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(57) The present technology relates to an image out-
put device, an image output method, an image process-
ing device, an image processing method, a program, a
data structure, and an imaging device that enable image
data to be efficiently transmitted.

The present technology generates a header includ-
ing header information including line information that in-
dicates a line number of a line made of pixel data included
in a payload, and an error detection code used for error
detection of the header information, generates a packet
including pixel data for one line that configures an image
obtained by imaging in a payload, and to which the head-
er is added, and outputs the packet. The present tech-
nology can be applied to an imaging device having an
image sensor and a DSP.
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Description

TECHNICAL FIELD

[0001] The present technology relates to an image output device, an image output method, an image processing
device, an image processing method, a program, a data structure, and an imaging device, and especially relates to an
image output device, an image output method, an image processing device, an image processing method, a program,
a data structure, and an imaging device that enable image data to be efficiently transmitted.

BACKGROUND ART

[0002] With enhancement of picture quality and increase of a frame rate of an image sensor, a transmission capacity
of data demanded for an interface of the image sensor and a digital signal processor (DSP) that processes an image
picked up by the image sensor is increasing.
[0003] To respond to such a demand, for example, techniques are employed such as improvement of a clock frequency
of an interface and reduction of a voltage for a signal. However, the techniques increase the difficulty in generation of
a sampling timing at the DSP side, and make it difficult to transmit data correctly.

CITATION LIST

NON-PATENT DOCUMENT

[0004] Non-patent Document 1: Serial ATA: High Speed Serialized AT Attachment Revision 1.0a 7-January-2003

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] Incidentally, as a standard for increasing the transmission capacity between chips, PCI-Express, Serial ATA
and the like are available. In PCI-Express or Serial ATA, a high transmission capacity is realized by enhancement of
performance of a clock data recovery (CDR) circuit or an equalizer. Further, as an interface between chips for a mobile
phone, the Mobile Industry Processor Interface (MIPI) standard is available.
[0006] Such standards involve many redundant functions to an interface between an image sensor and a DSP because
they are produced as interface standards for more general purposes like an interface between central processing units
(CPUs). If such standards are employed for an interface between an image sensor and a DSP, unnecessary functions
for the interface between an image sensor and a DSP also need to be implemented. This increases a circuit area, power
consumption and a cost for implementation.
[0007] Particularly, the influence of implementation of a circuit for a countermeasure against a transmission error is
significant. In the standards such as MIPI, a reception-side chip issues a request to re-send data to a transmission-side
chip as a countermeasure against a transmission error. However, this increases the circuit area and the like for an image
sensor that is a device in which it is normally difficult to use an advanced/fine transistor because it places much value
on an imaging characteristic. In the standards such as MIPI, since the reception-side chip issues a request to re-send
data to the transmission-side chip, it is necessary to prepare a relatively large buffer in the transmission-side chip as a
buffer for re-sending.
[0008] Further, if a transmission error is covered by re-sending of the data when the error occurs, the real-time property
is damaged. This makes it difficult to transmit image data at a high frame rate.
[0009] The present technology has been made in view of the foregoing, and enables image data to be efficiently
transmitted.

SOLUTIONS TO PROBLEMS

[0010] An image output device according to a first aspect of the present technology includes: an imaging unit; a header
generation unit configured to generate a header including header information including first frame information indicating
whether pixel data included in a payload is pixel data of a head line of one frame, second frame information indicating
whether pixel data included in a payload is pixel data of a terminal end line of one frame, first line information indicating
whether pixel data included in a payload is data of an effective pixel, and second line information indicating a line number
of a line made of pixel data included in a payload, and an error detection code to be used for error detection of the header
information; a packet generation unit configured to generate a packet that includes, in a payload, pixel data for one line
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configuring an image obtained by imaging by the imaging unit, and into which the header is added; and an output unit
configured to output the packet generated by the packet generation unit to an image processing device.
[0011] Each of the first frame information, the second frame information, and the first line information may be one-bit
information, and the second line information may be 13-bit information.
[0012] The header generation unit may generate the header including a plurality of sets of the header information and
the error detection code.
[0013] The image output device may further include an addition unit configured to add a start code indicating a start
position of a packet to a head of the packet generated by the packet generation unit, and to add an end code indicating
an end position of a packet to a tail end of the packet.
[0014] The addition unit may add a padding code to the payload of the packet when a transmission rate of data of a
transmission line between the image output device and the image processing device is larger than a transmission rate
of the pixel data output by the imaging unit.
[0015] The addition unit may add a skew code following the end code, the skew code being used in the image processing
device in order to secure synchronization of data of the packet transmitted through a plurality of the transmission lines,
and the output unit may output, to the image processing device, data of the packet to which at least the start code, the
end code, and the skew code are added using a plurality of the transmission lines simultaneously.
[0016] Among a plurality of symbols that is known information configured from arrangement of a predetermined number
of bits, the addition unit may generate the start code and the end code by combining four of three kinds of the symbols,
and add the start code and the end code to the packet, generate the padding code by combining four of four kinds of
the symbols, and add the padding code to the payload of the packet, and generate the skew code by combining two of
the predetermined symbols, and add the skew code to the packet.
[0017] The addition unit may generate the start code, the end code, and the skew code so as to include at least one
of the same kind of the symbols.
[0018] The image output device may further include a distribution unit configured to allocate data of the packet generated
by the packet generation unit to a plurality of the transmission lines. In this case, corresponding to a plurality of the
transmission lines, the same number of the addition units and the output units as the number of the transmission lines
may be provided.
[0019] The imaging unit may output a plurality of pixel data as data of pixels at the same position, and the header
generation unit may generate the header further including identification information of pixel data included in a payload.
[0020] The imaging unit may output a plurality of pixel data obtained by performing A/D conversion using different
gains, a plurality of pixel data obtained by performing A/D conversion with different resolutions, a plurality of pixel data
obtained by performing exposures in different shutter speeds, a plurality of pixel data obtained by a pixel having a vertical
spectroscopic arrangement, or when pixels at a same position are made of a plurality of pixels having different sensitivities,
a plurality of pixel data obtained from the respective pixels.
[0021] The header generation unit may generate the header further including identification information of an area in
the imaging unit where pixel data included in a payload is obtained.
[0022] An image output method according to the first aspect of the present technology includes the steps of imaging;
generating a header including header information including first frame information indicating whether pixel data included
in a payload is pixel data of a head line of one frame, second frame information indicating whether pixel data included
in a payload is pixel data of a terminal end line of one frame, first line information indicating whether pixel data included
in a payload is data of an effective pixel, and second line information indicating a line number of a line made of pixel
data included in a payload, and an error detection code to be used for error detection of the header information; generating
a packet that includes, in a payload, pixel data for one line configuring an image obtained by imaging, and into which
the header is added; and outputting the generated packet to an image processing device.
[0023] A program according to the first aspect of the present technology causes a computer to execute processing
including the steps of: imaging; generating a header including header information including first frame information indi-
cating whether pixel data included in a payload is pixel data of a head line of one frame, second frame information
indicating whether pixel data included in a payload is pixel data of a terminal end line of one frame, first line information
indicating whether pixel data included in a payload is data of an effective pixel, and second line information indicating
a line number of a line made of pixel data included in a payload, and an error detection code to be used for error detection
of the header information; generating a packet that includes, in a payload, pixel data for one line configuring an image
obtained by imaging, and into which the header is added; and outputting the generated packet to an image processing
device.
[0024] A data structure according to the first aspect of the present technology is a data structure of transmission data
used for transmission of data including pixel data for one line configuring an image obtained by imaging, the data structure
including: a start code added to a head of a packet, and indicating a start position of the packet; the packet having a
header including header information including first frame information indicating whether pixel data included in a payload
is pixel data of a head line of one frame, second frame information indicating whether pixel data included in a payload
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is pixel data of a terminal end line of one frame, first line information indicating whether pixel data included in a payload
is data of an effective pixel, and second line information indicating a line number of a line made of pixel data included
in a payload, and an error detection code to be used for error detection of the header information added to a payload
including pixel data for one line configuring an image obtained by imaging; an end code added to a tail end of the packet,
and indicating an end position of the packet; and a skew code added following the end code, and used in an image
processing device that has received data of the packet in order to secure synchronization of the data of the packet.
[0025] An image processing device according to a second aspect of the present technology includes: a reception unit
configured to receive a packet generated in an image output device provided in the same apparatus and output from
the image output device, and having a header including header information including first frame information indicating
whether pixel data included in a payload is pixel data of a head line of one frame, second frame information indicating
whether pixel data included in a payload is pixel data of a terminal end line of one frame, first line information indicating
whether pixel data included in a payload is data of an effective pixel, and second line information indicating a line number
of a line made of pixel data included in a payload, and an error detection code to be used for error detection of the header
information, the header being added to a payload including pixel data for one line configuring an image obtained by
imaging by an imaging unit of the image output device; and an image processing unit configured to process the image
configured from a line made of the pixel data included in the payload of the packet received by the reception unit.
[0026] A plurality of sets of the header information and the error detection code may be included in the header, and
the image processing device may further include: an error detection unit configured to detect, with respect to each of
the sets, an error of the header information based on the error detection code that configures the same set as the header
information; and a generation unit configured to generate the image of one frame made of the pixel data included in the
payload based on the header information from which an error has not been detected by the error detection unit. In this
case, the image processing unit may process the image generated by the generation unit.
[0027] A start code indicating a start position of the packet may be added to a head of the packet, and an end code
indicating an end position of the packet may be added to a tail end of the packet, and the reception unit may receive
data from when the start code is received to when the end code is received as data of the packet.
[0028] The image processing device may further include a removal unit configured to remove the start code and the
end code, and to remove a padding code added to the payload of the packet in the image output device when a
transmission rate of a transmission line between the image output device and the image processing device is larger
than a transmission rate of pixel data of the image output by the imaging unit of the image output device.
[0029] In the image output device, a skew code may be added following the end code, and data of the packet to which
at least the start code, the end code, and the skew code are added may be simultaneously output using a plurality of
the transmission lines, and a correction unit configured to correct a gap of receiving timing of data received by the
reception unit based on the skew code may be further included. In this case, corresponding to a plurality of the transmission
lines, the same number of the reception units, the correction units, and the removal units as the number of the transmission
lines may be provided.
[0030] In the image output device, among a plurality of symbols that is known information configured from arrangement
of a predetermined number of bits, the start code and the end code may be generated by combining four of three kinds
of the symbols, and added to the packet, the padding code may be generated by combining four of four kinds of the
symbols, and added to the payload of the packet, and the skew code may be generated by combining two of the
predetermined symbols, and added to the packet.
[0031] In the image output device, the start code, the end code, and the skew code may be generated so as to include
at least one of the same kind of the symbols.
[0032] The reception unit may receive the packet to which the header including identification information of pixel data
included in a payload is added; and the image processing unit may generate the image by synthesizing the pixel data
included in a payload to which the header including the same identification information is added.
[0033] The reception unit may receive the header including identification information of an area in the imaging unit
where pixel data included in a payload is obtained, and the image processing unit may generate the image by synthesizing
the pixel data included in a payload to which the header including the same identification information is added.
[0034] An image processing method according to the second aspect of the present technology includes the steps of:
receiving a packet generated in an image output device provided in the same apparatus and output from the image
output device, and having a header including header information including first frame information indicating whether
pixel data included in a payload is pixel data of a head line of one frame, second frame information indicating whether
pixel data included in a payload is pixel data of a terminal end line of one frame, first line information indicating whether
pixel data included in a payload is data of an effective pixel, and second line information indicating a line number of a
line made of pixel data included in a payload, and an error detection code to be used for error detection of the header
information, the header being added to a payload including pixel data for one line configuring an image obtained by
imaging by an imaging unit of the image output device; and processing the image configured from a line made of the
pixel data included in the payload of the received packet.
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[0035] A program according to the second aspect of the present technology causes a computer to execute processing
including the steps of: receiving a packet generated in an image output device provided in the same apparatus and
output from the image output device, and having a header including header information including first frame information
indicating whether pixel data included in a payload is pixel data of a head line of one frame, second frame information
indicating whether pixel data included in a payload is pixel data of a terminal end line of one frame, first line information
indicating whether pixel data included in a payload is data of an effective pixel, and second line information indicating
a line number of a line made of pixel data included in a payload, and an error detection code to be used for error detection
of the header information, the header being added to a payload including pixel data for one line configuring an image
obtained by imaging by an imaging unit of the image output device; and processing the image configured from a line
made of the pixel data included in the payload of the received packet.
[0036] An imaging device according to a third aspect of the present technology includes an image output device and
an image processing device, the image output device including: an imaging unit; a header generation unit configured to
generate a header including header information including first frame information indicating whether pixel data included
in a payload is pixel data of a head line of one frame, second frame information indicating whether pixel data included
in a payload is pixel data of a terminal end line of one frame, first line information indicating whether pixel data included
in a payload is data of an effective pixel, and second line information indicating a line number of a line made of pixel
data included in a payload, and an error detection code to be used for error detection of the header information; a packet
generation unit configured to generate a packet that includes, in a payload, pixel data for one line configuring an image
obtained by imaging by the imaging unit, and into which the header is added; and an output unit configured to output
the packet generated by the packet generation unit to the image processing device, and the image processing device
including: a reception unit configured to receive the packet; and an image processing unit configured to process the
image configured from a line made of the pixel data included in the payload of the packet received by the reception unit.
[0037] According to the first aspect of the present technology, a header is generated, the header including header
information including first frame information indicating whether pixel data included in a payload is pixel data of a head
line of one frame, second frame information indicating whether pixel data included in a payload is pixel data of a terminal
end line of one frame, first line information indicating whether pixel data included in a payload is data of an effective
pixel, and second line information indicating a line number of a line made of pixel data included in a payload, and an
error detection code to be used for error detection of the header information. Further, a packet that includes, in a payload,
pixel data for one line configuring an image obtained by imaging by the imaging unit, and into which the header is added
is generated, and the generated packet is output to an image processing device.
[0038] According to the second aspect of the present technology, a packet is received, the packet being generated
in an image output device provided in the same apparatus and output from the image output device, and having a header
including header information including first frame information indicating whether pixel data included in a payload is pixel
data of a head line of one frame, second frame information indicating whether pixel data included in a payload is pixel
data of a terminal end line of one frame, first line information indicating whether pixel data included in a payload is data
of an effective pixel, and second line information indicating a line number of a line made of pixel data included in a
payload, and an error detection code to be used for error detection of the header information, the header being added
to a payload including pixel data for one line configuring an image obtained by imaging by an imaging unit of the image
output device, and the image configured from a line made of the pixel data included in the payload of the received packet
is processed.
[0039] According to the third aspect of the present technology, an image output device generates a header including
header information including first frame information indicating whether pixel data included in a payload is pixel data of
a head line of one frame, second frame information indicating whether pixel data included in a payload is pixel data of
a terminal end line of one frame, first line information indicating whether pixel data included in a payload is data of an
effective pixel, and second line information indicating a line number of a line made of pixel data included in a payload,
and an error detection code to be used for error detection of the header information. Also, a packet that includes, in a
payload, pixel data for one line configuring an image obtained by imaging, and into which the header is added is generated,
and the generated packet is output to an image processing device. Further, the packet is received and the image
configured from a line made of the pixel data included in the payload of the received packet is processed by the image
processing device.

EFFECTS OF THE INVENTION

[0040] According to the present technology, image data can be efficiently transmitted.

BRIEF DESCRIPTION OF DRAWINGS

[0041]
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Fig. 1 is a diagram illustrating a first configuration example of a transmission system.
Fig. 2 is a diagram illustrating a second configuration example of the transmission system.
Fig. 3 is a diagram illustrating a third configuration example of the transmission system.
Fig. 4 is a diagram illustrating an example of a frame format.
Fig. 5 is a diagram illustrating a configuration example of a transmission unit and a reception unit.
Fig. 6 is a diagram illustrating a header structure.
Fig. 7 is a diagram illustrating a content and an amount of information of header information.
Fig. 8 is a diagram illustrating an example of a bit array.
Fig. 9 is a diagram illustrating an example of Pixel to Byte conversion when a pixel value of each pixel is expressed
in 8 bits.
Fig. 10 is a diagram illustrating an example of the Pixel to Byte conversion when a pixel value of each pixel is
expressed in 10 bits.
Fig. 11 is a diagram illustrating an example of the Pixel to Byte conversion when a pixel value of each pixel is
expressed in 12 bits.
Fig. 12 is a diagram illustrating an example of the Pixel to Byte conversion when a pixel value of each pixel is
expressed in 14 bits.
Fig. 13 is a diagram illustrating an example of the Pixel to Byte conversion when a pixel value of each pixel is
expressed in 16 bits.
Fig. 14 is a diagram illustrating an example of payload data.
Fig. 15 is a diagram illustrating another example of the payload data.
Fig. 16 is a diagram illustrating an example of payload data into which a parity is inserted.
Fig. 17 is a diagram illustrating a status in which a header is added to payload data.
Fig. 18 is a diagram illustrating a status in which a header and a footer are added to payload data.
Fig. 19 is a diagram illustrating a status in which a header is added to payload data into which a parity is inserted.
Fig. 20 is a diagram illustrating an example of allocation of packet data.
Fig. 21 is a diagram illustrating an example of a control code.
Fig. 22 is a diagram illustrating a value of K Character.
Fig. 23 is a diagram illustrating an example of insertion of Pad Code.
Fig. 24 is a diagram illustrating an example of packet data after insertion of a control code.
Fig. 25 is a diagram illustrating an example of correction of Data Skew.
Fig. 26 is a flowchart describing processing of an imaging device.
Fig. 27 is a flowchart describing data transmission processing performed in step S2 of Fig. 26.
Fig. 28 is a flowchart describing data reception processing performed in step S3 of Fig. 26.
Fig. 29 is a diagram illustrating a control sequence when the number of lanes is switched.
Fig. 30 is a diagram illustrating another example of a frame format.
Fig. 31 is a diagram enlarging and illustrating one packet of the frame format of Fig. 30.
Fig. 32 is a diagram illustrating a content of header information.
Fig. 33 is a diagram illustrating a configuration example of an imaging unit.
Fig. 34 is a diagram illustrating an example of a meaning of a value of Data ID.
Fig. 35 is a flowchart describing processing of the imaging device.
Fig. 36 is a diagram illustrating another configuration example of the imaging unit.
Fig. 37 is a diagram illustrating an example of a meaning of a value of Data ID.
Fig. 38 is a diagram illustrating another configuration example of the imaging unit.
Fig. 39 is a diagram illustrating an example of an output timing of each photo sensor.
Fig. 40 is a diagram illustrating an example of a meaning of a value of Data ID.
Fig. 41 is a diagram illustrating an example of pixels that configure a pixel array portion.
Fig. 42 is a diagram illustrating an example of DATA1 and DATA2 when an exposure time is changed.
Fig. 43 is a diagram illustrating a configuration example of an image sensor.
Fig. 44 is a diagram illustrating an example of a meaning of a value of Region Number.
Fig. 45 is a diagram illustrating an example of a packet.
Fig. 46 is a diagram illustrating an example of use of Line Number.
Fig. 47 is a diagram illustrating a first configuration example of a transmission system using a general-purpose I/F.
Fig. 48 is a diagram illustrating a second configuration example of the transmission system using a general-purpose
I/F.
Fig. 49 is a diagram illustrating a third configuration example of the transmission system using a general-purpose I/F.
Fig. 50 is a diagram illustrating an example of a data structure of a packet.
Fig. 51 is a diagram illustrating a configuration example of a transmission-side LSI and a reception-side LSI.
Fig. 52 is a diagram illustrating an example of Byte Packing.
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Fig. 53 is a diagram illustrating another example of the Byte Packing.
Fig. 54 is a diagram illustrating a sequence of Byte Packing processing.
Fig. 55 is a diagram illustrating an example of insertion of a parity.
Fig. 56 is a flowchart describing an operation of a transmission system.
Fig. 57 is a flowchart describing data transmission processing performed in step S102 of Fig. 56.
Fig. 58 is a flowchart describing data reception processing performed in step S103 of Fig. 56.
Fig. 59 is a diagram illustrating a configuration example of a transmission unit.
Fig. 60 is a diagram illustrating a configuration example of a reception unit.
Fig. 61 is a block diagram illustrating a configuration example of hardware of a computer.

MODE FOR CARRYING OUT THE INVENTION

[0042] Hereinafter, an embodiment for implementing the present technology will be described. Description will be
given in the following order.

1. First Embodiment (an example of transmitting pixel data)
2. Second Embodiment (an example of transmitting not only pixel data but also predetermined data)

<1. First Embodiment (an example of transmitting pixel data)>

[A configuration example of a transmission system]

[0043] Fig. 1 is a diagram illustrating a first configuration example of a transmission system according to an embodiment
of the present technology.
[0044] A transmission system 1 of Fig. 1 is configured from an image sensor 11 and a DSP 12. The image sensor 11
and the DSP 12 are respectively configured from different large scale integrated circuits (LSI), and are provided in the
same imaging device having an imaging function such as a digital camera and a mobile phone. The image sensor 11
is provided with an imaging unit 21 and a transmission unit 22, and the DSP 12 is provided with a reception unit 31 and
an image processing unit 32.
[0045] The imaging unit 21 of the image sensor 11 is made of an imaging device such as a complementary metal
oxide semiconductor (CMOS), and performs photoelectric conversion of light received via a lens. Further, the imaging
unit 21 performs A/D conversion of a signal obtained by the photoelectric conversion and the like, and outputs pixel data
that configures an image of one frame to the transmission unit 22 one pixel data at a time in sequence.
[0046] The transmission unit 22 allocates the data of each pixel supplied from the imaging unit 21 to a plurality of
transmission lines, for example, in the order supplied from the imaging unit 21, and transmits the data to the DSP 12
via the plurality of transmission lines in parallel. In the example of Fig. 1, transmission of the pixel data is performed
using eight transmission lines. The transmission line between the image sensor 11 and the DSP 12 may be a wired
transmission line or may be a wireless transmission line. Hereinafter, the transmission line between the image sensor
11 and the DSP 12 will be referred to as a lane (Lane), if appropriate.
[0047] The reception unit 31 of the DSP 12 receives the pixel data transmitted from the transmission unit 22 via the
eight lanes, and outputs the data of each pixel to the image processing unit 32 in sequence.
[0048] The image processing unit 32 generates an image of one frame based on the pixel data supplied from the
reception unit 31, and performs various types of image processing using the generated image. The image data transmitted
from the image sensor 11 to the DSP 12 is raw data, and in the image processing unit 32, various types of processing
such as compression of image data, display of an image, recording of image data to a recording medium are performed.
[0049] Fig. 2 is a diagram illustrating a second configuration example of the transmission system 1. Among configu-
rations illustrated in Fig. 2, configurations equivalent to the configurations illustrated in Fig. 1 will be denoted with the
same reference signs. Overlapped description is omitted where appropriate.
[0050] The image sensor 11 of the transmission system 1 of Fig. 2 is provided with the imaging unit 21 and transmission
units 22-1 and 22-2 that are two transmission units, and the DSP 12 is provided with reception units 31-1 and 31-2 that
are two reception units and the image processing unit 32.
[0051] The imaging unit 21 outputs, to the transmission units 22-1 and 22-2, pixel data that configures an image of
one frame obtained by imaging in parallel one pixel data at a time. For example, the imaging unit 21 outputs odd-line
pixel data to the transmission unit 22-1, and outputs even-line pixel data to the transmission unit 22-2.
[0052] The transmission unit 22-1 allocates the data of each pixel supplied from the imaging unit 21 to the plurality of
lanes, for example, in the order supplied from the imaging unit 21, and transmits the data to the DSP 12 in parallel via
the plurality of lanes. Similarly, the transmission unit 22-2 allocates the data of each pixel supplied from the imaging unit
21 to the plurality of lanes, for example, in the order supplied from the imaging unit 21, and transmits the data to the
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DSP 12 in parallel via the plurality of lanes.
[0053] In the example of Fig. 2, the image sensor 11 and the DSP 12 are also coupled via eight lanes. The transmission
units 22-1 and 22-2 respectively use four lanes to transmit the pixel data.
[0054] The reception unit 31-1 of the DSP 12 receives the pixel data transmitted from the transmission unit 22-1 via
the four lanes, and outputs the data of each pixel to the image processing unit 32 in sequence. Similarly, the reception
unit 31-2 receives the pixel data transmitted from the transmission unit 22-2 via the four lanes, and outputs the data of
each pixel to the image processing unit 32 in sequence.
[0055] The image processing unit 32 generates an image of one frame based on the pixel data supplied from the
reception unit 31-1 and from the reception unit 31-2, and performs various types of image processing using the generated
image.
[0056] As illustrated in Fig. 2, the image sensor 11 is provided with two transmission units and the DSP 12 is provided
with two reception units corresponding to the transmission units, so that, even if a transmission rate of the pixel data
output from the imaging unit 21 is high, the pixel data can be transmitted to the DSP 12.
[0057] Fig. 3 is a diagram illustrating a third configuration example of the transmission system 1. Among configurations
illustrated in Fig. 3, configurations equivalent to the configurations illustrated in Fig. 1 will be denoted with the same
reference signs. Overlapped description is omitted where appropriate.
[0058] The transmission system 1 of Fig. 3 is provided with two image sensors: an image sensor 11-1 and an image
sensor 11-2. The image sensor 11-1 is provide with an imaging unit 21-1 and the transmission unit 22-1 that is one
transmission unit, and the image sensor 11-2 is provided with an imaging unit 21-2 and the transmission unit 22-2 that
is one transmission unit. The DSP 12 is, similar to Fig. 2, provided with the reception units 31-1 and 31-2 that are two
reception units, and the image processing unit 32.
[0059] The imaging unit 21-1 of the image sensor 11-1 outputs, to the transmission unit 22-1, pixel data that configures
an image of one frame obtained by imaging one pixel data at a time in sequence.
[0060] The transmission unit 22-1 allocates the data of each pixel supplied from the imaging unit 21-1 to the plurality
of lanes in sequence in the order supplied from the imaging unit 21-1 for example, and transmits the data to the DSP
12 in parallel via the plurality of lanes.
[0061] The imaging unit 21-2 of the image sensor 11-2 outputs, to the transmission unit 22-2, pixel data that configures
an image of one frame obtained by imaging one pixel data at a time in sequence.
[0062] The transmission unit 22-2 allocates the data of each pixel supplied from the imaging unit 21-2 to the plurality
of lanes in sequence in the order supplied from the imaging unit 21-2, for example, and transmits the data to the DSP
12 in parallel via the plurality of lanes.
[0063] In the example of Fig. 3, the image sensor and the DSP 12 are also coupled via eight lanes. Four lanes are
respectively allocated to the image sensors 11-1 and 11-2, and the transmission units 22-1 and 22-2 respectively use
the four lanes to transmit the pixel data.
[0064] The reception unit 31-1 of the DSP 12 receives the pixel data transmitted from the transmission unit 22-1 of
the image sensor 11-1 via the four lanes, and outputs the data of each pixel to the image processing unit 32 in sequence.
Similarly, the reception unit 31-2 receives the pixel data transmitted from the transmission unit 22-2 of the image sensor
11-2 via the four lanes, and outputs the data of each pixel to the image processing unit 32 in sequence.
[0065] The image processing unit 32 generates an image of one frame based on the pixel data supplied from the
reception unit 31-1, and generates an image of one frame based on the pixel data supplied from the reception unit 31-2.
The image processing unit 32 performs various types of image processing using the generated images.
[0066] As illustrated in Fig. 3, by providing the two image sensors, a 3D image made of an image for a left eye imaged
by the image sensor 11-1 and an image for a right eye imaged by the image sensor 11-2 can be processed by one DSP
12, for example. There is a parallax between the images for a left eye and for a right eye.
[0067] As described above, the image sensor of the transmission system 1 is provided with one or a plurality of
transmission units that transmits an imaged image of one frame data. Meanwhile, the DSP is provided with one or a
plurality of reception units that receives the data transmitted from the image sensor, corresponding to the transmission
units of the image sensor.
[0068] Hereinafter, data transmission in the transmission system 1 of Fig. 1 in which the image sensor 11 is provided
with one transmission unit and the DSP 12 is provided with one reception unit will be described. Data transmission is
performed in a similar manner between the transmission unit 22-1 and the reception unit 31-1, and between the trans-
mission unit 22-2 and the reception unit 31-2 of Figs. 2 and 3.

[Frame format]

[0069] Fig. 4 is a diagram illustrating an example of a format used for transmitting image data of one frame between
the image sensor 11 and the DSP 12.
[0070] An effective pixel area A1 is an area of effective pixels of an image of one frame imaged by the imaging unit
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21. At a left side of the effective pixel area A1, a margin area A2 is set, which has the same pixel number in the vertical
direction as the effective pixel area A1 in the vertical direction.
[0071] At an upper side of the effective pixel area A1, a front dummy area A3 is set, which has the same pixel number
in the horizontal direction as the effective pixel area A1 and the margin area A2 as a whole in the horizontal direction.
In the example of Fig. 4, Embedded Data is inserted into the front dummy area A3. Embedded Data includes information
of set values related to imaging by the imaging unit 21 such as a shutter speed, an iris value, and a gain. Embedded
Data may be inserted into a rear dummy area A4.
[0072] At a lower side of the effective pixel area A1, the rear dummy area A4 is set, which has the same pixel number
in the horizontal direction as the effective pixel area A1 and the margin area A2 as a whole in the horizontal direction.
[0073] The effective pixel area A1, the margin area A2, the front dummy area A3, and the rear dummy area A4 configure
an image data area A11.
[0074] A header is added before each line that configures the image data area A11, and Start Code is added to a front
of the header. Further, a footer is optionally added after each line that configures the image data area A11, and a control
code such as End Code described below is added after the footer. In a case where a footer is not added, a control code
such as End Code is added after each line that configures the image data area A11.
[0075] Data of the format illustrated in Fig. 4 as a whole is transmitted as transmission data every time an image of
one frame imaged by the imaging unit 21 is transmitted from the image sensor 11 to the DSP 12.
[0076] A band at an upper side in Fig. 4 illustrates a packet structure used for transmission of the transmission data
illustrated at the lower side. Where a sequence of pixels in the horizontal direction is represented as a line, data of pixels
that configures one line of the image data area A11 is stored in a payload of the packet. The transmission of image data
of one frame as a whole is performed using packets of the number larger than the pixel number of the image data area
A11 in the vertical direction.
[0077] One packet is configured by a header and a footer being added to a payload in which pixel data for one line is
stored. As described below in detail, the header includes additional information of the pixel data stored in the payload
such as Frame Start, Frame End, Line Valid, Line Number, and ECC. Start Code and End Code that are control codes
are at least added to each packet.
[0078] As described above, by employing a format with which pixel data that configures an image of one frame is
transmitted for each line, additional information such as a header, and a control code such as Start Code and End Code
can be transmitted for each line during a blanking period.

[A configuration of a transmission unit 22 and a reception unit 31]

[0079] Fig. 5 is a diagram illustrating a configuration example of the transmission unit 22 and the reception unit 31.
[0080] The configuration marked with a dashed line at a left side in Fig. 5 illustrates a configuration of the transmission
unit 22, and the configuration marked with a dashed line at a right side illustrates a configuration of the reception unit
31. The transmission unit 22 and the reception unit 31 are respectively made of a link layer configuration and a physical
layer configuration. The configuration illustrated upper than the solid line L2 is the link layer configuration, and the
configuration lower than the solid line L2 is the physical layer configuration.
[0081] Note that the configuration illustrated above the solid line L1 is a configuration of an application layer. A system
control unit 51, a frame data input unit 52, and a register 53 are realized in the imaging unit 21. The system control unit
51 communicates with a LINK-TX protocol management unit 61 of the transmission unit 22, and controls transmission
of image data by providing information related to a frame format, and the like. The frame data input unit 52 performs
imaging in response to an instruction by a user and the like, and supplies, to a Pixel to Byte conversion unit 62 of the
transmission unit 22, data of each pixel that configures an image obtained by the imaging. The register 53 stores
information of the bit number of the Pixel to Byte conversion, the number of Lanes, and the like. Transmission processing
is performed according to the information stored in the register 53.
[0082] Further, a frame data output unit 141, a register 142, and a system control unit 143 from among the application
layer configuration are realized in the image processing unit 32. The frame data output unit 141 generates and outputs
an image of one frame based on pixel data of each line supplied from the reception unit 31. Various types of processing
are performed using the image output from the frame data output unit 141. The register 142 stores various types of set
values related to reception of image data such as the bit number of the Byte to Pixel conversion and the number of
Lanes. Reception processing of image data is performed according to the information stored in the register 142. The
system control unit 143 communicates with a LINK-RX protocol management unit 121, and controls a sequence such
as a mode change.

[A configuration of a link layer of a transmission unit 22]

[0083] First, a link layer configuration of the transmission unit 22 will be described.
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[0084] The transmission unit 22 is provided with, as the link layer configuration, the LINK-TX protocol management
unit 61, the Pixel to Byte conversion unit 62, a payload ECC insertion unit 63, a packet generation unit 64, and a lane
distribution unit 65. The LINK-TX protocol management unit 61 is configured from a state control unit 71, a header
generation unit 72, a data insertion unit 73, and a footer generation unit 74.
[0085] The state control unit 71 of the LINK-TX protocol management unit 61 controls a state of the link layer of the
transmission unit 22.
[0086] The header generation unit 72 generates a header to be added to a payload in which pixel data for one line is
stored, and outputs the header to the packet generation unit 64.
[0087] Fig. 6 is a diagram illustrating a configuration of the header generated by the header generation unit 72.
[0088] As described above, one packet as a whole is configured from a header and payload data that is pixel data for
one line. A footer may be added to the packet. The header is configured from header information and Header ECC.
[0089] The header information includes Frame Start, Frame End, Line Valid, Line Number, and Reserved. A content
of the information and an amount of the information are illustrated in Fig. 7.
[0090] Frame Start is one-bit information indicating a head of a frame. A value of "1" is set to Frame Start of a header
of a packet used for transmission of first-line pixel data of the image data area A11 of Fig. 4, and a value of "0" is set to
Frame Start of a header of a packet used for transmission of other-line pixel data.
[0091] Frame End is one-bit information indicating a terminal end of a frame. A value of "1" is set to Frame End of a
header of a packet that includes pixel data of a terminal end line of the effective pixel area A1 in a payload, and a value
of "0" is set to Frame End of a header of a packet used for transmission of other line pixel data.
[0092] Frame Start and Frame End serve as frame information related to a frame.
[0093] Line Valid is one-bit information that indicates whether a line of pixel data stored in a payload is a line of effective
pixels. A value of "1" is set to Line Valid of a header of a packet used for transmission of pixel data of a line in the effective
pixel area A1, and a value of "0" is set to Line Valid of a header of a packet used for transmission of other line.
[0094] Line Number is 13-bit information that indicates a line number configured from pixel data stored in a payload.
[0095] Line Valid and Line Number serve as line information related to a line.
[0096] Reserved is a 32-bit area for extensibility. An amount of data of the header information as a whole is 6 bytes.
[0097] As illustrated in Fig. 6, a cyclic redundancy check (CRC) code, which is a 2-byte error detection code calculated
based on the 6-byte header information, is included in Header ECC arranged following the header information. Further,
two pieces of information, which are the same as 8-byte information that is a set of the header information and the CRC
code, are included in Header ECC following the CRC code.
[0098] That is, three sets of the same header information and CRC code are included in a header of one packet. An
amount of data of the header as whole is 24 bytes as a total of the first 8-byte set of the header information and the CRC
code, the second 8-byte set of the header information and the CRC code, and the third 8-byte set of the header information
and the CRC code.
[0099] Fig. 8 is a diagram illustrating an example of an 8-byte bit array that configures a set of the header information
and the CRC code.
[0100] A byte H7, which is the first one byte among the 8 bytes that configure a header, includes, in order from the
first bit, each one bit of Frame Start, Frame End, Line Valid, and the first to fifth bits from among 13 bits of Line Number.
Further, a byte H6, which is the second one byte, includes the sixth to thirteenth bits from among the 13 bits of Line Number.
[0101] Bytes from a byte H5 that is the third one byte to a byte H2 that is the sixth one byte serve as Reserved. A byte
H1 that is the seventh one bit and a byte H0 that is the eighth one byte include each bit of a CRC code.
[0102] Referring back to the description of Fig. 5, the header generation unit 72 generates the header information
according to control by the system control unit 51. For example, the system control unit 51 supplies formation that
indicates a line number of pixel data output from the frame data input unit 52 and information that indicates the head
and the terminal end of a frame.
[0103] Further, the header generation unit 72 calculates a CRC code by applying the header information to a generator
polynominal. The generator polynominal of a CRC code to be added to the header information is, for example, expressed
in the following formula (1):
[Formula 1] 

[0104] The header generation unit 72 generates a set of the header information and the CRC code by adding a CRC
code to the header information, and generates a header by repeatedly arranging three sets of the same header information
and CRC code. The header generation unit 72 outputs the generated header to the packet generation unit 64.
[0105] The data insertion unit 73 generates data used for stuffing, and outputs the data to the Pixel to Byte conversion
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unit 62 and the lane distribution unit 65. Payload stuffing data that is stuffing data supplied to the Pixel to Byte conversion
unit 62 is added to pixel data after Pixel to Byte conversion, and is used for adjustment of the data amount of the pixel
data to be stored in a payload. Meanwhile, lane stuffing data that is the stuffing data supplied to the lane distribution unit
65 is added to data after lane allocation, and used for adjustment of the data amount among the lanes.
[0106] The footer generation unit 74 appropriately applies payload data to a generator polynominal in accordance with
the control by the system control unit 51 to calculate a CRC code of 32 bits, and outputs the CRC code obtained by
calculation to the packet generation unit 64 as a footer. The generator polynominal of a CRC code to be added to the
footer is, for example, expressed in the following formula (2):
[Formula 2] 

[0107] The Pixel to Byte conversion unit 62 acquires pixel data supplied from the frame data input unit 52, and carries
out Pixel to Byte conversion wherein data of each pixel is converted into data of a unit of one byte.
For example, a pixel value (RGB) of each pixel of an image imaged by the imaging unit 21 is represented by any one
of the bit numbers: 8 bits, 10 bits, 12 bits, 14 bits and 16 bits.
[0108] Fig. 9 is a diagram illustrating an example of Pixel to Byte conversion in a case where a pixel value of each
pixel is represented by 8 bits.
[0109] Data[0] represents LSB , and Data[7] having the largest figure represents MSB. As indicated by a solid-white
arrow mark, the eight bits of Data[0] to Data[7] that represents a pixel value of a pixel N is converted into Byte N made
of Data[0] to Data[7]. In the case where the pixel value of each pixel is represented by 8 bits, the number of data in bytes
after the Pixel to Byte conversion is equal to the number of pixels.
[0110] Fig. 10 is a diagram illustrating an example of the Pixel to Byte conversion in a case where the pixel value of
each pixel is represented by 10 bits.
[0111] In this case, 10 bits of Data[0] to Data[9] that represent a pixel value of a pixel N are converted into Byte 1.25*N
including Data[2] to Data[9].
[0112] Similarly, with respect to pixels N+1 to N+3, 10 bits of Data[0] to Data[9] that represent pixel values of the same
are converted into Byte 1.25*N+1 to Byte 1.25*N+3 including Data[2] to Data[9], respectively. Further, Data[0] and
Data[1] which are lower order bits of the pixels N to N+3 are collected and converted into Byte 1.25*N+4. In a case
where the pixel value of each pixel is represented by 10 bits, the number of data in bytes after the Pixel to Byte conversion
is 1.25 times the number of pixels.
[0113] Fig. 11 is a diagram illustrating an example of the Pixel to Byte conversion in a case where the pixel value of
each pixel is represented by 12 bits.
[0114] In this case, 12 bits of Data[0] to Data[11] that represent the pixel value of the pixel N are converted into Byte
1.5*N made of Data[4] to Data[11].
[0115] Similarly, with respect to the pixel N+1, 12 bits of Data[0] to Data[11] that represents a pixel value of the pixel
N+1 are converted into Byte 1.5*N+1 made of Data[4] to Data[11]. Further, Data[0] to Data[3] which are the lower order
bits of the pixel N and the pixel N+1 are collected, and converted into Byte 1.5*N+2. In a case where the pixel value of
each pixel is represented by 12 bits, the number of data of in bytes after the Pixel to Byte conversion is 1.5 times the
number of pixels.
[0116] Fig. 12 is a diagram illustrating an example of the Pixel to Byte conversion in a case where the pixel value of
each pixel is represented by 14 bits.
[0117] In this case, 14 bits of Data[0] to Data[13] that represent a pixel value of the pixel N are converted into Byte
1.75*N including Data[6] to Data[13].
[0118] Similarly, with respect to pixels N+1 to N+3, 14 bits of Data[0] to Data[13] that represent pixel values of the
same are converted into Byte 1.75*N+1 to Byte 1.75*N+3 including Data[6] to Data[13], respectively. Further, the re-
maining bits from among the pixels N to N+3 are collected from the lower order bits, and, for example, Data[0] to Data[5]
that are bits of the pixel N, and Data[0] and Data[1] that are bits of the pixel N+1 are converted into Byte 1.75*N+4.
[0119] Similarly, Data[2] to Data[5] that are bits of the pixel N+1, and Data[0] to Data[3] that are bits of the pixel N+2
are converted into Byte 1.75*N+5, and Data[4] and Data[5] that are bits of the pixel N+2, and Data[0] to Data[5] that are
bits of the pixel N+3 are converted into Byte 1.75*N+6. In a case where the pixel value of each pixel is represented by
14 bits, the number of data in bytes after the Pixel to Byte conversion is 1.75 times the number of pixels.
[0120] Fig. 13 is a diagram illustrating an example of the Pixel to Byte conversion in a case where the pixel value of
each pixel is represented by 16 bits.
[0121] In this case, 16 bits of Data[0] to Data[15] that represent the pixel value of the pixel N are converted into Byte
2*N made of Data [0] to Data [7] and into Byte 2*N+1 made of Data[8] to Data[15]. In the case where the pixel value of
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each pixel is represented by 16 bits, the number of data in bytes after the Pixel to Byte conversion is two times the
number of pixels.
[0122] The Pixel to Byte conversion unit 62 in Fig. 5 carries out the Pixel to Byte conversion as described above for
each pixel in order from the pixel at the left end of a line. Further, the Pixel to Byte conversion unit 62 adds payload
stuffing data supplied from the data insertion unit 73 to the pixel data in bytes obtained by the Pixel to Byte conversion
to generate payload data, and outputs the payload data to the payload ECC insertion unit 63.
[0123] Fig. 14 is a diagram illustrating an example of payload data.
[0124] Fig. 14 illustrates payload data including pixel data obtained by the Pixel to Byte conversion in the case where
the pixel value of each pixel is represented by 10 bits. One block to which no color is applied represents pixel data in
bytes after the Pixel to Byte conversion. Meanwhile, one block to which a color is applied represents payload stuffing
data generated by the data insertion unit 73.
[0125] The pixel data after the Pixel to Byte conversion are grouped into a predetermined number of groups in order
obtained by the conversion. In the example of Fig. 14, the pixel data are grouped into 16 groups of group 0 to group 15,
and pixel data including MSB of a pixel P0 is allocated to the group 0, and pixel data including MSB of a pixel P1 is
allocated to the group 1. Further, pixel data including MSB of a pixel P2 is allocated to the group 2, pixel data including
MSB of a pixel P3 is allocated to the group 3, and pixel data including LSB of the pixels P0 to P3 is allocated to the group 4.
[0126] Also, pixel data including MSB of a pixel P4 and subsequent pixel data are allocated to the group 5 and
subsequent groups in turn. When a certain pixel data is allocated to the group 15, the subsequent pixel data are allocated
to the group 0 and subsequent groups in turn. Note that, from among blocks that represent pixel data, the blocks having
three dashed lines therein represent pixel data in bytes generated so as to include LSB of the pixels N to N+3 at the
time of the Pixel to Byte Conversion.
[0127] In the link layer of the transmission unit 22, after grouping is carried out in such manner, processing is carried
out for pixel data positioned at the same position in each group in parallel for each period defined by a clock signal. That
is, in the case where pixel data are allocated to 16 groups as illustrated in Fig. 14, the processing of pixel data is carried
out such that 16 pixel data arranged in each line are processed within the same period.
[0128] As described above, a payload of one packet includes pixel data of one line. The pixel data as a whole illustrated
in Fig. 14 is pixel data that configures one line. While description of the processing of pixel data in the effective pixel
area A1 of Fig. 4 has been given, pixel data in the other areas such as the margin area A2 are processed together with
the pixel data of the effective pixel area A1.
[0129] After pixel data for one line are grouped, payload stuffing data is added such that the groups have an equal
data length. The payload stuffing data is one-byte data.
[0130] In the example of Fig. 14, the payload stuffing data is not added to the pixel data of the group 0, but is added
one by one to a terminal end of the pixel data of the groups 1 to 15 as marked with a dashed line. The data length (Byte)
of payload data made of pixel data and stuffing data is expressed in the following formula (3):
[Formula 3] 

[0131] LineLength of the formula (3) represents the pixel number of a line, and BitPix represents a bit number that
represents a pixel value of one pixel. PayloadStuffing represents the number of payload stuffing data.
[0132] In the case where pixel data are to be allocated to 16 groups as illustrated in Fig. 14, the number of payload
stuffing data is expressed in the following formula (4):
[Formula 4] 

where % represents the remainder.
[0133] Fig. 15 is a diagram illustrating another example of payload data.
[0134] Fig. 15 illustrates payload data obtained by Pixel to Byte conversion in the case where the pixel value of each
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pixel is represented by 12 bits.
[0135] In the example of Fig. 15, pixel data including MSB of the pixel P0 are allocated to the group 0, pixel data
including MSB of the pixel P1 are allocated to the group 1, and pixel data including LSB of the pixel P0 and the pixel P1
are allocated to the group 2. Also, pixel data including MSB of the pixel P2 and subsequent pixel data are allocated to
the group 3 and subsequent groups in turn. From among the blocks that represent pixel data, the blocks having one
dashed line therein represent pixel data in bytes generated so as to include LSB of the pixel N and the pixel N+1 at the
time of the Pixel to Byte conversion.
[0136] In the example of Fig. 15, the payload stuffing data is not added to the pixel data of the group 0 and the group
1, and the payload stuffing data is applied one by one to the terminal end of the pixel data of the groups 2 to 15.
[0137] Payload data having such a configuration is supplied from the Pixel to Byte conversion unit 62 to the payload
ECC insertion unit 63.
[0138] The payload ECC insertion unit 63 calculates an error correction code to be used for error correction of payload
data based on the payload data supplied from the Pixel to Byte conversion unit 62, and inserts a parity that is the error
correction code obtained by the calculation into the payload data. As the error correction code, a Reed-Solomon code
is used, for example. Note that the insertion of an error correction code is optional, and for example, only one of insertion
of a parity by the payload ECC insertion unit 63 and addition of a footer by the footer generation unit 74 is permitted.
[0139] Fig. 16 is a diagram illustrates an example of payload data into which a parity is inserted.
[0140] The payload data illustrated in Fig. 16 are payload data including pixel data obtained by the Pixel to Byte
conversion in the case where the pixel value of each pixel is represented by 12 bits as described with reference to Fig.
15. A block indicated with slant lines represents a parity.
[0141] In the example of Fig. 16, 14 pixel data are selected in order from a head pixel data of each of the groups 0 to
15, and a parity of 2 bytes is obtained based on selected 224 pixel data (224 bytes). The parity of 2 bytes is inserted as
the fifteenth data of the groups 0 and 1 following the 224 pixel data used for the calculation, so that first Basic Block is
formed from the 224 pixel data and the parity of 2 bytes.
[0142] In this manner, the payload ECC insertion unit 63 basically generates a parity of 2 bytes based on 224 pixel
data, and inserts the parity of 2 bytes following the 224 pixel data.
[0143] Further, in the example of Fig. 16, 224 pixel data following the first Basic Block are selected in order from the
groups, and a parity of 2 bytes is obtained based on the selected 224 pixel data. The parity of 2 bytes is inserted as the
29th data of the groups 2 and 3 following the 224 pixel data used for the calculation, and a second Basic Block is formed
from the 224 pixel data and the parity of 2 bytes.
[0144] In a case where 16 3 M that is the number of pixel data and payload stuffing data following a certain Basic
Block is less than 224, a parity of 2 bytes is obtained based on the remaining 16 3 M blocks (pixel data and payload
stuffing data). Further, the obtained parity of 2 bytes is inserted following the payload stuffing data, and Extra Block is
formed from the 16 M blocks and the parity of 2 bytes.
[0145] The payload ECC insertion unit 63 outputs the payload data, into which the parities are inserted, to the packet
generation unit 64. If insertion of a parity is not carried out, payload data supplied from the Pixel to Byte conversion unit
62 to the payload ECC insertion unit 63 is output to the packet generation unit 64 as it is.
[0146] The packet generation unit 64 generates a packet by adding a header generated by the header generation unit
72 to the payload data supplied from the payload ECC insertion unit 63. In a case where a footer is generated by the
footer generation unit 74, the packet generation unit 64 also adds the footer to the payload data.
[0147] Fig. 17 is a diagram illustrating a state in which a header is added to payload data.
[0148] 24 blocks illustrated with characters H0 to H23 indicate header information or header data in bytes that is a
CRC code of the header information. As described with reference to Fig. 6, a header of one packet includes three sets
of the header information and the CRC code.
[0149] For example, header data H0 to H5 are header information (6 bytes) of the first set, and header data H6 and
H7 are a CRC code of 2 bytes of the first set. Header data H8 to H13 are header information of the second set, and
header data H14 and H15 are a CRC code of the second set. Header data H16 to H21 are header information of the
third set, and header data H22 and H23 are a CRC code of the third set.
[0150] In the example of Fig. 17, the header data H0 to H7 are added to respective payload data of the groups 8 to
15. Further, the header data H8 to H23 are added to respective payload data of the groups 0 to 15.
[0151] Fig. 18 is a diagram illustrating a state in which a header and a footer are added to payload data.
[0152] Four blocks illustrated with characters F0 to F3 represent foot data that is a CRC code of 4 bytes generated
as a footer. In the example of Fig. 18, the footer data F0 to F3 are added to respective payload data of the groups 0 to 3.
[0153] Fig. 19 is a diagram illustrating a state in which a header is added to payload data in which a parity is inserted.
[0154] In the example of Fig. 19, the header data H0 to H23 are added to the payload data of Fig. 16, in which a parity
is inserted, similar to the cases of Figs. 17 and 18
[0155] The packet generation unit 64 outputs packet data, which is data configuring one packet generated in this
manner, to the lane distribution unit 65. To the lane distribution unit 65, packet data configured from header data and
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payload data, packet data configured from header data, payload data and footer data, or packet data configured from
header data and payload data in which a parity is inserted, are supplied. A packet structure of Fig. 6 is a theoretical
structure, and in the link layer and the physical layer, data of a packet having the structure of Fig. 6 is processed in bytes.
[0156] The lane distribution unit 65 allocates, in order from the head data, packet data supplied from the packet
generation unit 64 to lanes which are to be used for data transmission from among the LaneO to Lane7.
[0157] Fig. 20 is a diagram illustrating an example of allocation of packet data.
[0158] Here, allocation of the packet data configured from header data, payload data and footer data (Fig. 18) will be
described. An example of allocation of packet data in a case where data transmission is carried out using the eight lanes
of LaneO to Lane7 is illustrated at the end of a solid-white arrow mark #1.
[0159] In this case, the header data H0 to H23 are allocated to the LaneO to Lane7 in order from the head header
data. If certain header data is allocated to Lane7, subsequent header data are allocated to LaneO and subsequent lanes
in turn. Three header data are allocated to each of LaneO to Lane7.
[0160] Meanwhile, payload data are allocated to LaneO to Lane7 in order from the head payload data. If certain payload
data are allocated to Lane7, subsequent payload data are allocated to LaneO and subsequent lanes in turn.
[0161] Footer data F0 to F3 are allocated to the lanes LaneO to Lane7 in order from the head payload data. In the
example of Fig. 20, the last payload stuffing data that configures the payload data is allocated to Lane7, and the footer
data F0 to F3 are allocated to LaneO to Lane3 one by one.
[0162] A block illustrated in black represents lane stuffing data generated by the data insertion unit 73. The lane stuffing
data is allocated to lanes having a smaller number of data so that the data lengths allocated to the lanes may be equal
to each other. The lane stuffing data is data of one byte. In the example of Fig. 20, one lane stuffing data is allocated to
each of Lane4 to Lane7 having a smaller allocation number of data.
[0163] The number of lane stuffing data in the case where packet data is configured from header data, payload data
and footer data is expressed in the following formula (5):
[Formula 5]

[0164] LaneNum in the formula (5) represents the number of lanes, PayloadLength represents the payload data length
(bytes), and FooterLength represents the footer length (bytes).
[0165] In the case where packet data is made of header data and payload data in which a parity is inserted, the number
of lane stuffing data is expressed in the following formula (6):
[Formula 6] 

where ParityLength represents the total byte number of parity included in a payload.
[0166] An example of allocation of packet data in a case where the six lanes LaneO to Lane5 are used to carry out
data transmission is illustrated at the end of a solid-white arrow mark #2.
[0167] In this case, the header data H0 to H23 are allocated to the lanes LaneO to Lane5 in order from the head
header data. If certain header data is allocated to Lane5, subsequent header data are allocated to LaneO and subsequent
lanes in turn. Four header data are allocated to each of LaneO to Lane5.
[0168] Further, the payload data are allocated to the lanes LaneO to Lane5 in order from the head payload data in
turn. If certain payload data are allocated to Lane5, subsequent payload data are allocated to LaneO and subsequent
lanes in turn.
[0169] The footer data F0 to F3 are allocated to the lanes in order from the head footer data. In the example of Fig.
20, the last payload stuffing data that configures payload data is allocated to Lane1, and the footer data F0 to F3 are
allocated to Lane2 to Lane5 one by one. Since the numbers of packet data of LaneO to Lane5 are equal to each other,
no lane stuffing data is used in this case.
[0170] An example of allocation of packet data in the case where data transmission is carried out using the four lanes
of LaneO to Lane3 is illustrated at the end of a solid-white arrow mark #3.
[0171] In this case, the header data H0 to H23 are allocated to the lanes LaneO to Lane3 in order from the head
header data. If certain header data is allocated to Lane3, subsequent header data are allocated to LaneO and subsequent
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lanes in turn. Six header data are allocated to each of LaneO to Lane3.
[0172] Further, the payload data are allocated to LaneO to Lane3 in order from the head payload data. If certain
payload data are allocated to Lane3, subsequent payload data are allocated to LaneO and subsequent lanes.
[0173] The footer data F0 to F3 are allocated to lanes in order from the head footer data. In the example of Fig. 20,
the last payload stuffing data that configures payload data is allocated to Lane3, and the footer data F0 to F3 are allocated
to LaneO to Lane3 one by one. Since the numbers of packet data of LaneO to Lane3 are equal to each other, no lane
stuffing data is used in this case.
[0174] The lane distribution unit 65 outputs packet data allocated to the lanes in this manner to the physical layer. In
the following, description will be mainly given, where data is transmitted using the eight lanes LaneO to Lane7. However,
similar processing is carried out in a case where other number of lanes is used for data transmission.

[A configuration of a physical layer of a transmission unit 22]

[0175] Now, a configuration of the physical layer of the transmission unit 22 will be described.
[0176] The transmission unit 22 is provided with, as a configuration of the physical layer, a PHY-TX state control unit
81, a clock generation unit 82, and signal processing units 83-0 to 83-N. The signal processing unit 83-0 is configured
from a control code insertion unit 91, an 8B10B symbol encoder 92, a synchronization unit 93, and a transmission unit
94. Packet data output from the lane distribution unit 65 and allocated to LaneO is input to the signal processing unit
83-0, and packet data allocated to Lane1 is input to the signal processing unit 83-1. Also, packet data allocated to LaneN
is input to the signal processing unit 83-N.
[0177] In this manner, the physical layer of the transmission unit 22 is provided with the same number of the signal
processing units 83-0 to 83-N as the number of lanes, and processing of packet data to be transmitted using the lanes
is carried out in parallel by the signal processing units 83-0 to 83-N. Although the configuration of the signal processing
unit 83-0 will be described, the signal processing units 83-1 to 83-N have a similar configuration.
[0178] The PHY-TX state control unit 81 controls each part of the signal processing units 83-0 to 83-N. For example,
the PHY-TX state control unit 81 controls timings of processing carried out by the signal processing units 83-0 to 83-N.
[0179] The clock generation unit 82 generates a clock signal, and outputs the clock signal to the respective synchro-
nization units 93 of the signal processing units 83-0 to 83-N.
[0180] The control code insertion unit 91 of the signal processing unit 83-0 adds a control code to packet data supplied
from the lane distribution unit 65. The control code is a code represented by a single symbol selected from a plurality of
different symbols prepared in advance or by a combination of a plurality of different symbols. Each symbol inserted by
the control code insertion unit 91 is data of 8 bits. One symbol inserted by the control code insertion unit 91 is subjected
to 8B10B conversion in a circuit at a later state, so that the symbol is converted into data of 10 bits. Meanwhile, the
reception unit 31 carries out 10B8B conversion for reception data as described below. Each symbol before the 10B8B
conversion included in the reception data is 10-bit data, and each symbol after the 10B8B conversion becomes 8-bit data.
[0181] Fig. 21 is a diagram illustrating an example of control codes to be added by the control code insertion unit 91.
[0182] The control codes include Idle Code, Start Code, End Code, Pad Code, Sync Code, Deskew Code and Standby
Code.
[0183] Idle Code is a symbol group repeatedly transmitted within a period other than a period of transmission of packet
data. Idle Code is represented by D00.0 (00000000) of D Character that is 8B10B Code.
[0184] Start Code is a symbol group that represents a start of a packet. As described above, Start Code is added
before a packet. Start Code is represented by four symbols of K28.5, K27.7, K28.2 and K27.7 that are combinations of
three kinds of K Character. Values of K Character are indicated in Fig. 22.
[0185] End Code is a symbol group that represents an end of a packet. As described above, End Code is added after
a packet. End Code is represented by four symbols of K28.5, K29.7, K30.7 and K29.7 that are combinations of three
kinds of K Character.
[0186] Pad Code is a symbol group that is inserted into payload data in order to fill up the difference between a pixel
data band and a PHY transmission band. The pixel data band is a transmission rate of pixel data output from the imaging
unit 21 and input to the transmission unit 22, and the PHY transmission band is a transmission rate of pixel data transmitted
from the transmission unit 22 and input to the reception unit 31. Pad Code is represented by four symbols of K23.7,
K28.4, K28.6 and K28.7 that are combinations of four kinds of K Character.
[0187] Fig. 23 is a diagram illustrating an example of insertion of Pad Code.
[0188] The upper part of Fig. 23 illustrates payload data allocated to each lane before insertion of Pad Code, and the
lower part illustrates the payload data after the insertion of Pad Code. In the example of Fig. 23, Pad Code is inserted
between the third pixel data and the fourth pixel data from the head pixel data, between the sixth pixel data and the
seventh pixel data, and between the twelfth pixel data and the thirteenth pixel data. In this manner, Pad Code is inserted
to the same position of payloads of LaneO to Lane7.
[0189] Insertion of Pad Code to the payload data allocated to LaneO is carried out by the control code insertion unit
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91 of the signal processing unit 83-0. Similarly, insertion of Pad Code into the payload data allocated to other lanes is
respectively carried out at the same timing by the signal processing units 83-1 to 83-N. The number of Pad Codes is
determined based on the difference between the pixel data band and the PHY transmission band, the frequency of the
clock signal generated by the clock generation unit 82, and the like.
[0190] In this manner, Pad Code is inserted to adjust the difference between the bands in a case where the pixel data
band is narrow and the PHY transmission band is wide. For example, the difference between the pixel data band and
the PHY transmission band is adjusted to fall within a given range by the insertion of Pad Code.
[0191] Referring back to Fig. 21, Sync Code is used to secure bit synchronization and symbol synchronization between
the transmission unit 22 and the reception unit 31. Sync Code is represented by two symbols of K28.5 and Any**. Any**
means any kind of symbol may be used. Sync Code is transmitted repeatedly, for example, in a training mode before
transmission of packet data is started between the transmission unit 22 and the reception unit 31.
[0192] Deskew Code is a symbol group used for correction of Data Skew between lanes, that is, for correction of gap
in reception timing of data received by the lanes of the reception unit 31. Deskew Code is represented by two symbols
of K28.5 and Any**. Correction of Data Skew between lanes using Deskew Code is described below.
[0193] Standby Code is a symbol group used for notifying the reception unit 31 that an output of the transmission unit
22 enters a state such as a High-Z (high impedance) and data transmission is disabled. That is, Standby Code is
transmitted to the reception unit 31 when transmission of packet data is terminated and enters a standby state. Standby
Code is represented by 2 symbols of K28.5 and Any**.
[0194] The control code insertion unit 91 outputs packet data to which such control codes are added to the 8B10B
symbol encoder 92.
[0195] Fig. 24 is a diagram illustrating an example of packet data after insertion of control codes.
[0196] As illustrated in Fig. 24, in the signal processing units 83-0 to 83-N, Start Code is added before packet data,
and Pad Code is inserted to the payload data. End Code is added after the packet data, and Deskew Code is added
after End Code. In the example of Fig. 24, Idle Code is added after Deskew Code.
[0197] The 8B10B symbol encoder 92 carries out 8B10B conversion for the packet data supplied from the control
code insertion unit 91 (to which the control codes are added), and outputs packet data, which has been converted into
data of a unit of 10 bits, to the synchronization unit 93.
[0198] The synchronization unit 93 outputs bits of the packet data supplied from the 8B10B symbol encoder 92 to the
transmission unit 94 in accordance with a clock signal generated by the clock generation unit 82.
[0199] The transmission unit 94 transmits the packet data supplied from the synchronization unit 93 to the reception
unit 31 through the transmission line that configures LaneO. In the case where data transmission is carried out using
eight lanes, the transmission lines that configure Lane1 to Lane7 are used to transmit the packet data to the reception
unit 31.

[A configuration of a physical layer of a reception unit 31]

[0200] Next, a configuration of the physical layer of the reception unit 31 will be described.
[0201] The reception unit 31 is provided with, as a configuration of the physical layer, a PHY-RX state control unit 101,
and signal processing units 102-0 to 102-N. The signal processing unit 102-0 is configured from a reception unit 111, a
clock generation unit 112, a synchronization unit 113, a symbol synchronization unit 114, a 10B8B symbol decoder 115,
a skew correction unit 116, and a control code removal unit 117. The packet data transmitted through the transmission
line that configures LaneO is input to the signal processing unit 102-0, and the packet data transmitted through the
transmission line that configures Lane1 is input to the signal processing unit 102-1. Also, the packet data transmitted
through the transmission line that configures LaneN is input to the signal processing unit 102-N.
[0202] In this manner, the physical layer of the reception unit 31 is provided with the same number of the signal
processing units 102-0 to 102-N as the number of lanes, and processing of packet data transmitted using the lanes is
carried out in parallel by the signal processing units 102-0 to 102-N. Although description of the configuration of the
signal processing unit 102-0 will be given, the signal processing units 102-1 to 102-N have a similar configuration.
[0203] The reception unit 111 receives a signal that indicates the packet data transmitted from the transmission unit
22 through the transmission line that configures Lane0, and outputs the signal to the clock generation unit 112.
[0204] The clock generation unit 112 detects an edge of the signal supplied from the reception unit 111 to establish
bit synchronization, and generates a clock signal based on a detection period of the edge. The clock generation unit
112 outputs the signal supplied from the reception unit 111 to the synchronization unit 113 along with the clock signal.
[0205] The synchronization unit 113 carries out sampling of the signal received by the reception unit 111 in accordance
with the clock signal generated by the clock generation unit 112, and outputs packet data obtained by the sampling to
the symbol synchronization unit 114. The clock generation unit 112 and the synchronization unit 113 realize a function
of clock data recovery (CDR).
[0206] The symbol synchronization unit 114 detects a control code included in the packet data or detects some symbol
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included in the control code to establish symbol synchronization. For example, the symbol synchronization unit 114
detects a symbol of K28.5 included in Start Code, End Code or Deskew Code to establish bit synchronization. The
symbol synchronization unit 114 outputs packet data in a unit of 10 bits that indicates each symbol to the 10B8B symbol
decoder 115.
[0207] Further, the symbol synchronization unit 114 detects, in a training mode before transmission of packet data is
started, a boundary between symbols included in Sync Code repeatedly transmitted from the transmission unit 22 to
establish symbol synchronization.
[0208] The 10B8B symbol decoder 115 carries out 10B8B conversion for the packet data in a unit of 10 bits supplied
from the symbol synchronization unit 114, and outputs packet data converted into data of a unit of 8 bits to the skew
correction unit 116.
[0209] The skew correction unit 116 detects Deskew Code from the packet data supplied from the 10B8B symbol
decoder 115. Information of a detection timing of Deskew Code by the skew correction unit 116 is supplied to the PHY-
RX state control unit 101.
[0210] Further, the skew correction unit 116 corrects Data Skew between the lanes such that the timing of Deskew
Code is adjusted to a timing indicated by the information supplied from the PHY-RX state control unit 101. From the
PHY-RX state control unit 101, information that indicates the latest timing from among timings of Deskew Code detected
by the signal processing units 102-0 to 102-N is supplied.
[0211] Fig. 25 is a diagram illustrating an example of correction of Data Skew between lanes using Deskew Code.
[0212] In the example of Fig. 25, transmission of Sync Code, Sync Code, ..., Idle Code, Deskew Code, Idle Code, ...,
Idle Code, and Deskew Code is carried out through each of LaneO to Lane7, and the control codes are received by the
reception unit 31. The reception timings of the same control code are different among the lanes, and Data Skew is
caused between the lanes.
[0213] In this case, the skew correction unit 116 detects Deskew Code C1 that is the first Deskew Code, and corrects
the timing of the head of Deskew Code C1 to be adjusted to time t1 indicated by the information supplied from the PHY-
RX state control unit 101. From the PHY-RX state control unit 101, information of the time t1 is supplied, at which Deskew
Code C1 is detected in Lane7 that is the latest timing among the timings at which Deskew Code C1 is detected in LaneO
to Lane7.
[0214] Further, the skew correction unit 116 detects Deskew Code C2 that is the second Deskew Code, and corrects
the timing of the head of Deskew Code C2 to be adjusted to time t2 indicated by the information supplied from the PHY-
RX state control unit 101. From the PHY-RX state control unit 101, information of the time t2 is supplied, at which Deskew
Code C2 is detected in Lane7 that is the latest timing among timings at which Deskew Code C2 is detected in LaneO
to Lane7.
[0215] The signal processing units 102-1 to 102-N respectively carry out similar processing to correct Data Skew
between the lanes, so that Data Skew between the lanes is corrected as illustrated in the end of the arrow mark #1 in Fig. 25.
[0216] The skew correction unit 116 outputs packet data, Data Skew of which has been corrected, to the control code
removal unit 117.
[0217] The control code removal unit 117 removes the control codes added to the packet data, and outputs data from
Start Code to End Code to the link layer as packet data.
[0218] The PHY-RX state control unit 101 controls each part of the signal processing units 102-0 to 102-N to carry
out correction of Data Skew between lanes and the like. Further, if a transmission error occurs in a predetermined lane
and a control code is lost, the PHY-RX state control unit 101 adds a control code transmitted through other lane in place
of the lost control code to carry out error correction of the control code.

[A configuration of a link layer of a reception unit 31]

[0219] Next, a configuration of the link layer of the reception unit 31 will be described.
[0220] The reception unit 31 is provide with, as a configuration of the link layer, a LINK-RX protocol management unit
121, a lane integration unit 122, a packet separation unit 123, a payload error correction unit 124, and a Byte to Pixel
conversion unit 125. The LINK-RX protocol management unit 121 is configured from a state control unit 131, a header
error correction unit 132, a data removal unit 133, and a footer error detection unit 134.
[0221] The lane integration unit 122 integrates the packet data by rearranging the packet data supplied from the signal
processing units 102-0 to 102-N of the physical layer in a reverse order from the distribution order of the packet data to
the lanes by the lane distribution unit 65 of the transmission unit 22.
[0222] For example, if distribution of packet data by the lane distribution unit 65 is carried out in such a manner as
illustrated at the end of the arrow mark #1 of Fig. 20, the packet data at the left side in Fig. 20 is acquired by the integration
of the packet data of the lanes. At the time of the integration of the packet data of the lanes, lane stuffing data is removed
by the lane integration unit 122 according to control by the data removal unit 133. The lane integration unit 122 outputs
the integrated packet data to the packet separation unit 123.
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[0223] The packet separation unit 123 separates the packet data for one packet integrated by the lane integration unit
122 into packet data that configures header data and packet data that configures payload data. The packet separation
unit 123 outputs the header data to the header error correction unit 132, and outputs the payload data to the payload
error correction unit 124.
[0224] Further, if the packet includes a footer, the packet separation unit 123 separates the data for one packet into
packet data that configures the header data, packet data that configures the payload data, and packet data that configures
footer data. The packet separation unit 123 outputs the header data to the header error correction unit 132, and outputs
the payload data to the payload error correction unit 124. Also, the packet separation unit 123 outputs the footer data
to the footer error detection unit 134.
[0225] If the payload data supplied from the packet separation unit 123 include a parity inserted therein, the payload
error correction unit 124 detects an error of the payload data by carrying out error correction arithmetic operation based
on the parity, and carries out correction of the detected error. For example, if a parity is inserted in such a manner as
illustrated in Fig. 16, the payload error correction unit 124 carries out, by using two parities inserted at the end of the
first Basic Block, error correction of 224 pixel data before the parities.
[0226] The payload error correction unit 124 outputs, to the Byte to Pixel conversion unit 125, pixel data after error
correction obtained by carrying out error correction of Basic Block and Extra Block. If no parity is inserted in the payload
data supplied from the packet separation unit 123, the payload data supplied from the packet separation unit 123 are
output to the Byte to Pixel conversion unit 125 as it is.
[0227] The Byte to Pixel conversion unit 125 removes payload stuffing data included in the payload data supplied from
the payload error correction unit 124 according to control by the data removal unit 133.
[0228] Further, the Byte to Pixel conversion unit 125 carries out Byte to Pixel conversion of data of pixels in bytes
obtained by the removal of payload stuffing data into pixel data of a unit of 8 bits, 10 bit, 12 bits, 14 bits and 16 bits. The
Byte to Pixel conversion unit 125 carries out reverse conversion to the Pixel to Byte conversion by the Pixel to Byte
conversion unit 62 of the transmission unit 22 described with reference to Figs. 9 to 13.
[0229] The Byte to Pixel conversion unit 125 outputs, to the frame data output unit 141, the pixel data of a unit of 8
bits, 10 bits, 12 bits, 14 bits and 16 bits obtained by the Byte to Pixel conversion. The frame data output unit 141 generates,
based on the pixel data obtained by the Byte to Pixel conversion unit 125, lines of effective pixels identified by Line Valid
of the header information, for example, and generates an image of one frame by arranging the lines according to Line
Number of the header information.
[0230] The state control unit 131 of the LINK-RX protocol management unit 121 manages the state of the link layer
of the reception unit 31.
[0231] The header error correction unit 132 acquires three sets of header information and a CRC code based on
header data supplied from the packet separation unit 123. The header error correction unit 132 carries out, with respect
to each of the sets of header information of a CRC code, error detection arithmetic operation for detecting an error of
the header information using the CRC code in the same set as the header information.
[0232] Further, the header error correction unit 132 estimates correct header information based on at least one of an
error correction result of header information of each set and a comparison result of data obtained by the error detection
arithmetic operation, and outputs the header information that has been estimated to be correct and a decoding result.
The data obtained by the error detection arithmetic operation is a value obtained by applying a generator polynominal
of a CRC to the header information. Also, the decoding result is information indicating a success or a failure in decoding.
[0233] The three sets of header information and a CRC code are referred to as set 1, set 2 and set 3. In this case, the
header error correction unit 132 acquires, by the error detection arithmetic operation for the set 1, information regarding
whether the header information of the set 1 includes an error (an error detection result), and data 1 that is data obtained
by the error detection arithmetic operation. Further, the header error correction unit 132 acquires, by the error detection
arithmetic operation for the set 2, information regarding whether the header information of the set 2 includes an error,
and data 2 that is data obtained by the error detection arithmetic operation. Furthermore, the header error correction
unit 132 acquires, by the error detection arithmetic operation for the set 3, information regarding whether the header
information of the set 3 includes an error, and data 3 that is data obtained by the error detection arithmetic operation.
[0234] Further, the header error correction unit 132 determines whether the data 1 and the data 2 accord with each
other, whether the data 2 and the data 3 accord with each other, and whether the data 3 and the data 1 accord with
each other.
[0235] For example, in a case where no error is detected by any of the error detection arithmetic operations for the
set 1, set 2 and set 3, and all comparison results of the data obtained by the error detection arithmetic operations accord
with each other, the header error correction unit 132 selects information that indicates a success in decoding as the
decoding result. Further, the header error correction unit 132 estimates that all of the header information are correct,
and selects one of the header information of the set 1, the set 2, and the set 3 as output information.
[0236] Meanwhile, if an error is not detected only by the error detection arithmetic operation for the set 1, the header
error correction unit 132 selects information that indicates a success in decoding as the decoding result, estimate that
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the header information of the set 1 is correct, and selects the header information of the set 1 as the output information.
[0237] Also, if an error is not detected only by the error detection arithmetic operation for the set 2, the header error
correction unit 132 selects information that indicates a success in decoding as the decoding result, estimates that the
header information of the set 2 is correct, and selects the header information of the set 2 as the output information.
[0238] If an error is not detected only by the error detection arithmetic operation for the set 3, the header error correction
unit 132 selects information that indicates a success in decoding as a decoding result, estimates that the header infor-
mation of the set 3 is correct, and selects the header information of the set 3 as the output information.
[0239] The header error correction unit 132 outputs the decoding result and the output information selected as described
above to the register 142, and allows the register 142 to store them. In this manner, the error correction of header
information by the header error correction unit 132 is carried out by detecting error-free header information using a CRC
code and outputting the detected header information.
[0240] The data removal unit 133 controls the lane integration unit 122 to remove lane stuffing data, and controls the
Byte to Pixel conversion unit 125 to remove payload stuffing data.
[0241] The footer error detection unit 134 acquires a CRC code stored in the footer based on the footer data supplied
from the packet separation unit 123. The footer error detection unit 134 carries out error detection arithmetic operation
using the acquired CRC code to detect an error of the payload data. The footer error detection unit 134 outputs an error
detection result, and allows the register 142 to store the result.

[An operation of an image sensor 11 and a DSP 12]

[0242] Next, a series of processing of the transmission unit 22 and the reception unit 31 having a configuration like
the above will be described.
[0243] First, operation of an imaging device including the transmission system 1 will be described with reference to a
flow chart of Fig. 26. The processing of Fig. 26 is started when a start of imaging is instructed by a shutter button provided
on the imaging device being pressed and the like.
[0244] In step S1, the imaging unit 21 of the image sensor 11 carries out imaging. The frame data input unit 52 of the
imaging unit 21 (Fig. 5) outputs pixel data that configure an image of one frame obtained by the imaging by data of one
pixel at a time.
[0245] In step S2, data transmission processing by the transmission unit 22 is carried out. By the data transmission
processing, a packet having pixel data for one line stored in the payload is generated, and packet data that configures
the packet is transmitted to the reception unit 31. The data transmission processing will be described below with reference
to a flowchart of Fig. 27.
[0246] In step S3, data reception processing is carried out by the reception unit 31. By the data reception processing,
the packet data transmitted from the transmission unit 22 is received, and the pixel data stored in the payload is output
to the image processing unit 32. The data reception processing will be described below with reference to a flow chart
of Fig. 28.
[0247] The data transmission processing carried out by the transmission unit 22 in step S2 and the data reception
processing carried out by the reception unit 31 in step S3 are alternately carried out for pixel data for one line. That is,
when certain pixel data of one line is transmitted by the data transmission processing, the data reception processing is
carried out, and when the pixel data of one line is received by the data reception processing, the data transmission
processing is carried out for pixel data of a next one line. The data transmission processing by the transmission unit 22
and the data reception processing by the reception unit 31 are appropriately carried out in parallel in terms of time. In
step S4, the frame data output unit 141 of the image processing unit 32 determines whether transmission/reception of
pixel data of all lines that configure an image of one frame has been completed. If it is determined that the transmis-
sion/reception has not been completed, step S2 and subsequent processing are repeatedly performed.
[0248] When it is determined that the transmission/reception of pixel data of all lines that configure an image of one
frame has been completed in step S4, the frame data output unit 141 of the image processing unit 32 generates an
image of one frame based on the pixel data supplied from the reception unit 31 in step S5.
[0249] In step S6, the image processing unit 32 carries out image processing using the image of one frame, and
terminates the processing.
[0250] Next, the data transmission processing carried out in step S2 of Fig. 26 will be described with reference to a
flow chart of Fig. 27.
[0251] In step S11, the header generation unit 72 generates header information including Frame Start, Frame End,
Line Valid, Line Number, and Reserved.
[0252] In step S12, the header generation unit 72 calculates a CRC code by applying the header information to a
generator polynominal.
[0253] In step S13, the header generation unit 72 generates a set of the header information and the CRC code by
adding the CRC code to the header information, and generates a header by repeatedly arranging three sets of the
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header information and the CRC code.
[0254] In step S14, the Pixel to Byte conversion unit 62 acquires the pixel data supplied from the frame data input unit
52, and carries out Pixel to Byte conversion of the image data. The Pixel to Byte conversion unit 62 outputs payload
data generated by carrying out grouping of the image data in bytes obtained by the Pixel to Byte conversion, addition
of payload stuffing data, and the like. A parity is inserted to the payload data, if appropriate, by the payload ECC insertion
unit 63.
[0255] In step S15, the packet generation unit 64 generates a packet based on the payload data including pixel data
for one line and the header generated by the header generation unit 72, and outputs packet data that configure the one
packet.
[0256] In step S16, the lane distribution unit 65 allocates the packet data supplied from the packet generation unit 64
to a plurality of lanes used for data transmission.
[0257] In step S17, the control code insertion unit 91 adds control codes to the packet data supplied from the lane
distribution unit 65.
[0258] In step S18, the 8B10B symbol encoder 92 carries out 8B10B conversion of the packet data to which the control
codes are added, and outputs packet data, which has been converted into data of a unit of 10 bits.
[0259] In step S19, the synchronization unit 93 outputs the packet data supplied from the 8B10B symbol encoder 92
in accordance with the clock signal generated by the clock generation unit 82, and allows the transmission unit 94 to
transmit the packet data. The processing from steps S17 to S19 are carried out in parallel by the signal processing units
83-0 to 83-N. When the transmission of image data for one line is completed, the processing returns to step S2 of Fig.
26, and subsequent processing is carried out.
[0260] Next, the data reception processing carried out in step S3 of Fig. 26 will be described with reference to a flow
chart of Fig. 28.
[0261] In step S31, the reception unit 111 receives a signal that indicates the packet data transmitted from the trans-
mission unit 22. The processing from steps S31 to S36 is carried out in parallel by the signal processing units 102-0 to
102-N.
[0262] In step S32, the clock generation unit 112 establishes bit synchronization by detecting an edge of the signal
supplied from the reception unit 111. The synchronization unit 113 carries out sampling of the signal received by the
reception unit 111, and outputs packet data to the symbol synchronization unit 114.
[0263] In step S33, the symbol synchronization unit 114 establishes symbol synchronization by detecting control codes
included in the packet data and the like.
[0264] In step S34, the 10B8B symbol decoder 115 carries out 10B8B conversion for the packet data after the symbol
synchronization, and outputs packet data that has been converted into data of a unit of 8 bits.
[0265] In step S35, the skew correction unit 116 detects Deskew Code, and corrects Data Skew between the lanes
such that the timing of Deskew Code is adjusted to the timing represented by the information supplied from the PHY-
RX state control unit 101.
[0266] In step S36, the control code removal unit 117 removes the control codes added to the packet data.
[0267] In step S37, the lane integration unit 122 integrates the packet data supplied from the signal processing units
102-0 to 102-N.
[0268] In step S38, the packet separation unit 123 separates the packet data integrated by the lane integration unit
122 into packet data that configure the header data and packet data that configure the payload data.
[0269] In step S39, the header error correction unit 132 carries out error detection arithmetic operation using the CRC
code for each set of header information and a CRC code included in the header data separated by the packet separation
unit 123. Further, the header error correction unit 132 selects and outputs header information free from an error based
on an error detection result of the sets and a comparison result of the data obtained by the error detection arithmetic
operation.
[0270] In step S40, the Byte to Pixel conversion unit 125 carries out Byte to Pixel conversion of the payload data, and
outputs pixel data of a unit of 8 bits, 10 bits, 12 bits, 14 bits and 16 bits. For the payload data that are to be subjected
to the Byte to Pixel conversion, error correction using a parity is carried out by the payload error correction unit 124, if
appropriate.
[0271] When the processing of pixel data for one line is completed, the processing returns to step S3 of Fig. 26 and
subsequent processing is carried out.
[0272] As described above, the data transmission between the image sensor 11 and the DSP 12 is carried out using
a packet format where one line of one frame corresponds to one packet.
[0273] The packet format used for the data transmission between the image sensor 11 and the DSP 12 can be regarded
as a format that minimizes transmission of header information and control codes such as Start Code and End code that
indicate a packet boundary, and can prevent a decrease in transmission efficiency. If a packet format is employed, in
which pixel data to be stored in a payload of one packet is smaller than one line, it is necessary to transmit a greater
number of packets in order to transmit full pixel data of one frame as a whole. As the number of header information and
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control codes to be transmitted increase, the transmission efficiency is deteriorated.
[0274] Further, it becomes possible to suppress transmission latency by preventing the decrease in the transmission
efficiency, whereby an interface having high resolution/high frame rate capable of transmitting a large amount of image
data at a high speed can be realized.
[0275] By employing the packet format that is designed on the assumption that the reliability/redundancy of transmission
is raised and error correction is carried out at the reception unit 31 side, it becomes possible to secure a countermeasure
against a transmission error of header information. Since transmission of synchronism information of Frame/Line (V/H)
and the like is carried out using header information, if the header information is lost due to a transmission error, the
system may suffer a significant fault. However, such a situation can be prevented.
[0276] Further, an increase of the cost for implementation and the power consumption for securing a countermeasure
against a transmission error of header information can be suppressed. That is, the packet format used for data trans-
mission between the image sensor 11 and the DSP 12 is capable of detecting whether the header information includes
a transmission error by the DSP 12 because a CRC code is added. Further, the DSP 12 can correct the header information
to correct information by transmitting three sets of the header information and the CRC code when a transmission error
of the header information occurs.
[0277] Assume that an error correction code is used as a countermeasure against a transmission error of header
information. In this case, it is necessary to prepare a circuit, which carries out calculation of an error correction code, in
the transmission unit 22, and to prepare a circuit, which carries out error correction arithmetic operation, in the reception
unit 31. Since it is a CRC code as an error detection code that is added to the header information, the circuit scale and
the power consumption can be reduced compared with a case where a circuit for carrying out arithmetic operation related
to error correction is prepared. Further, when an error of header information is detected, the reception unit 31 does not
request the transmission unit 22 to re-send the header information. Therefore, it is not necessary to prepare a transmission
line in the reverse direction for the re-sending request.
[0278] By raising the redundancy and combining a plurality of K Characters of 8B10B codes to configure a control
code, the error probability of the control code can be reduced. Consequently, it becomes possible to secure a counter-
measure against a transmission error of a control code with a relatively simple circuit.
[0279] To be specific, four symbols of three kinds of K Character are combined and used for Start Code. However,
the reception unit 31 can identify Start Code as long as the symbols other than K28.5 can be at least detected. Therefore,
it can be considered that the resisting property to a transmission error is high. The same applies to End Code.
[0280] Further, four kinds of K Character are combined and used for Pad Code. However, the error resisting property
can be increased compared with other control codes by allocating a greater number of kinds of K Character than other
control codes. That is, if one kind of the symbols can be detected from among the four kinds, the reception unit 31 can
identify Pad Code. Since Pad Code has higher transmission frequency than Start Code and End Code, Pad Code is
provided with a structure capable of increasing the error resisting propriety.
[0281] Further, even in a case where the same control code is transmitted at the same timing through the lanes, and
a transmission error occurs in one of the lanes and the control code is lost, the control code to which the error occurred
can be reproduced using the control code of other lanes.
[0282] Further, since the number of K Characters is limited, a minimum number of Characters is combined to configure
each control code. For example, as for Sync Code, Deskew Code, and Standby Code that can relatively permit a
transmission error by repetitive transmission, a data structure is used in which additional allocation of K Character is not
necessary.
[0283] Since a control code necessary for re-synchronization is allocated to each one packet (one line), re-synchro-
nization can be rapidly established when bit synchronization is lost due to disturbance such as static electricity or noise.
Further, the influence of a transmission error due to the loss of synchronization can be minimized.
[0284] To be specific, in the CDR realized by the clock generation unit 112 and the synchronization unit 113, bit
synchronization can be established by detecting a transition/edge of bit data after 8B10B conversion.
[0285] If the transmission unit 22 continues to send data, the bit synchronization can be established within a period
estimated as a CDR lock time.
[0286] Further, even in a case where the symbol synchronization is lost, re-synchronization can be rapidly carried out
by detecting particular K Character (K28.5) in the symbol synchronization unit 114. Since K28.5 is used in Start Code,
End Code and Deskew Code, the symbol synchronization can be established at three points during a transmission
period of packet data for one packet.
[0287] Further, the synchronization between the lanes can be established by allowing Data Skew between the lanes
to be corrected using Deskew Code.
[0288] The circuit scale and the memory amount can be suppressed by allowing packet data to be processed in the
link layer in parallel in a unit of groups such as 16 groups (in the case of the example of Fig. 14, in a unit of 16 bytes),
compared with a case where the packet data is processed one by one in a period of one clock. In terms of implementation,
between a case where packet data is processed one by one and a case where the packet data is collective processed
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in a predetermined number of units, the latter can suppress the circuit scale and the like. Since the circuit scale can be
suppressed, the power consumption can be suppressed.
[0289] Further, the error resisting property can be enhanced by allocating successive packet data to different lanes
in carrying out lane allocation. Even if an error occurs in a certain lane across the number of successive packet data
beyond the error correction capacity of a parity, lane coupling is carried out by the reception unit 31, so that positions
of packet data to which the error occurs disperse. The error correction using a parity may become possible, accordingly.
The error correction capacity by a parity depends upon the parity length.
[0290] Further, the circuit scale of the transmission unit 22 and the reception unit 31 can be reduced by carrying out
ECC processing at a higher stage than the lane distribution/lane integration where a stage closer to the physical layer
is a lower stage. For example, in a case where the transmission unit 22 inserts a parity of an ECC to the payload after
allocation of packet data to lanes is carried out, it is necessary to prepare a payload ECC insertion unit for each lane,
resulting in an increase in the circuit scale. However, such situation can be prevented.
[0291] Although, in the physical layer, parallel processing of packet data is carried out by a plurality of circuits, sim-
plification of the circuit can be achieved by sharing the PHY-TX state control unit 81 and the clock generation unit 82,
compared with a case where the circuits of the units 81 and 82 are prepared for each lane. Further, simplification of the
circuit that processes packet data of the lanes can be achieved by using a protocol that does not transmit a different
control code for each lane.

[Switching of the number of lanes]

[0292] Transmitting the same control code at the same timing through the lanes is carried out not only at the time of
ordinary data transmission but also at a case where the number of lanes is switched. In the case where the number of
lanes is switched, all of active lanes (lanes used for data transmission) are in the same condition.
[0293] Fig. 29 is a diagram illustrating a control sequence in the case where the number of lanes is switched.
[0294] At the right side in Fig. 29, timings of a vertical synchronizing signal (XVS) and a horizontal synchronizing signal
(XHS) are illustrated. A case will be described in which pixel data of lines that configure an image of one frame is
transmitted according to the horizontal synchronizing signal during a period until time t1 at which the vertical synchronizing
signal is detected, and the number of the active lanes is changed from four lanes to two lanes at the timing of the time
t1. Data transmission is carried out using the four lanes until the time t1.
[0295] A state of the lanes is illustrated in a lengthwise direction roughly in the center of Fig. 29. "PIX DATA" represents
that transmission of pixel data is carried out through a lane to which the characters are applied. "E", "BLK", and "S"
following "PIX DATA" represent Frame End, a blanking period, and Frame Start, respectively.
[0296] When the transmission of pixel data of a frame during a frame period until the time t1 is completed, the image
processing unit 32 instructs the reception unit 31 to switch the number of lanes from 4 to 2 in step S81. The instruction
from the image processing unit 32 is received by the reception unit 31 in step S71.
[0297] When the time t1 comes, the image processing unit 32 requests a mode change to the imaging unit 21 of the
image sensor 11 in step S82. The mode change request transmitted to the imaging unit 21 includes information that
indicates the number of lanes is switched from 4 to 2. Although not illustrated in Fig. 1 and the like, a transmission line
for transmitting information of a preset value relating to imaging such as a shutter speed and a gain from the image
processing unit 32 to the imaging unit 21 is provided between the image processing unit 32 and the imaging unit 21.
The mode change request is also transmitted to the imaging unit 21 through this transmission line.
[0298] The imaging unit 21 receives the mode change request from the image processing unit 32 in step S51, and
instructs the transmission unit 22 to switch the number of lanes from 4 to 2 in step S52. The instruction from the imaging
unit 21 is received by the transmission unit 22 in step S61.
[0299] Processing of Standby Sequence is carried out between the transmission unit 22 and the reception unit 31,
and Standby Code is repeatedly transmitted from the transmission unit 22 to the reception unit 31 using Lane0 to Lane3.
When the processing of Standby Sequence is completed, a detection result of a state is output from the reception unit
31 in step S72, and the detection result is received by the image processing unit 32 in step S83. Also, Lane0 and Lane1
that maintain the active state enter a Low state while the lanes Lane2 and Lane3 that terminate the data transmission
enter a High-Z state.
[0300] Between the transmission unit 22 and the reception unit 31, processing of Training Sequence is carried out,
and Sync Code is repeatedly transmitted from the transmission unit 22 to the reception unit 31 using Lane0 and Lane1.
In the reception unit 31, bit synchronization is secured, and symbol synchronization is secured by detection of Sync Code.
[0301] When the processing of Training Sequence is completed, the reception unit 31 notifies the image processing
unit 32 of the completion of preparation in step S73. The notification from the reception unit 31 is received by the image
processing unit 32 in step S84, and the series of control sequence in the case of switching the number of lanes is
completed.
[0302] In this manner, in the control sequence for switching the number of lanes, Standby Code is transmitted in the
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processing of Standby Sequence in Lane2 and Lane3, which terminate the data transmission, so that Lane2 and Lane3
can be in the same state as Lane0 and Lane1, which are subsequently used for data transmission. For example, there
may be an idea in which Lane2 and Lane3 is caused to be in the High-Z state without transmitting Standby Code.
However, Lane2 and Lane3 may be in a different state from the lanes that are subsequently used for data transmission,
and control becomes complicated.

[Modification of a frame format]

[0303] Fig. 30 is a diagram illustrating another example of the frame format used for data transmission between the
image sensor 11 and the DSP 12. Description overlapped with the above is omitted where appropriate.
[0304] A frame format illustrated in Fig. 30 is different from the format in Fig. 4 in that three data of Embedded Line,
Data ID, and Region Number marked with a thick line L11 are added to image data of each line. Information thereof is
generated by the header generation unit 72 of Fig. 5, and is added to a header.
[0305] Fig. 31 is a diagram enlarging and illustrating one packet of the frame format of Fig. 30. The one packet is
configured from a header and payload data that is pixel data for one line. A footer may be added to the packet. Start
Code is added to a head of each packet, and End Code is added after each packet.
[0306] The header information includes Embedded Line as line information, Data ID as data identification, and Region
Number as region information in addition to the above described Frame Start, Frame End, Line Valid, and Line Number.
Details of the information are illustrated in Fig. 32.
[0307] Embedded Line is one-bit information that indicates whether the packet is a packet used for transmission of a
line into which Embedded Data is inserted. For example, a value of "1" is set to Embedded Line of a header of a packet
used for transmission of a line that includes Embedded Data, and a value of "0" is set to Embedded Line of a header of
a packet used for transmission of other line. As described above, information of the set values related to imaging is
inserted to a predetermined line of the front dummy area A3 or the rear dummy area A4 as Embedded Data.
[0308] Data ID is P-bit information that indicates a number of pixel data stored in a payload. P bit represents a
predetermined number of bits of one bit or more.
[0309] Region Number is one-bit information that indicates to which region in the imaging unit 21 pixel data stored in
a payload belongs. Usage of Data ID and Region Number will be described below. By addition of these three data,
Reserved becomes 30-P bits.

[A configuration example of an imaging unit 21]

[0310] Fig. 33 is a diagram illustrating a configuration example of the imaging unit 21. The imaging unit 21 is configured
from a control unit 201, a pixel array portion 211, a selection unit 212, an analog digital converter (ADC) 213, and a
constant current circuit unit 214.
[0311] The control unit 201 controls each unit in the imaging unit 21, and causes the units to execute processing
related to reading out of pixel data (a pixel signal) and the like.
[0312] The pixel array portion 211 is configured such that pixels having a photoelectric converter such as a photodiode
are arrayed in a matrix manner. The pixel array portion 211 performs photoelectric conversion of light from an object in
each pixel, and outputs a pixel signal obtained from the photoelectric conversion.
[0313] A pixel 221 and a pixel 222 are two pixels adjacent up and down, and configure the pixel array portion 211.
The pixel 221 and the pixel 222 are pixels in the same column (line) and in successive rows. The pixel 221 and the pixel
222 are respectively configured from one photoelectric converter and four transistors.
[0314] In a typical pixel array, an output line of a pixel signal is provided for each column, while in the pixel array portion
211, two (two sets of) output lines are provided in one column. Pixels of one column are connected to a different output
line every other row. For example, pixels that configure odd-numbered rows from top are connected to one output line,
and pixels that configure even-numbered rows are connected to the other output line.
[0315] In the example of Fig. 33, a circuit that configures the pixel 221 is connected to an output line VSL1 that is a
first output line, and a circuit that configures the pixel 222 is connected to an output line VSL2 that is a second output
line. Note that, in Fig. 33, an output line only for one column is illustrated. However, in practice, two output lines of the
output lines VSL1 and VSL2 are provided to each column.
[0316] The selection unit 212 includes a switch for connecting an output line of the pixel array portion 211 to an input
of an ADC 213, and controls the connection between the pixel array portion 211 and the ADC 213. A pixel signal read
out from the pixel array portion 211 is supplied to the ADC 213 via the selection unit 212.
[0317] The selection unit 212 includes a switch 231, a switch 232, and a switch 233. The switch 231 controls connection
between two output lines corresponding to the same column. When the switch 231 turns ON state, the output lines VSL1
and VSL2 are connected, and when the switch 231 turns OFF state, the lines are cut off.
[0318] Details will be described below, but the imaging unit 21 is provided with ADCs to respective output lines (column
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ADC). When both the switch 232 and the switch 233 turns the ON state, if the switch 231 turns the ON state, the two
output lines in the same column are connected, and one pixel is connected to the two ADCs. On the other hand, when
the switch 231 turns the OFF state, the two output lines in the same column are cut off, and a circuit of one pixel is
connected to one ADC. That is, the switch 231 selects the number of ADCs that is to be an output destination of a signal
of one pixel.
[0319] The switch 232 controls the connection between the output line VSL1 corresponding to the pixel 221 and the
ADC corresponding to the output line. When the switch 232 turns the ON state, the output line VSL1 is connected to
one input of a comparator 241 that is a comparator of the corresponding ADC. Meanwhile, when the switch 232 turns
the OFF state, the output line VSL1 and the one input of the comparator 241 are cut off.
[0320] The switch 233 controls the connection between the output line VSL2 corresponding to the pixel 222 and the
ADC corresponding to the output line. When the switch 233 turns the ON state, the output line VSL2 is connected to
one input of a comparator 251 that is a comparator of the corresponding ADC. Meanwhile, when the switch 233 turns
the OFF state, the output line VSL2 and the one input of the comparator 251 are cut off.
[0321] Note that, in Fig. 33, only a configuration corresponding to the two output lines for one column is illustrated.
However, in practice, the selection unit 212 includes, for each column, a configuration (switches 231 to 233) substantially
equivalent to the configuration illustrated in Fig. 33. That is, the selection unit 212 performs, for each column, control
similar to the above-described connection control according to the control by the control unit 201.
[0322] The ADC 213 performs A/D conversion of pixel signals supplied from the pixel array portion 211 via the output
lines, respectively, and outputs converted signals to the transmission unit 22 as digital data. The ADC 213 includes a
column ADC for each output line from the pixel array portion 211. That is, in the example of Fig. 33, the number of output
lines of each column is two, and therefore, the ADC 213 is configured from the number of columns of the entire pixel
array portion 211 3 two column ADCs. One column ADC is a single-slope type ADC including one comparator, one D/A
converter (DAC), and one counter.
[0323] The comparator 241 compares an output of a DAC 242 and a signal value of a pixel signal supplied through
the output line VSL1. The comparator 241 stops counting by a counter 243 when the output of the DAC 242 reaches
the signal value of the pixel signal.
[0324] The counter 243 increments a count value (digital value) until the pixel signal and the DAC output becomes
equal. The counter 243 outputs a signal obtained by digitization as DATA1. The counter 243 returns the count value to
an initial value (for example, 0) for the next A/D conversion after the data output.
[0325] The comparator 251 compares an output of a DAC 252 and a signal value of a pixel signal supplied through
the output line VSL2. The comparator 251 stops counting by a counter 253 when the output of the DAC 252 reaches
the signal value of the pixel signal.
[0326] The counter 253 increments a count value (digital value) until the pixel signal and the DAC output becomes
equal. The counter 253 outputs a signal obtained by digitization as DATA2. The counter 253 returns the count value to
an initial value for the next A/D conversion after the data output.
[0327] In this manner, the ADC 213 includes two sets of column ADCs for each column. In the example of Fig. 33,
the output line VSL1 is provided with the comparator 241 (COMP1), the DAC 242 (DAC1), and the counter 243 (counter
1), and the output line VSL2 is provided with the comparator 251 (COMP2), the DAC 252 (DAC2), and the counter 253
(counter 2). Although drawing is omitted, the ADC 213 has a similar configuration for output lines of other columns.
[0328] Among these configurations, the DACs can be shared. Commonalization of the DACs is conducted in each
set. That is, the DACs in the same set of each column are commonalized. In the example of Fig. 33, the DAC corresponding
to the output line VSL1 of each column is commonalized as the DAC 242, and the DAC corresponding to the output line
VSL2 of each column is commonalized as the DAC 252.
[0329] Hereinafter, a column ADC including the comparator 241, the DAC 242, and the counter 243 is referred to as
a "column ADC1", and a column ADC including the comparator 251, the DAC 252, and the counter 253 is referred to
as a "column ADC2" where appropriate.
[0330] The constant current circuit unit 214 is a constant current circuit connected to each output line. The constant
current circuit unit 214 is configured from a MOS transistor 261 (LOAD1) for the output line VSL1 and a MOS transistor
262 (LOAD2) for the output line VSL2.

[Reading out of pixel data]

[0331] Here, reading out of pixel data by the imaging unit 21 will be described. Reading out of pixel data is performed
in a unit of pixels arranged in a row direction (a unit of a line). Description will be given where a line including the pixel
222 is an Nth-row line, and a line including the pixel 221 is an (N+1)th-row line.
[0332] First, a case where all the switches 231, 232, and 233 are ON will be described.
[0333] In this case, at a timing of reading out the Nth-row line, a pixel signal of the pixel 222 is supplied to the column
ADC2 through the switch 233 and the output line VSL2, and is supplied to the column ADC1 through the switch 231,
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the switch 232, and the output line VSL1. Since the same processing is performed in each pixel that configures the Nth-
row line, two data of DATA1 and DATA2 are output from the imaging unit 21 as data of the pixels of the Nth-row line.
[0334] In the transmission unit 22 that has received an output from the imaging unit 21, a packet that stores, in a
payload, DATA1 that is data of the pixels of the Nth-row line, and a packet that stores, in a payload, DATA2 that is data
of the pixels of the same Nth-row line are generated. Further, the packet that stores DATA1 in the payload and the
packet that stores DATA2 in the payload are transmitted to the DSP 12 at a predetermined timing.
[0335] Also, at a timing of reading out the (N+1)th-row line, a pixel signal of the pixel 221 is supplied to the column
ADC1 through the switch 232 and the output line VSL1, and is supplied to the column ADC2 through the switch 231,
the switch 233, and the output line VSL2. Since the same processing is performed in each pixel that configures the
(N+1)th-row line, two data of DATA1 and DATA2 are output from the imaging unit 21 as data of the pixels of the (N+1)th-
row line.
[0336] In the transmission unit 22 that has received an output from the imaging unit 21, a packet that stores, in a
payload, DATA1 that is data of the pixels of the (N+1)th-row line, and a packet that stores, in a payload, DATA2 that is
data of the pixels of the (N+1)th-row line, are generated. Further, the packet that stores DATA1 in the payload and the
packet that stores DATA2 in the payload are transmitted to the DSP 12 at a predetermined timing.
[0337] A case where the switch 231 is OFF and the switches 232 and 233 are ON will be described. In this case, at
a timing of reading out the Nth-row line, a pixel signal of the pixel 222 is supplied to the column ADC2 through the switch
233 and the output line VSL2. Since the same processing is performed in each pixel that configures the Nth-row line,
DATA2 as the data of the pixels in the Nth-row line is output from the imaging unit 21.
[0338] In the transmission unit 22 that has received an output from the imaging unit 21, a packet that stores, in a
payload, DATA2 that is the data of the pixels of the Nth-row line, is generated, and is transmitted to the DSP 12 at a
predetermined timing.
[0339] Also, at a timing of reading out the (N+1)th-row line, a pixel signal of the pixel 221 is supplied to the column
ADC1 via the switch 232 and the output line VSL1. Since the same processing is performed in each pixel that configures
the (N+1)th-row line, DATA1 is output from the imaging unit 21 as the data of the pixels of the (N+1)th-row line.
[0340] In the transmission unit 22 that has received an output from the imaging unit 21, a packet that stores, in a
payload, DATA1 that is the data of the pixels of the (N+1)th-row line, is generated, and is transmitted to the DSP 12 at
a predetermined timing. The timing of reading out the Nth-row line and the timing of the (N+1)th-row line may be the
same, or may be different.
[0341] As described above, in the case where a plurality of ADCs is provided in each column, it is necessary to notify
the DSP 12 that pixel data to be stored in a payload of a packet is which one of DATA1 and DATA2. Data ID of Fig, 31
stored in a header is used for notifying the DSP 12 that pixel data stored in a payload is which one of DATA1 and DATA2.
[0342] Fig. 34 is a diagram illustrating an example of a meaning of a value of Data ID. For example, when two pixel
data of DATA1 and DATA2 can be output from each pixel in the above manner, one bit is allocated to Data ID.
[0343] A value of Data ID being "0" means that pixel data of DATA1 of a predetermined one line is included in a payload
of a packet that includes Data ID, to which the value 0 is set, in a header. Also, a value of Data ID being "1" means that
pixel data of DATA2 of a predetermined one line is included in a payload of a packet that includes Data ID, to which the
value 1 is set, in a header.
[0344] Here, processing of the imaging device 1 will be described with reference to a flowchart of Fig. 35. The processing
of Fig. 35 is basically similar to the processing of Fig. 26 except that the two pixel data of DATA1 and DATA2 are output
from the imaging unit 21.
[0345] In step S101, the imaging unit 21 of the image sensor 11 performs imaging such that the two pixel data of
DATA1 and DATA2 are output as Nth-row data. Pixel data of DATA1 and DATA2 of each line are output from the imaging
unit 21 in order from the first row that configures one frame.
[0346] In step S102, the transmission unit 22 performs the data transmission processing that has been described with
reference to the flowchart of Fig. 27. By the data transmission processing, a packet that stores pixel data for one line in
a payload is generated, and packet data that configures the packet is transmitted to the reception unit 31.
[0347] In step S103, the reception unit 31 performs the data reception processing that has been described with
reference to the flowchart of Fig. 28. By the data reception processing, the packet data transmitted from the transmission
unit 22 is received, and the pixel data stored in the payload is output to the image processing unit 32.
[0348] In step S104, the frame data output unit 141 of the image processing unit 32 determines whether transmis-
sion/reception of pixel data of DATA1 and DATA2 of all lines that configure an image of one frame has been completed.
When determining that the transmission/reception of pixel data of DATA1 and DATA2 of all lines has not been completed,
the frame data output unit 141 repeatedly performs step S102 and subsequent processing.
[0349] When determining that the transmission/reception of pixel data of DATA1 and DATA2 of all lines has been
completed in step S104, the frame data output unit 141 of the image processing unit 32 generates an image of one
frame based on the pixel data of DATA1 and DATA2 in step S105. The generation of an image of one frame is performed
by synthesizing pixel data of DATA1 of each line, or by synthesizing pixel data of DATA2 of each line. Also, either the



EP 3 334 147 A1

26

5

10

15

20

25

30

35

40

45

50

55

pixel data of DATA1 or the pixel data of DATA2 is selected for each line, and the selected pixel data are synthesized,
so that the image of one frame is generated.
[0350] In step S106, the image processing unit 32 performs image processing using the image of one frame, and
terminates the processing.

[Example of use of Data ID]

[0351] Various types of functions can be realized by acquiring a plurality of data as data of pixels at the same position,
and by transmitting identification information of the type of pixel data to the DSP 12 side along with the pixel data.

[Pseudo wide dynamic range function]

[0352] Fig. 36 is a diagram illustrating another configuration example of the imaging unit 21. Low-gain pixel data is
output from the imaging unit 21 of Fig. 36 as the pixel data of DATA1 of lines, and high-gain pixel data is output as the
pixel data of DATA2. That is, different gains are respectively set to the DAC 242 and the DAC 252, and A/D conversion
of a pixel signal output from each pixel is performed using the different gains.
[0353] For example, in the DSP 12, an image of one frame is generated by selecting DATA1 that is the low-gain pixel
data with respect to a pixel in a high-illuminance area, and by selecting DATA2 that is the high-gain pixel data with
respect to a pixel in a low-illuminance area. In this manner, even in a case where there is an object having high brightness
at the time of low illuminance, blown out highlights can be prevented, and a dynamic range can be extended in a pseudo
manner. Information related to illuminance of each area in one frame is detected by an illuminance sensor, for example,
and is supplied to the DSP 12.
[0354] In a case where the information related to the illuminance of each area in one frame is supplied to the imaging
unit 21, data output from the imaging unit 21 may be switched according to the illuminance. For example, the imaging
unit 21 outputs DATA1 that is the low-gain pixel data with respect to a pixel in the high-illuminance area, and outputs
DATA2 that is the high-gain pixel data with respect to a pixel in the low-illuminance area. In this manner, the time required
for the A/D conversion can be shortened compared with a case where DATA1 and DATA2 are generated using two
types of gains and output.
[0355] Note that, in Fig. 36, drawing of the pixel 222, the selection unit 212 that switches an output destination of a
pixel signal, and the like are omitted. However, at the reading out timing of Nth row, a pixel signal of an Nth-row pixel is
supplied to two ADCs having different gains.
[0356] Fig. 37 is a diagram illustrating an example of a meaning of a value of Data ID when low-gain pixel data and
high-gain pixel data are output from the imaging unit 21. One bit is allocated to Data ID.
[0357] A value of Data ID being "1" means that pixel data of DATA1, which is low-gain pixel data of a predetermined
one line, is included in a payload of a packet that includes Data ID, to which the value 1 is set, in a header. Further, a
value of Data ID being "0" means that pixel data of DATA2, which is high-gain pixel data of a predetermined one line,
is included in a payload of a packet that includes Data ID, to which the value 0 is set, in a header.
[0358] The DSP 12 that has received the pixel data stored in the packet can identify the pixel data of DATA1 and the
pixel data of DATA2 from the values of Data ID even if the pixel data are of the same Nth row.

[Multi-slope function]

[0359] The resolution of the A/D conversion of the DAC 242 and the DAC 252 may be made different from each other,
and the pixel signal output from each pixel may be converted into data having a different bit number. From the imaging
unit 21, pixel data having a smaller bit number such as 12 bits is output as the pixel data of DATA1 of the lines, and
pixel data having a larger bit number such as 14 bits is output as the pixel data of DATA2.
[0360] For example, in the DSP 12, an image of one frame is generated by selecting DATA1 that is pixel data having
a smaller bit number with respect to a pixel in a high-illuminance area, and by selecting DATA2 that is pixel data having
a large bit number with respect to a pixel in the low-illuminance area. From this, gradation of the low-illuminance area
can be enhanced and a shot noise produced on the high-illuminance area can be prevented. When the A/D conversion
is performed with respect to a pixel signal in the high-illuminance area, a shot noise may be produced on an obtained
image.
[0361] In a case where the information related to the illuminance of each area in one frame is supplied to the imaging
unit 21, data output from the imaging unit 21 may be switched according to the illuminance. For example, the imaging
unit 21 outputs DATA1, which is pixel data having a smaller bit number, with respect to a pixel of a line in the high-
illuminance area, and outputs DATA2, which is pixel data having a larger bit number, with respect to a pixel of a line in
the low-illuminance area. From this, the time required for the A/D conversion can be shortened compares with a case
where DATA1 and DATA2 are generated using two kinds of resolutions and output.
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[0362] The one-bit Data ID included in a header is used to identify the type of data output from the imaging unit 21
when the resolutions of the DAC 242 and the DAC 252 are different.
[0363] For example, a value of Data ID being "1" means that pixel data of DATA1, which is pixel data having a smaller
bit number of a predetermined one line, is included in a payload of a packet that includes Data ID, to which a value "1"
is set, in the header. Also, a value of Data ID being "0" means that pixel data of DATA2, which is pixel data having a
larger bit number of a predetermined one line, is included in a payload of a packet that includes Data ID, to which a
value "0" is set, in the header
[0364] From this, the DSP 12 that has received the pixel data stored in the packed can identify the pixel data of DATA1
and the pixel data of DATA2 from the values of Data ID even if the pixel data are of the same Nth row.

[Transmission function of pixel data from a vertical spectroscopic imaging device]

[0365] Fig. 38 is a diagram illustrating another configuration example of the imaging unit 21. The imaging unit 21 of
Fig. 38 is so-called a vertical spectroscopic image sensor. Each pixel that configures the pixel array portion 211 is
configured such that each sensor of RGB is layered and arranged in a thickness direction of the pixel (direction into
which light enters).
[0366] The pixel 221 illustrated in Fig. 38 is provided with a photo sensor B (B pixel), a photo sensor R (R pixel), and
a photo sensor G (G pixel). A timing of supplying an output of each photo sensor to the ADC 213 is controlled by the
control unit 201.
[0367] Fig. 39 is a diagram illustrating an example of the timing of supplying an output of each photo sensor to the
ADC 213. In the example of Fig. 39, during a period from time t1 to time t2 of reading out the Nth-row line, an output of
the photo sensor G is supplied to the ADC 213, and during a period from time t3 to time t4, an output of the photo sensor
R is supplied to the ADC 213. Also, during a period from time t5 to time t6, an output of the photo sensor B is supplied
to the ADC 213. Any order may be employed for supplying the outputs of the photo sensors to the ADC 213.
[0368] A pixel signal output from the photo sensor G is subjected to A/D conversion by the column ADC1 configured
from the comparator 241, the DAC 242, and the counter 243, and data of the G pixel obtained by the A/D conversion is
output as DATA1. Also, a pixel signal output from the photo sensor R is subjected to A/D conversion by the column
ADC2 configured from the comparator 251, the DAC 252, and the counter 253, and data of the R pixel obtained by the
A/D conversion is output as DATA2. A pixel signal output from the photo sensor B is subjected to A/D conversion by a
column AD32 configured from a comparator 261, a DAC 262, and a counter 263, and data of the B pixel obtained by
the A/D conversion is output as DATA3.
[0369] In the transmission unit 22 that has received an output from the imaging unit 21, with respect to the pixels of
the Nth-row line, a packet that stores, in a payload, DATA1 that is data of the G pixel, a packet that stores, in a payload,
DATA2 that is data of the R pixel, a packet that stores, in a payload, DATA3 that is data of the B pixel are respectively
generated. Further, the generated packets are transmitted to the DSP 12 at a predetermined timing.
[0370] Data ID included in a header is used to identify that pixel data stored in a payload of each packet is which one
of pixels of RGB. In this case, two bits (P = 2) is allocated to Data ID, for example.
[0371] Fig. 40 is a diagram illustrating an example of a meaning of a value of Data ID when the imaging unit 21 is a
vertical spectroscopic image sensor.
[0372] A value of Data ID being "00" means that pixel data of DATA1, which is data of the G pixel of a predetermined
one line, is included in a payload of a packet that includes Data ID, to which the value 00 is set, in a header. Also, a
value of Data ID being "01" means that pixel data of DATA2, which is data of the R pixel of a predetermined one line,
is included in a payload of a packet that includes Data ID, to which the value 01 is set, in a header. A value of Data ID
being "10" means that pixel data of DATA3, which is data of the B pixel of a predetermined one line, is included in a
payload of a packet that includes Data ID, to which the value 10 is set, in a header.
[0373] From this, the DSP 12 that has received the pixel data stored in the packet can identify the respective pixel
data of RGB from the values of Data ID even if the pixel data are of the same Nth row.

[Another example of use]

[0374] Fig. 41 is a diagram illustrating an example of pixels that configure the pixel array portion 211. Each pixel
illustrated in Fig. 41 has a honeycomb structure, and each pixel is configured from the R pixel and the S pixel having
different sensitivities and dynamic ranges.
[0375] At a timing of reading out of the Nth row, a packet that includes data of the R pixel in a payload, and a packet
that includes data of the S pixel in a payload are respectively generated by the transmission unit 22. In Data ID of a
header of the packet that includes the data of the R pixel in the payload, a value that indicates that the data included in
the payload is data of the R pixel is set. Also, in Data ID of a header of the packet that includes the data of the S pixel
in the payload, a value that indicates that the data included in the payload is data of the S pixel is set.
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[0376] The DSP 12 that has received the pixel data stored in the packet can identify the data of the R pixel and the
data of the S pixel from the values of Data ID even if the pixel data are of the same Nth row, and can generates pixel
data of each pixel in the honeycomb structure.
[0377] Fig. 42 is a diagram illustrating an example of a case where pixel data respectively obtained by different exposure
times (shutter speeds) are output as DATA1 and DATA2. The imaging unit 21 is configured such that two data of DATA1
and DATA2 illustrated in Fig. 33 can be output from each pixel.
[0378] For example, DATA1 is pixel data obtained where the shutter speed is 30 fps, and DATA2 is pixel data obtained
where the shutter speed is 240 fps. DATA1 is used as data of an image for preview, which is displayed on a display
before shooting of a still image, and DATA2 is used as data of an image for contrast analysis when a contrast auto focus
(AF) is performed in an imaging device such as a digital camera.
[0379] Figs. 42A and 42B illustrate an example of reading out timings. The control unit 201 controls a pixel array
portion 111, reads out a pixel signal of each pixel of the Nth row by 30 fps (Read 1/2), and output obtained pixel data
as DATA1. Further, the control unit 201 reads out a pixel signal of another pixel in the same Nth row by 240 fps (Read
3/4), and outputs obtained pixel data as DATA2.
[0380] Assume that a period of one cycle of a horizontal synchronizing signal XHS and a period of reading out by 30
fps are equal, an output of DATA1 is performed once and an output of DATA2 is performed eight times during a period
of eight cycles. An operation of the column ADC that reads out DATA1 can be stopped during the period of seven cycles,
and the power consumption of the imaging unit 21 can be suppressed compared with a case where reading out of DATA1
is continued.
[0381] One-bit Data ID included in a header of a packet is used to identify whether data included in a payload is DATA1
obtained with the shutter of 30 fps, or DATA2 obtained with the shutter speed of 240 fps.
[0382] For example, a value of Data ID being "1" means that pixel data of DATA1 of a predetermined one line obtained
with the shutter speed of 30 fps is included in a payload of a packet that includes Data ID, to which the value 1 is set,
in a header. Also, a value of Data ID being "0" means that pixel data of DATA2 of a predetermined one line obtained
with the shutter speed of 240 fps is included in a payload of a packet that includes Data ID, to which the value 0 is set,
in a header.
[0383] From this, the DSP 12 that has received the pixel data stored in the packet can identify the pixel data of DATA1
and the pixel data of DATA2 from the values of Data ID even of the pixel data are of the same Nth row. Further, the DSP
12 can display a preview image and can perform contrast analysis for autofocus.
[0384] There is an image sensor provided with a pixel for phase difference detection and a pixel for shooting as pixels
that configure the pixel array portion 211. Pixel data detected by the pixel for phase difference detection is used to
perform phase difference AF at the DSP 12 side. In this case, Data ID is used to identify whether pixel data stored in a
payload is pixel data of the pixel for phase difference, or pixel data of the pixel for shooting.

[Example of use of Region Number]

[0385] Fig. 43 is a diagram illustrating a configuration example of the image sensor 11.
[0386] In the example of Fig. 43, the pixel array portion 211 of the image sensor 11 is divided into four areas: an upper
right area A1, a lower right area A2, an upper left area A3, and a lower left area A4. Where the pixel array portion 211
is configured from 4000 3 2000 (breath 3 length) pixels, the upper right area A1 covers an area that includes pixels at
a right side of the 2001th line among the pixels within a range from the 1st to 1000th rows based on the 1st row. Also,
the lower right area A2 covers an area including pixels at a right side of the 2001th line among the pixels within a range
from the 2000th to 1001th rows based on the final row (2000th row). Reading out of a pixel signal of the pixels that
configure the upper right area A1 and the upper left area A3 is sequentially performed for each area from the 1st row,
and reading out of a pixel signal of the pixels that configure the lower right area A2 and the lower left area A4 is sequentially
performed for each area from the final row.
[0387] The pixel signals of pixels that configure the upper right area A1 through the lower left area A4 are supplied to
the ADCs 213-1 to 213-4, respectively.
[0388] The ADCs 213-1 to 213-4 includes the column ADC similar to the ADC 213 of Fig. 33. The ADC 213-1 performs
A/D conversion of a pixel signal supplied from the upper right area A1 of the pixel array portion 211, and outputs pixel
data as DATA1. As described above, two different data may be output from the ADC 213-1. DATA1 output from the
ADC 213-1 is supplied to the transmission unit 22-1 via a transferring unit 271-1.
[0389] Similarly, the ADCs 213-2 to 213-4 perform the A/D conversion of pixel signals supplied from the lower right
area A2 to the lower left area A4, respectively, and output pixel data. DATA2 output from the ADC 213-2 is supplied to
the transmission unit 22-2 via a transferring unit 271-2, and DATA3 output from the ADC 213-3 is supplied to the
transmission unit 22-3 via a transferring unit 271-3. Further, DATA4 output from the ADC 213-4 is supplied to a trans-
mission unit 22-4 via a transferring unit 271-4.
[0390] The transmission units 22-1 to 22-4 have a similar configuration to the transmission unit 22 illustrated in Fig.



EP 3 334 147 A1

29

5

10

15

20

25

30

35

40

45

50

55

5. The transmission unit 22-1 generates and outputs a packet that stores, in a payload, DATA1 that is the pixel data of
the upper right area A1. A value that indicates the pixel data stored in the payload is the pixel data (DATA1) of the upper
right area A1 is set in Region Number and Line Number included in a header of the packet generated by the transmission
unit 22-1.
[0391] Similarly, the transmission units 22-2 to 22-4 generate and output packets that store DATA2 to DATA4 in
payloads. A value that indicates the pixel data stored in the payload is the pixel data (DATA2) of the lower right area A2
is set in Region Number and Line Number included in a header of the packet generated by the transmission unit 22-2.
Also, a value that indicates the pixel data stored in the payload is the pixel data (DATA3) of the upper left area A3 is set
in Region Number and Line Number included in a header of the packet generated by the transmission unit 22-3. A value
that indicates the pixel data stored in the payload is the pixel data (DATA4) of the lower left area A4 is set in Region
Number and Line Number included in a header of the packet generated by the transmission unit 22-4.
[0392] Fig. 44 is a diagram illustrating an example of a meaning of a value of Region Number. For example, in a case
where the pixel array portion 211 is configured from four areas, one bit is allocated to Region Number.
[0393] A value of Region Number being "0" means that pixel data of a predetermined one line of an area at a left side
(1st to 2000th lines) is included in a payload of a packet that includes Region Number, into which the value of 0 is set,
in a header. Also, a value of Region Number being "1" means that pixel data of a predetermined one line of an area at
a right side (2001th to 4000th lines) is included in a payload of a packet that includes Region Number, into which the
value of 1 is set, in a header.
[0394] Fig. 45 is a diagram illustrating an example of a packet generated by the transmission units 22-1 to 22-4.
[0395] As illustrated in the uppermost row of Fig. 45, a value that indicates the first row is set in Line Number of a
header of a packet, which stores, in a payload, the pixel data of the first row of the upper right area A1, and a value of
"1" that indicates the right side area is set in Region Number. Also, a value that indicates the final row is set in Line
Number of a header of a packet, which stores, in a payload, the pixel data of the final row of the lower right area A2,
and a value of "1" that indicates the right side area is set in Region Number.
[0396] A value that indicates the first row is set in Line Number of a header of a packet, which stores, in a payload,
the pixel data of the first row of the upper left area A3, and a value of "0" that indicates the left side area is set in Region
Number. Also, a value that indicates the final row is set in Line Number of a header of a packet, which stores, in a
payload, the pixel data of the final row of the lower left area A4, and a value of "0" that indicates the left side area is set
in Region Number.
[0397] Since a value that indicates 1st to 1000th rows is set as the value of Line Number, and a value of "1" that
indicates the right side is set as the value of Region Number, the DSP 12 that has received a packet of the uppermost
row can identify that the pixel data stored in the payload is DATA1.
[0398] Also, since a value that indicates 1001th to 2000th rows is set as the value of Line Number, and a value of "0"
that indicates the left side is set as the value of Region Number, the DSP 12 that has received a packet of the lowermost
row can identify that the pixel data stored in the payload is DATA4.
[0399] The DSP 12 can obtain an image of one frame configured from 4000 3 2000 pixels by synthesizing pixel data
of the identified areas and lines. In the example of Fig. 45, the positions of the pixel data stored in the payload are
identified by combination of Line Number and Region Number. However, the position of the pixel data may be identified
by combination of values of Region Number by allocating a plurality of bits to Region Number.
[0400] In this way, even if the pixel data of each area is output from the image sensor 11, the DSP 12 can identify the
type of the transmitted data with Region Number, whereby reception of data can be realized by the one reception unit 31.

[Others]

[0401] Fig. 46 is a diagram illustrating an example of use of Line Number. As illustrated in Fig. 46, a value is set to
Line Number of a packet, indicating that Nth-row pixel data is stored in a payload of the packet, and a value is set to
Line Number of a packet, indicating that (N+1)th-row pixel data is stored in a payload of the packet. A value is set to
Line Number of a packet, indicating that (N+2)th-row pixel data is stored in a payload of the packet, and a value is set
to Line Number of a packet, indicating that (N+3)th-row pixel data is stored in a payload of the packet.

<2. Second Embodiment (an example of transmitting not only pixel data but also predetermined data)>

[0402] The above-described data transmission between chips using a plurality of lanes may be used not only for the
image data but also for various types of data.
[0403] Hereinafter, if appropriate, the above-described I/F used for the transmission of pixel data output from an image
sensor such as a CMOS is referred to as a CMOS image sensor (CIS) I/F, and an IF used for the transmission of various
types of data is referred to as a general-purpose IF. Not only image data but also various types of data such as audio
data and text data are transmitted from a transmission-side chip to a reception-side chip using the general-purpose I/F.
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[A configuration example of a transmission system]

[0404] Fig. 47 is a diagram illustrating a first configuration example of a transmission system using the general-purpose
I/F.
[0405] A transmission system 301 of Fig. 47 is configured from a transmission-side LSI 311 and a reception-side LSI
312. The transmission-side LSI 311 and the reception-side LSI 312 are provided within a same device, for example.
The transmission-side LSI 311 is provided with an information processing unit 321 and one transmission unit 322, and
the reception-side LSI 312 is provided with one reception unit 331 and an information processing unit 332.
[0406] The information processing unit 321 of the transmission-side LSI 311 processes the various types of data, and
outputs data to be transmitted to the transmission unit 322. From the information processing unit 321, data having various
types of bit widths such as 8, 10, 12, 14, 16, 20, 24, 28, 32, 40, 48, 56, 64, 80, 96, 112, 128, and 144 bits are output.
[0407] The transmission unit 322 allocates the data supplied from the information processing unit 321 to a plurality of
lanes in order supplied from the information processing unit 321, for example, and transmits the data to the reception-
side LSI 312 in parallel. In the example of Fig. 47, data transmission is carried out using eight lanes. A transmission line
between the transmission-side LSI 311 and the reception-side LSI 312 may be a wired transmission line, or a wireless
transmission line.
[0408] The reception unit 331 of the reception-side LSI 312 receives the data transmitted from the transmission unit
322 via the eight lanes, and outputs the data to the information processing unit 332.
[0409] The information processing unit 332 generates data selected as data to be transmitted at the transmission-
side LSI 311 based on the data supplied from the reception unit 331, and performs various types of processing using
the generated data. When the data to be transmitted is audio data, for example, processing such as reproduction and
compression of the audio data is performed.
[0410] Fig. 48 is a diagram illustrating a second configuration example of the transmission system 301. Among con-
figurations illustrated in Fig. 48, configurations substantially equivalent to the configurations illustrated in Fig. 47 are
denoted with the same reference signs. Overlapped description is omitted where appropriate.
[0411] The transmission-side LSI 311 of the transmission system 301 of Fig. 48 is provided with the information
processing unit 321 and transmission units 322-1 and 322-2 that are two transmission units, and the reception-side LSI
312 is provided with reception units 331-1 and 331-2 that are two reception units and the information processing unit 332.
[0412] The information processing unit 321 divides the data to be transmitted, and outputs divided data to the trans-
mission units 322-1 and 322-2.
[0413] The transmission unit 322-1 allocates the data supplied from the information processing unit 321 to a plurality
of lanes in order supplied from the information processing unit 321, for example, and transmits the data to the reception-
side LSI 312. Similarly, the transmission unit 322-2 allocates the data supplied from the information processing unit 321
to a plurality of lanes in order supplied from the information processing unit 321, for example, and transmits the data to
the reception-side LSI 312.
[0414] In the example of Fig. 48, the transmission-side LSI 311 and the reception-side LSI 312 are connected via eight
lanes. The transmission unit 322-1 and the transmission unit 322-2 transmit data using four lanes, respectively.
[0415] The reception unit 331-1 of the reception-side LSI 312 receives the data transmitted from the transmission unit
322-1 via the four lanes, and outputs the data to the information processing unit 332. Similarly, the reception unit 331-2
receives the data transmitted from the transmission unit 322-2 via the four lanes, and outputs the data to the information
processing unit 332.
[0416] The information processing unit 332 generates data to be transmitted based on the data supplied from the
reception unit 331-1 and from the reception unit 331-2, and performs various types of processing for the generated data.
[0417] As illustrated in Fig. 48, the transmission-side LSI 311 is provided with the two transmission units, and the
reception-side LSI 312 is provided with the two reception units respectively corresponding to the transmission units, so
that data can be transmitted to the reception-side LSI 312 even in a case where a transmission rate of the data output
from the information processing unit 321 is high.
[0418] Fig. 49 is a diagram illustrating a third configuration example of the transmission system 301. Among configu-
rations illustrated in Fig. 49, configurations substantially equivalent to the configurations illustrated in Fig. 47 are denoted
with the same reference signs. Overlapped description is omitted where appropriate.
[0419] In the transmission system 301 of Fig. 49, as an LSI of the transmission-side LSI, two LSIs of a transmission-
side LSI 311-1 and a transmission-side LSI 311-2 are provided. The transmission-side LSI 311-1 is provided with an
information processing unit 321-1 and the transmission unit 322-1 that is one transmission unit, and the transmission-
side LSI 311-2 is provided with an information processing unit 321-2 and the transmission unit 322-2 that is one trans-
mission unit. The reception-side LSI 312 is provided with the reception units 331-1 and 331-2 that are two reception
units and the information processing unit 332, similar to the case of Fig. 48.
[0420] The information processing unit 321-1 of the transmission-side LSI 311-1 outputs data to be transmitted to the
transmission unit 322-1.
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[0421] The transmission unit 322-1 allocates the data supplied from the information processing unit 321-1 to a plurality
of lanes, and transmits the data to the reception-side LSI 312.
[0422] The information processing unit 321-2 of the transmission-side LSI 311-2 outputs the data to be transmitted to
the transmission unit 322-2.
[0423] The transmission unit 322-2 allocates the data supplied from the information processing unit 321-2 to a plurality
of lanes, and transmits the data to the reception-side LSI 312.
[0424] In the example of Fig. 49, the transmission-side LSI 311 that is a transmission-side LSI and the reception-side
LSI 312 that is a reception-side LSI are also connected via eight lanes. Four lanes are allocated to the transmission-
side LSI 311-1 and the transmission-side LSI 311-2, respectively, and the transmission unit 322-1 and the transmission
unit 322-2 transmit data using the four lanes, respectively.
[0425] The reception unit 331-1 of the reception-side LSI 312 receives the data transmitted from the transmission unit
322-1 of the transmission-side LSI 311-1 via the four lanes, and outputs the data to the information processing unit 332.
Similarly, the reception unit 331-2 receives the data transmitted from the transmission unit 322-2 of the transmission-
side LSI 311-2 via the four lanes, and outputs the data to the information processing unit 332.
[0426] The information processing unit 332 generates data selected as data to be transmitted in the transmission-side
LSI 311-1 based on the data supplied from the reception unit 331-1. Also, the transmission unit 322 generates data
selected as data to be transmitted in the transmission-side LSI 311-2 based on the data supplied from the reception unit
331-2. The image processing unit 332 performs various types of processing using the generated data.
[0427] As described above, the transmission-side LSI of the transmission system 301 is provided with one or a plurality
of transmission units for transmitting data. Meanwhile, the reception-side LSI is provided with one or a plurality of reception
units corresponding to the transmission units of the transmission-side LSI.
[0428] Hereinafter, data transmission in the transmission system 301 of Fig. 47 will be described, wherein the trans-
mission-side LSI 311 is provided with one transmission unit, and the reception-side LSI 312 is provided with one reception
unit. Data transmission is similarly performed between the transmission unit 322-1 and the reception unit 331-1, and
between the transmission unit 322-2 and the reception unit 331-2 of Figs. 48 and 49.

[Example of a data structure of a packet]

[0429] Figs. 50A to 50D are diagrams illustrating examples of packets used for data transmission.
[0430] Fig. 50A is a diagram illustrating an example of a packet used for transmission of pixel data in a CIS IF. One
packet of the CIS IF is configured from a header, a payload including pixel data for one line, and a footer that is
appropriately added. Start Code is added to a head of one packet of the CIS IF, and End Code is added after the footer.
[0431] Figs. 50B to 50D are diagram illustrating examples of packets used for transmission of various types of data
in a general-purpose IF. One packet of the general-purpose IF is configured from only a payload. As described below,
in the transmission unit 322, payload data is generated by dividing the data to be transmitted in a unit of 8 to 144 bits
supplied from the information processing unit 321 into a predetermined size. The packet size has a bit number that is a
common multiple of 8 to 144 bits, which is a bit width of input data, and 128 bits, and is designated with a value set in
Configuration Register.
[0432] When a packet having the same size as the packet size designated with the value set in Configuration Register
is generated and data is transmitted, a regular packet illustrated in Fig. 50B is used.
[0433] Also, when a packet shorter than the packet size designated with the value set in Configuration Register is
generated, and data is transmitted, a short packet illustrated in Figs. 50C or 50D is used. For example, when the payload
length is a multiple of 128 bits, a short packet (1) of Fig. 50C is used, and when the payload length is not a multiple of
128 bits, a short packet (2) of Fig. 50D is used. The short packets of Figs. 50C and 50D are identified with End Code
added behind.

[A configuration of a transmission-side LSI 311 and a reception-side LSI 312]

[0434] Fig. 51 is a diagram illustrating a configuration example of the transmission-side LSI 311 and the reception-
side LSI 312.
[0435] The left side in Fig. 51 illustrates a configuration of the transmission-side LSI 311, and the right side illustrates
a configuration of the reception-side LSI 312. Data transmission of the general-purpose IF is realized by configurations
of layers: an application layer, an adaptation layer, a link layer, and a physical layer.
[0436] The portion above the solid line L1 illustrates a configuration of the application layer. In the information processing
unit 321, a system control unit 341, a data input unit 342, and a register 343 are realized.
[0437] The system control unit 341 controls data transmission by the general-purpose IF. For example, the system
control unit 341 outputs a control signal, which indicates input data is effective, to the payload data generation unit 351
of the transmission unit 322 during the data input unit 342 outputs data to be transmitted. The data input unit 342 outputs
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the data to be transmitted to the payload data generation unit 351 in predetermined bits of 8 to 144 bits. The register
343 is the above-described Configuration Register and stores various types of information such as a packet size and
the number of lanes.
[0438] Meanwhile, in the information processing unit 332, a system control unit 441, a data output unit 442, and a
register 443 are realized.
[0439] The system control unit 441 controls data reception by the general-purpose IF. For example, the system control
unit 441 outputs information of a packet size designated by a value set in the register 443 to a payload data acquisition
unit 431. The data output unit 442 acquires data supplied from the payload data acquisition unit 431, and outputs the
data to a data processing unit (not illustrated). The register 443 stores various types of information such as a packet
size and the number of lanes.

[A configuration of an adaptation layer of a transmission unit 322]

[0440] A configuration of the adaptation layer of the transmission-side LSI 311 will be described. The transmission
unit 322 includes the payload data generation unit 351 as a configuration of the adaptation layer.
[0441] The payload data generation unit 351 divides the data to be transmitted supplied from the data input unit 342
in predetermined bits into data having the same size as the packet size, and outputs the data to a Byte Packing unit
362. Data having the predetermined bits that configures the data to be transmitted is output from the payload data
generation unit 351 to the Byte Packing unit 362 in the same size as the packet size. The payload data generation unit
351 outputs data less than the packet size, for example, last data of the data to be transmitted, to the Byte Packing unit
362 as it is.
[0442] Also, when detecting that the control signal becomes OFF, and no data has been input for a predetermined
time or more, the payload data generation unit 351 outputs a Packet End signal to the Byte Packing unit 362. The Packet
End signal is a timing signal indicating an input timing of the last data that configures the packet. Note that the payload
data generation unit 351 outputs, when transmitting the header information described with reference to Figs. 7 and 32,
and the like, to the reception-side LSI 312, the header information to a packet generation unit 364. In the general-purpose
IF, the header information is also transmitted as payload data.

[A configuration of a link layer of a transmission unit 322]

[0443] The transmission unit 322 includes the Byte Packing unit 362, a payload ECC insertion unit 363, the packet
generation unit 364, and a lane distribution unit 365 as a configuration of the link layer.
[0444] The Byte Packing unit 362 converts the data supplied from the payload data generation unit 351 into packing
data of a predetermined unit such as 16 bytes, which is a processing unit in the Byte Packing unit 362 and subsequent
units. The Byte Packing unit 362 outputs the packing data obtained by the conversion to the payload ECC insertion unit
363.
[0445] Fig. 52 is a diagram illustrating an example of Byte Packing that is the data conversion by the Byte Packing
unit 362.
[0446] In the example of Fig. 52, Data1 through Data8, which are divided by the payload data generation unit 351 as
data that configures one packet according to a control signal, are input to the Byte Packing unit 362. Data is input in a
unit of 80 bits from the data input unit 342 to the payload data generation unit 351.
[0447] In this case, the Byte Packing unit 362 generates five packing data by allocating bits of Data1 through Data8
to bits of packing data in a unit of 16 bytes (128 bits) in order of input. For example, the first packing data includes 1 to
80 bits of Data1 and 1 to 48 bits of Data2.
[0448] Fig. 53 is a diagram illustrating another example of Byte Packing by the Byte Packing unit 362.
[0449] In the example of Fig. 53, Data1 through Data5 divided by the payload data generation unit 351 as data that
configures one packet according to a control signal are input to the Byte Packing unit 362. A Packet End signal is input
from the payload data generation unit 351 to the Byte Packing unit 362 in accordance with an input timing of Data5. In
response to the supply of the Packet End signal, the Byte Packing unit 362 can recognize that Data5 is the last data
that configures the one packet.
[0450] In this case, the Byte Packing unit 362 generates the first packing data including Data1 as a whole and a head
to a middle portion of Data2 by allocating bits of Data1 through Data5 to bits of packing data in order of input. Also, the
Byte Packing unit 362 generates the second packing data including the middle portion to the end of Data2, Data3 as a
whole, and a head to a middle portion of Data4. The Byte Packing unit 362 generates the third packing data including
the middle portion to the end of Data4 and a head to a middle portion of Data5.
[0451] When allocating 80th bit that is the last bit of Data5 to the fourth packing data, the Byte Packing unit 362
generates the fourth packing data of 16 bytes by inserting dummy data after the last bit. That is, the packing data is
generated by adding the dummy data (dummy bits) for data less than 16 bytes. All the dummy data have a value of 0
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bits, for example.
[0452] Further, as the fifth packing data following the fourth packing data to which the dummy data is added, the Byte
Packing unit 362 generates packing data including 8 bits at the LSB side, which indicates the bit number of the dummy
data included in the fourth packing data. The dummy data is included in the 1st to 120th bits of the fifth packing data.
[0453] The reception unit 331 that has received such data can identify that the dummy data is included in the fourth
packing data that is one before the fifth packing data based on the fact that the dummy data of 120 bits is included in
the fifth packing data. Further, the reception unit 331 can identify the bit number of the dummy data added to the fourth
packing data based on the bit number represented by the 8 bits following the dummy data of 120 bits, thereby extracting
only effective data.
[0454] Fig. 54 is a diagram illustrating a sequence of the Byte Packing processing.
[0455] In the example of Fig. 54, the control signal supplied from the system control unit 341 of the information
processing unit 321 is ON during a period from time t11 to t14, and at time t15 and subsequent time. Also, Data1 through
Data4, which are the data to be transmitted in predetermined bits, are supplied from the data input unit 342 in accordance
with the control signal turning ON. Looking at Data1 through Data3, Data1 is supplied during a period from time t11 to
t12, Data2 is supplied during a period from time t12 to t13, and Data3 is supplied during a period from time t13 to t14.
A Packet End signal that indicates the last data that configures the packet is input at a timing of completion of the input
of Data3. Data1 through Data4 are data respectively having 16 bytes or more in size.
[0456] In this case, the Byte Packing unit 362 generates packing data PD1 including data of an area a from the head
to a middle portion of Data1. Also, the Byte Packing unit 362 generates packing data PD2 including data of an area b
from the middle portion to the end of Data1, and data of an area c from the head to a middle portion of Data2.
[0457] The Byte Packing unit 362 generates packing data PD3 including data of an area d from the middle portion to
the end of Data2 and data of an area e from the head to a middle portion of Data3. The Byte Packing unit 362 generates
packing data PD4 of 16 bytes by adding dummy data to data of an area f from the middle portion to the end of Data3.
The data marked with slant lines in Fig. 54 is the dummy data.
[0458] Further, the Byte Packing unit 362 generates packing data of 16 bytes including bits that indicates the bit number
of the dummy data added to the packing data PD4 at the end, following the packing data PD4.
[0459] For example, a packet made of the packing data PD1 to PD4 including the packing data PD4 to which the
dummy data is added is transmitted as a short packet of Fig. 50C or Fig. 50D. In the short packet, the packing data to
which the bits that indicates the bit number of the dummy data is added at the end is also included.
[0460] Consider a case where only effective data input during the period where the control signal is ON is included in
packing data without including the dummy data, and the packing data is transmitted as a regular packet. In this case,
when the packing data cannot be filled with the effective data at the timing when a Packet End signal is supplied, the
data of the area f of Data3 that cannot be included in the packing data cannot be output until Data4 is input. When the
packing data cannot be filled with the effective data at the timing when the Packet End signal is supplied, a delay of an
output of data can be prevented by adding the dummy data and outputting the data.
[0461] Data configured from the packing data generated in this way is supplied from the Byte Packing unit 362 to the
payload ECC insertion unit 363 of Fig. 51 as payload data.
[0462] The payload ECC insertion unit 363 calculates an error correction code used for error correction of the payload
data based on the payload data supplied from the Byte Packing unit 362, and inserts a parity obtained by the calculation
to the payload data. A Reed-Solomon code is used as the error correction code. Note that the insertion of the error
correction code is optional.
[0463] Fig. 55 is a diagram illustrating an example of insertion of a parity to payload data.
[0464] The payload ECC insertion unit 363 generates Basic Block of 224 bytes by collecting 14 packing data in order
supplied from the Byte Packing unit 362 Also, the payload ECC insertion unit 363 generates a parity of two to four bytes
based on the payload data of 224 bytes, and generates Basic Block of 226 to 228 bytes to which the parity is inserted
by inserting the parity in the payload data.
[0465] In the example of Fig. 55, Parity1 is generated and added to the payload data made of 1st to 14th packing
data. The data marked with slant lines in Fig. 55 is a parity.
[0466] When the size of the payload data following a certain Basic Block is less than 224 bytes, the payload ECC
insertion unit 363 generates Extra Block based on remaining payload data. By the above-described insertion of dummy
data, the length of information of Extra Block is always a multiple of 16 bytes. Also, the payload ECC insertion unit 363
generates a parity of two to four bytes based on the payload data that configures Extra Block, and generates Extra Block
to which the parity is inserted by inserting the parity to the payload data.
[0467] In the example of Fig. 55, ParityM is generated and added to the Nth to (N+M)th payload data.
[0468] The payload ECC insertion unit 363 outputs the payload data to which the parity is inserted to the packet
generation unit 364. When the insertion of the parity is not performed, the payload data supplied from the Byte Packing
unit 362 to the payload ECC insertion unit 363 is output to the packet generation unit 364 as it is.
[0469] The packet generation unit 364 generates a packet having the data supplied from the payload ECC insertion
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unit 363 as payload data. The packet generation unit 364 outputs the data of the generated packet to the lane distribution
unit 365.
[0470] The lane distribution unit 365 allocates the packet data supplied from the packet generation unit 364 to the
lanes used for data transmission in bytes in order from one byte of the head like Lane 0, Lane 1, ... , Lane (Lane Num-
1), and Lane 1, .... There may be a case where the data cannot be equally distributed to the lanes depending on the
packet length and the number of lanes. In this case, the lane distribution unit 365 inserts 00h as Lane Stuffing so that
the data can be equally distributed to the lanes.
[0471] The lane distribution unit 365 outputs the packed data allocated to the lanes to the physical layer. Hereinafter,
a case will be mainly described in which the data is transmitted using eight lanes of Lanes 0 to 7. However, similar
processing is performed in a case where other number of lanes is used for the data transmission.

[A configuration of a physical layer of a transmission unit 322]

[0472] The transmission unit 322 includes a PHY-TX state control unit 381, a clock generation unit 382, and signal
processing units 383-0 to 383-N as a configuration of the physical layer. The configuration of the physical layer of the
transmission unit 322 is similar to that of the physical layer of the transmission unit 22 in the CIS-IF described with
reference to Fig. 5. Overlapped description is omitted where appropriate.
[0473] The signal processing unit 383-0 is configured from a control code insertion unit 391, an 8B10B symbol encoder
392, a synchronization unit 393, and a transmission unit 394. The packet data output from the lane distribution unit 365
and allocated to Lane 0 is input to the signal processing unit 383-0, and the packet data allocated to Lane 1 is input to
the signal processing unit 383-1. Also, the packet data allocated to Lane N is input to the signal processing unit 383-N.
[0474] The PHY-TX state control unit 381 controls each part of the signal processing units 383-0 to 383-N.
[0475] The clock generation unit 382 generates a clock signal, and outputs the signal to the respective synchronization
units 393 of the signal processing units 383-0 to 383-N.
[0476] The control code insertion unit 391 of the signal processing unit 383-0 adds control codes such as Start Code
and End Code to the packet data supplied from the lane distribution unit 365. The control code insertion unit 391 outputs
the packet data to which the control codes are added to the 8B10B symbol encoder 392.
[0477] The 8B10B symbol encoder 392 performs the 8B10B conversion for the packet data (the packet data to which
the control codes are added) supplied from the control code insertion unit 391, and outputs packet data, which has been
converted into data of a unit of 10 bits, to the synchronization unit 393.
[0478] The synchronization unit 393 outputs bits of the packet data supplied from the 8B10B symbol encoder 392 to
the transmission unit 394 according to the clock signal generated by the clock generation unit 382.
[0479] The transmission unit 394 transmits the packet data supplied from the synchronization unit 393 to the reception
unit 331 via the transmission line that configures Lane 0. When the data transmission is performed using eight lanes,
the packet data is transmitted to the reception unit 331 using the transmission lines that configure Lanes 1 to 7.

[A configuration of a physical layer of a reception unit 331]

[0480] Next, a configuration of the physical layer of the reception unit 331 of the reception-side LSI 312 will be described.
The reception unit 331 includes a PHY-RX state control unit 401 and signal processing units 402-0 to 402-N as a
configuration of the physical layer. The configuration of the physical layer of the reception unit 331 is similar to that of
the physical layer of the reception unit 31 in the CIS-IF described with reference to Fig. 5. Overlapped description is
omitted where appropriate.
[0481] The signal processing unit 402-0 configured from a reception unit 411, a clock generation unit 412, a synchro-
nization unit 413, a symbol synchronization unit 414, a 10B8B symbol encoder 415, a skew correction unit 416, and a
control code removal unit 417. The packet data transmitted via the transmission line that configures Lane 0 is input to
the signal processing unit 402-0, and the packet data transmitted via the transmission line that configures Lane 1 is input
to the signal processing unit 402-1. Also, the packet data transmitted via the transmission line that configures Lane N
is input to the signal processing unit 402-N.
[0482] The reception unit 411 receives a signal that indicates the packet data transmitted from the transmission unit
322 via the transmission line that configures Lane 0, and outputs the signal to the clock generation unit 412.
[0483] The clock generation unit 412 establishes bit synchronization by detecting an edge of the signal supplied from
the reception unit 411, and generates a clock signal based on a detection cycle of the edge. The clock generation unit
412 outputs the signal supplied from the reception unit 411 to the synchronization unit 413 along with the clock signal.
[0484] The synchronization unit 413 performs sampling of the signal received in the reception unit 411 according to
the clock signal generated by the clock generation unit 412, and outputs packet data obtained by the sampling to the
symbol synchronization unit 414.
[0485] The symbol synchronization unit 414 detects a symbol of K28.5 included in Start Code, End Code, and Deskew
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Code, for example, and establishes symbol synchronization. The symbol synchronization unit 414 outputs the packet
data of a unit of 10 bits that indicates each symbol to the 10B8B symbol encoder 415.
[0486] The 10B8B symbol encoder 415 performs 10B8B conversion for the packet data of a unit of 10 bits supplied
from the symbol synchronization unit 414, and outputs packet data, which has been converted into data of a unit of 8
bits, to the skew correction unit 416.
[0487] The skew correction unit 416 detects Deskew Code from the packet data supplied from the 10B8B symbol
encoder 415. Information of a detection timing of Deskew Code by the skew correction unit 416 is supplied to the PHY-
RX state control unit 401. Also, the skew correction unit 416 corrects Data Skew between the lanes so as to adjust the
timing of Deskew Code to a timing indicated by the information supplied from the PHY-RX state control unit 401.
[0488] Data Skew between the lanes is corrected in the way described with reference to Fig. 25 by similar processing
performed in the signal processing units 402-1 to 402-N, respectively.
[0489] The skew correction unit 416 outputs the packet data, Data Skew of which has been corrected, to the control
code removal unit 417.
[0490] The control code removal unit 417 removes the control codes added to the packet data, and outputs data from
Start Code to End Code as the packet data.
[0491] The PHY-RX state control unit 401 controls each part of the signal processing units 402-0 to 402-N, and performs
correction of Data Skew between the lanes.

[A configuration of a link layer of a reception unit 331]

[0492] The reception unit 331 includes a lane integration unit 422, a packet separation unit 423, a payload error
correction unit 424, and a Byte Unpacking unit 425 as a configuration of the link layer.
[0493] The lane integration unit 422 integrates the data supplied from the signal processing units 402-0 to 402-N of
the physical layer by re-arranging the data in a reverse order of the distribution order of data by the lane distribution unit
365 of the transmission unit 322. The lane integration unit 422 outputs the packet data obtained by the integration to
the packet separation unit 423.
[0494] The packet separation unit 423 outputs the packet data integrated by the lane integration unit 422 to the payload
error correction unit 424 as payload data. When header information is included as the payload data, the packet separation
unit 423 outputs the header information extracted from the payload to the payload data acquisition unit 431.
[0495] When a parity is inserted to the payload data supplied from the packet separation unit 423, the payload error
correction unit 424 detects an error of the payload data by performing error correction arithmetic operation based on the
parity, and performs error correction. For example, when a parity is inserted as illustrated in Fig. 55, the payload error
correction unit 424 performs error correction of data of 224 bytes existing before the parity using a parity inserted at the
end of the first Basic Block.
[0496] The payload error correction unit 424 outputs data after error correction obtained by performing the error
correction for Basic Block and Extra Block to the Byte Unpacking unit 425. When a parity is not inserted to the payload
data supplied from the packet separation unit 423, the payload data supplied from the packet separation unit 423 is
output to the Byte Unpacking unit 425 as it is.
[0497] The Byte Unpacking unit 425 performs Byte Unpacking that is reverse processing to the processing by the
Byte Packing unit 362 of the transmission unit 322 for the packing data of 16 bytes supplied from the payload error
correction unit 424. The Byte Unpacking unit 425 outputs the data obtained by performing the Byte Unpacking to the
payload data acquisition unit 431. A packet of data in predetermined bits is output altogether from the Byte Unpacking
unit 425 to the payload data acquisition unit 431, similar to the output of the payload data generation unit 351 of the
transmission unit 322.
[0498] Also, when dummy data is included in the packing data that configures the payload data, the Byte Unpacking
unit 425 removes the dummy data, and performs Byte Unpacking for the data other than the dummy data. The fact that
the dummy data is included in the packing data is identified based on detection of successive dummy data of 120 bits
as described above. Also, the bit number of the dummy data included in the packing data is identified with 8 bits following
the dummy data of 120 bits.

[A configuration of an adaptation layer of a reception unit 331]

[0499] The reception unit 331 includes the payload data acquisition unit 431 as a configuration of the adaptation layer.
The payload data acquisition unit 431 acquires the data supplied from the Byte Unpacking unit 425, and outputs, to the
information processing unit 332, the data in a bit width equal to the data input from the data input unit 342 to the payload
data generation unit 351 in the transmission-side LSI 311.
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[An operation of a transmission-side LSI 311 and a reception-side LSI 312]

[0500] Next, a series of processing of the transmission-side LSI 311 and the reception-side LSI 312 having the above-
described configuration will be described.
[0501] First, an operation of the transmission system 301 will be described with reference to a flowchart of Fig. 56.
The processing of each step of Fig. 56 is appropriately performed in parallel with, or before or after, other processing.
[0502] In step S101, the information processing unit 321 of the transmission-side LSI 311 processes various types of
data, and outputs data to be transmitted to the transmission unit 322 in a predetermined bit width of 8 to 144 bits.
[0503] In step S102, the transmission unit 322 performs data transmission processing. By the data transmission
processing, a packet that includes the data to be transmitted in a payload is generated, and packet data is transmitted
to the reception unit 331. The data transmission processing will be described with reference to a flowchart of Fig. 57.
[0504] In step S103, the reception unit 331 of the reception-side LSI 312 performs data reception processing. By the
data reception processing, the data transmitted from the transmission unit 322 is received, and data selected in the
transmission-side LSI 311 as the data to be transmitted is output to the information processing unit 332. The data
reception processing will be described with reference to a flowchart of Fig. 58.
[0505] In step S104, the information processing unit 332 acquires the data supplied from the reception unit 331.
[0506] In step S105, the information processing unit 332 performs various types of processing based on the acquired
data, and terminates the processing.
[0507] Next, the data transmission processing performed in step S102 of Fig. 56 will be described with reference to
a flowchart of Fig. 57.
[0508] In step S111, the payload data generation unit 351 generates payload data by dividing the data to be transmitted
supplied from the data input unit 342 into a predetermined size.
[0509] In step S112, the Byte Packing unit 362 converts the payload data supplied from the payload data generation
unit 351 into packing data in a predetermined unit such as 16 bytes.
[0510] In step S113, the payload ECC insertion unit 363 calculates an error correction code based on Basic Block or
Extra Block configured from the payload data, and inserts a parity obtained by the calculation to the payload data.
[0511] In step S114, the packet generation unit 364 outputs the packet data supplied from the payload ECC insertion
unit 363 to the lane distribution unit 365 as packet data.
[0512] In step S115, the lane distribution unit 365 allocates the packet data supplied from the packet generation unit
364 to a plurality of lanes used for data transmission.
[0513] In step S116, the control code insertion unit 391 adds a control code to the packet data supplied from the lane
distribution unit 365.
[0514] In step S117, the 8B10B symbol encoder 392 performs 8B10B conversion of the packed data to which the
control code is added, and outputs packet data that has been converted into data of a unit of 10 bits.
[0515] In step S118, the synchronization unit 393 outputs the packet data supplied from the 8B10B symbol encoder
392 according to a clock signal generated by the clock generation unit 382, and allows the transmission unit 394 to
transmit the data. The processing from step S116 to S118 is performed in parallel by the signal processing units 383-0
to 383-N. After the packet data is transmitted, the processing returns to step S102 of Fig. 56, and subsequent processing
is performed.
[0516] Next, the data reception processing performed in step S103 of Fig. 56 will be described with reference to a
flowchart of Fig. 58.
[0517] In step S131, the reception unit 411 receives a signal that indicates the packet data transmitted from the
transmission unit 322. The processing from step S131 to S136 is performed by the signal processing units 402-0 to 402-
N in parallel.
[0518] In step S132, the clock generation unit 412 establishes bit synchronization by detecting an edge of the signal
supplied from the reception unit 411. The synchronization unit 413 performs sampling of the signal received by the
reception unit 411, and outputs the packet data to the symbol synchronization unit 414.
[0519] In step S133, the symbol synchronization unit 414 establishes symbol synchronization by detecting a control
code included in the packet data and the like.
[0520] In step S134, the 10B8B symbol encoder 415 performs 10B8B conversion for the packet data after the symbol
synchronization, an outputs the packet data that has been converted into data in a unit of 8 bits.
[0521] In step S135, the skew correction unit 416 detects Deskew Code, and corrects Data Skew between the lanes
so as to adjust a timing of Deskew Code to a timing indicated by information supplied from the PHY-RX state control
unit 401.
[0522] In step S136, the control code removal unit 417 removes the control code added to the packet data.
[0523] In step S137, the lane integration unit 422 integrates the packet data supplied from the signal processing units
402-0 to 402-N.
[0524] In step S138, the packet separation unit 423 outputs the packet data integrated by the lane integration unit 422
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to the payload error correction unit 424 as payload data.
[0525] In step S139, the payload error correction unit 424 performs error correction of the payload data based on the
parity inserted into the payload data supplied from the packet separation unit 423.
[0526] In step S140, the Byte Unpacking unit 425 performs reverse conversion processing to Byte Packing for the
payload data supplied from the payload error correction unit 424. The Byte Unpacking unit 425 outputs obtained data
to the payload data acquisition unit 431.
[0527] In step S141, the payload data acquisition unit 431 outputs the data supplied from the Byte Unpacking unit 425
to the information processing unit 332 in a predetermined bit width. Following that, the processing returns to step S103
of Fig. 56, and subsequent processing is performed.
[0528] The data transmission between the transmission-side LSI 311 and the reception-side LSI 312 using the general-
purpose IF is performed as described above. It becomes possible to transmit various types of data by the general-
purpose IF.

[Modifications]

[0529] A transmission unit that corresponds to the data transmission both by the CIS IF and by the general-purpose
IF may be provided in the LSI at the transmission side, and a reception unit may be provided in the LSI at the reception side.
[0530] Fig. 59 is a diagram illustrating a configuration example of a transmission unit 501 that corresponds to the data
transmission both by the CIS IF and by the general-purpose IF. A CIS/general-purpose switching signal that indicates
which of the CIS IF and the general-purpose IF performs data transmission is input from a control unit (not illustrated).
[0531] A data input unit 511 receives pixel data that is data to be transmitted for the CIS IF in a unit of a line, and
outputs the data to a selection unit 513.
[0532] A data input unit 512 receives the data to be transmitted of the general-purpose IF. The data input unit 512
generates payload data by dividing the data to be transmitted into a predetermined size, and outputs the payload data
to the selection unit 513. The data input unit 512 corresponds to the payload data generation unit 351 of Fig. 51.
[0533] The selection unit 513 selects one of data supplied from the data input unit 511 and data supplied from the
data input unit 512 in response to the CIS/general-purpose switching signal, and outputs the data to a Byte Packing unit
514.
[0534] The Byte Packing unit 514 converts the data supplied from the selection unit 513 into data in predetermined
bytes, and outputs the data to a payload ECC insertion unit 515. The Byte Packing unit 514 corresponds to the Pixel to
Byte conversion unit 62 of Fig. 5 and the Byte Packing unit 362 of Fig. 51.
[0535] The payload ECC insertion unit 515 calculates an error correction code based on the payload data, and outputs
the payload data into which the error correction code is inserted. The data output from the payload ECC insertion unit
515 is supplied to a header generation unit 516 and a selection unit 517. The payload ECC insertion unit 515 corresponds
to the payload ECC insertion unit 63 of Fig. 5 and the payload ECC insertion unit 363 of Fig. 51.
[0536] The header generation unit 516 generates a header to be added to the payload, and outputs the header to the
selection unit 517. The header generation unit 516 corresponds to the header generation unit 72 of Fig. 5.
[0537] The selection unit 517 outputs the payload data to which the header is added by the header generation unit
516 to a footer generation unit 518 when transmitting data by the CIS IF. Also, the selection unit 517 outputs the payload
data supplied from the payload ECC insertion unit 515 to a selection unit 519 when transmitting data by the general-
purpose IF.
[0538] The footer generation unit 518 generates a footer to be added to the payload, adds the footer to the payload
data supplied from the selection unit 517, and outputs the payload data to the selection unit 519. The footer generation
unit 518 corresponds to the footer generation unit 74 of Fig. 5.
[0539] The selection unit 519 outputs the payload data into which the header and the footer is added and supplied
from the footer generation unit 518 to a lane distribution unit 520 when transmitting data by the CIS IF. Also, the selection
unit 519 outputs the payload data supplied from the selection unit 517 to the lane distribution unit 520 when transmitting
data by the general-purpose IF.
[0540] The lane distribution unit 520 allocates the data supplied from the selection unit 519 to a lane used for data
transmission. Although, in Fig. 59, four lanes are illustrated as lanes used for the data transmission, the lanes may have
any number. The lane distribution unit 520 outputs the data allocated to each lane to a frame configuration unit 521. The
lane distribution unit 520 corresponds to the lane distribution unit 65 of Fig. 5 and the lane distribution unit 365 of Fig. 51.
[0541] The frame configuration unit 521 adds a control code to the data of each lane, and outputs the data to 8B10B
symbol encoders 522-0 to 522-3. The frame configuration unit 521 corresponds to the control code insertion units 91 of
the signal processing units 83-0 to 83-3 of Fig. 5 and the control code insertion units 391 of the signal processing units
383-0 to 383-3 of Fig. 51.
[0542] The 8B10B symbol encoders 522-0 to 522-3 respectively perform 8B10B conversion of the packet data to
which the control code is added, and output data of a unit of 10 bits to P/S conversion units 523-0 to 523-3. The 8B10B



EP 3 334 147 A1

38

5

10

15

20

25

30

35

40

45

50

55

symbol encoders 522-0 to 522-3 correspond to the 8B10B symbol encoders 92 of the signal processing units 83-0 to
83-3 of Fig. 5 and the 8B10B symbol encoders 392 of the signal processing units 383-0 to 383-3 of Fig. 51.
[0543] The P/S conversion units 523-0 to 523-3 respectively perform parallel/serial (P/S) conversion of the data supplied
from the 8B10B symbol encoders 522-0 to 522-3, and transmits the data using respective lanes. The P/S conversion
units 523-0 to 523-3 correspond to the transmission units 94 of the signal processing units 83-0 to 83-3 of Fig. 5 and
the transmission units 394 of the signal processing units 383-0 to 383-3 of Fig. 51.
[0544] Note that, in Fig. 59, a configuration necessary for description of the flow of the processing, and drawing of the
detailed configuration described with reference to Figs. 5 and 51 are omitted where appropriate. The same applies to
Fig. 60.
[0545] Fig. 60 is a diagram illustrating a configuration example of a reception unit 502 corresponding to the data
transmission both by the CIS IF and by the general-purpose IF. A CIS/general-purpose switching signal that indicates
which of the CIS IF and the general-purpose IF performs the data transmission is input from a control unit (not illustrated).
[0546] S/P conversion units 531-0 to 531-3 receive the data transmitted from the P/S conversion units 523-0 to 523-3
of the transmission unit 501, perform P/S conversion of the data, respectively, and output the data to 10B8B symbol
encoder 532-0 to 532-3. The S/P conversion units 531-0 to 531-3 correspond to the reception units 111 of the signal
processing units 102-0 to 102-3 of Fig. 5 and the reception units 411 of the signal processing units 402-0 to 402-3 of Fig. 51.
[0547] The 10B8B symbol encoders 532-0 through 532-3 perform 10B8B conversion of the data respectively supplied
from the S/P conversion units 531-0 to 531-3, and output data in a unit of 8 bits in respective lanes to a skew correction
unit 533. The 10B8B symbol encoders 532-0 through 532-3 correspond to the 10B8B symbol decoders 115 of the signal
processing units 102-0 to 102-3 of Fig. 5 and the 10B8B symbol encoders 415 of the signal processing units 402-0 to
402-3 of Fig. 51.
[0548] The skew correction unit 533 detects Deskew Code of each lane, and corrects Data Skew between the lanes.
The skew correction unit 533 outputs data of each lane after the Data Skew correction to a lane integration unit 534.
The skew correction unit 533 corresponds to the skew correction units 116 of the signal processing units 102-0 to 102-3
of Fig. 5 and the skew correction units 416 of the signal processing units 402-0 to 402-3 of Fig. 51.
[0549] The lane integration unit 534 integrates the data of the lanes supplied from the skew correction unit 533, and
outputs packet data to a footer processing unit 535 and a selection unit 536. The lane integration unit 534 corresponds
to the lane integration unit 122 of Fig. 5 and the lane integration unit 422 of Fig. 51.
[0550] The footer processing unit 535 performs, when a footer is included in the data supplied from the lane integration
unit 534, error detection using a CRC code included in the footer added to the payload, and outputs data without an
error to the selection unit 536. The footer processing unit 535 corresponds to the footer error detection unit 134 of Fig. 5.
[0551] The selection unit 536 outputs the payload data to which the header is added and supplied from the footer
processing unit 535 to a header processing unit 537 when transmitting data by the CIS IF. Also, the selection unit 536
outputs the payload data supplied from the lane integration unit 534 to a selection unit 538 when transmitting data by
the general-purpose IF.
[0552] The header processing unit 537 performs error correction using a CRC code included in the header added to
the payload data supplied from the selection unit 536, and outputs payload data without an error to the selection unit
538. The header processing unit 537 corresponds to the header error correction unit 132 of Fig. 5
[0553] The selection unit 538 outputs the payload data supplied from the header processing unit 537 to a payload
error correction unit 539 when transmitting data by the CIS IF. Also, the selection unit 538 outputs the payload data
supplied from the selection unit 536 to the payload error correction unit 539 when transmitting data by the general-
purpose IF.
[0554] When a parity is inserted to the payload data supplied from the selection unit 538, the payload error correction
unit 539 detects an error of the payload data by performing error correction arithmetic operation based on the parity,
and performs error correction. The payload error correction unit 539 corresponds to the payload error correction unit
124 of Fig. 5 and the payload error correction unit 424 of Fig. 51.
[0555] A Byte Unpacking unit 540 performs reverse processing to Byte Packing by the Byte Packing unit 514 of the
transmission unit 501 in Fig. 59 for the data in a unit of 16 bytes supplied from the payload error correction unit 539. The
Byte Unpacking unit 540 outputs the pixel data transmitted by the CIS IF to a data output unit 541, and outputs the data
transmitted by the general-purpose IF to a data output unit 542. The Byte Unpacking unit 540 corresponds to the Byte
to Pixel conversion unit 125 of Fig. 5 and the Byte Unpacking unit 425 of Fig. 51.
[0556] The data output unit 541 outputs the pixel data supplied from the Byte Unpacking unit 540 to an image processing
unit in a following step.
[0557] The data output unit 542 outputs the data supplied from the Byte Unpacking unit 540 to an information processing
unit in a following step.
[0558] As described above, it is possible to provide the transmission unit and the reception unit in the LSI corresponding
to the data transmission both by the CIS IF and by the general-purpose IF.
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[A configuration example of a computer]

[0559] The above-described series of processing can be executed by hardware, or it may otherwise be executed by
software. In a case where the series of processing is executed by software, a program that configures the software is
installed from a program recording medium into a computer incorporated in dedicate hardware, a general-purpose
personal computer, and the like.
[0560] Fig. 61 is an example of a hardware configuration of a computer that executes the above-described series of
processing in accordance with a program.
[0561] A central processing unit (CPU) 601, a read only memory (ROM) 602, and a random access memory (RAM)
603 are connected to each other by a bus 604.
[0562] Further, an input/output interface 605 is connected to the bus 604. An input unit 606 including a keyboard, a
mouse and the like, and an output unit 607 including a display unit, a speaker and the like are connected to the input/output
interface 605. Also, a storage unit 608 formed from a hard disk, an nonvolatile memory, or the like, a communication
unit 609 formed from a network interface or the like, and a drive 610 for driving a removable medium 611 are connected
to the input/output interface 605.
[0563] In the computer configured as described above, the CPU 601 loads a program stored, for example, in the
storage unit 608 into the RAM 603 through the input/output interface 605 and the bus 604, and executes the program
to carry out the above-described series of processing.
[0564] The program executed by the CPU 601 can be recorded on and provided as, for example, a removable medium
611, or can be provided through a wired or wireless transmission medium such as a local area network, the Internet,
and a digital broadcast, and installed into the storage unit 608.
[0565] Note that the program executed by the computer may be of a type by which the processing is carried out in a
time series in the order described in the present specification or of a type by which the processing is executed in parallel
or executed individually at necessary timings such as when the processing is called.
[0566] An embodiment of the present technology is not limited to the above-described embodiments, and it is to be
understood that various changes and modifications may be made without departing from the spirit or scope of the preset
technology.

[Examples of configuration combination]

[0567] The present technology may be configured as follows.

(1) An image output device including:

an imaging unit;
a header generation unit configured to generate a header including

header information including first frame information indicating whether pixel data included in a payload is
pixel data of a head line of one frame, second frame information indicating whether pixel data included in
a payload is pixel data of a terminal end line of one frame, first line information indicating whether pixel data
included in a payload is data of an effective pixel, and second line information indicating a line number of
a line made of pixel data included in a payload, and
an error detection code to be used for error detection of the header information;

a packet generation unit configured to generate a packet that includes, in a payload, pixel data for one line
configuring an image obtained by imaging by the imaging unit, and into which the header is added; and
an output unit configured to output the packet generated by the packet generation unit to an image processing
device.

(2) The image output device according to (1), wherein each of the first frame information, the second frame infor-
mation, and the first line information is one-bit information, and
the second line information is 13-bit information.
(3) The image output device according to (1) or (2), wherein the header generation unit generates the header
including a plurality of sets of the header information and the error detection code.
(4) The image output device according to any one of (1) to (3), further including an addition unit configured to add
a start code indicating a start position of a packet to a head of the packet generated by the packet generation unit,
and to add an end code indicating an end position of a packet to a tail end of the packet.
(5) The image output device according to (4), wherein the addition unit adds a padding code to the payload of the
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packet when a transmission rate of data of a transmission line between the image output device and the image
processing device is larger than a transmission rate of the pixel data output by the imaging unit.
(6) The image output device according to (4) or (5), wherein the addition unit adds a skew code following the end
code, the skew code being used in the image processing device in order to secure synchronization of data of the
packet transmitted through a plurality of the transmission lines, and
the output unit outputs, to the image processing device, data of the packet to which at least the start code, the end
code, and the skew code are added using a plurality of the transmission lines simultaneously.
(7) The image output device according to (6), wherein, among a plurality of symbols that is known information
configured from arrangement of a predetermined number of bits,
the addition unit generates the start code and the end code by combining four of three kinds of the symbols, and
adds the start code and the end code to the packet,
generates the padding code by combining four of four kinds of the symbols, and adds the padding code to the
payload of the packet, and
generates the skew code by combining two of the predetermined symbols, and adds the skew code to the packet.
(8) The image output device according to (7), wherein the addition unit generates the start code, the end code, and
the skew code so as to include at least one of the same kind of the symbols.
(9) The image output device according to (6), further including a distribution unit configured to allocate data of the
packet generated by the packet generation unit to a plurality of the transmission lines,
wherein, corresponding to a plurality of the transmission lines, the same number of the addition units and the output
units as the number of the transmission lines are provided.
(10) The image output device according to any one of (1) to (9), wherein the imaging unit outputs a plurality of pixel
data as data of pixels at the same position, and
the header generation unit generates the header further including identification information of pixel data included in
a payload.
(11) The image output device according to (10), wherein the imaging unit outputs a plurality of pixel data obtained
by performing A/D conversion using different gains, a plurality of pixel data obtained by performing A/D conversion
with different resolutions, a plurality of pixel data obtained by performing exposures in different shutter speeds, a
plurality of pixel data obtained by a pixel having a vertical spectroscopic arrangement, or when pixels at a same
position are made of a plurality of pixels having different sensitivities, a plurality of pixel data obtained from the
respective pixels.
(12) The image output device according to any one of (1) to (11), wherein the header generation unit generates the
header further including identification information of an area in the imaging unit where pixel data included in a payload
is obtained.
(13) An image output method, including the steps of:

imaging;
generating a header including

header information including first frame information indicating whether pixel data included in a payload is
pixel data of a head line of one frame, second frame information indicating whether pixel data included in
a payload is pixel data of a terminal end line of one frame, first line information indicating whether pixel data
included in a payload is data of an effective pixel, and second line information indicating a line number of
a line made of pixel data included in a payload, and
an error detection code to be used for error detection of the header information;

generating a packet that includes, in a payload, pixel data for one line configuring an image obtained by imaging,
and into which the header is added; and
outputting the generated packet to an image processing device.

(14) A program for causing a computer to execute processing including the steps of:

imaging;
generating a header including

header information including first frame information indicating whether pixel data included in a payload is
pixel data of a head line of one frame, second frame information indicating whether pixel data included in
a payload is pixel data of a terminal end line of one frame, first line information indicating whether pixel data
included in a payload is data of an effective pixel, and second line information indicating a line number of
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a line made of pixel data included in a payload, and
an error detection code to be used for error detection of the header information;

generating a packet that includes, in a payload, pixel data for one line configuring an image obtained by imaging,
and into which the header is added; and
outputting the generated packet to an image processing device.

(15) A data structure of transmission data used for transmission of data including pixel data for one line configuring
an image obtained by imaging, the data structure including:

a start code added to a head of a packet, and indicating a start position of the packet;
the packet having a header including

header information including first frame information indicating whether pixel data included in a payload is
pixel data of a head line of one frame, second frame information indicating whether pixel data included in
a payload is pixel data of a terminal end line of one frame, first line information indicating whether pixel data
included in a payload is data of an effective pixel, and second line information indicating a line number of
a line made of pixel data included in a payload, and
an error detection code to be used for error detection of the header information added to a payload including
pixel data for one line configuring an image obtained by imaging;

an end code added to a tail end of the packet, and indicating an end position of the packet; and
a skew code added following the end code, and used in an image processing device that has received data of
the packet in order to secure synchronization of the data of the packet.

(16) An image processing device including:

a reception unit configured to receive a packet generated in an image output device provided in the same
apparatus and output from the image output device, and having a header including header information including
first frame information indicating whether pixel data included in a payload is pixel data of a head line of one
frame, second frame information indicating whether pixel data included in a payload is pixel data of a terminal
end line of one frame, first line information indicating whether pixel data included in a payload is data of an
effective pixel, and second line information indicating a line number of a line made of pixel data included in a
payload, and an error detection code to be used for error detection of the header information, the header being
added to a payload including pixel data for one line configuring an image obtained by imaging by an imaging
unit of the image output device; and
an image processing unit configured to process the image configured from a line made of the pixel data included
in the payload of the packet received by the reception unit.

(17) The image processing device according to (16), wherein a plurality of sets of the header information and the
error detection code is included in the header, the image processing device further including:

an error detection unit configured to detect, with respect to each of the sets, an error of the header information
based on the error detection code that configures the same set as the header information; and
a generation unit configured to generate the image of one frame made of the pixel data included in the payload
based on the header information from which an error has not been detected by the error detection unit, and
the image processing unit processes the image generated by the generation unit.

(18) The image processing device according to (16) or (17), wherein a start code indicating a start position of the
packet is added to a head of the packet, and an end code indicating an end position of the packet is added to a tail
end of the packet, and
the reception unit receives data from when the start code is received to when the end code is received as data of
the packet.
(19) The image processing device according to (18), further including a removal unit configured to remove the start
code and the end code, and to remove a padding code added to the payload of the packet in the image output
device when a transmission rate of a transmission line between the image output device and the image processing
device is larger than a transmission rate of pixel data of the image output by the imaging unit of the image output device.
(20) The image processing device according to (18) or (19), wherein, in the image output device, a skew code is
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added following the end code, and data of the packet to which at least the start code, the end code, and the skew
code are added is simultaneously output using a plurality of the transmission lines,
a correction unit configured to correct a gap of receiving timing of data received by the reception unit based on the
skew code is further included, and
corresponding to a plurality of the transmission lines, the same number of the reception units, the correction units,
and the removal units as the number of the transmission lines are provided.
(21) The image processing device according to (20), wherein, in the image output device, among a plurality of
symbols that is known information configured from arrangement of a predetermined number of bits,
the start code and the end code are generated by combining four of three kinds of the symbols, and are added to
the packet,
the padding code is generated by combining four of four kinds of the symbols, and is added to the payload of the
packet, and
the skew code is generated by combining two of the predetermined symbols, and is added to the packet.
(22) The image processing device according to (20) or (21), wherein, in the image output device, the start code, the
end code, and the skew code are generated so as to include at least one of the same kind of the symbols.
(23) The image processing device according to any one of (16) to (22), wherein the reception unit receives the
packet to which the header including identification information of pixel data included in a payload is added; and
the image processing unit generates the image by synthesizing the pixel data included in a payload to which the
header including the same identification information is added.
(24) The image processing device according to any one of (16) to (23), wherein the reception unit receives the
header including identification information of an area in the imaging unit where pixel data included in a payload is
obtained, and
the image processing unit generates the image by synthesizing the pixel data included in a payload to which the
header including the same identification information is added.
(25) An image processing method including the steps of:

receiving a packet generated in an image output device provided in the same apparatus and output from the
image output device, and having a header including

header information including first frame information indicating whether pixel data included in a payload is
pixel data of a head line of one frame, second frame information indicating whether pixel data included in
a payload is pixel data of a terminal end line of one frame, first line information indicating whether pixel data
included in a payload is data of an effective pixel, and second line information indicating a line number of
a line made of pixel data included in a payload, and
an error detection code to be used for error detection of the header information, the header being added
to a payload including pixel data for one line configuring an image obtained by imaging by an imaging unit
of the image output device; and

processing the image configured from a line made of the pixel data included in the payload of the received packet.

(26) A program for causing a computer to execute processing including the steps of:

receiving a packet generated in an image output device provided in the same apparatus and output from the
image output device, and having a header including

header information including first frame information indicating whether pixel data included in a payload is
pixel data of a head line of one frame, second frame information indicating whether pixel data included in
a payload is pixel data of a terminal end line of one frame, first line information indicating whether pixel data
included in a payload is data of an effective pixel, and second line information indicating a line number of
a line made of pixel data included in a payload, and
an error detection code to be used for error detection of the header information, the header being added
to a payload including pixel data for one line configuring an image obtained by imaging by an imaging unit
of the image output device; and

processing the image configured from a line made of the pixel data included in the payload of the received packet.

(27) An imaging device including an image output device and an image processing device,
the image output device including:
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an imaging unit;
a header generation unit configured to generate a header including

header information including first frame information indicating whether pixel data included in a payload is
pixel data of a head line of one frame, second frame information indicating whether pixel data included in
a payload is pixel data of a terminal end line of one frame, first line information indicating whether pixel data
included in a payload is data of an effective pixel, and second line information indicating a line number of
a line made of pixel data included in a payload, and
an error detection code to be used for error detection of the header information;

a packet generation unit configured to generate a packet that includes, in a payload, pixel data for one line
configuring an image obtained by imaging by the imaging unit, and into which the header is added; and
an output unit configured to output the packet generated by the packet generation unit to the image processing
device, and

the image processing device including:

a reception unit configured to receive the packet; and
an image processing unit configured to process the image configured from a line made of the pixel data included
in the payload of the packet received by the reception unit.

REFERENCE SIGNS LIST

[0568]

1 Transmission system
11 Image sensor
12 DSP
21 Imaging unit
22 Transmission unit
31 Reception unit
32 Image processing unit
62 Pixel to Byte conversion unit
63 Payload ECC insertion unit
64 Packet generation unit
65 Lane distribution unit
72 Header generation unit
83-0 to 83-N Signal processing unit
91 Control code insertion unit
92 8B10B symbol encoder
93 Synchronization unit
94 Transmission unit
102-0 to 102-N Signal processing unit
111 Reception unit
112 Clock generation unit
113 Synchronization unit
114 Symbol synchronization unit
115 10B8B symbol decoder
116 Skew correction unit
117 Control code removal unit
122 Lane integration unit
123 Packet separation unit
124 Payload error correction unit
125 Byte to Pixel conversion unit
132 Header error correction unit
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Claims

1. An image processing device comprising:

a reception unit configured to receive a packet generated in an image output device provided in the same
apparatus and output from the image output device, and having a header including header information including
first frame information indicating whether pixel data included in a payload is pixel data of a head line of one
frame, second frame information indicating whether pixel data included in a payload is pixel data of a terminal
end line of one frame, first line information indicating whether pixel data included in a payload is data of an
effective pixel, and second line information indicating a line number of a line made of pixel data included in a
payload, and an error detection code to be used for error detection of the header information, the header being
added to a payload including pixel data for one line configuring an image obtained by imaging by an imaging
unit of the image output device; and
an image processing unit configured to process the image configured from a line made of the pixel data included
in the payload of the packet received by the reception unit
wherein a start code indicating a start position of the packet is added to a head of the packet, and an end code
indicating an end position of the packet is added to a tail end of the packet, and
the reception unit receives data from when the start code is received to when the end code is received as data
of the packet.

2. The image processing device according to claim 1, wherein a plurality of sets of the header information and the
error detection code is included in the header, the image processing device further comprising:

an error detection unit configured to detect, with respect to each of the sets, an error of the header information
based on the error detection code that configures the same set as the header information; and
a generation unit configured to generate the image of one frame made of the pixel data included in the payload
based on the header information from which an error has not been detected by the error detection unit, and
the image processing unit processes the image generated by the generation unit.

3. The image processing device according to claim 1 or claim 2, further comprising a removal unit configured to remove
the start code and the end code, and to remove a padding code added to the payload of the packet in the image
output device when a transmission rate of a transmission line between the image output device and the image
processing device is larger than a transmission rate of pixel data of the image output by the imaging unit of the
image output device.

4. The image processing device according to any preceding claim, wherein, in the image output device, a skew code
is added following the end code, and data of the packet to which at least the start code, the end code, and the skew
code are added is simultaneously output using a plurality of the transmission lines,
a correction unit configured to correct a gap of receiving timing of data received by the reception unit based on the
skew code is further included, and
corresponding to a plurality of the transmission lines, the same number of the reception units, the correction units,
and the removal units as the number of the transmission lines are provided.

5. The image processing device according to claim 4, wherein, in the image output device, among a plurality of symbols
that is known information configured from arrangement of a predetermined number of bits,
the start code and the end code are generated by combining four of three kinds of the symbols, and are added to
the packet,
the padding code is generated by combining four of four kinds of the symbols, and is added to the payload of the
packet, and
the skew code is generated by combining two of the predetermined symbols, and is added to the packet.

6. The image processing device according to claim 4 or claim 5, wherein, in the image output device, the start code,
the end code, and the skew code are generated so as to include at least one of the same kind of the symbols.

7.  The image processing device according to any preceding claim, wherein the reception unit receives the packet to
which the header including identification information of pixel data included in a payload is added; and
the image processing unit generates the image by synthesizing the pixel data included in a payload to which the
header including the same identification information is added.
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8. The image processing device according to any preceding claim, wherein the reception unit receives the header
including identification information of an area in the imaging unit where pixel data included in a payload is obtained, and
the image processing unit generates the image by synthesizing the pixel data included in a payload to which the
header including the same identification information is added.

9. An image processing method comprising the steps of:

receiving a packet generated in an image output device provided in the same apparatus and output from the
image output device, and having a header including

header information including first frame information indicating whether pixel data included in a payload is
pixel data of a head line of one frame, second frame information indicating whether pixel data included in
a payload is pixel data of a terminal end line of one frame, first line information indicating whether pixel data
included in a payload is data of an effective pixel, and second line information indicating a line number of
a line made of pixel data included in a payload, and
an error detection code to be used for error detection of the header information, the header being added
to a payload including pixel data for one line configuring an image obtained by imaging by an imaging unit
of the image output device; and

processing the image configured from a line made of the pixel data included in the payload of the received packet.

10. A program for causing a computer to execute processing including the steps of:

receiving a packet generated in an image output device provided in the same apparatus and output from the
image output device, and having a header including

header information including first frame information indicating whether pixel data included in a payload is
pixel data of a head line of one frame, second frame information indicating whether pixel data included in
a payload is pixel data of a terminal end line of one frame, first line information indicating whether pixel data
included in a payload is data of an effective pixel, and second line information indicating a line number of
a line made of pixel data included in a payload, and
an error detection code to be used for error detection of the header information, the header being added
to a payload including pixel data for one line configuring an image obtained by imaging by an imaging unit
of the image output device; and

processing the image configured from a line made of the pixel data included in the payload of the received packet.

11. An imaging device including an image output device and an image processing device,
the image output device including:

an imaging unit;
a header generation unit configured to generate a header including

header information including first frame information indicating whether pixel data included in a payload is
pixel data of a head line of one frame, second frame information indicating whether pixel data included in
a payload is pixel data of a terminal end line of one frame, first line information indicating whether pixel data
included in a payload is data of an effective pixel, and second line information indicating a line number of
a line made of pixel data included in a payload, and
an error detection code to be used for error detection of the header information;

a packet generation unit configured to generate a packet that includes, in a payload, pixel data for one line
configuring an image obtained by imaging by the imaging unit, and into which the header is added; and
an output unit configured to output the packet generated by the packet generation unit to the image processing
device, and

the image processing device including:

a reception unit configured to receive the packet; and
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an image processing unit configured to process the image configured from a line made of the pixel data included
in the payload of the packet received by the reception unit.
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