394 standard. That is, if fed with the control signal for -
connection setting from the CPU 23, 1_:he data conversion unit 13 generates a command
packet to recognize the plug with the data input unit 31. At this time, the data
conversion unit 13 send the command packet, in which the information indicating the
transmitting side piug is stored by the data input unit 31 of the printing device 5. The
data input unit 31 of the printing device 5 recognizes the information, representing the
reception side plug, and transmits to the data conversion unit 13 a command packet S2
which has stored the information indicating the reception side plug. Thus, the data-
conversion unit 13 recognizes the information indicating the recéption side plug of the

data input unit 31 of the printing device 5. The data input unit 31 recognizes the
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information representing the transmitting side plug of the data conversion unit 13 of
the STB 3. |

Atthe next step ST14,the CPU 23 demands the information on the printing size,
printing direction and the number of prints, in printing the still image, from the
printing device 5.

At the next step ST15, the CPU 23 conﬁols the demultiplexer 14 and the data
conversion unit 13 to output still image data to be printed by the printing device 5, to
the printing device 5, to generate a data packet S2 containing still image data stored
in the image memory 15 to transmit the generated packet to the printing device 5.

If the printing device 5 receives plural data packets, containing the destination
plug denoting information, to verify that the still image data in their entirety has been '
received, the printing device 5 causes the CPU 35 to perform the processing shown in
Fig.23, to effect the printing of the image represented by the still image data in
accordance with the designated printing size.

An example of the operation of transmitting/receiving the asynchronous packet
100 between the STB 3 and the printing device 5 to print the still image data by the
printing device 5 is now explained with reference to Fig.26.

In Fig.26, the data conversion unit 13 prior to starting the printing transmits to
the pﬁnting device 5 a command packet (JOB_QUEUE) S11 to indicate that there is
a job of printing a still image, and acquires a corresponding response packet S12.

On the other hand, the data conversion unit 13 transmits to the printing device
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5 a command packet S13 specifying the operation mode indicating the type or size of
the printing sheet for printing by the printing device 5, printiﬁg quality, color for
printing (monochromatic/color) or the printing position, to acquire the corresponding
response packet S14.

The data conversion unit 13 sets a plug for transmitting the still image data to
the data input unit 31. That is, the data conversion unit 13 sends the command packet
S15, having the ALLOCATE command stored therein, to the data input unit 31,
instructing the data input unit 3;1 to set a reception plug, to acquire a corresponding
response packet S16. |

The data conversion unit 13 also sends a command packet S17, having stored
therein an ATTACH command, for setting a plug for receiving a data packet
containing the still image data to be printed by the printing device 5 to transmit/receive
the dat packet, and acquires a corresponding response packet S18.

The data conversion unit 13 then transmits a command packet S19 containing
a capture command. In the command packet S19 is .stored the information
(source __pl;.lg) indicating the transmission side plug on the side data conversion unit

-13, whereby the data input unit 31 recognizes the transmission side plug of the data
conversion unit 13.

The data input unit 31 then transmits to the data conversion unit 13 a packet

S20 including the infdrmation for setting an OAPR (output asynchronous port

register). In the packet S20 is stored the information representing the destination plug
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of the data input unit 31 (dest_plug). At this time, the data input unit 31 on reception
of the command packet S19 transmits the information specifying the recognized
transmission side plug by a packet S20. The data conversion unit 13 recognizes the
destination plug of the data input unit 31.

The data conversion unit 13 transmits to the data input unit 31 a data packet S21
having stored in the data portion 102 the YCC image as the still image data. The data
conversion unit 13 splits the still image data into pre-set data volumes to transmit the
resulting plural data packets S2i. |

The data conversion unit 13 transmits to the data input unit 31 a response
packet S22 containing the information pertinent to the iAPR (input Asynchronous Port
Register) of the flow control register of the transmission side plug.

The data conversion unit 13 transmits to the data conversion unit 13 a command
packet S23 indicating acceptance of the capture command.

The data conversion unit 13 is responsive thereto to transmit a command packet
S24 containing a DE'I_‘ACH command indicating the disconnection from the printing
device 5 to acquire a response packet S25 from the data input unit 31.

The data conversion unit 13 then transmits a command packet S26, containing
a RELEASE command, to the data input unit 31 of the printing device 5, to acquire a
corresponding response packet S26 from the data input unit 31.

The data conversion unit 13 then sends to the data input unit 31 a command

packet (JOB_QUEUE) 828, indicating completion of the sequence indicating the job
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for printing a still image, and acquires a corresponding response packet S29.

When acquiring the status in performing the printing in the printing device 5,
the data conversion unit 13 sends a command packet S30, requesting transmission of
a command packet containing the printer status 1 command, to the data input unit 31,
and acquires a corresponding response packet S31.

Then, in acquiring the status in effecting the printing in the printing device 5,
the data conversion unit 13 sends a command packet S32, requesting transmission of
a command packet containing the printer status 2 command, to the data input unit 31,
to acquire a response packet S33 thereto. |

The data conversion unit 13 at step ST21 transmits a command packet S32,
requesting transmission of a command packet, containing the printer status 2
command, to the data input unit 31, as shown in Fig.27.

At the next step ST22, the data conversion unit 13 receives a response packet

S33 to the command packet S32, transmitted at step ST21.

At the next step ST23, the data conversion unit 13 verifies, by the response
packet S33, received at step ST22, whether or not the printer status 2 command is
acceptable. -

That is, the data conversion unit 13 verifies whether or not the data input unit
31isadapted for. coping with the printer status 2 command. Ifthe data conversion unit

13 has verified that the data input unit 31 is adapted for coping with the printer status
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2 command, the data conversion unit 13 transfers to step S24 to ' perform the
processing of transmitting the command packet containing the printer status 2
command when the pﬁnﬁng device 5 is performing the printing.

If the data conversion unit 13 has veriﬁed' that the data input unit 31 is not
adapted for coping with the printer status 2 command, the data conversion unit 13
transfers to step ST25, where the data conversion unit 13 performs the processing of
transmitting a command packet containing the printer status 1 command if the data
input unit 31 is adapted for coping with the printer status 1 command.

Referring to Fig.28, the processing'of the STB 3 and the printing device 5,
employing the.printer status 1 command and the printer status 2 command, in case an '
error has occurred in the pnntmg device 5 while the processing for printing is going
on in the pn'_nting device 5, is explained.

If the printing processing is started in the printing device 5, and no error nor
alarm has been produced in the processing for printing, the dal'ta conversion unit 13 of
the STB 3 is responsive to the transmission of a command packet S51 containing the
printer status 1 command to the data input unit 31 of the printing device 5 to acquire
a response packet S51 indicating that no error nor alarm has bgen produced.

If an error is produced during the printing processing by the printing device 5
due to, for example, paper jamming, the CPU 35 outputs a control signal from the
CPU 35_ stating that paper jamming has occurred. If the data input unit 31 is first fed

with the control signal from the CPU 35 and subsequently has.received a command
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packet S53 containing the printer status 1 command, the data input unit 31 performs
the processing of setting a bit for the information (Recoverable) contained in a
response packet S54 to return the bit. By this, the printing device 5 advises the effect
of error occurrence to the STB 3 during prmtmg processing.

On reception of the response packet S54, the data conversion unit 13 transmits
a command packet S55, containing the printer status 2 command requesting more
detailed error contents to the data input unit 31.

‘The data input unit 31 is -responsive thereto to transmit a response packet S56,
containing the printer status 2 command, having set the bit indicating the paper
jamming error information (jammed) to the data conversion unit 13.

On transmitting the response packet S56, the data converéion unit 13 at step
ST41 outputs the effect that the paper jamming error information has been produced
during the printing proceésing to the CPU 23, which then controls the television device
4 to display the effect of the occurrence of the paper sheet jamming during the printing
processing. By this, the STB 3 presents to the user the fact that the paper jamming has
occurred during the printing processing. At step ST32, the user repairs paper jamming
in the printing device 5 to repair the error that has occurred in the printing device 5.

The data conversion unit 13 transmits to the data input unit 31 a command
packet S57 containing the printer status 2 command. The data input unit 31 is
responsive to the repair of the paper jammed state to transmit to the data conversion

unit 13 a response packet S58 having the paper sheet jamming error information set
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to 0.

Responsive to reception of the response packet S58, the data conversion unit
13 outputs to the CPU 23 the effect that the error produced by the paper sheet
jamming in the printing device 5 has now been repaired. The CPU 23 manages control
to stop the display of the effect of error occurrence by paper jamming to present to the
user that printing processing is possible in the printing device 5.

In the above-described example, shown in Fig.22, paper jamming has occurred
during printing prqcessing. Hox.?vever, such an error may occur in which printing has
been disabled by the opened cover of the printing device 5. Such error is likely to be
produced during, before and after the process shown in Fig.20. In order to cope-with
such error, the image printing system 1 transmits to the printing device 5 a command
packetrequesting the data conversion unit 13 to transmit a command packet containing
the printer status 1 c;)mmand or the printer status 2 command. '
30.

For example, the data conversion unit 13 periodically issues a request for
transmission of a command packet containing the printer status command. This
request issuing interval may be varied depending on the prevailigg conditions or the
system configuration, so that, if priority is to be placed on the announcement of the
status of the printing device 5, the request is issued e.g., every second, whereas, if
priority is to be placed on reducing the cost of communication, the request is issued

every ten seconds. If the command packet is in a competing state with respect to other
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FCP commands, that is if the response from the other FCP command is being awaited,
the occurrence of the request for transmission of a response of the other FCP
command is cancelled, or alternatively, the request for transmitting a command packet
containing the printer status command is stored ¢.g., in a memory and produced on
occurrence of a response of the other FCP command. If the request for transmission
of the command packet is to be produced after response of the other FCP command,
the next occurring transmission request for a printer status command may be produced
after lapse of a pre-set period, such as one second or 10 seconds, as from the time of
occurrence, or stand-by time may be discounted and the transmission request may be
produced in synchronism with the original occurrence period.

It is also possible for a request for transmission of the command packet
containing the printer status command to be produced before transmission of the
command pertinent to a pre-set printing job or before transmission of the image data

transmission command.

Specifically, the request for transmission of the command packet containing the
- printer status command is produced before generation of the command indicating the
start of the printing job (JOB QUEUE (add_job,ID:X)), the command indicating the
end of the printing job (JOB_QUEUE(close_job, ID:X)) or the command stating the
effect of transmission of the image data (CAPTURE).

In the image printing system 1, described above, a command packet containing
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a printer status 2 command is transmitte& to the data input uni_t 31, evenif the STB 3
and the printing device 5 are interconnected in accordance with thé IEEE 1394
standard, and the error or alarm produced in the printing device 5 may be acquired in
the data conversion unit 13 responsive to the response packet from the data input unit
31. Thus, by displaying the detailed contents of the error and the alarm in the
television device 4, the user may be prompted to take proper measures against the
error or the alarm in effecting the printing processing by the printi_ng device 5.

Also, in th? imiage printing system 1, in which, even if the STB 3 and the
printing device 5 are interconnected in accordance with the IEEE 1394 standard, it is
possible to transmit the command packet containing the printer status 2 command to
the datg input unit 31 to acquire the detailed alarm information from the data
conversion unit 13, the user can be prompted to take proper measures against the alarm
to prevent an error from being produced in the printing device 5. -

In the foregoing explanation of the image printing system 1,the STB 3 and the
printing device 5 are provided with the data conversion unit 13 and the data input unit
31, as interfacing circuits in meeting with the IEEE 1394 standard. However, any other
suitable interfacing circuits, such as USBs, may also be employed. Specifically, with
the image printing system 1 provided with the STB 3 having the USB and the printing
device 5, it is possible to transmit/receive packets between the STB 3 and the printing

device 5 by the digital system to print a fine image by the printing device 5.
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WHATIS CLAMEDIS: U

1. An image processing apparatus comprising:

image processing means for generating desired still image data corresponding
to image data inputted from outside;

printing state information request generating means for generating the printing
state request information requesting the printing state information indicating the
printing state of a printing device;

outputting means for hz;lving the still image data generated in said image
processing means included in a packet pursuant to the IEEE (The Il_ist_itute of Electrical
and Electronic Engineers) 1394 standard to output the resulting packet and for defining
the printing state information request generated by said printing state information
request generating means by the AV/C command set consistent with the FCP
(Function Control Protocol) pursuant to the IEEE 1394 standard and for outputting the
resulting request to the printing device; and

printing state presentation means for presenting to the user the printing state in
accordance with the printing state information.
2. The image processing apparatus according to claim 1

wherein

said outputtiﬁg means oﬁtputs said printing state request information before
transmitting a command indicating the beginning of start of a printing job, a command

indicating the end of a printing job, or a capture command indicating the effect that
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3. Animage processing method comprising:

generating desired still image data corresponding to image data inputted from
outside;

generating the printing state request information which requests the printing
state request indicating the printing state of the printing device;

having the generated still image data contained in a packet pursuant to the IEEE
(The Institute of Electrical and Electronics Engineering) 1394 standard to output the
resulting pack to said printing device;

simultaneously defining the generated printing state information requestin an
AV/C command set consistent with an FCP (Function Control Protocol) pursuant to
the IEEE 1394 standard to output the resulting defined printing state to said printing
device; '

receiving said printing state information transmitted from said printing device
in accordance with an FCP; and

presenting the printing state to a user in accordance with the printing state
information. : -
4. The image processing method according to claim 3

wherein

said printing state request information is outputted before transmitting a

command indicating the beginning of start of a printing job, a command indicating the
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end of a printing job, or a capture command indicating the effect that image data is
being transmitted.
5. A printing device comprising:

inputting means fed with still image data contained in a packet pursuant to the
IEEE (The Institute of Electrical and Electronics Engineering) 1394 standard and with
a printing state information request defined by the AV/C command set consistent with
an FCP (Function Control Protocol) pursuant to the IEEE 1394 standard;

printing means for printing still image data inputted to said inputting means;

printing state information generating means for generating the printing state
info:matidn indicating the printing state of the printix_lg device; and

outputting means for outputting said printing state information in accordance

with the FCP responsive to the printing state information request fed to said inputting

o AU S R
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6. A printing method comprising:.

inputting still image data contained in a packet pursuant to the IEEE (The
Institute of Electrical and Elecu'm']ics Engineering) 1394 standard and a printing state
information request defined by the AV/C command set consistent with an FCP
(Function Control Protocol) pursuant to the IEEE 1394 standard;

printing the input still image data; and

generating the printing state information indicating the printing state responsive

to the input printing state information request to output said printing state information
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in accordance with the FCP.

7. Animage printing system comprising: ‘ _.
A —— A
said image processing apparatus including B |
image processing means for generating desired still image data corresponding
to image data inputted from outside;
printing state information request generating means for generating the printing
state request information requesting the printing state information indicating the
printing state of a printing device;

outputting means for having the still image data geﬁerated in said image
proceséing means included in a packet pursuant to the IEEE (The Institute of Electrical
and Electronic Engineers) 1394 standard to output the resulting packet and for defining

' the printing state information request generated by said pnntmg state information

request generating means by the AV/C command set consistent thh the FCP

(Function Control Protocol) pursuant to the IEEE 1394 standard and for outputting the

resulting request to the printing device; and
printing state presentation means for presenting to the user the printing state in

accordance with tﬁe printing state information;
inputtiﬁg means fed with still image data outputted by said image processing
apparatus and with a printing state information request;

printing means for printing the still image data fed to said inputting means;
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printing state information generating means for generating the printing state
information indicating the printing state of the printing device; and
outputting means for outputting said printing state information in accordance

with the FCP to said image processing apparatus responsive to the printing state

information réquest fed to said inputting means. : _
8. The image processing apparatus according to claim 7 , ,IIIII, I"I" III" "I,I " ,Ill
wherein SR *
said outputting means of the image processing apparatus outputs said printing
state request information to the printing device before transmitting a command
indicating the beginning of start of a printing job, a command indicating the end -of a
printing job, or a capture command indicating the effect that image data is being
transmitted.
9. An image printing method wherein
onan image processing device, desired still image data corresponding to image
data inputted from outside are generated, the printing state request information which
requests the printing state request indicating the printing state of the printing device
is generated, the generated still image data is contained in a packet pursuant to the
IEEE (The Institute of Electrical and Electronics Engineering) 1394 standard, and the
resulting packet is outputted to said printing device; the generated printing state
information request is defined in an AV/C command set consistent with an FCP

(Function Control Protocol) pursuant to the IEEE 1394 standard to output the resulting
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defined printing state to said printing device; wherein

on a printing device side, still image data outputted by said image processing
apparatus and a printing state information request are inputted, the input still image
data is printed, the generated printing state information indicating the pn'ntiné state of
the printing device is outputted responsive to the input printing state information
request to the image processing apparatus in accordance with the FCP; and wherein

on the image processing side, said printing state information transmitted from .
said printing device in accordance with an FCP is received and the printing state is
presented to ﬁ user in accordance with the printing state information.

10. The i inting syst ding to claim 9 ;
S PR AR A R LA

wherein

said outputting means of the image processing apparatus oﬁtputs said printing
state request information to the printing device before transmitting a command
indicating the beginning of start of a printing job, a command indicating the end of a
printing job, or a capture command indicating the effect that image data is being
" transmitted. :
11. A recordjng medium having stored therein an image procgssing program, said
program comprisiné:
generating desired still image data corresponding to image data inputted from
outside;

generating the printing state request information which requests the printing
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state information indicating the printing state of the printing device;

having the generated still image data contained in a packet pursuant to the IEEE
(The Institute of Electncal and Electronics Engineering) 1394 standard to output the
resulting packet to said printing device;

simultaneously defining the generated printing state information request in an
AV/C command set consistent with an FCP (Function Control Protocol) pursuant to
the IEEE 1394 standard to output the resulting defined printing state information
request to said printing device; |

receiving said printing state information transmitted from said printing device
in accordance with the FCP; and |

presenting the printing state to the user in accordance with said printing state
information.
12. A recording medium having stored therein an image processing program, said
program co:ﬁprising: '-

inputting still image data contained in a packet pursuant to the JEEE (The
Institute of Electrical and Electronics Engineering) 1394 standard and a printing state

information request defined by the AV/C command set consistent with an FCP

(Function Control Protocol) pursuant to the JEEE 1394 standard; : .’
e
generating the printing state information indicating the printing state responsive

to the input printing state information request to output said printing state information
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i accordance with the FCP. | lllllll i
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