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Description

Technical Field

[0001] The present invention relates to a signal transmitting device, signal transmitting method, a signal receiving
device and a signal receiving method for serially transmitting an image signal, in which the number of pixels of one frame
is larger than the number of pixels specified in the HD-SDI format.

Background Art

[0002] Development of an image receiving system and an imaging system that handle an ultra-high-definition video
signal which overwhelms a high-definition (HD) signal, that is, an existing image signal (video signal) in which one frame
has 1920 samples on each of 1080 lines has made progress. For example, ultra-high-definition television (UHDTV)
specifications that constitute a new-generation broadcasting method of handling four times or sixteen times larger the
number of pixels than an existing HD broadcasting method have been proposed to or standardized by the International
Telecommunication Union (ITU) or the Society of Motion Picture and Television Engineers (SMPTE). Video specifications
having been proposed to the ITU or SMPTE describe a video signal of 3840 samples 3 2160 lines or 7680 samples 3
4320 lines that represents twice or four times larger the numbers of samples and lines than a signal of 1920 samples
3 1080 lines does. The specifications having been standardized by the ITU are called the large screen digital imagery
(LSDI) standard, and the specifications having been proposed to the SMPTE are called the ultra-high-definition TV
(UHDTV) standard. As for the UHDTV, signals listed in Table 1 below are specified.

[0003] In a patent document 1, a technology for serially transmitting a 384032160/30P,30/1.001P/4:4:4/12-bit signal
that is a kind of 4kx2k signal (an ultra-high-definition signal of 4k samples 3 2k lines) at a bit rate of 10 Gbps or more
is disclosed. The wording of 384032160/30P refers to the number of pixels in a horizontal direction 3 the number of
lines in a vertical direction / the number of frames per sec. The same applies to the remaining part of this description.
Further, 4:4:4 refers to the ratio of a red signal R to a green signal G to a blue signal B in case of a primary-color signal
transmission method, or refers to the ratio of a luminance signal Y to a first color-difference signal Cb to a second color-
difference signal Cr in case of a color-difference signal transmission method.
[0004] Patent document 1: JP-A-2005-328494
[0005] EP 0 570 092 A1 describes an image processing apparatus in which a source stream of data captured by a
particular source is passed through a data splitter where it is split using one splitting technique into a plurality of split
streams of data.

Disclosure of the Invention

[0006] However, in the SMPTE or ITU, frames of 3840 samples 3 2160 lines or 7680 samples 3 4320 lines are

[Table 1]

System 
category

System name
Luminance per effective line or Number 
of R’G’B’ samples

Number of effective 
lines per frame

Frame rate 
(Hz)

UHDTV1

3840 3 
2160/50/P

3840 2160 50

3840 3 
2160/59.94/P

3840 2160 60/1.001

3840 3 
2160/60/P

3840 2160 60

UHDTV2

7680 3 
4320/50/P

7680 4320 50

7680 3 
4320/59.94/P

7680 4320 60/1.001

7680 3 
4320/60/P

7680 4320 60

Image Sample Structure and Frame Rate of UHDTV System
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standardized, but interfaces thereof are not standardized. Since an image signal of a transmission rate exceeding the
HD-SDI format has an extremely large data volume, the image signal cannot be transmitted in real time by using only
one channel of existing transmission system.
[0007] The present invention is intended to break through the foregoing situation. An object of the present invention
is to satisfactorily transmit an ultra high-definition video signal exceeding the HD-SDI format in real time.
[0008] Aspects of the present invention are set out in the appended claims.
[0009] In order to solve the aforesaid problems, a signal transmitting device is adapted to a signal transmitting device
that transmits an input image signal, in which one frame includes a larger number of pixels than the number of pixels
specified in the HD-SDI format.
[0010] As for the constitution, a mapping unit, a parallel-to-serial conversion unit, and a transmission unit are included.
[0011] The mapping unit thins out pixel samples, which are extracted from each frame of an input image signal in units
of predetermined samples, fetches the thinned out samples in even order frame by frame, and maps the samples into
active periods of first, second, third, and fourth sub-images conformable to the HD-SDI format. Further, the mapping
unit separates each of the mapped first, second, third, and fourth sub-images into a first-link transmission channel and
a second-link transmission channel, and thus maps the sub-images into eight channels.
[0012] The parallel-to-serial conversion unit serially converts the mapped first, second, third, and fourth sub-images.
[0013] An output unit outputs serial digital data which is serially converted by the parallel-to-serial conversion unit.
[0014] A signal transmitting method is adapted to a signal transmitting method of transmitting an input image signal
in which one frame has a larger number of pixels than the number of pixels specified in the HD-SDI format.
[0015] As for processing, mapping processing, parallel-to-serial conversion processing, and transmitting processing
are carried out.
[0016] The mapping processing is to thin out pixel, which are extracted from each frame of an input image signal, in
units of predetermined samples, fetch the thinned out samples in even order frame by frame, and map the samples into
active periods of first, second, third, and fourth sub-images conformable to the HD-SDI format. Further, the mapping
processing is to separate each of the mapped first, second, third, and fourth sub-images into a first-link transmission
channel and a second-link transmission channel, and thus map the sub-images into eight channels.
[0017] The parallel-to-serial conversion processing is to serially convert the first, second, third, and fourth sub-images
mapped through the mapping processing.
[0018] Output processing is to output serial digital data which is serially converted through the parallel-to-serial con-
version processing.
[0019] Next, a signal receiving device is adapted to a signal receiving device that receives an input image signal in
which the number of pixels of one frame is larger than the number of pixels specified in the HD-SDI format.
[0020] As for the constitution, a receiving unit, and a reproduction unit are included.
[0021] The receiving unit receives first, second, third, and fourth sub-images into which an image signal is mapped
and each of which is divided into a first-link channel and a second-link channel.
[0022] The reproduction unit extracts two by two pixel samples allocated to active periods of first, second, third, and
fourth sub-images received by the receiving unit, sequentially reallocates the pixel samples to one frame of the image
signal, and restores thinned out pixels from the allocated samples.
[0023] A signal receiving method is adapted to a signal receiving method of receiving an input image signal in which
the number of pixels of one frame is larger than the number of pixels specified in the HD-SDI format.
[0024] As for processing, receiving processing and reproduction are carried out.
[0025] The receiving processing is to receive first, second, third, and fourth sub-images into which an image signal is
mapped and each of which is divided into a first-link channel and a second-link channel.
[0026] The reproduction processing is to extract two by two pixel samples allocated to active periods of first, second,
third, and fourth sub-images received by the receiving unit, sequentially reallocate the pixel samples to one frame of the
image signal, and restore thinned out pixels from the allocated samples.
[0027] According to example embodiments, each of pixel samples of an image signal in which the number of pixels
of one frame is larger than the number of pixels specified in the HD-SDI format is mapped into channels having a serial
digital video signal format conformable to the HD-SDI format. Thus, the signal can be converted into serial digital data
permitting a bit rate of 10.692 Gbps or the like and transmitted, and the receiving side can accurately reproduce original
data.
[0028] According to the present invention, each of pixel samples of an image signal in which the number of pixels of
one frame is larger than the number of pixels specified in the HD-SDI format is mapped into channels having a serial
digital video signal format conformable to the HD-SDI format. Thus, the signal can be converted into serial digital data
permitting a bit rate of 10.692 Gbps or the like and transmitted, and the receiving side can accurately reproduce original
data. Therefore, this is advantageous in that an ultra-high-definition video signal can be transmitted by using a conven-
tional interface.
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Brief Description of the Drawings

[0029]

Fig. 1 is a diagram showing the overall constitution of a camera transmission system for television broadcasting
stations in accordance with the first embodiment of the present invention.
Fig. 2 is a block diagram showing an example of an internal constitution of a signal transmitting device out of the
circuitry of a broadcasting camera.
Fig. 3A, Fig. 3B, and Fig. 3C are diagrams showing examples of a sample structure for one frame conformable to
the UHDTV standard.
Fig. 4 is an explanatory diagram showing an example in which samples contained in one frame of a 4kx2k signal
are mapped into first to fourth sub-images.
Fig. 5 is an explanatory diagram showing an example in which samples contained in one frame of a 4kx2k signal
are mapped into first to fourth sub-images.
Fig. 6 is a diagram outlining a method of mapping a 4kx2k signal into HD-SDI signals in conformity with the 5.4 Octa
Link 1.5 Gbps Class of Part 1 of the SMPTE435 standard.
Fig. 7A and Fig. 7B are diagrams schematically showing data structures for links LinkA and LinkB respectively in
conformity with the SMPTE372M.
Fig. 8 is a block diagram showing a constitution of an S/P-scrambling-8B/10B unit.
Fig. 9A and Fig. 9B are diagrams showing pathological patterns.
Fig. 10 is a diagram showing a warp of a base line in an AC-coupled transmission system.
Fig. 11 is a diagram showing an XYZ code in a timing reference signal SAV.
Fig. 12A and Fig. 12B are diagrams showing multiplexing in a multiplexing unit.
Fig. 13 is a diagram showing the structure of data to be constructed by a data length conversion unit.
Fig. 14 is a diagram showing the structure of data to be constructed by the data length conversion unit.
Fig. 15 is a diagram showing the structure of data to be constructed by the data length conversion unit.
Fig. 16A, Fig. 16B, and Fig. 16C are diagrams showing the structures for one line of serial digital data that permits
10.692 Gbps and is produced by a multiplexing-P/S conversion unit.
Fig. 17 is a block diagram showing an example of an internal constitution of a signal receiving device out of the
circuitry of a CCU.
Fig. 18 is a block diagram showing a constitution of an S/P-scrambling-8B/10B unit.
Fig. 19 is an explanatory diagram showing an example in which samples included in a frame of a 4kx2k signal are
mapped into first to fourth sub-images.
Fig. 20 is an explanatory diagram showing an example in which samples included in a frame of a 8k34k signal are
mapped into one frame of a 4-channel 4kx2k signal.
Fig. 21 is an explanatory diagram showing an example in which samples included in a frame of a 4kx2k signal are
mapped into first to fourth sub-images.

Best Mode for Carrying Out the Invention

[0030] Referring to Fig. 1 to Fig. 18, the first embodiment of the present invention will be described below.
[0031] Fig. 1 is a diagram showing an overall constitution of a camera transmission system for television broadcasting
stations to which the present embodiment is adapted. The camera transmission system includes multiple broadcasting
cameras 1 and a camera control unit (CCU) 2. The broadcasting cameras 1 are connected to the CCU 2 over optical
fiber cables 3.
[0032] The broadcasting cameras 1 are cameras that share the same constitution and function as signal transmitting
devices 5 that produce and transmit as a 4kx2k signal (an ultra-high-definition signal of 4k samples 3 2k lines) a
384032160/24P,25P,30P/4:4:4,4:2:2,4:2:0/10,12-bit signal equivalent to an LSDI signal.
[0033] The CCU 2 is a unit that controls each of the broadcasting cameras 1, receives a video signal from each of the
broadcasting camera 1, or transmits a video signal (return video) to be used to display on a monitor of each of the
broadcasting camera 1 a picture which is being picked up by any other broadcasting camera 1. The CCU 2 functions
as a signal receiving apparatus that receives a video signal from each of the broadcasting cameras 1.
[0034] Fig. 2 is a block diagram showing a portion of the circuitry of the broadcasting camera 1 relating to the present
embodiment. A 384032160/24P,25P,30P/4:4:4,4:2:2,4:2:0/10,12-bit signal produced by an imaging unit and a video
signal processing unit (not shown) incorporated in the broadcasting camera 1 is transmitted to a mapping unit 11.
[0035] A 384032160/24P,25P,30P/4:4:4,4:2:2,4:2:0/10,12-bit signal is a signal of 36 bits wide having a green (G)
data stream, a blue (B) data stream, and a red (R) data stream, each of which has a word length of 12 bits, synchronized
and juxtaposed. One frame period is any of 1/24 sec, 1/25 sec, and 1/30 sec, and an effective line period for 2160 lines
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is included in the one frame period.
[0036] Within each effective line period, a timing reference signal EAV (end of active video), a line number LN, an
error detection code CRC, a horizontal blanking period (an interval for an auxiliary data space or undefined word data),
a timing reference signal SAV (start of active video), and an active line representing an interval for video data are
arranged. The number of samples on the active line is 3840. To the active line of a G data stream, a B data stream, or
an R data stream, G, B, or R video data is allocated.
[0037] Fig. 3A, Fig. 3B, and Fig. 3C are explanatory diagrams showing examples of sample structures specified in
the UHDTV standard. A frame employed in a description to be made in conjunction with Fig. 3A to Fig. 3C is a frame
formed with 3840 samples 3 2160 samples (hereinafter may be called a frame of a 4kx2k signal).
[0038] The sample structures specified in the UHDTV standard include three kinds of structures described below.
Incidentally, in the SMPTE standard, a signal denoted by a symbol with a dash such as R’, G’, or B’ is a signal having
undergone gamma correction or the like.
[0039] Fig. 3A shows an example employed in a R’G’B’,Y’Cb’Cr’,4:4:4 system. In this system, all samples contain R,
G, and B components or Y, Cb, and Cr components.
[0040] Fig. 3B shows an example employed in a Y’Cb’Cr’,4:2:2 system. In this system, even-numbered samples
contain Y, Cb, and Cr components, and odd-numbered samples contain a Y component.
[0041] Fig. 3C shows an example employed in a Y’Cb’Cr’,4:2:0 system. In this system, even-numbered samples
contain Y, Cb, and Cr components, and odd-numbered samples contain a Y component. Further, the Y component
(having Cb and Cr components thinned out) is contained on odd-numbered lines.
[0042] Fig. 4 is an explanatory diagram showing an example in which samples constituting a frame of a 4kx2k signal
are mapped into first to fourth sub-images by the mapping unit 11. Herein, the mapping unit 11 thins out pixel samples,
which are extracted from each frame of an input video signal, in units of predetermined samples. In this example, two
adjoining samples on the same line are thinned out. The mapping unit 11 fetches the thinned out samples in even order
frame by frame, and maps them into active periods of the first, second, third, and fourth sub-images conformable to the
HD-SDI format.
[0043] At this time, characteristically, the mapping unit 11 maps two samples on an odd-numbered line in each of
frames alternately to the first sub-image and second sub-image, and maps two samples on an even-numbered line in
each of the frames alternately to the third sub-image and fourth sub-image.
[0044] As a result, samples constituting one frame of a 2k31k signal are mapped into the first to fourth sub-images
that is arisen in the active period defined in the HD-SDI format.
[0045] Further, the mapping unit 11 separates each of the mapped first, second, third, and fourth sub-images into a
first-link transmission channel (LinkA) and a second-link transmission channel (LinkB), and thus maps the sub-images
to eight channels.
[0046] The mapping unit 11 is a circuit that maps a frame, which is formed with a
384032160/24P,25P,30P/4:4:4,4:2:2,4:2:0/10,12-bit image signal, into HD-SDI signals on channels CH1 to CH8 (eight
channels of channels CH1, CH3, CH5, and CH7 belonging to a link LinkA, and channels CH2, CH4, CH6, and CH8
belonging to a link LinkB), which permit a bit rate of 1.485 Gbps or 1.485 Gbps/1.001 (hereinafter, simply, 1.485 Gbps),
in conformity with the SMPTE435.
[0047] The mapping unit 11 in this example maps an image signal, which is extracted from a frame formed with 3840
samples and 2160 lines, into first to fourth sub-images, and maps the image signal, which is mapped into the first to
fourth sub-images, into HD-SDI signals on eight channels CH1 to CH8 permitting a bit rate of 1.485 Gbps.
[0048] As shown in Fig. 4, a frame formed with a 4kx2k signal includes multiple samples. Herein, the position of each
of samples in a frame is expressed as (sample number, line number) .
[0049] A first sample group 51 including two adjoining samples at positions (0,0) and (1,0) on the 0th line is mapped
into positions (0,42) and (1,42) in the first sub-image and indicated as a first sample group 51’.
[0050] A second sample group 52 including two adjoining samples at positions (2,0) and (3,0) on the 0th line is mapped
into positions (0,42) and (1,42) in the second sub-image and indicated as a second sample group 52’.
[0051] A third sample group 53 including two adjoining samples at positions (0,1) and (1,1) on the first line is mapped
into positions (0,42) and (1,42) in the third sub-image and indicated as a third sample group 53’.
[0052] A fourth sample group 54 including two adjoining samples at positions (2,1) and (3,1) on the first line is mapped
into positions (0,42) and (1,42) in the fourth sub-image and indicated as a fourth sample group 54’.
[0053] Referring to Fig. 5, a concrete example of mapping will be described below on the assumption that a position
of each of samples included in a frame of a 4kx2k signal or each of the first to fourth sub-images is expressed as (sample
number, line number). Referring to Fig. 5, an example in which the first to fourth sub-images are extracted and mapped
will be described below.
[0054] As shown in Fig. 5, to one frame of a 4kx2k signal, i, 2i, and 2i-1 values are assigned in a line direction, and j,
2j, and 2j-1 values are assigned in a sample direction.
[0055] To the first to fourth sub-images, i values are assigned in the line direction, and j values are assigned in the
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sample direction.
[0056] Assuming that two samples adjoining on the same line are regarded as a sample group, the mapping unit 11
maps a first sample group, which is located at the 2j-1-th (where j denotes a natural number) sample group position on
the 2i-1-th (where i denotes a natural number) line in a frame, into the j-th sample group position on the i-th line in the
first sub-image.
[0057] The mapping unit 11 maps a second sample group, which is located at the 2j-th sample group position on the
2i-1-th line in the frame, into the j-th sample group position on the i-th line in the second sub-image.
[0058] The mapping unit 11 maps a third sample group, which is located at the 2j-1-th sample group position on the
2i-th line in the frame, into the j-th sample group position on the i-th line in the third sub-image.
[0059] The mapping unit 11 maps a fourth sample group, which is located at the 2j-th sample group position on the
2i-th line in the frame, into the j-th sample group position on the i-th line in the fourth sub-image.
[0060] A reason why samples are mapped as mentioned above will be described below.
[0061] A frame is constructed according to any of the RGB,YCbCr/4:4:4 mode, YCbCr/4:2:2 mode, or YCbCr/4:2:0
mode.
[0062] If a frame can be transmitted over a single HD-SDI cable, no problem would occur. However, since an amount
of data increases, it is impossible to transmit the frame over the single HD-SDI cable. Therefore, samples of the frame
(information including an image signal) are appropriately extracted and transmitted in the form of multiple sub-images.
[0063] As shown in Fig. 3A, if a frame is constructed in the RGB-or-YCbCr-and-4:4:4 mode, whichever of samples
are extracted, an original image can be reproduced.
[0064] As shown in Fig. 3B, if a frame is constructed in the YCbCr/4:2:2, odd-numbered samples contain only infor-
mation Y on a luminance signal. Therefore, each of the odd-numbered samples is mapped together with an adjoining
even-numbered sample (including CbCr) into a sub-image. Thus, an image can be directly reproduced from the sub-
image, though the resolution of the original image of the frame is degraded.
[0065] As shown in Fig. 3C, if a frame is constructed in the YCbCr/4:2:0, odd-numbered samples contain only infor-
mation Y on a luminance signal. Further, only the information Y on the luminance signal is contained in odd-numbered
lines. Therefore, each of the odd-numbered samples is mapped together with an adjoining even-numbered sample
(including CbCr) into a sub-image. Thus, an image can be reproduced directly from the sub-image, though the resolution
of the original image of the frame is degraded. Only the information Y on the luminance signal is contained in the third
and fourth sub-images. For checking an image to be reproduced, an image representing luminance values alone poses
no problem.
[0066] When samples are mapped into the first to fourth sub-images, a frame can be transmitted over a dual link (two
HD-SDI cables). Therefore, the samples mapped into the first to fourth sub-images can be transmitted over a total of
eight HD-SDI cables.
[0067] Fig. 6 shows an example in which the first to fourth sub-images into which samples are mapped are mapped
into channels classified into links LinkA and LinkB.
[0068] The SMPTE435 is a 10G interface standard signifying that HD-SDI signals placed on multiple channels are
8B/10B-encoded in units of two samples (40 bits), thus converted into 50-bit signals, multiplexed channel by channel,
and then serially transmitted at a bit rate of 10.692 Gbps or 10.692 Gbps/1.001 (hereinafter, simply, 10.692 Gbps). A
technology for mapping a 4kx2k signal into the HD-SDI signals is stipulated in Figure 3 and Figure 4 in 5.4 Octa Link
1.5 Gbps Class of Part 1 of the SMPTE435.
[0069] As shown in Fig. 6, from the mapped first to fourth sub-images, signals on channels CH1(LinkA) and CH2(LinkB),
signals on channels CH3(LinkA) and CH4(LinkB), signals on channels CH5(LinkA) and CH6(LinkB), and signals on
channels CH7 (LinkA) and CH8 (LinkB) are constructed in conformity with the SMPTE372M (dual link).
[0070] The mapping unit 11 in accordance with the present embodiment thins a
384032160/24P,25P,30P/4:4:4,4:2:2,4:2:0/10,12-bit signal in units of two samples in a line direction to obtain one
sample, and multiplexes the obtained sample into an active period of an HD-SDI signal. Since each sample can be
mapped to a 192031080/24P,25P,30P/4:4:4,4:2:2,4:2:0/10,12-bit signal on each of four channels, the resultant signals
can be transmitted over existing HD-SDI dual-link cables. Further, the signals can be multiplexed and transmitted at
10.692 Gb/s.
[0071] When 200h (10-bit system) or 800h (12-bit system) that is a default value for Cch is assigned to 0 in 4:2:0, a
4:2:0 signal can be treated as a signal equivalent to a 4:2:2 signal. For transmission of a 4:2:2/10-bit or 4:2:0/10-bit
signal, the link LinkB is not used but only the link LinkA including four channels is used. Talking of a 10.692 Gb/s serial
interface, the channel CH1 is needed for clock synchronization. When cables for the channels CH2 to CH8 are not
connected, D0.0 is embedded in signals on the channels CH2 to CH8.
[0072] Mapped HD-SDI signals on eight channels (see Fig. 6) are equivalent to "a Quad link 292 comparable to a
192031080/50P,60P/4:4:4,4:2:2,4:2:0/12-bit signal 3 2 channels".
[0073] The data structures for signals on the links LinkA and LinkB are specified in Table 2 and Figure 6 of the
SMPTE372M. Fig. 7A and Fig. 7B schematically show the data structures. As shown in Fig. 7A, on the link LinkA, one
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sample is 20 bits long, and all the bits represent R, G, or B values. Even on the link LinkB, as shown in Fig. 7A, one
sample is 20 bits long. As shown in Fig. 7B, out of 10 bits R’G’B’n:0-1, six bits of bit numbers 2 to 7 represent R, G, or
B values. Therefore, the number of bits representing R, G, or B values in one sample is 16.
[0074] The HD-SDI signals on the channels CH1 to CH8 mapped as mentioned above by the mapping unit 11 are,
as shown in Fig. 2, transmitted to an S/P-scrambling-8B/10B unit 12.
[0075] Fig. 8 is a block diagram showing the constitution of the S/P-scrambling-8B/10B unit 12. The S/P-scrambling-
8B/10B unit 12 includes eight blocks 12-1 to 12-8 associated on one-to-one basis with the channels CH1 to CH8.
[0076] Among the blocks 12-1, 12-3, 12-5, and 12-7 for the channels CH1, CH3, CH5, and CH7 belonging to the link
LinkA, the constitution of the block 12-1 is different from those of the blocks 12-3, 12-5, and 12-7. The blocks 12-3, 12-5,
and 12-7 share the same constitution (in the drawing, the constitution of the block 12-3 is shown but the constitutions
of the blocks 12-5 and 12-7 are not shown). The blocks 12-2, 12-4, 12-6, and 12-8 for the channels CH2, CH4, CH6,
and CH8 belonging to the link LinkB share the same constitution (in the drawing, the constitution of the block 12-2 is
shown but the constitutions of the blocks 12-4, 12-6, and 12-8 are not shown). In the blocks, the same reference numerals
are assigned to components that perform pieces of identical processing.
[0077] To begin with, the blocks 12-1, 12-3, 12-5, and 12-7 for the link LinkA will be described. In the blocks 12-1,
12-3, 12-5, and 12-7, inputted HD-SDI signals on the channels CH1, CH3, CH5, and CH7 are transferred to serial-to-
parallel (S/P) converters 21. The S/P converter 21 serial-to-parallel converts the HD-SDI signal into parallel digital data
of 20 bits wide to be transmitted at a bit rate of 74.25 Mbps or 74.25 Mbps/1.001 (hereinafter, simply, 74.25 Mbps), and
extracts a clock of 74.25 MHz.
[0078] Parallel digital data serial-to-parallel converted by the S/P converter 21 is transmitted to a TRS detector 22. A
clock of 74.25 MHz extracted by the S/P converter 21 is transmitted as a writing clock to a FIFO memory 23. Moreover,
the clock of 74.25 MHz extracted by the S/P converter 21 in the block 12-1 is also transmitted to a phase locked loop
(PLL) 13 shown in Fig. 2.
[0079] The TRS detector 22 detects timing reference signals SAV and EAV from a parallel digital video signal sent
from the S/P converter 21, and establishes bit synchronization and word synchronization on the basis of the result of
the detection.
[0080] Parallel digital data having undergone processing of the TRS detector 22 is transmitted to the FIFO memory
23, and written in the FIFO memory 23 responsively to the clock of 74.25 MHz sent from the S/P converter 21.
[0081] The PLL 13 in Fig. 2 transmits as a reading clock a clock of 37.125 MHz, which is produced by halving the
frequency of the clock of 74.25 MHz sent from the S/P converter 21 in the block 12-1, to the FIFO memories 23 in the
respective blocks 12-1 to 12-8, and transmits the clock as a writing clock to FIFO memories 26 in the respective blocks
12-1 to 12-8 and a FIFO memory 27 in the block 12-1.
[0082] The PLL 13 transmits as a reading clock a clock of 83. 5312 MHz, which is produced by multiplying the frequency
of the clock of 74.25 MHz sent from the S/P converter 21 in the block 12-1 by 9/8, to the FIFO memories 26 in the
respective blocks 12-1 to 12-8 and the FIFO memory 27 in the block 12-1, and also transmits the clock as a writing clock
to the FIFO memory 16 shown in Fig. 2.
[0083] The PLL 13 transmits as a reading clock a clock of 167.0625 MHz, which is produced by multiplying the frequency
of the clock of 74.25 MHz sent from the S/P converter 21 in the block 12-1 by 9/4, to the FIFO memory 16 shown in Fig. 2.
[0084] The PLL 13 transmits as a reading clock a clock of 668.25 MHz, which is produced by multiplying the frequency
of the clock of 74.25 MHz sent from the S/P converter 21 in the block 12-1 by 9, to a multi-channel data construction
unit 17 shown in Fig. 2.
[0085] As shown in Fig. 8, parallel digital data of 20 bits wide written responsively to the clock of 74.25 MHz sent from
the S/P converter 21 is read from the FIFO memory 23 as parallel digital data of 40 bits wide in units of two samples
responsively to the clock of 37.125 MHz sent from the PLL 13 in Fig. 2, and transmitted to a scrambler 24. In the block
12-1, the parallel digital data of 40 bits wide read from the FIFO memory 23 is also transmitted to an 8B/10B encoder 25.
[0086] The scrambler 24 is a self-synchronous scrambler. A self-synchronous scrambling method is a scrambling
method adopted in the SMPTE292M, and is such that: a transmitting side regards an inputted serial signal as a polynomial
expression, sequentially divides the polynomial expression by a nine-degree primitive polynomial expression X9+X4+1,
transmits the result of the division or the quotient, and thus statistically averagely halves the mark ratio (ratio of 1s to
0s) of transmission data. The scrambling has the meaning of encryption of a signal using a primitive polynomial expression.
The quotient is divided by X+1, whereby polarity-free data (data and reverse data have the same information) is trans-
mitted. On a receiving side, an original serial signal is reproduced by performing the processing (descrambling) of
multiplying a received serial signal by X+1 and further multiplying the resultant signal by the primitive polynomial ex-
pression X9+X9+1.
[0087] The scrambler 24 does not scramble all data items on each horizontal line but scrambles only a timing reference
signal SAV, an active line, a timing reference signal EAV, a line number LN, and an error detection code CRC. The
scrambler 24 does not scramble data of a horizontal blanking period. Immediately previously to the timing reference
signal SAV, all the values in a register in the scrambler are set to 0s, and encoding is carried out. Data of up to 10 bits
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long succeeding the error detection code CRC is outputted.
[0088] A reason why the scrambler 24 performs the foregoing processing will be described below. In the conventional
self-synchronous scrambling method, all data items on each horizontal line are unintermittently transmitted. However,
in the present example, data of a horizontal blanking period having undergone self-synchronous scrambling is not
transmitted. As a method for this purpose, there is a method in which although all data items on each horizontal line
including the horizontal blanking period are scrambled, the data of the horizontal blanking period is not transmitted.
However, according to the method, continuity of data items is not ensured by the scrambler for transmission and a
descrambler for reception. Therefore, when the descrambler on the receiving side reproduces data, the descrambler
miscalculates or incorrectly carries the last several bits of a CRC. The error detection code CRC is therefore not accurately
reproduced. There is a method in which a clock for a scrambler is stopped during a horizontal blanking interval, during
which no data is transmitted, so that the CRC can be accurately reproduced. When the method id adopted, the subsequent
timing reference signal SAV is needed during calculation of the CRC. This poses a problem in that timing control becomes
hard to do.
[0089] Only data items of a timing reference signal SAV, an active line, a timing reference signal EAV, a line number
LN, and an error detection code CRC are therefore scrambled. Immediately previously to the timing reference signal
SAV, all the values in a register in the scrambler 24 are set to 0s, and encoding is carried out. Data of at least several
bits (for example, 10 bits) long succeeding the error detection code CRC is outputted.
[0090] Thus, in an apparatus on a receiving side, immediately previously to the timing reference signal SAV, all the
values in a register in a descrambler are set to 0s, and decoding is initiated. Data of at least several bits long succeeding
the error detection code CRC is descrambled. Thus, calculation is accurately performed in consideration of carrying by
the descrambler serving as a multiplication circuit, whereby original data can be reproduced.
[0091] Further, calculations have revealed that when all the values in the register in the scrambler are set to 0s
immediately previously to the timing reference signal SAV, a pathological pattern is not generated in scrambled data.
What is referred to as the pathological pattern is generation of a signal exhibiting a pattern (or a reverse pattern) that
has, as shown in Fig. 9A, "H" of one bit succeeded by continuation of "L" over nineteen bits, or generation of a signal
exhibiting a pattern (or a reverse pattern) that has, as shown in Fig. 9B, continuation of "H" over twenty bits succeeded
by continuation of "L" over twenty bits, along one horizontal line on a serial transmission path when data is subjected to
self-synchronous scrambling.
[0092] The pattern shown in Fig. 9A and the reverse pattern are patterns having a dc component as a majority. In
order to realize a transmission rate that is as high as 10 Gbps, an ac-coupled transmission system is generally employed.
However, in the ac-coupled transmission system, when the dc component occupies the majority, a warp of a base line
like the one shown in Fig. 10 takes place. Therefore, an apparatus on a receiving side has to reproduce the dc component.
[0093] The pattern shown in Fig. 9B and the reverse pattern are patterns in which a transition from 0 to 1 or from 1 to
0 hardly occurs. A receiving apparatus therefore has difficulty in reproducing a clock from a serial signal.
[0094] As described previously, calculations have revealed that when all the values in a register in a scrambler are
set to 0s immediately previously to a timing reference signal SAV, the pathological pattern does not occur. A produced
signal can be said to be acceptable as a transmission code.
[0095] As shown in Fig. 11, two low-order bits of XYZ that is the last word in the timing reference signal SAV (word
for use in discriminating a first field of a frame from a second field thereof or discriminating SAV from EAV) may be set
to 0s. For example, the scrambler 24 in the block 12-1 performs scrambling with the two low-order bits set to 0s. The
scrambler 24 in the block 12-3 performs scrambling after rewriting the two low-order bits to 0 and 1 respectively. The
scrambler 24 in the block 12-5 performs scrambling after rewriting the two low-order bits into 1 and 0 respectively. The
scrambler 24 in the block 12-7 performs scrambling after rewriting the two low-order bits to 1s. Thus, scrambling is
performed with the values of the two low-order bits varied among the channels CH1, CH3, CH5, and CH7.
[0096] A reason why the foregoing processing is performed will be described below. When a
384032160/24P,25P,30P/4:4:4,4:2:2,4:2:0/10,12-bit signal is a flat signal (representing nearly the same R, G, and B
values over an entire screen), if data values are uniform between the channel CH1, CH3, CH5, or CH7 and the channel
CH2, CH4, CH6, or CH8, electromagnetic interference (EMI) or the like takes place. This is not preferable. In contrast,
when the values of the two low-order bits of XYZ in SAV are varied among the channels CH1, CH3, CH5, and CH7, if
scrambling is performed, the result of division of each of 0 and 1, 1 and 0, and 1 and 1 by a production polynomial
expression is transmitted in addition to data, which has the two low-order bits of XYZ set to 0s, as scrambled data.
Therefore, uniformity of data items can be avoided.
[0097] Further, calculations have revealed that even when the values of the two low-order bits of XYZ are varied
channel by channel, if all the values in the register in the scrambler are set to 0s immediately previously to the timing
reference signal SAV, the pathological pattern does not occur.
[0098] Parallel digital data of 40 bits wide scrambled by the scrambler 24 as mentioned above is written in the FIFO
memory 26 responsively to the clock of 37.125 MHz sent from the PLL 13 shown in Fig. 2. Thereafter, the parallel digital
data is read from the FIFO memory 26 responsively to the clock of 83.5312 MHz sent from the PLL 13 while having the
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width of 40 bits left intact, and then transmitted to a multiplexing unit 14 shown in Fig. 2.
[0099] The 8B/10B encoder 25 in the block 12-1 8-bit-to-10-bit encodes data of a horizontal blanking period alone out
of parallel digital data of 40 bits wide read from the FIFO memory 23.
[0100] Parallel digital data of 50 bits wide having been 8-bit-to-10-bit encoded by the 8B/10B encoder 25 is written in
the FIFO memory 27 responsively to the clock of 37.125 MHz sent from the PLL 13 in Fig. 2. Thereafter, the parallel
digital data is read from the FIFO memory 27 responsively to the clock of 83.5312 MHz sent from the PLL 13 while
having the width of 50 bits left intact, and transmitted to the multiplexing unit 14 shown in Fig. 2.
[0101] Data of a horizontal blanking period is transmitted from the block 12-1 alone (that is, data on the channel CH1
is transmitted) to the multiplexing unit 14, but data items of horizontal blanking periods (on the channels CH3, CH5, and
CH7) are not transmitted from the respective blocks 12-3, 12-5, and 12-7 to the multiplexing unit 14. This is because of
the restrictions imposed on an amount of data.
[0102] Next, the blocks 12-2, 12-4, 12-6, and 12-8 for the link LinkB will be described below. In the blocks 12-2, 12-4,
12-6, and 12-8, inputted HD-SDI signals on the channels CH2, CH4, CH6, and CH8 are subjected to the same processing
as the processing, which is performed in the blocks 12-1, 12-3, 12-5, and 12-7, by the respective S/P converters 21 and
TRS detectors 22, and then transmitted to respective extractors 28.
[0103] The extractor 28 is a circuit that extracts bits of R, G, and B values (sixteen bits representing R, G, and B values
out of twenty bits constituting one sample on the link LinkB shown in Fig. 7B) from only data items of a timing reference
signal SAV, an active line, a timing reference signal EAV, a line number LN, and an error detection code CRC out of all
data items on each horizontal line on the link LinkB.
[0104] Parallel digital data of 16 bits wide extracted by the extractor 28 is written in the FIFO memory 23 responsively
to the clock of 74.25 MHz sent from the S/P converter 21. Thereafter, the parallel digital data is read as parallel digital
data of 32 bits wide in units of two samples responsively to the clock of 37.125 MHz sent from the PLL 13 in Fig. 2, and
transmitted to a K28.5 inserter 29.
[0105] The K28.5 inserter 29 inserts 8-bit word data to the leading part of the timing reference signal SAV or EAV.
The 8-bit word data is converted into 10-bit word data (called a code name of K28. 5), which is not used as word data
representing a video signal, during 8-bit-to-10-bit encoding.
[0106] Parallel digital data of 32 bits wide having undergone the processing of the K28.5 inserter 29 is transmitted to
an 8B/10B encoder 30. The 8B/10B encoder 30 8-bit-to-10-bit encodes the parallel digital data of 32 bits wide, and
outputs the resultant data.
[0107] The reason why parallel digital data of 32 bits wide constructed in units of two samples is 8-bit-to-10-bit encoded
by the 8B/10B encoder 30 is to make the parallel digital data compatible with forty high-order bits of a content ID of 50
bits long specified in the SMPTE435 that is an 10G interface standard.
[0108] Parallel digital data of 40 bits wide 8-bit-to-10-bit encoded by the 8B/10B encoder 30 is written in the FIFO
memory 26 responsively to the clock of 37.125 MHz sent from the PLL 13 in Fig. 2. Thereafter, the parallel digital data
is read from the FIFO memory 26 responsively to the clock of 83.5312 MHz sent from the PLL 13 while having the width
of 40 bits left intact, and transmitted to the multiplexing unit 14 shown in Fig. 2.
[0109] The multiplexing unit 14 shown in Fig. 2 multiplexes parallel digital data items of 40 bits wide on the channels
CH1 to CH8 (data items of only a timing reference signal SAV, an active line, a timing reference signal EAV, a line
number LN, and an error detection code CRC), which are read from the FIFO memories 26 in the respective blocks 12-1
to 12-8 in the S/P-scrambling-8B/10B unit 12, in units of 40 bits in the order of the channel CH2 (channel whose data is
8-bit-to-10-bit encoded), the channel CH1 (channel whose data is subjected to self-synchronous scrambling), the channel
CH4 (channel whose data is 8-bit-to-10-bit encoded), the channel CH3 (channel whose data is subjected to self-syn-
chronous scrambling), the channel CH6 (channel whose data is 8-bit-to-10-bit encoded), the channel CH5 (channel
whose data is subjected to self-synchronous scrambling), the channel CH8 (channel whose data is 8-bit-to-10-bit en-
coded), and the channel CH7 (channel whose data is subjected to self-synchronous scrambling), as shown in Fig. 12A.
Thus, the multiplexing unit 14 produces data of 320 bits wide.
[0110] Data 8-bit-to-10-bit encoded is inserted to data, which is subjected to self-synchronous scrambling, in units of
40 bits. Therefore, a variation in a mark ratio (a ratio of 0s to 1s) dependent on a scrambling method and unstableness
in a transition from 0 to 1 or from 1 to 0 are resolved. Eventually, occurrence of the aforesaid pathological pattern can
be prevented.
[0111] The multiplexing unit 14 multiplexes, as shown in Fig. 12B, parallel digital data items of 50 bits wide of four
samples, which are contained in only a horizontal blanking period of data on the channel CH1 and are read from the
FIFO memory 27 in the block 12-1 in the S/P-scrambling-8B/10B unit 12, so as to produce data of 200 bits wide.
[0112] Parallel digital data of 320 bits wide and parallel digital data of 200 bits wide which result from multiplexing
performed by the multiplexing unit 14 are transmitted to a data length conversion unit 15. The data length conversion
unit 15 is formed using a shift register. Data of 256 bits wide into which the parallel digital data of 320 bits wide is
converted, and data of 256 bits wide into which the parallel digital data of 200 bits wide is converted are used to construct
parallel digital data of 256 bits wide. The parallel digital data of 256 bits wide is further converted into data of 128 bits wide.
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[0113] Fig. 13 to Fig. 15 are diagrams showing the structures of parallel digital data of 256 bits wide constructed by
the data length conversion unit 15. Fig. 13 shows the data structure for one line in the 30P mode. Fig. 14 shows the
data structure for one line in the 25P mode. Fig. 15 shows the data structures for four lines in the 24P mode (since the
number of bits of the last word becomes 128 in cycles of four lines in the 24P mode, the data structures for four lines
are depicted). Under the SMPTE435, a frame rate and the number of lines are identical to those of an HD-SDI signal
on the channel CH1. The S/P-scrambling-8B/10B unit 12 adopts both scrambling and 8B/10B encoding, and performs
scrambling on data on the channel CH1 (scrambling adopted by the SMPTE292M). Therefore, the data structures shown
in Fig. 13 to Fig. 15 are basically identical to those for the HD-SDI signal.
[0114] As shown in Fig. 13 to Fig. 15, data on one line includes three fields mentioned below.

- Hatched field: a field for sets of data items of a timing reference signal SAV, active line, timing reference signal EAV,
line number LN, and error detection code CRC on the channels CH1 to CH8, which are multiplexed in units of 40
bits in the order of the channels CH2, CH1, CH4, CH3, CH6, CH5, CH8, and CH7.

- Blank field: a field of data items of 50 bits long of a horizontal blanking period on the channel CH1 which are 8B/10B
encoded.

- Dot-patterned field: a field of appended data for use in adjusting an amount of data.

[0115] As shown in Fig. 2, parallel digital data converted into data of 128 bits wide by the data length conversion unit
15 is transmitted to a FIFO memory 16, and written in the FIFO memory 16 responsively to a clock of 83.5312 MHz sent
from the PLL 13.
[0116] Parallel digital data of 128 bits wide written in the FIFO memory 16 is read from the FIFO memory 16 as parallel
digital data of 64 bits wide responsively to a clock of 167.0625 MHz sent from the PLL 13 in Fig. 2, and transmitted to
a multi-channel data construction unit 17.
[0117] The multi-channel data construction unit 17 is, for example, a ten gigabit-sixteen bit interface (XSBI) (16-bit
interface to be used in a 10-gigabit Ethernet (Ethernet is a registered trademark) system). The multi-channel data
construction unit 17 uses a clock of 668.25 MHz sent from the PLL 13 to construct serial digital data items on sixteen
channels, which permit a bit rate of 668.25 Mbps, from parallel digital data of 64 bits wide read from the FIFO memory
16. The serial digital data items on sixteen channels constructed by the multi-channel data construction unit 17 are
transmitted to a multiplexing-P/S conversion unit 18.
[0118] The multiplexing-P/S conversion unit 18 multiplexes serial digital data items on sixteen channels sent from the
multi-channel data construction unit 17, and parallel-to-serial converts the multiplexed parallel digital data so as to
produce serial digital data items that permit 668.25 Mbps 3 16 = 10.692 Gbps. The multiplexing-P/S conversion unit 18
in this example has the capability of a parallel-to-serial conversion unit that serially converts first, second, third, and
fourth sub-images mapped by the mapping unit 11.
[0119] Fig. 16A, Fig. 16B, and Fig. 16C are diagrams showing data structures for one line in serial digital data permitting
10.692 Gbps. Fig. 16A shows the structure in the 24P mode, Fig. 16B shows the structure in the 25P mode, and Fig.
16C shows the structure in the 30P mode. In the drawings, SAV, an active line, and EAV are shown as data items
including a line number LN and an error detection code CRC. A horizontal blanking period is shown to include a field of
appended data shown in Fig. 13 to Fig. 15.
[0120] The numbers of bits on one line in the 24P, 25P, and 30P modes respectively are obtained according to the
expressions below. 

[0121] The number of bits of the timing reference signal SAV, active line, timing reference signal EAV, line number
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LN, and error detection code CRC is obtained according to the expression below. 

[0122] The numbers of bits of a horizontal blanking period in the 24P, 25P, and 30P modes respectively are obtained
according to the expressions below.

(1) In the 24P mode: 

(2) In the 25P mode; 

(3) In the 30P mode: 

[0123] As shown above, in all of the 24P, 25P, and 30P modes, the numbers of bits of a horizontal blanking period
specified in the SMPTE435, that is, 86880 bits, 71040 bits, and 7680 bits are larger than the numbers of bits of data on
the channel CH1 {data of the horizontal blanking period - (data items of the timing reference signal SAV, timing reference
signal EAV, line number LN, and error detection code CRC) }, that is, 20450 bits, 17700 bits, and 6700 bits respectively.
Therefore, the data of the horizontal blanking period on the channel CH1 can be multiplexed.
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[0124] As shown in Fig. 2, serial digital data that is produced by the multiplexing-P/S conversion unit 18 and permits
a bit rate of 10.692 Gbps is transmitted to a photoelectric conversion unit 19. The photoelectric conversion unit 19
functions as an output unit that outputs the serial digital data, which permits the bit rate of 10.692 Gbps, to the CCU 2.
The serial digital data that permits the bit rate of 10.692 Gbps and is converted into a light signal by the photoelectric
conversion unit 19 is transmitted from the broadcasting camera 1 to the CCU 2 over the optical fiber cable 3 shown in Fig. 1.
[0125] Using the signal transmitting device 5 of the present embodiment, signal processing to be performed on a side
of transmitting a 384032160/24P,25P,30P/4:4:4,4:2:2,4:2:0/10,12-bit signal as serial digital data can be carried out. In
the signal transmitting device 5 and signal transmitting method, when the
384032160/24P,25P,30P/4:4:4,4:2:2,4:2:0/10,12-bit signal is mapped into HD-SDI signals on the channels CH1 to CH8
(channels CH1, CH3, CH5, and CH7 belonging to the link LinkA, and channels CH2, CH4, CH7, and CH8 belonging to
the link LinkB), the HD-SDI signals are serial-to-parallel converted. Thereafter, the signals on the link LinkA are subjected
to self-synchronous scrambling, and the signals on the link LinkB have the R, G, and B bits thereof 8-bit-to-10-bit encoded.
[0126] As for the link LinkA, self-synchronous scrambling is not performed on all data items on each horizontal line
but is performed on only data items of the timing reference signal SAV, active line, timing reference signal EAV, line
number LN, and error detection code CRC. The self-synchronous scrambling is not performed on data of the horizontal
blanking period. All the values in the register in the scrambler are set to 0s immediately previously to the timing reference
signal SAV, and encoding is carried out. Data of at least several bits succeeding the error detection code CRC is outputted.
[0127] A reason why the foregoing scrambling is performed will be described below. In the conventional self-synchro-
nous scrambling method, all data items on each horizontal line are unintermittently transmitted. In the present embod-
iment, data of the horizontal blanking period having undergone self-synchronous scrambling is not transmitted. As a
method for this purpose, there is a method in which although all data items on each horizontal line including data of the
horizontal blanking period are scrambled, only the data of the horizontal blanking period is not transmitted. However,
according to the method, continuity of data items is not ensured by a scrambler for transmission and a descrambler for
reception. Therefore, when the descrambler on the receiving side reproduces data, the descrambler miscalculates or
incorrectly carries the last several bits of a CRC. The error detection code CRC is therefore not accurately reproduced.
There is a method of accurately reproducing the CRC by stopping a clock for the scrambler during a horizontal blanking
interval during which no data is transmitted. When the method is adopted, the calculation of the CRC requires the
subsequent timing reference signal SAV. This poses a problem in that timing control becomes hard to do.
[0128] Therefore, only the data items of the timing reference signal SAV, active line, timing reference signal EAV, line
number LN, and error detection code CRC are scrambled. All the values in the register in the scrambler are set to 0s
immediately previously to the timing reference signal SAV, and encoding is carried out. Data of at least several bits
succeeding the error detection code CRC is outputted.
[0129] In the apparatus on the receiving side, all the values in the register in the descrambler are set to 0s immediately
previously to the timing reference signal SAV, and decoding is initiated. In addition, data of at least several bits long
succeeding the error detection code CRC is descrambled. Therefore, calculation can be performed accurately in con-
sideration of carrying by the descrambler serving as a multiplication circuit in order to reproduce original data.
[0130] Further, calculations have revealed that when all the values in the register in the scrambler are set to 0s
immediately previously to the timing reference signal SAV, a pathological pattern does not occur in scrambled data. A
produced signal can be said to be acceptable as a transmission code.
[0131] As for the link LinkB, R, G, and B bits are extracted from only the data items of the timing reference signal SAV,
active line, timing reference signal EAV, line number LN, and error detection code CRC among all data items on each
horizontal line. The R, G, and B bits are 8-bit-to-10-bit encoded. The data items on the link LinkA having undergone self-
synchronous scrambling and the data items on the link LinkB having been 8-bit-to-10-bit encoded are multiplexed. Serial
digital data permitting a bit rate of 10.692 Gbps is produced from the multiplexed parallel digital data items.
[0132] Fig. 17 is a block diagram showing a portion relating to the present embodiment in the circuitry of the CCU 2.
In the CCU 2, multiple sets of circuits like those shown in Fig. 17 are included in one-to-one association with broadcasting
cameras 1.
[0133] Serial digital data that is transmitted from the broadcasting camera 1 over the optical fiber cable 3 and permits
a bit rate of 10. 692 Gbps is converted into an electrical signal by a photoelectric conversion unit 31, and then transmitted
to a S/P conversion-multi-channel data construction unit 32. The S/P conversion-multi-channel data construction unit
32 is, for example, the aforesaid XSBI. The S/P conversion-multi-channel data construction unit 32 receives first, second,
third, and fourth sub-images into which a video signal is mapped and each of which is separated into a first-link channel
and a second-link channel.
[0134] The S/P conversion-multi-channel data construction unit 32 serial-to-parallel converts serial digital data that
permits a bit rate of 10.692 Gbps, constructs serial digital data items on sixteen channels, which permit a bit rate of
668.25 Mbps, from parallel digital data resulting from the serial-to-parallel conversion, and extracts a clock of 668.25 MHz.
[0135] Parallel digital data items on sixteen channels constructed by the S/P conversion-multi-channel data construc-
tion unit 32 are transmitted to a multiplexing unit 33. A clock of 668.25 MHz extracted by the S/P conversion-multi-
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channel data construction unit 32 is transmitted to a PLL 34.
[0136] The multiplexing unit 33 multiplexes serial digital data items on sixteen channels sent from the S/P conversion-
multi-channel data construction unit 32, and transmits parallel digital data of 64 bits wide to a FIFO memory 35.
[0137] The PLL 34 transmits a clock of 167.0625 MHz, which has a quarter of the frequency of the clock of 668.25
MHz sent from the S/P conversion-multi-channel data construction unit 32, as a writing clock to the FIFO memory 35.
[0138] The PLL 34 transmits a clock of 83.5312 MHz, which has a one-eighth of the frequency of the clock of 668.25
MHz sent from the S/P conversion-multi-channel data construction unit 32, as a reading clock to the FIFO memory 35,
and transmits the clock as a writing clock to a FIFO memory 44 incorporated in a descrambling-8B/10B-P/S unit 38 that
will be described later.
[0139] The PLL 34 transmits a clock of 37.125 MHz, which has a one-eighteenth of the frequency of the clock of 668.25
MHz sent from the S/P conversion-multi-channel data construction unit 32, as a reading clock to the FIFO memory 44
and transmits the clock to the FIFO memory 45 incorporated in the descrambling-8B/10B-P/S unit 38, as a writing clock.
[0140] The PLL 34 transmits a clock of 74.25 MHz, which has a one-ninth of the frequency of the clock of 668.25 MHz
sent from the S/P conversion-multi-channel data construction unit 32, as a reading clock to the FIFO memory 45 in the
descrambling-8B/10B-P/S unit 38.
[0141] In the FIFO memory 35, parallel digital data of 64 bits wide sent from the multiplexing unit 33 is written respon-
sively to the clock of 167.0625 MHz sent from the PLL 34. The parallel digital data written in the FIFO memory 35 is
read as parallel digital data of 128 bits wide responsively to the clock of 83.5312 MHz sent from the PLL 34, and
transmitted to a data length conversion unit 36.
[0142] The data length conversion unit 36 is formed using a shift register, and converts parallel digital data of 128 bits
wide into data of 256 bits wide (data having the structure shown in any of Fig. 13 to Fig. 15). The data length conversion
unit 36 detects K28. 5 inserted into each of timing reference signals SAV or EAV so as to discriminate line periods from
one another, converts sets of data items of the timing reference signal SAV, active line, timing reference signal EAV,
line number LN, and error detection code CRC into data of 320 bits wide, and converts data of a horizontal blanking
period (as mentioned previously, data of a horizontal blanking period on a channel CH1 having been 8B/10B encoded)
into data of 200 bits wide. Appended data shown in Fig. 13 to Fig. 15 is discarded.
[0143] Parallel digital data of 320 bits wide and parallel digital data of 200 bits wide that have the data lengths thereof
converted by the data length conversion unit 36 are transmitted to a separation unit 37.
[0144] The separation unit 37 separates parallel digital data of 320 bits wide, which is sent from the data length
conversion unit 36 (sets of data items of the timing reference signal SAV, active line, timing reference signal EAV, line
number LN, and error detection code CRC), into data items on channels CH1 to CH8 (see Fig. 12A) that are 40-bit data
items identical to data items which are not multiplexed by the multiplexing unit 14 (Fig. 2) included in the broadcasting
camera 1. The parallel digital data items of 40 bits wide on the channels CH1 to CH8 are transmitted to the descrambling-
8B/10B-P/S unit 38.
[0145] The separation unit 37 separates parallel digital data of 200 bits wide, which is sent from the data length
conversion unit 36 (data of a horizontal blanking period on a channel CH1 having been 8B/10B encoded), into 50-bit
data items (see Fig. 12B) identical to data items that have not been multiplexed by the multiplexing unit 14. The parallel
digital data items of 50 bits wide are transmitted to the descrambling-8B/10B-P/S unit 38.
[0146] Fig. 18 is a block diagram showing the constitution of the descrambling-8B/10B-P/S unit 38. The descrambling-
8B/10B-P/S unit 38 includes eight blocks 38-1 to 38-8 associated on a one-to-one basis with the channels CH1 to CH8.
The descrambling-8B/10B-P/S unit 38 functions as a receiving unit that receives first, second, third, and fourth sub-
images into which an image signal is mapped and each of which is divided into a first-link channel and a second-link
channel.
[0147] Among the blocks 38-1, 38-3, 38-5, and 38-7 for the channels CH1, CH3, CH5, and CH7 belonging to a link
LinkA, the block 38-1 has a different constitution from the other blocks 38-3, 38-5, and 38-7 do. The blocks 38-3, 38-5,
and 38-7 share the same constitution (in the drawing, the constitution of the block 38-3 is shown but the constitutions
of the blocks 38-5 and 38-7 are not shown). The blocks 38-2, 38-4, 38-6, and 38-8 for the channels CH2, CH4, CH6,
and CH8 belonging to a link LinkB share the same constitution (in the drawing, the constitution of the block 38-2 is shown
but the constitutions of the blocks 38-4, 38-6, and 38-8 are not shown). In the blocks, the same reference numerals are
assigned to components that perform pieces of identical processing.
[0148] To begin with, the blocks 38-1, 38-3, 38-5, and 38-7 for the link LinkA will be described below. In the blocks
38-1, 38-3, 38-5, and 38-7, inputted parallel digital data items of 40 bits wide (each including data items of a timing
reference signal SAV, an active line, a timing reference signal EAV, a lin number LN, and an error detection code CRC
which have undergone self-synchronous scrambling) on the channels CH1, CH3, CH5, and CH7 are transmitted to
respective descramblers 41.
[0149] The descrambler 41 is a self-synchronous descrambler. The descrambler 41 descrambles received parallel
digital data, sets all the values in a register in the descrambler 41 to 0s immediately previously to the timing reference
signal SAV, and then initiates decoding. In addition, the descrambler 41 performs self-synchronous descrambling on
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data of 10 bits long succeeding the error detection code CRC.
[0150] As described in relation to the scrambler 24 (Fig. 8) incorporated in the broadcasting camera 1, although data
of a horizontal blanking period having undergone self-synchronous scrambling is not transmitted, calculation is accurately
performed in consideration of carrying by the descrambler 41, which serves as a multiplication circuit, in order to reproduce
original data.
[0151] After performing self-synchronous scrambling, the descrambler 41 changes the values of two low-order bits of
XYZ contained in the timing reference signal SAV (bits scrambled with the values thereof varied among the channels
CH1, CH3, CH5, and CH7 as described in relation to the scrambler 24) into 0s that are their original values.
[0152] Parallel digital data of 40 bits wide descrambled by the descrambler 41 in the block 38-1 is transmitted to a
selector 43. In the block 38-1, inputted parallel digital data of 50 bits wide (data of the horizontal blanking period on the
channel CH1 having been 8B/10B encoded) is transmitted to an 8B/10B decoder 42. The 8B/10B decoder 42 8-bit-to-
10-bit decodes the parallel digital data. The parallel digital data of 40 bits wide 8-bit-to-10-bit decoded by the 8B/10B
decoder 42 is transmitted to the selector 43.
[0153] The selector 43 alternately selects parallel digital data sent from the descrambler 41 and parallel digital data
sent from the 8B/10B decoder 42, constructs parallel digital data of 40 bits wide into which all data items on each
horizontal line are integrated, and transmits the parallel digital data of 40 bits wide to a FIFO memory 44.
[0154] In the blocks 38-3, 38-5, and 38-7, neither the 8B/10B decoder 42 nor the selector 43 is included because
parallel digital data of 50 bits wide is not inputted. Parallel digital data of 40 bits wide descrambled by the descrambler
41 is transmitted to the FIFO memory 44 as it is.
[0155] Parallel digital data of 40 bits wide sent to the FIFO memory 44 is written in the FIFO memory 44 responsively
to the clock of 83.5312 MHz sent from the PLL 34 (Fig. 17). Thereafter, the parallel digital data is read from the FIFO
memory 44 responsively to the clock of 37.125 MHz sent from the PLL 34 while having the width of 40 bits left intact,
and then transmitted to a FIFO memory 45.
[0156] Parallel digital data of 40 bits wide sent to the FIFO memory 45 is written in the FIFO memory 45 responsively
to the clock of 37.125 MHz sent from the PLL 34 (Fig. 17). Thereafter, the parallel digital data is read from the FIFO
memory 45 as parallel digital data of 20 bits wide (data of one sample on the link LinkA shown in Fig. 7) responsively
to the clock of 74.25 MHz sent from the PLL 34, and transmitted to a parallel-to-serial (P/S) converter 46.
[0157] The P/S converter 46 parallel-to-serial converts the parallel digital data into an HD-SDI signal permitting a bit
rate of 1.485 Gbps so as to reproduce the HD-SDI signal. The HD-SDI signals on the channels CH1, CH3, CH5, and
CH7 reproduced by the blocks 38-1, 38-3, 38-5, and 38-7 are transmitted to a 4kx2k reproduction unit 39 shown in Fig. 18.
[0158] Next, the blocks 38-2, 38-4, 38-6, and 38-8 for the link LinkB will be described below. In the blocks 38-2, 38-4,
38-6, and 38-8, inputted parallel digital data items of 40 bits wide on the channels CH2, CH4, CH6, and CH8 (sets of
data items of a timing reference signal SAV, an active line, a timing reference signal EAV, a line number LN, and an
error detection code CRC that have undergone 8B/10B encoding) are transmitted to respective 8B/10B decoders 47.
[0159] The 8B/10B decoder 47 8-bit-to-10-bit decodes the parallel digital data. The parallel digital data of 32 bits wide
8-bit-to-10-bit decoded by the 8B/10B decoder 47 is transmitted to the FIFO memory 44.
[0160] Parallel digital data of 32 bits wide sent to the FIFO memory 44 is written in the FIFO memory 44 responsively
to the clock of 83. 5312 MHz sent from the PLL 34 (Fig. 17). Thereafter, the parallel digital data is read from the FIFO
memory 44 responsively to the clock of 37.125 MHz sent from the PLL 34 while having the width of 32 bits left intact,
and then transmitted to the FIFO memory 45.
[0161] Parallel digital data of 32 bits wide sent to the FIFO memory 45 is written in the FIFO memory 45 responsively
to the clock of 37.125 MHz sent from the PLL 34 (Fig. 17). Thereafter, the parallel digital data is read from the FIFO
memory 45 as parallel digital data of 16 bits wide (R, G, and B bits of one sample on the link LinkB shown in Fig. 7)
responsively to the clock of 74.25 MHz sent from the PLL 34, and then transmitted to a sample data constructor 48.
[0162] The sample data constructor 48 constructs 20-bit data items of samples on the link LinkB to each of which four
bits of bit numbers 0, 1, 8, and 9 out of R’G’B’n:0-1 shown in Fig. 7 are appended. The thus constructed parallel digital
data of 20 bits wide is transmitted from the sample data constructor 48 to the P/S converter 46.
[0163] The P/S converter 46 parallel-to-serial converts the parallel digital data into an HD-SDI signal permitting a bit
rate of 1.485 Gbps, and thus reproduces the HD-SDI signal. The HD-SDI signals on the channels CH2, CH4, CH6, and
CH8 reproduced by the respective blocks 38-2, 38-4, 38-6, and 38-8 are transmitted to the 4kx2k reproduction unit 39
shown in Fig. 18.
[0164] The 4kx2k reproduction unit 39 shown in Fig. 18 performs processing, which is a reverse of the processing
(Fig. 6) of the mapping unit 11 (Fig. 2) of the broadcasting camera 1, on the HD-SDI signals on the channels CH1 to
CH8 (links LinkA and LinkB) sent from the S/P-scrambling-8B/10B unit 38. The 4kx2k reproduction unit 39 is a circuit
that reproduces a 384032160/24P,25P,30P/4:4:4,4:2:2,4:2:0/10,12-bit signal through this processing.
[0165] The 4kx2k reproduction unit 39 of this example extracts one by one pixel samples allocated to active periods
of first, second, third, and fourth sub-images received by the S/P conversion-multi-channel data construction unit 32.
The 4kx2k reproduction unit 39 sequentially reallocates the pixel samples to one frame of a video signal, and restores
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thinned out pixels from the allocated samples.
[0166] At this time, the 4kx2k reproduction unit 39 alternately allocates samples, which are mapped to the first and
second sub-images, onto odd-numbered lines. Likewise, the 4kx2k reproduction unit 39 alternately allocates samples,
which are mapped to the third and fourth sub-images, onto even-numbered lines. The 4kx2k reproduction unit 39 then
uses samples, which are allocated to each line, to restore thinned out pixels adjoining the samples.
[0167] A 384032160/24P,25P,30P/4:4:4,4:2:2,4:2:0/10,12-bit signal reproduced by the 4kx2k reproduction unit 39 is
outputted from the CCU 2, and transmitted to, for example, a VTR or the like (not shown).
[0168] Not only a 384032160/24P,25P,30P/4:4:4,4:2:2,4:2:0/10,12-bit signal is transmitted from each broadcasting
camera 1 to the CCU 2 but also return video (a video signal to be used to display a picture being picked up by another
broadcasting camera 1) is transmitted from the CCU 2 to each broadcasting camera 1 over the optical fiber cable 3. The
return video is produced using a known technology (for example, after HD-SDI signals on two channels are 8-bit-to-10-
bit encoded, the resultant signals are multiplexed and converted into serial digital data). A description of circuitry for the
production will be omitted.
[0169] In this example, the signal receiving device 6 performs signal processing assigned to a side of receiving serial
digital data produced by the signal transmitting device 5. According to the signal receiving device 6 and signal receiving
method, parallel digital data is produced from serial digital data permitting a bit rate of 10.692 Gbps, and the parallel
digital data is separated into data items on respective channels classified into the links LinkA and LinkB.
[0170] Separated data items on the link LinkA are subjected to self-synchronous descrambling. All the values in the
register in each of the descramblers are set to 0s immediately previously to a timing reference signal SAV, and decoding
is initiated. In addition, data of at least several bits long succeeding an error detection code CRC is subjected to self-
synchronous descrambling. Therefore, only data items of the timing reference signal SAV, an active line, a timing
reference signal EAV, a line number LN, and the error detection code CRC are subjected to self-synchronous scrambling,
but data of a horizontal blanking period is not subjected to self-synchronous scrambling. Nevertheless, calculation is
accurately performed in consideration of carrying by the descrambler, which is a multiplication circuit, in order to reproduce
original data.
[0171] As for the separated data items on the link LinkB, data items of samples on the link LinkB are constructed from
8-bit-to-10-bit decoded R, G, and B bits. Parallel digital data on the link LinkA subjected to self-synchronous descrambling
and parallel digital data on the link LinkB having samples thereof constructed are parallel-to-serial converted, whereby
mapped HD-SDI signals on the channels CH1 to CH8 are reproduced.
[0172] As mentioned above, in the broadcasting camera 1 that is a transmitting side, all the values in the register in
each of the scramblers 24 are set to 0s immediately previously to the timing reference signal SAV, encoding is carried
out, and data of ten bits long succeeding the error detection code CRC is outputted. In the CCU 2 that is a receiving
side, all the values in the register in each of the descramblers 41 are set to 0s immediately previously to the timing
reference signal SAV, decoding is initiated, and data of ten bits long succeeding the error detection code CRC is
descrambled. Therefore, although data of the horizontal blanking period subjected to self-synchronous scrambling is
not transmitted, the CCU 2 that is the receiving side can accurately reproduce original data.
[0173] On both the links LinkA and LinkB, self-synchronous scrambling or 8B/10B encoding is carried out in units of
two samples. Therefore, the resultant data can be compatible with forty high-order bits of a content ID of fifty bits long
specified in the SMPTE435.
[0174] Scrambling is performed by varying the values of two low-order bits of XYZ in the timing reference signal SAV
among the channels belonging to the link LinkA. Therefore, even when a
384032160/24P,25P,30P/4:4:4,4:2:2,4:2:0/10,12-bit signal is a flat signal (the R, G, and B values are nearly the same
values over an entire screen), an incident that data values become uniform between the channels CH1, CH3, CH5, and
CH7 and the channels CH2, CH4, CH6, and CH8 can be avoided. Therefore, occurrence of EMI (Electro-Magnetic
Interference) can be prevented.
[0175] Since 8B/10B-encoded data is inserted to data, which has undergone self-synchronous scrambling, in units of
40 bits or the values in the register in each of the descramblers 41 are set to 0s immediately previously to the timing
reference signal SAV, occurrence of a pathological pattern can be prevented.
[0176] In the aforesaid camera transmission system relating to the first embodiment, a
384032160/24P,25P,30P/4:4:4,4:2:2,4:2:0/10,12-bit signal is mapped into HD-SDI signals on the channels CH1 to CH8
(links LinkA and LinkB). Thus, the 384032160/24P,25P,30P/4:4:4,4:2:2,4:2:0/10,12-bit signal is converted into serial
digital data permitting a bit rate of 10.692 Gbps and transmitted. This is advantageous in that a 4k signal can be transmitted
through multiple channels supported by a conventionally employed 10.692 Gb/s serial interface.
[0177] A 4kx8k signal representing one frame is extracted in units of two samples and mapped into sub-images.
Samples mapped into the sub-images are samples constituting one frame that is an original image. Since the sub-images
are independently acquired from data of only one channel among data transmitted through multiple channels, a picture
on an entire screen can be viewed on an existing HD monitor or a waveform monitor, or an 8k signal can be observed
on a 4k monitor or the like. This is advantageous in that an existing HD monitor can be used as a receiving side and it
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is effective for analysis of a defect in video equipment or the optical fiber cable 3 or the like which is used for transmission.
[0178] In the aforesaid first embodiment, a signal is thinned in units of two samples. For example, a 3840/60P signal
may presumably be changed to 3840/60I signals on two channels through line-by-line thinning, or the 3840/60P signal
may presumably be changed to 3840/30P signals on two channels through frame-by-frame thinning. However, similarly
to the aforesaid first embodiment, when a signal is mapped in units of two samples into sub-images, an amount of data
to be preserved and allocated is small. This is advantageous because a delay time occurring when a signal is transmitted
from the broadcasting camera 1 to the CCU 2 is diminished. Performing signal processing that diminishes the delay
time has a quite significant meaning for a professional-use camera system requested to carry out signal processing or
signal transmission in real time.
[0179] Next, an example of actions of a mapping unit 11 included in the second embodiment of the present invention
will be described with reference to Fig. 19.
[0180] Fig. 19 is an explanatory diagram showing an example in which samples constituting one frame of a 4kx2k
signal are mapped into first to fourth sub-images by the mapping unit 11.
[0181] In the present embodiment, the mapping unit 11 characteristically maps a
384032160/50P,60P/4:4:4,4:2:2,4:2:0/10,12-bit signal into the first to fourth sub-images. The other components are
identical to those of the first embodiment. An iterative description will be omitted. As for the processing of a signal
receiving device 6 included in a CCU 2, since it is identical to that in the first embodiment, an iterative description will
be omitted.
[0182] A broadcasting camera 1 in this example is a camera including a signal transmitting device 5 that produces a
384032160/50P,60P/4:4:4,4:2:2,4:2:0/10,12-bit signal, which is equivalent to a signal specified in the UHDTV1, as a
4kx2k signal (an untra-high-definition signal representing 4k samples x 2k lines), and transmits HD-SDI signals into
which the signal is mapped according to a predetermined method. A signal receiving device 6 included in the CCU 2 in
this example can reproduce an image of the 384032160/50P,60P/4:4:4,4:2:2,4:2:0/10,12-bit signal, on the basis of the
HD-SDI signals received from the broadcasting camera 1.
[0183] The mapping unit 11 in this example is a circuit that maps a 384032160/50P,60P/4:4:4,4:2:2,4:2:0/10,12-bit
signal into HD-SDI signals on eight channels CH1 to CH8 (channels CH1, CH3, CH5, and CH7 classified into the link
LinkA and channels CH2, CH4, CH6, and CH8 classified into the link LinkB), which permit a bit rate of 1.485 Gbps, in
conformity with the SMPTE435. Even in the present embodiment, similarly to the aforesaid first embodiment, the mapping
unit 11 maps an image signal, which is allocated to a frame, into first to fourth sub-images.
[0184] Referring to Fig. 19, a concrete example of mapping will be described on the assumption that the position of
each of samples included in a frame of a 4kx2k signal and in first to fourth sub-images is expressed as (sample number,
line number) .
[0185] For example, two samples at (0,0) and (1,0) in a frame of a 4kx2k signal are mapped to (0,42) and (1,42) in
the first sub-image.
[0186] Two samples at (2,0) and (3,0) in the frame of the 4kx2k signal are mapped to (0,42) and (1,42) in the second
sub-image.
[0187] Two samples at (0,1) and (1,1) in the frame of the 4kx2k signal are mapped to (0,42) and (1,42) in the third
sub-image.
[0188] Two samples at (2,1) and (3,1) in the frame of the 4kx2k signal are mapped to (0,42) and (1,42) in the fourth
sub-image.
[0189] Likewise, samples included in the frame of the 4kx2k signal are mapped to the first to fourth sub-images.
[0190] As mentioned above, the mapping unit 11 thins a 384032160/50P,60P/4:4:4,4:2:2,4:2:0/10,12-bit signal in
units of two samples in a line direction, and multiplexes the samples to active periods of HD-SDI signals. After mapping
samples into 192031080/50P,60P/4:4:4,4:2:2,4:2:0/10,12-bit signals on four channels, the mapping unit 11 maps the
signals into the links LinkA and LinkB (see Fig. 6). The broadcasting camera 1 can transmit the signals using a 4-channel
Quad link in conformity with the existing HD-SDI.
[0191] Since it is equivalent to " (a Quad link 292 3 2 channels) shown in Fig. 6 3 2 channels", the signal can be
transmitted through two channels of 10 Gbps. In case signals on two channels of 10G are transmitted over one optical
fiber, a 1.3 mm/1.55 mm two-wavelength multiplexing technology or a CWDM/DWDM wavelength multiplexing technology
can be employed.
[0192] According to the foregoing second embodiment, since a 384032160/50P,60P/4:4:4,4:2:2,4:2:0/10,12-bit signal
is mapped into HD-SDI signals on channels CH1 to CH8 (links LinkA and LinkB), the signal can be converted into serial
digital data permitting a bit rate of 10.692 Gbps and transmitted. This is advantageous in that multiple channels supported
by a conventionally employed 10.692 Gb/s serial interface can be used for transmission even in a case where a frame
interval is 50P,60P.
[0193] Next, referring to Fig. 20, an example of actions of a mapping unit 11 included in the third embodiment of the
present invention will be described below.
[0194] Fig. 20 is an explanatory diagram showing an example in which samples constituting one frame of a 8kx4k
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signal are mapped into first to fourth sub-images by the mapping unit 11.
[0195] In the present embodiment, the mapping unit 11 maps a 7680x4320/50P,60P/4:4:4,4:2:2,4:2:0/10,12-bit signal
into first to fourth sub-images. The other components are identical to those of the first embodiment. Therefore, an iterative
description will be omitted.
[0196] A broadcasting camera 1 in this example is a camera including a signal transmitting device 5 that produces a
first frame, which is specified with a 768034320/50P,60P/4:4:4,4:2:2,4:2:0/10,12-bit signal equivalent to a UHDTV2
signal, as a frame of a 8kx4k signal (an ultra-high-definition signal representing 8k samples 3 4k lines), and transmits
HD-SDI signals into which the signal is mapped according to a predetermined method. A signal receiving device 6
included in a CCU 2 in this example can reproduce an image of the 768034320/50P,60P/4:4:4,4:2:2,4:2:0/10,12-bit
signal on the basis of the HD-SD signals received from the broadcasting camera 1.
[0197] The mapping unit 11 in this example is a circuit that maps a 768034320/50P,60P/4:4:4,4:2:2,4:2:0/10,12-bit
signal into HD-SDI signals on eight channels CH1 to CH8 (channels CH1, CH3, CH5, and CH7 classified into the link
LInkA and channels CH2, CH4, CH6, and CH8 classified into the link LinkB), which permit a bit rate of 1.485 Gbps, in
conformity with the SMPTE435.
[0198] The 7680x4320/50P,60P/4:4:4,4:2:2,4:2:0/10,12-bit signal is thinned in units of two samples in a line direction,
and samples are mapped to the second frame of four channels defined with 384032160/50P,60P/4:4:4,4:2:2,4:2:0/10,12-
bit signals as shown in Fig. 6.
[0199] The 384032160/50P,60P/4:4:4,4:2:2,4:2:0/10,12-bit signals on four channels are further thinned in units of
two samples in the line direction, and samples are mapped to active periods of respective HD-SDI signals. Thus, as
shown in Fig. 7, the signals are mapped into 192031080/50P,60P/4:4:4,4:2:2,4:2:0/10,12-bit signals on four channels,
so that the resultant signals can be transmitted through over "a Quad-link 292 conformable to the existing HD-SDI 3
four channels".
[0200] Therefore, the 7680x4320/50P,60P/4:4:4,4:2:2,4:2:0/10,12-bit signal can be mapped to sixteen channels of
Quad links. Since "a Quad link 292 3 two channels" can transmit data at 10 Gbps, the data can be transmitted through
at eight channels of 10 Gbps.
[0201] When signals on eight channels of 10 Gbps are transmitted over one optical fiber, a CWDM/DWDM (Coarse
Wavelength Division Multiplexing/Dense Wavelength Division Multiplexing) wavelength multiplexing technology can be
employed.
[0202] According to the foregoing third embodiment, when a 768034320/50P,60P/4:4:4,4:2:2,4:2:0/10,12-bit signal
is mapped into HD-SDI signals on channels CH1 to CH8 (links LinkA and LinkB), the signal can be converted into serial
digital data permitting a bit rate of 10.692 Gbps and transmitted. This is advantageous in that an 8k signal that is a new-
generation video signal deliberated by the ITU or SMPTE can be transmitted using multiple channels supported by a
conventionally employed 10.692 Gb/s serial interface.
[0203] Next, referring to Fig. 21, an example of actions of a mapping unit 11 included in the fourth embodiment of the
present invention will be described below.
[0204] Fig. 21 is an explanatory diagram showing an example in which samples constituting one frame of a 4kx2k
signal are mapped into first to fourth sub-images by the mapping unit 11.
[0205] In the present embodiment, the mapping unit 11 maps a 4096x2160/24P/4:4:4/12-bit signal into first to fourth
sub-images. The other components are identical to those of the first embodiment. Therefore, an iterative description will
be omitted. In addition, since processing of a signal receiving device 6 included in a CCU 2 is identical to that in the first
embodiment, an iterative description will be omitted.
[0206] A broadcasting camera 1 in this example is a camera including a signal transmitting device 5 that produces a
4096x2160/24P/4:4:4/12-bit signal as a 4kx2k signal (an ultra-high-definition signal representing 4k samples 3 2k lines),
and transmits HD-SDI signals into which the signal is mapped according to a predetermined method. The signal receiving
device 6 included in the CCU 2 in this example can reproduce an image of the 4096x2160/24P/4:4:4/12-bit signal as
the 4kx2k signal (an ultra-high-definition signal representing 4k samples 3 2k lines) on the basis of the HD-SDI signals
received from the broadcasting camera 1.
[0207] The mapping unit 11 in this example is a circuit that maps a 4096x2160/24P/4:4:4/12-bit signal into HD-SDI
signals on eight channels CH1 to CH8 (channels CH1, CH3, CH5, and CH7 classified into a link LinkA and channels
CH2, CH4, CH6, and CH8 classified into a link LinkB), which permit a bit rate of 1.485 Gbps, in conformity with the
SMPTE435. Even in the present embodiment, similarly to the aforesaid first embodiment, the mapping unit 11 maps an
image signal, which is allocated to a frame, into first to fourth sub-images.
[0208] Referring to Fig. 21, a concrete example will be described on the assumption that each of positions of samples
contained in one frame of a 4kx2k signal and first to fourth sub-images is expressed as (sample number, line number).
[0209] For example, two samples at (0,0) and (1,0) in one frame of a 4k32k signal are mapped into (0,42) and (1,42)
respectively in the first sub-image.
[0210] Two samples at (2,0) and (3,0) in the frame of the 4kx2k signal are mapped into (0,42) and (1,42) respectively
in the second sub-image.
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[0211] Two samples at (0,1) and (1,1) in the frame of the 4kx2k signal are mapped into (0,42) and (1,42) respectively
in the third sub-image.
[0212] Two samples at (2,1) and (3,1) in the frame of the 4kx2k signal are mapped into (0,42) and (1,42) respectively
in the fourth sub-image.
[0213] Likewise, the other samples contained in the frame of the 4kx2k signal are similarly mapped into the first to
fourth sub-images.
[0214] As mentioned above, the mapping unit 11 thins a 4096x2160/24P/4:4:4/12-bit signal in units of two samples
in a line direction, and multiplexes the samples to active periods of HD-SDI signals. After mapping samples into
204831080/24P/4:4:4/12-bit signals on four channels, the mapping unit 11 maps the signals into
204831080/24P/4:2:2/10-bit signals on the links LinkA and LinkB. The broadcasting camera 1 can transmit the signals
using eight channels in conformity with the existing HD-SDI.
[0215] According to the foregoing fourth embodiment, since a 4096x2160/24P/4:4:4/12-bit signal is mapped into HD-
SDI signals on channels CH1 to CH8 (links LinkA and LinkB), the signal can be converted into serial digital data permitting
a bit rate of 10. 692 Gbps and transmitted. This is advantageous in that multiple channels supported by a conventionally
employed 10.692 Gb/s serial interface can be used for transmission even in a case where a frame interval is 24P.
[0216] Incidentally, in the aforesaid examples, the present invention is applied to a camera transmission system. A
signal formatted in any of other various modes may be transmitted. The present invention can be applied to a case
where various signals are transmitted.

Description of Reference Numerals

[0217] 1: broadcasting camera, 2: CCU (camera control unit), 3: optical fiber cable, 5: signal transmitting device, 6:
signal receiving device, 11: mapping unit, 12: S/P-scrambling-8B/10B unit, 38-1 to 38-8: blocks of S/P-scrambling-8B/10B
unit. 13: PLL, 14: multiplexing unit, 15: data length conversion unit, 16: FIFO memory, 17: multi-channel data construction
unit, 18: multiplexing-P/S conversion unit, 19: photoelectric conversion unit, 21: S/P (serial-to-parallel) converter, 22:
TRS detector, 23: FIFO memory, 24: scrambler, 25: 8B/10B encoder, 26: FIFO memory, 27: FIFO memory, 28: extractor,
29: K28.5 inserter, 30: 8B/10B encoder, 31: photoelectric conversion unit, 32: S/P conversion-multi-channel data con-
struction unit, 33: multiplexing unit, 34: PLL, 35: FIFO memory, 36: data length conversion unit, 37: separation unit, 38:
descrambling-8B/10B-P/S unit, 38-1 to 38-8: blocks of descrambling-8B/10B-P/S unit, 39: 4k32k reproduction unit, 42:
descrambler, 42: 8B/10B decoder, 43: selector, 44: FIFO memory, 45: FIFO memory, 46: P/S (parallel-to-serial) converter,
47: 8B/10B decoder, 48: sample data constructor

Claims

1. A signal transmitting device (5) that transmits an input image signal in which the number of pixels of one frame is
a multiple of four times larger than 1920x1080 pixels, comprising:

a mapping unit (11) that extracts pixel samples from each frame of the input image signal, in units of predeter-
mined samples, fetches the extracted samples in equal order frame by frame, maps the samples into active
periods of first, second, third, and fourth sub-images, separates each of the mapped first, second, third, and
fourth sub-images into a first-link transmission channel and a second-link transmission channel, and thus maps
the sub-images into eight channels (CH1-CH8), wherein signals on said first-link transmission channel and said
second-link transmission channel conform with SMPTE372M;
a parallel-to-serial conversion unit (18) that serially converts the mapped first, second, third, and fourth sub-
images; and
an output unit (19) that outputs serial digital data which is serially converted by the parallel-to-serial conversion
unit;
wherein the mapping unit (11) extracts two samples adjoining on the same line, maps each of two samples on
odd-numbered lines in each frame alternately to the first sub-image and second sub-image, and maps each of
two samples on even-numbered lines in each frame alternately to the third sub-image and fourth sub-image.

2. A signal transmitting method of transmitting an input image signal in which the number of pixels of one frame is a
multiple of four times larger than 1920x1080 pixels, comprising:

mapping processing of extracting pixel samples from each frame of the input image signal, in units of prede-
termined samples, fetching the extracted samples in equal order frame by frame, mapping the samples into
active periods of first, second, third, and fourth sub-images, separating each of the mapped first, second, third,
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and fourth sub-images into a first-link transmission channel and a second-link transmission channel, and thus
mapping the sub-images into eight channels, wherein signals on said first-link transmission channel and said
second-link transmission channel conform with SMPTE372M;
parallel-to-serial conversion processing of serially converting each of the first, second, third, and fourth sub-
images that are mapped through the mapping processing; and
output processing of outputting serial digital data which is serially converted through the parallel-to-serial con-
version processing;
wherein the mapping processing extracts two samples adjoining on the same line, maps each of two samples
on odd-numbered lines in each frame alternately to the first sub-image and second sub-image, and maps each
of two samples on even-numbered lines in each frame alternately to the third sub-image and fourth sub-image.

3. A signal receiving device (6) that receives an image signal in which the number of pixels of one frame is a multiple
of four times larger than 1920x1080 pixels, comprising:

a receiving unit (31) that receives first, second, third, and fourth sub-images into which an image signal is
mapped and each of which is divided into a first-link channel and a second-link channel, wherein signals on
said first-link transmission channel and said second-link transmission channel conform with SMPTE372M; and
a reproduction unit (39) that extracts one by one pixel samples allocated to active periods of first, second, third,
and fourth sub-images received by the receiving unit, sequentially reallocates the pixel samples to one frame
of the image signal, and restores pixels from the allocated samples;
wherein the reproduction unit alternately allocates predetermined samples, which are mapped in units of two
samples to the first and second sub-images, onto adjoining samples of odd-numbered lines, alternately allocates
predetermined samples, which are mapped in units of two samples to the third and fourth sub-images, onto
adjoining samples of even-numbered lines, and uses the samples, which are allocated to each line, to restore
pixels adjoining the samples.

4. A signal receiving method of receiving an image signal in which the number of pixels of one frame is a multiple of
four times larger than 1920x1080 pixels, comprising:

receiving processing of receiving first, second, third, and fourth sub-images into which an image signal is mapped
and each of which is divided into a first-link channel and a second-link channel, wherein signals on said first-
link transmission channel and said second-link transmission channel conform with SMPTE372M; and
reproduction processing of extracting one by one pixel samples allocated to active periods of first, second, third,
and fourth sub-images received by the receiving unit, sequentially reallocating the pixel samples to one frame
of the image signal, and restoring pixels from the allocated samples;
wherein the reproduction processing alternately allocates predetermined samples, which are mapped in units
of two samples to the first and second sub-images, onto adjoining samples of odd-numbered lines, alternately
allocates predetermined samples, which are mapped in units of two samples to the third and fourth sub-images,
onto adjoining samples of even-numbered lines, and uses the samples, which are allocated to each line, to
restore pixels adjoining the samples.

Patentansprüche

1. Signalübertragungsvorrichtung (5), die ein Eingangsbildsignal überträgt, in dem die Anzahl von Pixeln eines Rah-
mens ein Vielfaches des viermal Größeren von 1920 3 1080 Pixel ist, die Folgendes umfasst:

eine Abbildungseinheit (11), die Pixelabtastwerte aus jedem Rahmen des Eingangsbildsignals in Einheiten
vorgegebener Abtastwerte extrahiert, die extrahierten Abtastwerte in der gleichen Reihenfolge Rahmen für
Rahmen holt, die Abtastwerte in aktive Perioden eines ersten, eines zweiten, eines dritten und eines vierten
Unterbildes abbildet, jedes des abgebildeten ersten, zweiten, dritten und vierten Unterbildes in einen Übertra-
gungskanal einer ersten Strecke und einen Übertragungskanal einer zweiten Strecke trennt und somit die
Unterbilder auf acht Kanäle (CH1-CH8) abbildet, wobei Signale auf dem Übertragungskanal der ersten Strecke
und auf dem Übertragungskanal der zweiten Strecke mit SMPTE372M in Übereinstimmung sind;
eine Parallel/Seriell-Umsetzungseinheit (18), die das abgebildete erste, zweite, dritte und vierte Unterbild seriell
umsetzt; und
eine Ausgabeeinheit (19), die serielle digitale Daten ausgibt, die durch die Parallel/Seriell-Umsetzungseinheit
seriell umgesetzt worden sind;
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wobei die Abbildungseinheit (11) zwei Abtastwerte, die an dieselbe Zeile angrenzen, extrahiert, jeden der zwei
Abtastwerte auf ungeradzahligen Zeilen in jedem Rahmen abwechselnd auf das erste Unterbild und das zweite
Unterbild abbildet und jeden der zwei Abtastwerte auf geradzahligen Zeilen in jedem Rahmen abwechselnd
auf das dritte Unterbild und das vierte Unterbild abtastet.

2. Signalübertragungsverfahren zum Übertragen eines Eingangsbildsignals, in dem die Anzahl von Pixeln eines Rah-
mens ein Vielfaches des viermal Größeren von 1920 3 1080 Pixel ist, das Folgendes umfasst:

Abbildungsverarbeiten des Extrahierens von Pixelabtastwerten aus jedem Rahmen des Eingangsbildsignals
in Einheiten vorgegebener Abtastwerte, Holen der extrahieren Abtastwerte in der gleichen Reihenfolge Rahmen
für Rahmen, Abbilden der Abtastwerte in aktive Perioden eines ersten, eines zweiten, eines dritten und eines
vierten Unterbildes, Trennen jedes des abgebildeten ersten, zweiten, dritten und vierten Unterbildes in einen
Übertragungskanal einer ersten Strecke und einen Übertragungskanal einer zweiten Strecke und somit Abbilden
der Unterbilder auf acht Kanäle, wobei Signale auf dem Übertragungskanal der ersten Strecke und dem Über-
tragungskanal der zweiten Strecke mit SMPTE372M in Übereinstimmung sind;
Parallel/Seriell-Umsetzungsverarbeiten des seriellen Umsetzens jedes des ersten, zweiten, dritten und vierten
Unterbildes, die durch die Abbildungsverarbeitung abgebildet werden; und
Ausgabeverarbeiten des Ausgegebens serieller digitaler Daten, die durch die Parallel/Seriell-Umsetzungsver-
arbeitung seriell umgesetzt worden sind;
wobei die Abbildungsverarbeitung zwei Abtastwerte, die an dieselbe Zeile angrenzen, extrahiert, jeden der zwei
Abtastwerte auf ungeradzahligen Zeilen in jedem Rahmen abwechselnd auf das erste Unterbild und das zweite
Unterbild abbildet und jeden der zwei Abtastwerte auf geradzahligen Zeilen in jedem Rahmen abwechselnd
auf das dritte Unterbild und das vierte Unterbild abbildet.

3. Signalempfangsvorrichtung (6), die ein Bildsignal empfängt, in dem die Anzahl von Pixeln eines Rahmens ein
Vielfaches des viermal Größeren von 1920 3 1080 Pixel ist, die Folgendes umfasst:

eine Empfangseinheit (31), die ein erstes, ein zweites, ein drittes und ein viertes Unterbild empfängt, auf die
ein Bildsignal abgebildet worden ist und wovon jedes in einen Kanal einer ersten Strecke und einen Kanal einer
zweiten Strecke unterteilt ist, wobei Signale auf dem Übertragungskanal der ersten Strecke und dem Übertra-
gungskanal der zweiten Strecke mit SMPTE372M in Übereinstimmung sind; und
eine Wiedergabeeinheit (39), die Pixelabtastwerte, die aktiven Perioden eines ersten, eines zweiten, eines
dritten und eines vierten Unterbildes zugewiesen sind, die von der Empfangseinheit empfangen werden, einzeln
extrahiert, die Pixelabtastwerte nacheinander erneut einem Rahmen des Bildsignals zuweist und Pixel aus den
zugewiesenen Abtastwerten wiedergewinnt;
wobei die Wiedergabeeinheit vorgegebene Abtastwerte, die in Einheiten von zwei Abtastwerten auf das erste
und das zweite Unterbild abgebildet werden, abwechselnd benachbarten Abtastwerten ungeradzahliger Zeilen
zuweist, vorgegebene Abtastwerte, die in Einheiten von zwei Abtastwerten auf das dritte und das vierte Unterbild
abgebildet werden, abwechselnd benachbarten Abtastwerten geradzahliger Zeilen zuweist und die Abtastwerte,
die jeder Zeile zugewiesen worden sind, verwendet, um Pixel, die zu den Abtastwerten benachbart sind, wie-
derzugewinnen.

4. Signalempfangsverfahren zum Empfangen eines Bildsignals, in dem die Anzahl von Pixeln eines Rahmens ein
Vielfaches des viermal Größeren von 1920 3 1080 Pixel ist, das Folgendes umfasst:

Empfangsverarbeiten eines empfangenen ersten, zweiten, dritten und vierten Unterbildes, auf die ein Bildsignal
abgebildet wird und wovon jedes in einen Kanal einer ersten Strecke und einen Kanal einer zweiten Strecke
unterteilt ist, wobei Signale auf dem Übertragungskanal der ersten Strecke und auf dem Übertragungskanal
der zweiten Strecke mit SMPTE372M in Übereinstimmung sind; und
Wiedergabeverarbeiten des einzelnen Extrahierens von Pixelabtastwerten, die aktiven Perioden eines ersten,
eines zweiten, eines dritten und eines vierten Unterbildes zugewiesen sind, die durch die Empfangseinheit
empfangen werden, sequentielles erneutes Zuweisen der Pixelabtastwerte zu einem Rahmen des Bildsignals
und Wiedergewinnen von Pixeln aus den zugewiesenen Abtastwerten;
wobei die Wiedergabeverarbeitung vorgegebene Abtastwerte, die in Einheiten von zwei Abtastwerten auf das
erste und das zweite Unterbild abgebildet werden, abwechselnd benachbarten Abtastwerten ungeradzahliger
Zeilen zuweist, vorgegebene Abtastwerte, die in Einheiten von zwei Abtastwerten auf das dritte und das vierte
Unterbild abgebildet werden, abwechselnd benachbarten Abtastwerten geradzahliger Zeilen zuweist und die
Abtastwerte, die jeder Zeile zugewiesen sind, verwendet, um Pixel, die zu den Abtastwerten benachbart sind,
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wiederzugewinnen.

Revendications

1. Dispositif de transmission du signal (5) qui transmet un signal d’image d’entrée dans lequel le nombre de pixels
d’une trame est un multiple de quatre fois plus grand que 1920x1080 pixels, comprenant :

une unité de mappage (11) qui extrait des échantillons de pixels de chaque trame du signal d’image d’entrée,
en unités d’échantillons prédéterminés, récupère les échantillons extraits dans le même ordre trame par trame,
mappe les échantillons en périodes actives de première, deuxième, troisième et quatrième sous-images, sépare
chacune des première, deuxième, troisième et quatrième sous-images mappées dans un canal de transmission
d’une première liaison et un canal de transmission d’une deuxième liaison, et mappe ainsi les sous-images
dans huit canaux (CH1-CH8), les signaux sur ledit canal de transmission de la première liaison et ledit canal
de transmission de la deuxième liaison respectant la norme SMPTE372M ;
une unité de conversion parallèle-série (18) qui convertit en série les première, deuxième, troisième et quatrième
sous-images mappées ; et
une unité de sortie (19) qui délivre des données numériques en série qui sont converties en série par l’unité de
conversion parallèle-série ;
dans lequel l’unité de mappage (11) extrait deux échantillons attenants sur la même ligne, mappe chacun des
deux échantillons sur des lignes de numéro impair dans chaque trame alternativement sur la première sous-
image et la deuxième sous-image, et mappe chacun des deux échantillons sur des lignes de numéro pair dans
chaque trame alternativement sur la troisième sous-image et la quatrième sous-image.

2. Procédé de transmission du signal destiné à transmettre un signal d’image d’entrée dans lequel le nombre de pixels
d’une trame est un multiple de quatre fois plus grand que 1920x1080 pixels, comprenant :

un traitement de mappage consistant à extraire des échantillons de pixels de chaque trame du signal d’image
d’entrée, en unités d’échantillons prédéterminés, récupérer les échantillons extraits dans le même ordre trame
par trame, mapper les échantillons en périodes actives de première, deuxième, troisième et quatrième sous-
images, séparer chacune des première, deuxième, troisième et quatrième sous-images mappées dans un canal
de transmission d’une première liaison et un canal de transmission d’une deuxième liaison, et mapper ainsi les
sous-images dans huit canaux (CH1-CH8), les signaux sur ledit canal de transmission de la première liaison
et ledit canal de transmission de la deuxième liaison respectant la norme SMPTE372M ;
un traitement de conversion parallèle-série consistant à convertir en série chacune des première, deuxième,
troisième et quatrième sous-images qui sont mappées par le traitement de mappage ; et
un traitement de sortie consistant à délivrer des données numériques en série qui sont converties en série par
le traitement de conversion parallèle-série ;
dans lequel le traitement de mappage extrait deux échantillons attenants sur la même ligne, mappe chacun
des deux échantillons sur des lignes de numéro impair dans chaque trame alternativement sur la première
sous-image et la deuxième sous-image, et mappe chacun des deux échantillons sur des lignes de numéro pair
dans chaque trame alternativement sur la troisième sous-image et la quatrième sous-image.

3. Dispositif de réception du signal (6) qui reçoit un signal d’image dans lequel le nombre de pixels d’une trame est
un multiple de quatre fois plus grand que 1920x1080 pixels, comprenant :

une unité de réception (31) qui reçoit des première, deuxième, troisième et quatrième sous-images dans les-
quelles un signal d’image est mappé et dont chacune est divisée dans un canal d’une première liaison et un
canal d’une deuxième liaison, les signaux sur ledit canal de transmission de la première liaison et ledit canal
de transmission de la deuxième liaison respectant la norme SMPTE372M ; et
une unité de reproduction (39) qui extrait un par un des échantillons de pixels affectés à des périodes actives
des première, deuxième, troisième et quatrième sous-images reçues par l’unité de réception, réaffecte séquen-
tiellement les échantillons de pixels à une trame du signal d’image, et restaure les pixels à partir des échantillons
affectés ;
dans lequel l’unité de reproduction affecte alternativement des échantillons prédéterminés, qui sont mappés
en unités de deux échantillons sur les première et deuxième sous-images, à des échantillons attenants de
lignes de numéro impair, affecte alternativement des échantillons prédéterminés, qui sont mappés en unités
de deux échantillons sur les troisième et quatrième sous-images, à des échantillons attenants de lignes de
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numéro pair, et utilise les échantillons qui sont affectés à chaque ligne pour restaurer les pixels attenants aux
échantillons.

4. Procédé de réception du signal destiné à recevoir un signal d’image dans lequel le nombre de pixels d’une trame
est un multiple de quatre fois plus grand que 1920x1080 pixels, comprenant :

un traitement de réception consistant à recevoir des première, deuxième, troisième et quatrième sous-images
dans lesquelles un signal d’image est mappé et dont chacune est divisée dans un canal d’une première liaison
et un canal d’une deuxième liaison, les signaux sur ledit canal de transmission de la première liaison et ledit
canal de transmission de la deuxième liaison respectant la norme SMPTE372M ; et
un traitement de reproduction consistant à extraire un par un des échantillons de pixels affectés à des périodes
actives des première, deuxième, troisième et quatrième sous-images reçues par l’unité de réception, réaffecter
séquentiellement les échantillons de pixels à une trame du signal d’image, et restaurer les pixels à partir des
échantillons affectés ;
dans lequel le traitement de reproduction affecte alternativement des échantillons prédéterminés, qui sont
mappés en unités de deux échantillons sur les première et deuxième sous-images, à des échantillons attenants
de lignes de numéro impair, affecte alternativement des échantillons prédéterminés, qui sont mappés en unités
de deux échantillons sur les troisième et quatrième sous-images, à des échantillons attenants de lignes de
numéro pair, et utilise les échantillons qui sont affectés à chaque ligne pour restaurer les pixels attenants aux
échantillons.
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