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ABSTRACT

When an image signal, which was picked up i1n a 24
frames/second image format and temporarily recorded on a
temporary recording device, is read in a 60 fields/second image
format, the image signal is subjected to a 2:3:2:3 pull-down
conversion process so that it becomes possible to omit
compressing/expanding processes. At this time, the reading
operation 1is controlled on the basis of the figure of time codes
so that the pull-down conversion system at the time of a joining
image-pickup process is maintained. 1In this case, by properly
switching controlling methods among a plurality of pull-down
controlling methods, it is possible to achieve an image
conversion system capable of providing an optimal image
conversion process in accordance with desired image-pickup

purposes and editing processes.
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IMAGING SYSTEM, IMAGE CONVERSION SYSTEM AND
IMAGE-EDITING DEVICE

FIELD OF THE INVENTION

The present invention relates to an imaging system (e.g.
video camera) which picks up an image in an image format of 24
frames/second, and outputs the image signal in an NTSC system
(480/60 fields/second), a camera recorder which further has a
recording function, an image conversion system which converts
an image signal that has been picked up in the image format of
24 frames/second to an image signal in the NTSC system, or a
device which extracts an image signal of 24 frames/second as
picked up, from the signal recorded by the arrangement of the

present invention, and again edits the signal.

BACKGROUND OF THE INVENTION

Conventionally, when an image signal, picked up in a
progressive image format of 24 frames/second (hereinafter, this
image signal is referred to as a 24p image signal), is recorded
as an image signal in an interlace image format of 60
fields/second (hereinafter, this image signal is referred to as
a 601 image signal), a conversion process referred to as a
2:3:2:3 pull-down system 1is generally carried out.

Fig. 14 schematically shows the process of the 2:3:2:3
pull-down system. In Fig. 14, frame data corresponding to
consecutive 4 frames of 24p image signals are indicated as A,
B, C and D. Fig. 14 shows the process in which the 60i image
signal corresponding to these 4 frames is converted with the
time axis thereof being adjusted. In these processes, frame
data A of a 24p image signal are separated into field data (Ao)

consisting of odd lines of the 60i image signals and field data
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(Ae) consisting of even lines thereof. These field data (Ao)
and (Re) are respectively recorded on areas of field numbers
land2 of the 601 image signal. Successively, inthe samemanner,
frame data b of the 24p i1mage signal are recorded on areas of
field numbers 3, 4 and 5 of the 601 image signal. Frame data
C of the 24p image signal are recorded on areas of field numbers
6 and 7 of the 60i image signal. Frame data d of the 24p image
signal are recorded on areas of field numbers 8, 9 and 10 of

the 60i image signal. Thereafter, the above-mentioned

processes (processes in which frame data corresponding to 4

frames of the 24p image signal are converted to field data, and
then recorded on 10 fields of the 60i image signal in a partially
overlapped state of 2:3:2:3) are carried out in a cycle of 4
frames of the 24p image signal. This conversion process
corresponds to the 2:3:2:3 pull-down conversion process.

In recent years, techniques in which images are compressed
on a frame basis and recorded have been widely used. In the
above-mentioned 2:3:2:3 pull-down conversion process, when a
compression process is further carried out, the process is
carried out in the following manner. Here, the compression
process is explained by exemplifying a case in which frame data
A of frame number 1 of a 601 image signal shown in Fig. 14 are
compressed. In this case, field data (Ao) and (Re) of the 60i
image signal that have been subjected to the 2:3:2:3 pull-down
conversion process are once combined into frame data A, and then
subjected to a compression process. Hereinafter, the 601 i1mage
signal which has been subjected to the 2:3:2:3 pull-down
conversion process and compressed in this manner is referred

to as the compressed 601 image signal (2:3).

Upon reproducing and editing, frame data as picked up
(frame data of a 24p image signal) are extracted from the
compressed 60i image signal (2:3). More specifically, the

compressed 601 image signal (2:3) is inversely converted to a
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24p image signal in a compressed state (hereinafter, referred
to as the compressed 24p image signal). In this case, the frame
data of the 24p image signal in its compressed state are extracted
in order to reduce the amount of data and to prevent degradation
in the image.

In this inverse conversion process, frame data A, B and
D of the compressed 24p image signal are inversely converted
from the field data stored in areas of frame numbers, 1, 2 and
5 of the compressed 60i image signal (2:3). Frame data C of
the compressed 24p image signal are inversely converted from
the field data stored in areas of frame numbers 3 and 4 of the
compressed 60i image signal (2:3).

In this inverse conversion process, for example, field
data (Ao) and field data (Ae) corresponding to frame A (frame
number 1) of the compressed 60i image signal are first combined
to frame data A, and then compressed. With this arrangement,
the field data (Ao) and (Ae), extracted from the frame number
1 of the compressed 60i image signal (2:3) form frame data A
of the compressed 24p image signal. In the same manner, the
field data (Bo, Be) and (Do, De) , extracted from the frame numbers
2 and 5 of the compressed 60i image signal (2:3) form frame data
b, D of the compressed 24p i1mage signal.

However, in the case when fiel_.d data (Bo, Ce) and (Ce,
Do) are extracted from areas of frame numbers 3 and 4 of the
compressed 60i image signal (2:3) to form frame data C of the
compressed 24p image signal, it is not possible to apply the
above-mentioned inverse conversion process. In this case,
compressed field data (Bo, Ce) and (Co, De) constituting two
frames of frame number 3 and frame number 4 are respectively
expanded. Hereinafter, the field data that have been expanded
are referred to as the expanded field data. Moreover, frame
data to be combined from the expanded field data are referred
to as expanded frame data. '
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After the above-mentioned processes, expanded frame data
C are composed from expanded field data (Ce) (field number 6)
and expanded fielddata (Co) (fieldnumber 7). Then, the expanded
frame data C are again compressed to form compressed field data
C. Since the inverse conversion process is required to execute
such operations, the corresponding processes takes a long time,
and the repeated compressing and expanding processes inevitably
cause degradation in the image quality.

The objective of the present invention is to eliminate
the necessity of the above-mentioned compressing/expanding
processes thatarerequireduponcarryingoutinverseconversion,
to properly maintain the image quality and to improve the

processing rate.

DISCLOSURE OF THE INVENTION

In the present invention, upon recording an image of 4
frames as that of 10 fields, the recording process is carried
outnotinaz2:3:2:3 format, butina2:3:3:2 format. By carrying
out such a format conversion process, frame data A, B, C and
D can be extracted in their current form from data areas of frame
numbers, 1, 2, 4 and 5, upon carrying out a format
inversion-converting process.

With the process of the present invention, upon
inverse-converting a format, even when an image signal has been
compressed on a frame basis simultaneously with the format
conversion, the frame data can be extracted in their current
form without the necessity of the expanding/compressing
processes, and subjected toa format inverse-convertingprocess.
Thus, it becomes possible to prevent degradation in the image
quality due to compressing/expanding processes, and also to
shorten required the processing time.

The present invention is provided with an imaging device

which picks up an image signal in an image format of 24
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frames/second, a temporary recording device which temporarily
records the image signal picked up by the imaging device, and
a 2:3:3:2 pull-down control device which reads the image signal

from the temporary recording device in an interlace format of

60 fields/second.

Upon reading first to fourth consecutive frame data of
the i1mage signal as first to tenth consecutive field data, the
2:3:3:2 pull-down control device carries out the controlling
steps of : reading odd field data of the first frame as the first
field data; reading even field data of the first frame as the
second field data; reading odd field data of the second frame
as the third and fifth field data; reading even field data of
the second frame as the fourth field data; reading odd field
data of the third frame as the seventh field data; reading even
field data of the third frame as the sixth and eighth field data;
reading odd field data of the fourth frame as the ninth field
data; and reading even field data of the fourth frame as the
tenth field data.

With this arrangement, even in the case when a compressing
process is carried out on a latter stage of an output on a frame
basis, it becomes possible to extract the image signal as picked
up without degradation in the image quality.

The present invention is also applicable to an image
conversion system which has an input device that inputs an image
signal having an image format of 24 frames/second, in place of
the imaging device. 1In this case, when an image that has been
picked up in the image format of 24 frames/second is input to
an input device, the same effects as those described above are
obtained.

The present invention is preferably provided with a
recording device which records an image signal that has been
converted by a 2:3:3:2 pull-down control device in an interlace

system of 60 fields/second. This arrangement provides a higher

O
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degree of freedom in carrying image data. Moreover, the image

data, recorded on a recording device, can be retrieved later

without degradation in the image quality.

The present invention is preferably provided with a
compressing device which, with respect to the first to tenth
field data read from the temporary recording device, combines
paired field data with each other into a piece of frame data,
and then compresses the resulting data, and the recording
device records the image signal that has been compressed by the
compressing device. Thus, in addition to the above-mentioned
effects, since the compressing process reduces the amount of
data, it becomes possible to provide a recording process that

lasts a longer time.

In another aspect of the present invention, an image
conversion system is provided with: an input device to which a
compressed image signal in an interlace system having a format
of 60 fields/second, which has been combined and compressed on
a frame basis, 1is input; a frame-data extracting control device
which selectively extracts from the input device the first,
second, fourth and fifth frame data among the first to fifth
frame data that form the compressed i1mage signal and are
consecutively arranged with each other. With this arrangement,
the compressed image signal in the interlace system having an

image format of 60 fields/second to be input to the input
device can be converted to an image signal having a progressive

image format of 24 frames/second without causing degradation in

the image quality and can be extracted.
In still another aspect of the present invention, an

image-editing device is provided with: an input device to which
a compressed image signal 1in an interlace system having a format
of 60 fields/second, which has been combined and compressed on a
frame basis, 1s input; a frame-data extracting control device

which selectively extracts from the input device the first,
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second, fourth and fifth frame data among the first to fifth
frame data that form the compressed image signal and are
consecutively arranged with each other; a recording/reproducing
device which records/reproduces the compressed image signal
extracted by the frame-data extracting control device; an image
expanding device which expands the compressed image signal
reproduced by the recording/reproducing device; an image output
device which displays the expanded image signal; and an editing
device which edits the compressed image signal reproduced from
the recording/reproducing device on a frame basis. With this
arrangement, the image signal input to the input device is
extracted and edited without causing degradation in the image
quality.

Moreover, in still another aspect, the present invention
1s provided with: an imaging device which picks up a first image
signal in an image format of 24 frames/second; a temporary
recordingdevice which temporarily records thefirst image signal
picked up by the imaging device; anda 2:3:3:2 pull-down control
device which reads the first image signal from the temporary
recording device as a second image signal having an image format
of 30 frames/second.

The 2:3:3:2 pull-down control device carries out the
controlling steps of: convertingfielddata locatedat odd fields
of a frame corresponding a time-code value 4n of the first image
signal tofielddatalocatedatoddfields of a frame corresponding
a time-code value 5n of the second image signal; converting field
data located at even fields of a frame corresponding a time-code
value 4n of the first image signal to field data located at even
fields of a frame corresponding a time-code value 5n of the second
image signal; converting field data located at odd fields of
a frame corresponding a time-code value 4n + 1 of the first image
signal tofielddatalocatedatoddfields of a frame corresponding

a time-code value 5n + 1 of the second image signal; converting

7



10

15

20

23

30

CA 02476207 2004-08-09

field data located at even fields of a frame corresponding a
time-code value 4n + 1 of the first image signal to field data
located at even fields of a frame corresponding a time-code value
5n + 1 of the second image signal; converting field data located
at odd fields of a frame corresponding a time-code value 4n +
1 of the first image signal to field data located at odd fields
of a frame corresponding a time-code value 5n + 2 of the second
image signal; converting field data located at even fields of
a frame corresponding a time-code value 4n + 2 of the first image
signal to field data located at even fields of a frame
corresponding a time-code value 5n + 2 of the second image signal;
converting field data located at odd fields of a frame
corresponding a time-code value 4n + 2 of the first image signal
to field data located at odd fields of a frame corresponding
a time-code value 5n + 3 of the second image signal; converting
field data located at even fields of a frame corresponding a
time-code value 4n + 2 of the first image signal to field data
located at even fields of a frame corresponding a time-code value
5n + 3 of the second image signal; converting field data located
at odd fields of a frame corresponding a time-code value 4n +
3 of the first image signal to field data located at odd fields
of a frame corresponding a time-code value 5n + 4 of the second
image signal; and converting field data located at even fields
of a frame corresponding a time-code value 4n + 3 of the first
image signal to field data located at even fields of a frame
corresponding a time~-code value 5n + 4 of the second image signal.
In this arrangement, n is an integer of 0 to 5.

In this case, the present invention is preferably provided
with a recording device that records the second image signal
on a recordingmedium, and the recording device records the second
image signal on the recording medium by a unit of 5 frames that
corresponds to 1 sequence of the second image signal.

Preferably, thepresentinvention is furtherprovidedwith

3
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a recording start signal generator that generates a recording
start signal that is set to a unit of 5 frames that corresponds
to 1 sequence of the second image signal.

Preferably, thepresentinventionis furtherprovidedwith
a time-code reading device that reads the time code of the second
image signal recorded on the recording medium, and the recording
device starts a recording process of the second image signal
in phase-synchronism with the time code read by the time-code
reading device.

Moreover, the recording device preferably records the
second image signal based upon an interlace system of 60
fields/second.

Furthermore, the present invention is further provided
with a compressing device which, with respect to the field data
read from the temporary recording device, combines paired field
datawitheachotherintoapieceof framedata, andthen compresses
the resulting data, and the recording device records the image
signal that has been compressed by the compressing device.

With the above-mentioned arrangement, based upon the time
codes attached to the image signal and 1 sequence (2:3:3:2
sequence) of the image signal, a recording process of an image
1s started from a time-code position of the start frame 5n of
1 sequence. Then, the recording process having 10 fields (5
frames) of the2:3:3:2 pull-down system as 1 sequence is repeated
periodically. Thus, image-pickup and joining image-pickup
recording processes canbe carriedoutwith the2:3:3:2pull-down
conversion system being maintained.

Moreover, in the case when an extracting process, which
extracts a compressed image signal recorded on a 60i image format
as an image signal having a 24p image format and which is a purpose
of the 2:3:3:2 conversion system, is carried out, a thinning
process is executed by eliminating image data corresponding to

a time code value of 5n + 2 of the first image signal so that

9
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the compressed signal of 24p can be restored.

Further, even in the case when an output image signal is
compressed and recorded on a frame basis, the 24 frames as
image-picked up can be extracted on a time-code basis without
causing degradation in the image quality.

Moreover, the recording start point can be determined in
phase-synchronism with the time code of the image signal and
1 sequence of the 2:3:3:2 pull-down conversion process.

Furthermore, a joining image-pickup process canbe carried
out in phase-synchronism with one sequence of the 2:3:3:2
pull-down conversion process.

In still another aspect of the present invention, an image
conversion system is provided with an input device to which a
first image signal having an image format of 24 frames/second
1s input, in place of an imaging device which picks up the first
image signal having the image format of 24 frames/second. This
arrangement also provides the same effects as described above.

In still another aspect of the present invention, each
of an image conversion system and an image-editing device is
provided with: an input device to which a compressed image signal
in an interlace system having a format of 60 fields/second, which
has been combined and compressed on a frame basis, is input and
a frame-data extracting control device which extracts pieces
of frame data located at frame positions corresponding to
time-code values of 5n, 5Sn+ 1, 5n + 3 and 5n + 4 (n: an integer
of 0 to 5) from the input device.

In this case also, it is possible to obtain the effect
that the input image signal is extracted on a time-code basis
without degradation in the image quality.

In still another aspect, the present invention is provided
with a switching device which switches control operations of
the reading device between the 2:3:3:2 pull-down control device

and the 2:3:2:3 pull-down control device.

10
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Moreover, the present invention is provided with a
switchingdevicewhich switchescontrol operationsof the reading
device among the 2:3:3:2 pull-down control device, the 2:3:2:3
pull-down control device and the 2:2:2:4 pull-down control
device.

In this case, it becomes possible to properly use various

kinds of image conversion systems in a separate manner.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1lA is a block diagram that shows a structure of
embodiment 1 of the present invention.

Fig. 1B is a block diagram that shows an essential portion
of a modified example of embodiment 1.

Fig. 2 is a schematic drawing that shows a relative
relationship between a 2:3:3:2 pull-down control process and
an image-pickup recording unit in embodiment 1.

Fig. 3 is a schematic drawing that shows a relative
relationship between a 2:2:3:3 pull-down control process and
an image-pickup recording unit.

Fig. 4 is a schematic drawing that shows a relative
relationship between a 3:3:2:2 pull~down control process and
an i1mage-pickup recording unit.

Fig. 5 is a schematic drawing that shows a relative
relationship between a 2:2:2:4 pull-down control process and
an lmage-pickup recording unit.

Fig. 6 is a block diagram that shows a structure of
embodiment 2 of the present invention.

Fig. 7 is a schematic drawing that shows a relative
relationship between a 2:3:3:2 pull-down control process and
an image-pickup recording unit in embodiment 2.

Fig. 8 is a schematic drawing that shows a state at the
time of inverse conversion in embodiment 2.

Fig. 9 is a schematic drawing that shows a state at the

11
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time of time-code conversion in embodiment 2.

Fig. 10 is a block diagram that shows a structure of an
image conversion system which is a modified example of
embodiment 2.

Fig. 11 is a block diagram that shows a structure of an
image conversion system in embodiment 3 of the present
invention.

Fig. 12 is a drawing that shows a specific conversion
process 1n each conversion system.

Fig. 13 is a drawing that shows a structure of an image
inverse conversion system that forms a pair together with an
imaging system of embodiment 3 of the present invention.

Fig. 14 is a drawing that shows an example of a

conventional image conversion system.

BEST MODES FOR CARRYING OUT THE INVENTION
Embodiment 1:

Fig. 1A is a block diagram that shows an image-editing
system of embodiment 1 of the present invention. In this
figure, arrows connecting respective blocks indicate processing
directions of signals. Symbols, such as 24p and 60i, attached
to the arrows respectively indicate the corresponding image
formats of image signals flowing through the corresponding
positions of the arrows, that is, 24p format (progressive image
format of 24 frames/second) and 60i format (interlace image
format of 60 fields/second). Parentheses attached to 24p and
601 indicate that the image signal flowing through the
corresponding arrow position has been compressed.

This image-editing system is provided with an imaging
system and an image-editing device. The imaging system is
provided with an imaging device 11, a temporary recording device
12, an 1mage compressing device 13, a recording device 14, a
2:3:3:2 pull-down control device 15 and an output device 16.

The 1mage-editing device is provided with an input device

12
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17, a recording/reproducing device 18, an image expanding device
19, an image output device 110, a frame data extracting control

device 111 and an editing device 112. The image-editing device

includes an image conversion system. The image conversion

system is constituted by the input device 17 and the frame data

extracting control device 111.

First, the following description discusses operations of
the imaging system. The imaging device 11 picks up an image in
a 24p image format, that is, an image format of 24
frames/second, through sequential scanning processes, and
outputs the resulting image. The 24p image signal, output from
the imaging device 11, is successively sent to a sequential
temporary recording device 12. In the present embodiment, these
consecutive frame data constituting the 24p image signal are
referred to as frame data A, B, C, D..

The 24p image signal, output from the imaging device 11,
is subjected to a 2:3:3:2 pull-down conversion process in a 4-
frame cycle. The 2:3:3:2 pull-down conversion process, which 1is
a conversion process that features the present invention, 1s
controlled by the 2:3:3:2 pull-down control device 15. Upon
2:3:3:2 pull-down conversion process by the 2:3:3:2 pull-down
control device 15, the temporary recording device 12 temporarily
records the image signal that is being processed. The temporary
recording device 12 is installed so as to allow the 2:3:3:2
pull-down control device 15 to carry out the 2:3:3:2 pull-down
conversion process while offsetting a time lag between the
writing timing of the 24p image signal and the reading timing of
the 601 image signal.

The 2:3:3:2 pull-down control device 15 writes the 24p
image signal output from the imaging device 11 in the temporary
recording device 12 successively as consecutive frame data. The
2:3:3:2 pull-down control device 15 reads the 24p image signal

written in the temporary recording device 12 in synchronized

13
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reading timingwith the 601 1mage signal with the 24p image signal
being decomposed into field data. Upon readingout, the2:3:3:2
pull-down control device 15 controls the field data so as to
be arranged in the image format of the 60i image signal.

Referring to Fig. 2, the 2:3:3:2 pull-down conversion
process to be carried out by the imaging system is explained
indetail. The2:3:3:2pull-down control device 15 writes frame
data of the 24p image signal output by the imaging device 11
in the temporary recording pat 12. In this state, after
decomposing the frame data recorded on the temporary recording
device 52 into field data, the 2:3:3:2 pull-down control device
15 reads the resulting data in synchronized image timing with
the 601 image signal. In this case, the image timing of the
601 image signal is synchronized with the image timing of the
24p image signal. The following description discusses the
reading control in detail. In Fig. 2, symbol A attached to the
24p image signal indicates a first frame. Symbol B indicates
a second frame. Symbol C indicates a third frame. Symbol D
indicates a fourth frame. The field numbers 1 to 10, attached
to the 60i image signal, indicate respective storing areas of
the first to tenth field data.

First, in the former half timing of frame number 1 of the
601 image signal, field data (Ao) consisting of odd lines of
frame data A of the 24p image signal is read from the temporary .
recordingdevice l2 throughaninterlaceprocess (jump scanning) .
Next, 1n the latter half timing of frame number 1 of the 60i
image signal, field data (ARe) consisting of even lines of frame
data Aof the 24p image signal is read from the temporary recording
device 12 through the interlace process.

In the timing of frame number 2 of the 60i image signal,
framé data b of the 24p image signal is read from the temporary

recording device 12 while being decomposed into field data (Bo,

Be). At this time, the reading control is carried out in the

14
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same manner as the control in frame data A.

In the former half timing of frame number 3 of the 60i
image signal, field data (Bo) consisting of odd lines of frame
datab of the 24p image signal is read from the temporary recording
device l2 throughaninterlaceprocess. Inthelatterhalf timing
of frame number 3 of the 60i image signal, field data (Ce)
consisting of even lines of frame data C of the 24p image signal
1s read from the temporary recording device 12 through the
interlace process.

In the timing of frame number 4 of the 60i image signal,
frame data C of the 24p image signal is read from the temporary
recording device 12 while being decomposed into field data (Co)
and (Ce). At this time, the reading control is carried out in
the same manner as the control in frame data A.

In the timing of frame number 5 of the 60i image signal,
frame data d of the 24p image signal is read from the temporary
recording device 12 while being decomposed into field data (Do)
and (De). At this time, the reading control is carried out in
the same manner as the control in frame data A.

The above-mentioned operations are periodically repeated
in a 4-frame cycle of the 24p image signal.

Since the frame data constituting the 24p image signal
1s read out from the temporary recording device 12 in the order
as described above while being decomposed into field data so
that a 60i image signal is generated. The 60i image signal thus
generated is successively sent to the image compressing device
13.

After combining the odd field data (o) and the even field
data (e) constituting the respective pieces of frame data of
the 60i image signal into one piece of frame data, the image
compressing device 13 compresses the data respectively on a
frame-unitbasis. With respect to the frame compressingmethod,

the generally-used DV compressing method can be used.
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The compressed 601 image signal, compressed in the image
compressing device 13, is sent to the recording device 14 and
1s recorded on a recording medium such as a magnetic tape or
an optical disk. The compressed 60i image signal is
simultaneously sent from the image compressing device 13 to the
output device 16, and externally output.

With respect to the format used for outputting the
compresseddata, the generally-used IEEE1394 format can be used.
Here, the compressed 60i image signal to be recorded on the
recording device 14 can be extracted from the recording medium
later in the recording device 14, and output from the output
device 16.

Next, the inverse conversion process to be carried out
by the image-editing device is explained. The inverse
conversion process is a process which inversely converts the
compressed 601 image signal to a compressed 24p image signal.

The compressed 60i image signal, output from the output
device 16 of the image editing device is input to the input device
17 of the image-editingdevice. The compressed 60i image signal
to be input to the input device 17 is controlled by the frame
data extracting control device 111 in its recording process,
and recorded on a recording medium by the recording/reproducing
device 18. The recording control of the frame data extracting
control device 111 is carried out in the following manner.

The frame data extracting control device 111 successively
extracts pieces of compressed frame data (Ao, Ae), (Bo, Be),
(Co, Ce), (Do, De), ..that are located at frame numbers 1, 2,
4, 5, ..from which frame number 5n - 2 (n: natural number) is
excluded, from the compressed 60i image signal to be input to
the input device 17.

The frame data extracting control device 111 recognizes
the extracted compressed frame data as compressed frame data

of the compressed 24p image signal, and outputs these frame data
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to the recording/reproducing device 18 as a 24p image signal.
The recording/reproducing device 18 records the input frame data
on a recording medium in the 24p image format.

In this case, the compressed frame data, located at frame
number 1, is frame data A of the compressed 60i image signal.
Here, the compressed frame data corresponding to one frame of
the compressed 60i image signal is identical to the compressed
frame data corresponding to one frame of the compressed 24p image
signal in the data format thereof. For this reason, the
compressed frame data, located at frame number 1, to be extracted
from the compressed 60i image signal is recorded on the recording
medium in the recording/reproducing device 18 as the compressed
frame data A of the compressed 24p image signal without
degradation in the image quality. In the same manner, pieces
of compressed frame data, located at frame numbers 2, 4 and 5
of the compressed 60i image signal are recorded on the recording
medium in the recording/reproducing device 18 as the compressed
frame data b, C and D of the compressed 24p image signal without
degradation in the image quality. The compressed frame data,
located at frame number 3 of the compressed 60i image signal,
1s read, but ignored.

Next, editing processes to be carried out in the
image-editing device are explained. Upon carrying out the
editing processes, first, the recording/reproducing device 18
reproduces the compressed 24p image signal. The reproduced
compressed 24p image signal is subjected to an expanding process
in the image expandingdevice 1l9 tobe returned toanon-compressed
24p i1mage signal. The 24p image signal, returned to the
non-compressed state, is sent to the image output device 110,

and displayed as an image. With respect to the image output
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image displayed on the image output device 110. More
specifically, the user specifies an editing start point and an
editing terminal point of the image in the image editing device.
The user specifies the editing start point and the editing
terminal point in the same manner with respect to a plurality
of image portions. Upon receipt of these processes, the
image-editing device combines the image portions, and the
resulting image is again recorded on the recording medium by
the recording/reproducing device 18. Thus, the editing
processes are completed. In this case, the editing device 112
records the editing start points, editing terminal points and
the order of the sequences, and based upon the record, the image
portions thus combined are displayed continuously on the image
output device 110.

Here, the above-mentioned explanation has been given by
exemplifyving the 2:3:3:2 format as a format used for converting
continuous 4 frames to continuous 10 fields. However, i1n
addition to this, with respect to the format which allows the
compressed frame data, as 1t is, to be extracted on i1its frame
unit basis, a2:2:3:3pull-down conversion format, shown in Fag.
3, and a 3:3:2:2 pull-down conversion format, shown in Fig. 4,
are listed.

These two pull-down conversion formats provide the same
effectsas the 2:3:3:2 pull-down conversion format shown in Fig.
2. In the case when the 2:3:2:3 pull-down conversion format,
which has been currently widely used, is changed in its format,
the 2:3:3:2 pull-down conversion format only needs to be changed
in its one field among 10 fields, that is, only field data
corresponding to field number 8; therefore, this format is
superior in this point.

Additionally, the 2:2:2:4 pull-down conversion format,
shown in Fig. 5, also provides the same effect. However, 1in

this pull-down conversion format, upon reproducing an image,
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the frame data, located at frame position of “'4” of the 24p image
signal is placed in an overlapped manner at continuous frame
positions in the 60i image signal; therefore, the resulting
disadvantageisthatmovementsin the imagebecomediscontinuous,
causing an instantaneous unnatural stopped image.

In contrast, in the 2:3:3:2 pull-down conversion format,
the length of frame data A, B, C and D of the 24p image signal
upon picking up an image corresponds to 2 fields (1 frame) or
3 fields (1.5 frames) in the 60i image signal after the pull-down
conversion so that it is possible to avoid the same frame data
from being placed in an overlapped manner at continuous frame
positions. The resulting advantage is that the movements of
the image are continuous and smooth, and appear to be natural
movements.

In the above-mentioned embodiment 1, thepresent invention
is applied to an image-editing system provided with an imaging
system. In addition to this arrangement, as shown in Fig. 1B,
embodiment 1 may be applied to an image-editing system provided
with an image conversion system to which a 24p image signal is
input from an outside device, in the same manner. The
image-editing device forming this image-editing system 1s the
same as the one shown in Fig. 1A. For this reason, in Fig. 1B,
only the image conversion system is disclosed. The basic
structure of this image conversion system is the same as that
of the imaging system shown in Fig. 1lA. The only difference
from the one shown in Fig. 1A is that, in place of the imaging
device 1ll, an input device 20 to which a 24p image signal is
input from outside is placed therein.

(Embodiment 2)

In general, in the imaging system, recording start points
and recording terminal points are set on a l1-frame basis. For
this reason, in the case when a joining image-pickup recording

process 1s carried out on a l-frame basis while the 2:3:3:2
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pull-down conversion process and the compressing process are
carried out simultaneously, it is necessary tomaintain the data
format of the 2:3:3:2 pull-down conversion system.

Moreover, when the 2:3:3:2 pull-down conversion process
1s widely used, sometimes there are cases in which a picked-up
24p image signal is recorded on a recording medium on which a
normal 60i image signal has been recorded, and a joining
image-pickup recording process of a 60i image signal that has
been subjected to a 2:3:3:2 pull-down conversion process is
carried out thereon. In this case, on the time code basis, it
1s necessary to maintain time continuity between the elapsed
time on the normal 60i image signal and the elapsed time on the
601 image signal that has been subjected to the 2:3:3:2 pull-down
conversion process.

The present embodiment provides an image-editing system
that satisfies this requirement.

Referring to Figs. 6 to 11, the following description
discusses the present embodiment. Fig. 6 is a block diagram
that shows a structure of an image-—editing system 1in accordance
with the present embodiment. The system structure of Fig. 6
1s basically the same as the one shown in Fig. 1lA. For this
reason, the same parts are indicated by the same reference
numerals, and the description thereof is omitted. Moreover,
in these drawings, the time code of the 24p image signal is
indicated as 24pTC, and the time code of the 60i image signal
1s indicated as 60iTC.

An imaging system forming this image-editing system is
provided with an imaging device 11, a temporary recording device
12, an image compressing device 13, an output device 16, a
time-code reading device 21, a 2:3:3:2 pull-down control device
22, a recording start signal generator 23 and a
recording/reproducing device 24. Moreover, the temporary

recording device 12 of the present embodiment generates a 60i
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servo reference signal, and supplies the signal to a cylinder

head 10.

An image-editing device forming this image-editing system
1s provided with an input device 17, a recording/reproducing
device 18, an image expanding device 19, a frame-data-extracting
control device 111, aneditingdevice 112, an image ocutput device
110, a time-code converter 130, and a time-code output device
125.

First, the following description discusses operations of
the imaging system. The time-code readingdevice 21 reads 60iTC
from the 60i image signal recorded on a recording medium 100.
This reading process is carried out in synchronism with a 60i
servo reference signal. The time-code reading device 21
supplies the 60iTC thus read to the 2:3:3:2 pull-down control
device 22. The 2:3:3:2 pull-down control device 22 reads frame
data of the 24p image signal recorded on the temporary recording
device 12. This reading process is carried in a manner so as
to make the phase of the image timing of the 60i image signal
and the phase of the frame timing of 60iTC coincident with each
other.

Next, the following description discusses the reading
control carried out by the 2:3:3:2 pull-down control device 22

in detail. Here, the reading control refers to a controlling

recording device 12. In the following explanation, 60iTC is
defined to be code-arranged in a manner so as to successively
repeat 60iTC(5n), 60iTC(5n + 1), 60iTC(5n + 2), 60iTC(5n + 3)
and 601TC (5n + 4) as 60iTC. Here, n represents an integer from
0 to 5.

First, in the former half timing of 60iTC(5n), field data
(Ao) consisting of odd lines of frame data A of the 24p image
signal are read from the temporary recording device 12 through

an interlace process .( Jump scanning) . Next, in the latter half
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timing of 60iTC(5n), field data (Ae) consisting of even lines
of frame data A of the 24p 1.mage signal are read from the temporary
recording device 12 through the interlace process.

In the same manner, in the timing of 601TC(5n + 1) , pieces
of field data (Bo), (Be) in frame B are read from the temporary
recording device 12.

Next, in the former half timing of 60iTC(5n + 2), field
data (Bo) consisting of odd lines of frame data b are read from
the temporary recording device 12 through an interlace process.
In the latter half timing of 60iTC(5n + 2), field data (Ce)
consistingofevenlinesof framedataCarereadfromthe temporary
recording device 12 through the interlace process.

Next, in the timing of 60iTC (5n + 3), pieces of field
data (Co), (Ce) of frame C are read from the temporary recording
device 12. The readingprocess is carriedout in the same manner
as 601TC (5n).

Next, in the timing of 60iTC (5n + 4), pieces of field
data (Do), (De) of frame D are read from the temporary recording
device 12. The reading process is carriedout in the same manner
as 60iTC (5n).

The above-mentioned processes are periodically repeated
in a 4-frame cycle of the 24p image signal (24pTC). Thus, the
24p image signal, temporarily recordedon the temporary recording
device 12, is converted to a 60i image signal in a state so as
to correspond to 60iTC read from the recording medium 100 by
the time~-code reading device 21.

The 601 image signal after the conversion, output from
the temporary recording device 12, is successively sent to the
image compressing device 13 in phase-synchronism with the
time-code frame reference of the recordingmediuml100. The image
compressing device 13 carries out the following processes on

the 60i image signal input thereto. In the 601 image signal,

2 pieces of field data consisting of consecutive odd field and
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even field are combined into 1 piece of frame data. Further,
the image compressing device 13 compresses (in-frame
compression) the combined frame data on a frame basis. The

compressing process 1s carried out in the same manner as
embodiment 1.

The compressed 60i image signal, compressed by the image
compressing device 13, is supplied to the recording/reproducing
device 24. At this time, the 2:3:3:2 pull-down control device
22 simultaneously supplies 60iTC to the recording start signal
generator 23. The recording startsignal generator 23 generates
a recording start signal from the supplied 60iTC, and supplies
the resulting signal to the recording/reproducing device 24.
The recording start signal generator 23 sets a recordaing start
point in the recording start signal based upon the conversion
cycle of the 2:3:3:2 pull-down conversion process. More
specifically, the recording start signal generator 23 makes the
recording start point synchronized with the conversion start
point (60iTC (5n)) of the 2:3:3:2 pull-down conversion process.

Based upon the recording start signal supplied thereto,
the recording/reproducing device 24 records the compressed 601
image signal and the 60iTC on another recording medium, with
the two signals being made in association with each other. With
respect to another recording medium, for example, a magnetic
tape and an optical disk may be used.

Upon recording by the use of the recording/reproducing
device 24, the compressed 60i image signal is simultaneously
sent to the output device 16 together with 60iTC £from the image
compressingdevice 13, andexternally output as compressed image
data.

With respect to the format used for outputting the
compressed image data, for example, the IEEE1394 format is used.
Here, the compressed 60i image signal recorded on the recording

device 24 can be reproduced from the recording medium later in
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the recording device 24, and output from the output device 16.

Next, the inverse conversion process to be carried out
by the image-editing device is explained. In this case, the
inverse conversion process is aprocess which inversely converts
the compressed 60i image signal to a compressed 24p image signal
in the same manner as embodiment 1.

The compressed 60i image signal, output from the output
device 16 of the image editing device, is input to the input
device 17 of the image-editing device. The compressed 60i image
signal to be input to the input device 17 is inversely converted
into a 24p image signal, and further subjected to an expanding
process. The inversely converting process and expanding
process are carried out by the frame-data extracting control
device 111, the recording/reproducing device 18 and the image
expanding device 19. These processes are the same as those of
embodiment 1; therefore, the explanation thereof is omitted.

Here, the time-code converter 130 extracts 60iTC from the
compressed 60i image signal input to the input device 17, and
converts the signal to 24pTC. The time-code converter 130
outputs the generated 24pTC to the time-code output device 125.
The time-code output device 125 converts 24pTC to information
(for example, display information) that is recognized by the
user, and outputs the resulting signal. With respect to the
time-code output device 125, the image output device 122 may
be compatibly used when display information is output. The user
carries out editing processes while viewing images output by
the image output device 110 and time-code information output
by the time-code output device 125. More specifically, the user
specifies the starting point and terminal point of an image in
the image-editing device based on a time-code basis.

Theuser carriesout the above-mentionededitingprocesses
while recognizing the time-code information output by the

time-code output device 125 and image information displayed by
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the image output device 122. Upon editing, the recording and
editing processes of the 24p image signal are carried out, with
the 24p image signal and 24pTC being phase-synchronized with
each other. More specifically, the editing device 112 records
O the editing start point, editing terminal point and the order
thereof, and while the image portions are displayed by the image
output device 110 based upon the record, a plurality of image
portions specified by the user are arranged; thus, the editing
processes are completed. 1In this case, the editing start point
10 and the editing terminal point are specified by the user on a
24pTC basis. Further, the user carries out the above-mentioned
editing processes while viewing an image on the image output
device 110 and a time code on the time-code output device 125.
The 24p editing signal that has been subjected to the
15 editing process is again recorded on the recording medium by
the recording/reproducing device 18. The editing processes to
be carried out by the image-editing device are basically the
same as those explained in embodiment 1.
Fig. 7 is a schematic drawing that shows a relative
20 relationship betweena2:3:3:2pull-down conversion process and
an ilmage-pickup recording unit in accordance with the present
embodiment. When the 24p image signal is converted to a 60i
image signal by a 2:3:3:2 pull-down conversion process, the
recording start signal generator 23 ismade in phase-synchronism
25 with 60iTC read from the recording medium 100 to set a recording
start signal. The recording/reproducing unit 24 sets a
recording startpoint (60iTC (5n) ) based upon the recording start
signal thus set, and starts a joining image-pickup recording
process. Moreover, on a 60iTC frame basis, partial extracting
30 and combining processes of frame data corresponding to the
respective pieces of field data are carried out from the
compressed 24p image signal, in synchronism with 60iTC (5n),

60iTC (5n + 1), 60iTC (5n + 2), 60iTC (5n + 3) and 60iTC (5n
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+4) . These processes have been already discussed in embodiment
1. Thus, while theseprocesses arebeingperiodically repeated,
the resulting image signal is recorded on the
recording/reproducingdevice 24 so that the Joining image-pickup
recording process is carried out.

Fig. 8 is a schematic drawing that shows the operations
of the frame data extracting control device 111 of the present
invention. Upon inversely converting the compressed 60i image
signal to a compressed 24p image signal, based upon the 60iTC
time-code criteria, pieces of compressed field data (Bo, Ce)
corresponding to 60iTC (5n + 2) are read, and ignored. Pieces
of compressed field data (Ao, Ae), (Bo, Be), (Co, Ce) and (Do,
De) corresponding to 60iTC(5n), 60iTC(5n + 1) , 601TC(5n + 3)
and 60iTC (5n+4) (n=integerof 0 to5) are converted to compressed
frame data of the compressed 24p image signal corresponding to
24pTC(4n) , 24pTC(4n + 1), 24pTC(4n + 2) and 24pTC(4n + 3) . Thus,
i1t is possible to achieve a natural image conversion process
with smooth movements being maintained.

The following description discusses a time-code
convertingoperation (60iTC—24pTC) carriedoutby the time-code
converter 130. The time-code converter 130 deletes 60iTC (2) ,
(7), (12), (17), (22) and (27) that correspond to 60iTC(5n +
2) , and extracts the rest of 60iTC (5n) , 601TC(5n + 1), 601iTC(5n
+ 3) and 60iTC(5n + 4) (in which n is an integer of 0 to 5).
Thus, the time-code converter 130 generates 24pTC (4n) , 24pTC (4n
+ 1), 24pTC(4n + 2) and 24pTC(4n + 3) (in which n is an integer
of 0 to 5). The generated 24pTC is restored while being made
phase-synchronized with the image. Fig. 9 shows a relative
relationship between the time-code converting operation (60iTC
—24pTC) carried out by the time-code converter 130 and the
inversely converting operation from the 24p image signal to the
60i image signal.

Fig. 10 shows a structure of an image conversion system
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thatisamodifiedexampleof embodiment2. Thisimageconversion
system is provided with a temporary recording device 12, an image
compressing device 13, a 2:3:3:2 pull-down control device 22,
a recording start signal generator 23, a recording/reproducing
device 24 and an output device 16, and these constituent parts
are the same as those parts in the imaging system of embodiment
2. In addition to the above-mentioned constituent parts, the
image conversion system is providedwith a 24p image signal input
device 30 and a 24p time-code input device 31. The 24p image
signal input device 30 and the 24p time-code input device 31
are parts that exert interface functions for receiving the 24p
image signal and 24pTC fromoutside of the image conversionsystem.
These provide functions that replace the imaging device 1l and
the time-code reading device 21 in the imaging system.

In the image conversion system, the 24pTC to be input to
the 24p time-code input device 31 needs to be converted to the
60iTC. This time-code converting operation is carried out by
the 2:3:3:2 pull-down control device 22. The time-code
conversionis executedby adding 60iTC(5n+2), thatis, 601TC(2),
601TC(7), 60iTC(12), 60iTC(17), 60iTC(22) and 60iTC(27), to
24pTC(4n) , 24pTC(4n + 1), 24pTC(4n + 2) and 24pTC(4n + 3).

Additionally, in embodiment 2, the present invention is
achieved by a structure in which one sequence of the 2:3:3:2
pull-down conversion process 1s used as a frame value. However,
the present invention is also achieved by using a structure in
which information of one sequence of the 2:3:3:2 pull-down
conversion process is written in a user area of the recording
medium.

Moreover, in embodiment 2, the present invention 1is
achieved by using the 2:3:3:2 pull-down conversion process. 1In
addition to this, the present invention is also achieved by using
the2:3:2:3pull-downconversionprocessorthel2:2:2:4pull-down

conversion process.
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(Embodiment 3)

\

As described above, the pull-down conversion process
includes variousconversionformats suchasthe2:3:3:2pull-down
conversion process, 2:3:2:3 pull-down conversion process,

O 2:2:2:4 pull-down conversion process, 2:2:3:3 pull-down
conversion process and 3:3:2:2 pull-down conversion process.
Each of these conversion systems has its inherent advantages,
althoughitalsohasitsinherentdisadvantages. For thisreason,
these conversion systems need to be used separately depending

10 on purposes of use of images.

The present invention provides an imaging system and an
image conversion system which can properly use the various image
conversion systems in a separate manner.

Fig. 11 is a block diagram that shows a structure of an

15 imaging system of the present embodiment. After obtaining 24p
image signals, this imaging system converts the picked-up 24p
image signal to the 60i image signal in accordance with any one
of the conversion systems among the 2:3:2:3 pull-down conversion
process, 2:3:3:2 pull-down conversion process and 2:2:2:4

20 pull-down process.

This imaging system is provided with a CCD 42, an A/D
converter 43, an RGB converter 44, a cinema gamma adjustingdevice
45, a noise eliminator 46, an edge emphasizing device 47, a
temporary recording device 48, a pull-down control device 49,

20 a reading device 50, a compression processing device 51, a
recording device 52 and a switching device 53.

The CCD 42 converts light that is directed from a subject
into an electric signal. The A/D converter 43 converts the
electric signal into a digital image signal. The A/D converter

30 43 reads the electric signal from the CCD 42 in an image format
of 24 frames/second so that the electric signal of the CCD 42
1s converted to a digital image signal having the image format

of 24 frames/second. The RGB converter 44 converts the digital
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image signal toadigital RGBsignal. The cinema gamma adjusting
device 45 carries out a cinema gamma adjustment on the digital
RGB signal. The noise eliminator 46 carries out a noise
eliminating process on the digital RGB signal that has been
cinema-gamma-adjusted. The edge emphasizing device 47 carries
out an edge—~emphasizing process on the digital RGB signal that
has been subjected to the noise-eliminating process. The
digital RGB signal formed in this manner provides a 24p image
signal. The temporary recording device 48 temporarily records
the 24p image signal. The temporary recording device 48 is
provided with a first field memory 48a and a second field memory
48b. The first field memory 48a extracts field data consisting
of horizontal line signals placed at odd line positions among
therespectivehorizontal linesignalsconstituting the 24p image
signal, and temporarily records the data. The second field
memory 48b extracts field data consisting of horizontal line
signals placed at even line positions among the respective
horizontal line signals constituting the 24p image signal.
The reading device 50 reads the respective field data
temporarily stored in the first and second field memories 8a
and 8b based upon any one of the conversion systems of the (2:3:2:3
pull-down conversion system), (2:3:3:2 pull-down conversion
system) and (2:2:2:4 pull-down conversion system).
Thepull-downcontroldevice 49 controls the reading timing
in which the reading device 50 reads the respective field data
from the first and second field memories 8a and 8b based upon
any one of the conversion systems of the (2:3:2:3 pull-down
conversion system), (2:3:3:2 pull-down conversion system) , and
(2:2:2:4 pull-down conversion system). The detailed
descriptions of the respective conversion systems will be given
later. Thus, the 60i image signal, which has been converted

by any one of the systems, is output from the temporary recording

device 48.
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The compression processing device 51 compresses the 60i
image signal read from the temporary recording device 48 (first
and second field memories 48a and 48b). The recording device
52 records the 60i image signal that has been compressed in the
compression processing device 10 on a recording medium (video
tape, hard disk device, optical disk, etc.), not shown.

The switching device 53 selects any one of the 2:3:2:3
pull-down conversion system, 2:3:3:2 pull-down conversion
systemand2:2:2:4pull-down conversion system as the conversion
system to be used for converting the 24p video signal to the
601 image signal, and outputs the resulting command of selection
to the pull-down control device 49. The selection of the
conversion system by the switching device 42 is carried out,
forexample, through the switch (not shown) placedon an operation
panel (not shown) of the imaging system.

In the present embodiment, the imaging device is
constituted by the CCD 42, the A/D converter 43, the RGB converter
44, the cinema gamma adjusting device 45, the noise eliminator
46 and the edge-emphasizing device 47. The pull-down control
device 49 includes the 2:3:2:3 pull-down control device, the
2:3:3:2 pull-down control device and the 2:2:2:4 pull-down
control device.

The following description discusses an image-pickup
operation carried out by the imaging system.

Since the sequence of processes up to the edge-emphasizing
process of the digital RGB signal carried out by the
edge—-emphasizingdevice 47 is the same as that of the conventional
device, the description of the signal processingup to this point
1s omitted. The present imaging system is characterized by
signal processing tobe carried out on the 24p image signal output

from the edge emphasizing device 47.
In the present imaging system, upon converting the 24p

image signal to the 60i image signal, any one of the conversion
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systems of the 2:3:2:3 pull-down conversion system, 2:3:3:2
pull-down conversion system and 2:2:2:4 pull-down conversion
system may be applied. First, the command signal indicating
which conversion system to be used is input to the switching
devicel3. Theinputtingprocessof thecommandsignal iscarried
out by the operator through, for example, a switch (not shown)
attached to an operation panel (not shown) of the imaging system.

Upon recelipt of the command input of the conversion system,
the switching device 13 outputs a command signal for the
conversion system to the pull-down control device 49. Upon
recelpt of the command signal, the pull-down control device 49
carries out a reading control on the reading device 50 based
upon the specified conversion system.

The following explanation is given by exemplifying a case
in which, in the 24p image signal, pieces of consecutive first
frame data (A) to fourth frame data (D) are converted to pleces
of consecutive first field data (1) to tenth field data (10).
Here, the first frame data (A) to the fourth frame data (D) in
the 24p image signal are decomposed into odd field data (Ao to
Do) and even field data (Re to De). The odd field data (Ao to
Do) are temporarily recorded in the first field memory 48a. The
even field data (Ae to De) are temporarily recorded in the second
field memory 48b. The odd field data (Ao to Do) and even field
data (Ae to De), temporarily recorded in the first and second
field memories 48a and 48b, are read by the reading device 50
in accordance with a predetermined reading sequence to form the
first field data (1) to the tenth field data (10).

The following description discusses the conversion
operation in the case when the 2:3:3:2 pull-down conversion

systemis specified. Inthiscase, the followingreadingcontrol

is given to the reading device 50 by the pull-down control device

49 .
As shown in Fig. 12A, the odd field data (Ao) of the first
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frame data (A) are read as the first field data (1). The even
field data (Ae) of the first frame data (A) are read as the second
field data (2).

The odd field data (Bo) of the second frame data (B) are
read as the third field data (3). The even field data (Be) of
the second frame data (B) are read as the fourth field data (4) .

The odd field data (Bo) of the second frame data (B) are
read as the fifth field data (5). The even field data (Ce) of
the third frame data (C) are read as the sixth field data (6).

The odd field data (Co) of the third frame data (C) are
read as the seventh field data (7). The even field data (De)
of the fourth frame data (D) are read as the eighth field data
(8) .

The odd field data (Do) of the fourth frame data (D) are
read as the ninth field data (9). The even field data (De) of
the fourth frame data (D) are read as the tenth field data (10).

The following description discusses the conversion
operation in the case when the 2:3:3:2 pull-down conversion
systemis specified. Inthiscase, thefollowingreadingcontrol
1s given to the reading device 50 by the pull-down control device
49 .

As shown in Fig. 12B, the odd field data (Ao) of the first
frame data (A) are read as the first field data (1). The even
field data (Re) of the first frame data (A) are read as the second
field data (2).

The odd field data (Bo) of the second frame data (B) are
read as the third field data (3). The even field data (Be) of
the second frame data (B) are read as the fourth field data (4).

The odd field data (Bo) of the second frame data (B) are
read as the fifth field data (5). The even field data (Ce) of
the third frame data (C) are read as the sixth field data (6).

The odd field data (Co) of the third frame data (C) are
read as the seventh field data (7). The even field data (Ce)
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of the third frame data (C) are read as the eighth field data
(8) .

The odd field data (Do) of the fourth frame data (D) are
read as the ninth field data (9). The even field data (De) of
the fourth frame data (D) are read as the tenth field data (10).

The following description discusses the conversion
operation in the case when the 2:2:2:4 pull-down conversion
systemis specified. Inthiscase, thefollowingreadingcontrol
is given to the reading device 50 by the pull-down control device
49 .

As shown in Fig. 12C, the odd field data (Ao) of the first
frame data (A) are read as the first field data (1). The even
field data (Ae) of the first frame data (A) are read as the second
field data (2).

The odd field data (Bo) of the second frame data (B) are
read as the third field data (3). The even field data (Be) of
the second frame data (B) are read as the fourth field data (4) .

The odd field data (Co) of the third frame data (C) are
read as the fifth field data (5). The even field data (Ce) of
the third frame data (C) are read as the sixth field data (6) .

The odd field data (Do) of the fourth frame data (D) are
read as the seventh field data (7). The even field data (De)
of the fourth frame data (D) are read as the eighth field data
(8) .

The odd field data (Do) of the fourth frame data (D) are
read as the ninth field data (9). The even field data (De) of
the fourth frame data (D) are read as the tenth field data (10) .

Here, the first to tenth field data (1 to 10), generated
by the above-mentioned conversion processes, correspond to the
following field data in frames having consecutive sequence
numbers (0 to 4) in the 60i image signal.

The first field data (1) forms odd field data of the frame
having sequence number (0). The second field data (2) forms
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even field data of the frame having sequence number (0).

The third field data (3) forms odd field data of the frame
having sequence number (l1). The fourth field data (4) forms
even field data of the frame having sequence number (1).

The £fi1fth field data (5) forms odd field data of the frame
having sequence number (2). The sixth field data (6) forms even
field data of the frame having sequence number (2).

The seventh field data (7) forms odd field data of the
frame having sequence number (3). The eighth field data (8)
forms even field data of the frame having sequence number (3).

The ninth field data (9) forms odd field data of the frame
having sequence number (4). The tenth field data (10) forms
even field data of the frame having sequence number (4).

After the 24p image signal has been converted to a 60i
image signal in accordance with the corresponding conversion

system, the converted 60i image signal is compressed by the

compression processing device 51. The 60i image signal thus

compressed 1s recorded on a recording medium (not shown) in the
recording device 52. Here, the recording device 52 has
conversion-system information input thereto £from the pull-down
control device 49, and the recording device 52 records the
conversion-system information of the 60i image signal being
recorded, on the recording medium. The conversion-system
information is written in, for example, the user’s bit area of
the 60i image signal.

As described above, the imaging system converts the 24p
image signal to a 60i image signal in accordance with a desired
one of the conversion systems, and records the resulting signal;
and the respective conversion systems have the following

advantages and disadvantages.

2:3:2:3 pull-down conversion system

[Advantages]

* This conversion system is a conversion system that mainly aims
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at an i1mage signal that is subjected to field compression, and
in this conversion system, pieces of consecutive field data in
the 24p 1mage signal are evenly distributed and placed over the
respective fields of the 601 image signal; therefore, this system
1s sultably used for converting image signals containing images
having active movements such as movies.

[Disadvantages]

~ e Since this conversion system aims at an image signal that is

subjected to field compression, it takes a long period of time
in converting an image signal that has been frame-compressed.
e Upon converting an image signal that hasbeen frame-compressed,
this system causes comparatively large degradation in image
quality due to compressing/expanding processes.

e More specifically, the conversion generates pieces of field
data that are not continuous in terms of time, and since the
amount of conversion of discontinuous data in terms of time is
greater as compared to the other conversion systems, this system
becomes most unsuitable in the case when a slow reproducing

processorastill-image reproducingprocess is carriedout after

conversion.

2:3:3:2 pull-down conversion system

[Advantages]

e Upon converting the 60i image signal to a 24p image signal,
the conversion is made by omitting the third frame so that no
degradationinimage quality occurs due to compressing/expanding
processes.

* Pieces of consecutive field data in the 24p image signal are
evenly distributed and placed over the respective fields of the
601 1mage signal; therefore, this system is suitably used for
converting image signals containing images having active
movements such as movies.

[Disadvantages]

* Strictly speaking, the conversion causes field images that
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are discontinuous in terms of time, and since the amount of
conversion of discontinuous data in terms of time is greater,
although not sogreat as thatof the 2:3:2:3 pull-down conversion
system, this system is unsuitable in the case when a slow
reproducing process or a still-image reproducing process is
carried out after conversion.

2:2:2:4 pull-down conversion system
[Advantages]
* This conversion system is a conversion system that mainly aims
at an image signal that is subjected to frame compression, and
in the case of an image signal that has been frame-compressed,
this system carries out the processes without requiring any
processing time.
* Upon converting an image signal that hasbeen frame-compressed,
this system causes no degradation in image quality due to
compressing/expanding processes.
* This system generates the least amount of field images that
are discontinuous in terms of time; therefore, this system is
suitably used in the case when a slow reproducing process or

a still-image reproducing process is carried out after

conversion.
[Disadvantages]
* Since two frames of the five frames are constituted by the
same i1mage, this system is unsuitable for conversion of image
signals that contain images having active movements.

In the imaging system 1 of the present embodiment, by
reviewing the state of an image to be picked up based upon the
above-mentioned advantages and disadvantages of the respective

conversion systems, an optimal conversion system for the image
signal to be picked up can be selected.
In the above-mentioned embodiment 3, thepresent invention

1s applied to an imaging system provided with a recording device

>52; however, the present invention can of course be applied to
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an 1maging system which is not provided with a recording device
52, and externally outputs the 60i image-pickup signal as
converted so that it is recorded on a recording medium of an
external recording device.

Moreover, in the above-mentioned embodiment 3, thepresent
inventionisapplied toanimaging systemprovidedwith an imaging
device; however, in addition to this arrangement, the present
invention can be applied to an image conversion system in which
no imaging device is installed. In this case, the image
conversion system refers to a device in which the input 24p image
signal is converted to a 60i image signal based upon any desirably
selected one of the conversion systems including the 2:3:2:3
pull-down conversion system, 2:3:3:2 pull-down conversion
system and 2:2:2:4 pull-down conversion system.

As shown in Fig. 11, this image conversion system has an
arrangement in which the CCD 42, the A/D converter 43, the RGB
converter 44, the cinema gamma adjusting device 45, the noise
eliminator 46 and the edge-emphasizing device 47 are omitted
from the construction of the imaging system, with an input device
54 to which the 24p image signal is input being added thereto,
and with respect to the converting processes of images,
completely the same processes as those of the imaging system
are carried out.

Moreover, in the above-mentioned imaging system and image
conversion system, the picked-up 24p image signal is converted
to a 601 image signal based upon any desirably selected one of
the conversion systems including the 2:3:2:3 pull-down
conversion system, 2:3:3:2 pull-down conversion system and
2:2:2:4 pull-down conversion system. The present invention is

not intended tobe limited to this arrangement, and the picked-up
24p image signal may be converted to a 60i image signal based
upon either desired one of the 2:3:2:3 pull-down conversion

system and the 2:3:3:2 pull-down conversion system.
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In the same manner, the picked-up 24p image signal may
be converted to a 60i image signal based upon either desired
one of the 2:3:2:3 pull-down conversion system and the 2:2:2:4
pull-down conversion system.

Moreover, the picked-up 24p image signal may be converted
to a 601 image signal based upon either desired one of the2:3:3:2
pull-down conversion systemandthe2:2:2:4pull-down conversion
system.

Referring to Fig. 13, the following description discusses
an image inverse conversion device in which the 60i image signal
formed in the above-mentioned imaging system (60i image signal
derived from the conversion of the 24p image signal carried out
based upon a desired conversion system) is inversely converted
to the 24p image signal.

This image inverse conversion device is provided with an
input device 61, a switch 62, an expanding device 63, a first
frame-extracting device 64A, a second frame-extracting device
64B, a compressing device 65 and an extracting control device
66.

Here, 1n order to design this image inverse conversion
device as an image-editing device, in addition to the
above-mentioneddevices, aneditingdevice 67, arecordingdevice
68, an expanding device 69 and an image output device 70 are
installed therein. Fig. 13 shows a structure of an image
conversion system, which functions as an image-editing device.

The following description discusses the operation of this
image inverse conversion device. When a 60i image signal is
input to the input device 61, the input device 61 reads the
conversion system information recorded on the user’s bit or the
like of the image signal, and outputs the conversion system
information to the frame-extracting control device 66.

Upon receipt of the conversion system information, the

extracting control device 66 switches the switch 62 in accordance
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with the conversion system. More specifically, in the case when
the 601 image signal to be input has been converted through the
2:3:2:3pull-down conversion system, the signal needs to be once
subjected to an expanding process. In contrast, in the case
when 1t has been converted through the 2:3:3:2 pull-down
conversion system or the 2:2:2:4 pull-down conversion system,
the signal need not be subjected to the expanding process.

When the conversion system information indicating the
conversion system is input to the extracting control device 66
from the input device 61, the extracting control device 66
connection-controls the switch 62 in the following manner, by
taking these features of the respective conversion systems into
consideration. In other words, the extracting control device
66 carries out the connection-controlling process by which the
input device 61 and the expanding device 63 are connected by
the switch 62. Here, upon receipt of the conversion system
information indicating the 2:3:3:2 pull-down conversion system
or the 2:2:2:4 pull-down conversion system from the input device
61, the extracting control device 66 connection-controls the
switch 62 in thefollowingmanner. Theextractingcontrol device
66 carries out a connection control so that the input device
61 is connected to the second frame-extractingdevice 64B through
the switch 62.

As described above, for each of the conversion systems,
the signal transmission corresponding to the conversion system
1s carried out.

Next, the following description discusses a case in which
a 601 image signal that has been converted through the 2:3:2:3
pull-down conversion system is input.

In this case, the 60i image signal is input to the expanding
device 63 through the switch 62, and expanded therein. The 601
image signal, thus expanded, is input toa first frame-extracting

device 64A. The first frame-extracting device 64A has
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conversion-system information preliminarily input thereto from
the extracting control device 66, and carries out an inverse
conversion process on the input 601 image signal in accordance
with the specified conversion system (2:3:2:3 pull-down
conversion system). The first frame-extracting device 64A
carries out an inverse conversion process to the conversion
process showninFig. 12A so that the 60i image signal is inversely
converted to a 24p image signal. More specifically, the inverse
conversion process 1is carried out in the following manner.

In this case, as shown in Fig. 12A, the first field data
(1) is extracted as the odd field data (Ao) of the first frame
data (A). The second field data (2) is extracted as the even
field data (ARe) of the first frame data (A).

The third field data (3) is extracted as the odd field
data (Bo) of the second frame data (B). The fourth field data
(4) is extracted as the even field data (Be) of the second frame
data (B).

The fifth field data (5) is extracted as the odd field
data (Bo) of the second frame data (B). The sixth field data
(6) is extracted as the even field data (Ce) of the third frame
data (C).

The seventh field data (7) is extracted as the odd field
data (Co) of the third frame data (C). The eilghth field data
(8) 1s extracted as the even field data (De) of the fourth frame
data (D). '

The ninth field data (9) is extracted as the odd field
data (Do) of the fourth frame data (D). The tenth field data
(10) is extracted as the even field data (De) of the fourth frame
data (D).

As described above, the first frame-extracting device 64A
extracts image signals from the 60i image signal in a
predetermined extracting order so that a 24p image signal is

generated. The 24p image signal, thus generated (inversely

40



O

10

15

20

20

30

CA 02476207 2004-08-09

converted) , i1is input to the compressingdevice 65, and compressed
therein. The 24p image signal is compressed to form an image
signal having a normal image format.

Next, the following description discusses a case in which
a 601 1mage signal that has been converted through the 2:3:3:2
pull-down conversion system is input.

In this case, the 60i image signal is input to a second
frame-extracting device 64B through a switch 62. The second
frame-extracting device 64B has conversion-system information
preliminarily input thereto from the extracting control device
66, and carries out an inverse conversion process on the input
601 image signal in accordance with the specified conversion
system (2:3:3:2 pull-down conversion system). The second
frame-extracting device 64B carries out an inverse conversion
process to the conversion process shown in Fig. 12B so that the
60i image signal is inversely converted to a 24p image signal.
More specifically, the inverse conversion process is carried
out i1in the following manner.

In this case, as shown in Fig. 12B, the first field data
(1) is extracted as the odd field data (Ao) of the first frame
data (A). The second field data (2) is extracted as the even
field data (Ae) of the first frame data (A).

The third field data (3) is extracted as the odd field
data (Bo) of the second frame data (B). The fourth field data
(4) is extracted as the even field data (Be) of the second frame
data (B).

The fifth field data (5) is extracted as the odd field
data (Bo) of the second frame data (B). The sixth field data
(6) 1s extracted as the even field data (Ce) of the third frame
data (C).

The seventh field data (7) is extracted as the odd field
data (Co) of the third frame data (C). The eighth field data
(B) 1s extracted as the even field data (Ce) of the third frame
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data (C).

The ninth field data (9) is extracted as the odd field
data (Do) of the fourth frame data (D). The tenth field data
(10) is extracted as the even field data (De) of the fourth frame
data (D).

As described above, the second frame-extracting device
64B extracts image signals from the 60i image signal in a
predetermined extracting order so that a 24p image signal is
generated. The 24p image signal is allowed to form an image

signal having a normal image format.

Next, the following description discusses a case in which
a 601 image signal that has been converted through the 2:2:2:4
pull-down conversion system is input.

In this case, the 60i image signal is input to the second
frame-extracting device 64B through the switch 62. The second
frame-extracting device 64B has conversion-system information
preliminarily input thereto from the extracting control device
66, and carries out an inverse conversion process on the input
60i image signal in accordance with the specified conversion
system (2:2:2:4 pull-down conversion system). More
specifically, the first frame-extracting device 64A carries out
an inverse conversion process to the conversion process shown
in Fig. 12C so that the 60i image signal is inversely converted
to a 24p image signal.

In this case, as shown in Fig. 12C, the first field data
(1) is extracted as the odd field data (Aoc) of the first frame
data (A). The second field data (2) is extracted as the even
field data (Ae) of the first frame data (A).

The third field data (3) is extracted as the odd field
data (Bo) of the second frame data (B). The fourth field data
(4) 1s extracted as the even field data (Be) of the second frame
data (B).

The f£fifth field data (5) is extracted as the odd field
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data (Co) of the third frame data (C). The sixth field data (6)
is extracted as the even field data (Ce) of the third frame data
(C) .

The seventh field data (7) is extracted as the odd field
data (Do) of the fourth frame data (D). The eighth field data

(8) 1s extracted as the even field data (De) of the fourth frame

data (D).
The ninth field data (9) 1is extracted as the odd field

data (Do) of the fourth frame data (D). The tenth field data
(10) 1s extracted as the even field data (De) of the fourth
frame data (D).

As described above, the second frame-extracting device 64B
extracts image signals from the 60i image signal in a
predetermined extracting order so that a 24p image signal is
generated. The 24p image signal, thus generated (inversely
converted) 1s allowed to form an image signal having a normal
image format.

In this manner, the 601 image signal that has been
converted through the 2:3:2:3 pull-down conversion system is
subjected to expanding/compressing processes, when inversely
converted to a 24p image signal. For this reason, there is a
slight degradation in the image quality in the 24p image signal
after the conversion due to these processes. 1In contrast, the
601 image signal that has been converted through the 2:3:3:2
pull-down conversion system and the 2:2:2:4 pull-down conversion
system is not subjected to expanding/compressing processes, when
inversely converted to a 24p image signal. For this reason,
there is no degradation in the image quality in the 24p image
signal even after the conversion.

As described above, the 601 image signal is inversely
converted to a 24p image signal. After the conversion, the 24p
image signal may be externally output, or may be recorded on a

recording medium (not shown) in the recording device 68.
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Moreover, the 24p image signal after the conversion may be
subjected to an editing process in the editing device 67. After
the editing process, the resulting 24p image signal may be
externally output, or may be recorded on a recording medium (not
shown) in the recording device 68. Here, the expanding device
€9 and the image output device 70 are placed so as to allow the
editor to recognize the image state during the editing process
carried out by the editing device 67.

In the above-mentioned image inverse conversion device,
the conversion system of the image signal is confirmed by reading
conversion system information recorded on the image signal to
be input. However, the conversion system of the input image
signal canbe confirmedbasedupon a repeatedpatternof effective
flag information (information indicating a field-data area that
1s made effective in the 60i image signal after the conversion)
added to the image signal. Moreover, the conversion system can
also be confirmed based upon recognition of a repeated pattern
in the image field data.

INDUSTRIAL APPLICABILITY

As described above, in accordance with the present
invention, by using a recording device and a display device of
an interlace systemof 60 fields/second, such as the NTSC systemn,
that have been widely used, an image of 24 frames/second can
be recorded or displaved.

Further, upon again editing the image, 24 frames at the
time of the image-pickup process can be extracted and edited
on a frame basis without any degradation in the image quality.

Moreover, upon again editing the image, a joining
image-pickup process and a time-code editing process can be
carried out by utilizing a time-code through an inexpensive
structure.

Furthermore, it becomes possible to select an optimal

ilmage-conversion system depending on image-pickup purposes and
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editing methods.
Moreover, several non-inventive changes can be made to the
invention by a man skilled in the art in order to apply 1its

teachings to a PAL, SECAM or other international system.

45



CA 02476207 2006-11-30

THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An imaging system comprising:

an 1lmaging device which picks up an i1mage signal in an
image format of 24 frames/second;

a temporary recording device which temporarily records
the image signal picked up by the imaging device; and

a 2:3:3:2 pull-down control device which reads the image
signal from the temporary recording device 1in an 1interlace
format of 60 fields/second,

wherein the 2:3:3:2 pull-down control device carries out
the controlling steps of:

reading odd field data of a first frame as a first field
data;

reading even field data of the first frame as a second
field data;

reading odd field data of a second frame as a third and
a fifth field data;

reading even field data of the second frame as a fourth
field data;

reading odd field data of a third frame as a seventh
field data;

reading even field data of the third frame as a sixth and

an eighth field data;

reading odd field data of a fourth frame as a ninth field

data; and

reading even field data of the fourth frame as a tenth
field data.

2. An 1mage conversion system comprising:

an 1nput device to which an image signal having an image
format of 24 frames/second 1s input;

a temporary recording device which temporarily records
the image signal to be input to the input device; and

a 2:3:3:2 pull-down control device which reads the image
signal from the temporary recording device 1in an interlace

format of 60 fields/second,
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wherein upon reading first to fourth consecutive frame
data of the image signal from the temporary recording device
as first to tenth consecutive field data, the 2:3:3:2 pull-
down control device carries out the controlling steps of:

reading odd field data of the first frame as the first
field data;

reading even field data of the first frame as the second

field data;
reading odd field data of the second frame as the third

and fifth field data;

reading even field data of the second frame as the fourth

field data;
reading odd field data of the third frame as the seventh

field data;

reading even field data of the third frame as the sixth

and eighth field data;
reading odd field data of the fourth frame as the ninth

field data; and

reading even field data of the fourth frame as the tenth

field data.

3. An imaging system according to claim 1, further
comprising a recording device which records the image signal
converted by the 2:3:3:2 pull-down control device 1in an

interlace system of 60 fields/second.

4, An imaging system according to claim 3, further
comprising a compressing device which, with respect to the
first to tenth field data read from the temporary recording
device, combines paired field data with each other into a
piece of data including five frames, and then compresses the
resulting data, wherein the recording device records the i1mage

signal that has been compressed by the compressing device.

5. An image-editing device comprising:
an input device to which 1s 1input a compressed 1mage

signal produced by an imaging system according to claim 4;
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a frame-data extracting control device which selectively

extracts from the input device the first, second, fourth and
fifth frame data among the first to fifth frame data that form
the compressed 1mage signal and are consecutlvely arranged
with each other;

a recording/reproducing device which records/reproduces
the compressed 1mage signal extracted by the frame-data
extracting control device;

an 1mage expanding device which expands the compressed
image signal reproduced by the recording/reproducing device;

an lmage output device which displays the expanded image
signal; and

an editing device which edits the compressed image signal
reproduced from the recording/reproducing device on a frame

basis.

6. An imaging system comprising:
an imaging device which picks up a first image signal in

’ﬁ

an image format of 24 frames/second;

a temporary recording device which temporarily records
the first 1mage signal picked up by the imaging device; and

a 2:3:3:2 pull-down control device which reads the first
lmage signal from the temporary recording device as a second
image signal having an image format of 30 frames/second,

wherein the 2:3:3:2 pull-down control device carries out
the controlling steps of:

converting field data located at odd fields of a frame
corresponding to a time-code value 4n of the first 1image
signal to field data 1located at odd fields of a frame
corresponding to a time-code value bn of the second 1mage

signal, where n 1s an 1integer from 0 to 5;

converting fileld data located at even fields of the frame

corresponding to the time-code value 4n of the first image
signal to field data located at even fields of the frame
corresponding to the time-code value bn of the second image

signal;

48



CA 02476207 2006-11-30

converting field data located at odd fields of a frame

corresponding to a time-code value 4n + 1 of the first image

signal to field data located at odd

fields of a frame

corresponding to a time-code value 5n + 1 of the second image

signal;

converting field data located at even fields of the frame

corresponding to the time-code value 4n +

1 of the first image

signal to field data located at even fields of the frame

gr—

corresponding to the time-code value 5n + 1 of the second

image signal;

converting field data located at odd fields of the frame

corresponding to the time-code value 4n +

signal to field data 1located at odd

1 of the first 1image

fields of a frame

corresponding to a time-code value 5n + 2 of the second image

signal;

converting field data located at even fields of a frame

corresponding to a time-code value 4n + 2 of the first image

signal to field data located at even

fields of the frame

corresponding to the time-code value 5n + 2 of the second

image signal;

converting field data located at odd fields of the frame

corresponding to the time-code value 4n +

signal to field data located at odd

2 of the first image

fields of a frame

corresponding to a time-code value 5n + 3 of the second image

signal;

converting field data located at even fields of the frame

corresponding to the time-code value 4n +

2 of the first image

signal to field data located at even fields of the frame

corresponding to the time-code value 5n + 3 of the second

image signal;

converting field data located at odd fields of a frame

corresponding to a time-code value 4n + 3 of the first image

signal to field data located at odd

fields of a frame

corresponding to a time-code value 5n + 4 of the second image

signal; and

converting field data located at even fields of the frame

corresponding to the time-code value 4n +
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signal to field data 1located at even fields of the frame
corresponding to the time-code value 5n + 4 of the second

image signal.

7. An 1maging system according to claim 6, further
comprlising: a recording device that records the second image
signal on a recordling medium,

wherein the recording device records the second image
signal on the recording medium by a unit of 5 frames that

corresponds to 1 sequence of the second i1mage signal.

8. An 1maging system according to claim 7, further
comprising: a recording start signal generator that generates
a recording start signal that 1s set to a unit of 5 frames

that corresponds to 1 sequence of the second image signal.

0. An 1maging system according to claim 7, further
comprising: a time-code reading device that reads the time
code of the second 1mage signal recorded on the recording
medlium,

wherein the recording device starts a recordiling process
of the second 1mage signal in phase-synchronism with the time

code read by the time-code reading device.

10. An imaging system according to claim 7, wherein the
recording device records the second lmage signal based upon an

interlace system of 60 fields/second.

11. An 1imaging system according to claim 10, further

comprising a compressing device which, with respect to the

field data read from the temporary recording device, combines

paired fileld data with each other 1nto a piece of frame data,
and then compresses the resulting data,
wherein the recording device records the image signal

that has been compressed by the compressing device.
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12. An image conversion system comprising:

an 1nput device to which a first 1mage signal having an
image format of 24 frames/second is i1nput;

a temporary recording device which temporarily records
the first i1mage signal to be input to the input device; and

a 2:3:3:2 pull-down control device which reads a second
image signal from the temporary recording device 1n an image
format of 30 frames/second,

wherein the 2:3:3:2 pull-down control device carries out
the controlling steps of:

converting field data located at odd fields of a frame
corresponding to a time-code value 4n of the first image
signal to field data located at odd fields of a frame
corresponding to a time-code value 5n of the second image
signal, where n is an integer from 0 to 5;

converting field data located at even fields of the frame
corresponding to the time-code value 4n of the first image
signal to field data located at even fields of the frame
corresponding to the time-code value 5n of the second image

signal;

converting field data located at odd fields of a frame
corresponding to a time-code value 4n + 1 of the first image
signal to field data 1located at odd fields of a frame
corresponding to a time-code value 5n + 1 of the second image

signal;

converting field data located at even fields of the frame
corresponding to the time-code value 4n + 1 of the first image
signal to field data located at even fields of the frame
corresponding to the time-code value 5n + 1 of the second
image signal;

converting field data located at odd fields of the frame

corresponding to the time-code value 4n + 1 of the first image
signal to field data located at odd fields of a frame
corresponding to a time-code value 5n + 2 of the second image
signal;

converting field data located at even fields of a frame

corresponding to a time-code value 4n + 2 of the first image
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signal to field data located at even filelds of the frame
corresponding to the time-code value 5n + 2 of the second
lmage signal;

converting field data located at odd fields of the frame

corresponding to the time-code value 4n + 2 of the first i1mage

signal to field data located at odd fields of a frame
corresponding to a time-code value 5n + 3 of the second image
signal;

converting fleld data located at even fields of the frame
corresponding to the time-code value 4n + 2 of the first image
signal to field data located at even fields of the frame
corresponding to the time-code wvalue 5n + 3 of the second
image signal;

F—
p—

converting fileld data located at odd fields of a frame

corresponding to a time-code value 4n + 3 of the first image
signal to field data located at odd fields of a frame
corresponding to a time-code value 5n + 4 of the second image
signal; and

converting field data located at even fields of the frame
corresponding to the time-code value 4n + 3 of the first image
signal to field data located at even fields of the frame
corresponding to the time-code value 5n + 4 of the second

image signal.

13. An 1mage-editing device comprilsing:

an 1nput device to which 1s 1input a compressed image
signal produced by an imaging system 1n accordance with claim
117

a frame-data extracting control device which extracts
pieces of frame data located at frame positions corresponding
to time-code values of 5n, 5n + 1, S5n + 3, 5n + 4 from the
input device;

a recording/reproducing device which records/reproduces
the compressed 1mage signal extracted by the frame-data
extracting control device;

an 1mage expanding device which expands the compressed

1mage signal reproduced by the recording/reproducing device;
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an image output device which displays the expanded 1mage

signal; and

an editing device which edits the compressed i1mage signal

reproduced from the recording/reproducing device on a frame

basis.

14. An 1magiling system comprising:

an imagling device which picks up an image signal in an
image format of 24 frames/second;

a temporary recording device which temporarily records
the 1mage signal picked up by the imaging device;

a reading device which reads the image signal from the
temporary recording device based upon an 1nterlace system of
o0 fields/second;

a 2:3:3:2 pull-down control device which controls the
reading device;

a 2:3:2:3 pull-down control device which controls the
reading device; and

a switching device which switches control operations of
the reading device between the 2:3:3:2 pull-down control

device and the 2:3:2:3 pull-down control device,

wherein, upon allowing the reading device to read first
to fourth consecutive frame data of the image signal as first
to tenth consecutive field data, the 2:3:3:2 pull-down control
devlice carriles out the controlling steps of:

reading odd field data of the first frame as the first
field data;

reading even field data of the first frame as the second
field data;

reading odd field data of the second frame as the third
and fifth field data;

reading even field data of the second frame as the fourth
field data;

reading odd field data of the third frame as the seventh
field data;

reading even field data of the third frame as the sixth
and eighth field data;
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reading odd field data of the fourth frame as the ninth
field data; and

reading even field data of the fourth frame as the tenth
field data, while, upon allowing the reading device to read
first to fourth consecutive frame data of the image signal as
first to tenth consecutive field data, the 2:3:2:3 pull-down
control device carrilies out the controlling steps of:

reading odd field data of the first frame as the first
field data;

reading even field data of the first frame as the second

field data;

reading odd field data of the second frame as the third
and fifth field data;

reading even field data of the second frame as the fourth
field data;

reading odd field data of the third frame as the seventh
field data;

reading even field data of the third frame as the sixth

field data;

reading odd field data of the fourth frame as the ninth
field data; and

reading even field data of the fourth frame as the eighth
and tenth field data.

15. An 1mage conversion system comprising:

an 1nput device to which an image signal having an image
format of 24 frames/second 1s input;

a temporary recording device which temporarily records
the 1mage signal to be input to the input device;

a reading device which reads the image signal from the
temporary recording device based upon an interlace system
having an i1mage format of 60 fields/second;

a 2:3:3:2 pull-down control device which controls the
reading device;

a 2:3:2:3 pull-down control device which controls the

reading device; and
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a swilitching device which switches control operations of
the reading device between the 2:3:3:2 pull-down control
device and the 2:3:2:3 pull-down control device,

wherein, upon allowing the reading device to read first
to fourth consecutive frame data of the image signal as first
to tenth consecutive field data, the 2:3:3:2 pull-down control
device carries out the controlling steps of:

reading odd field data of the first frame as the first
field data;

readlng even fileld data of the first frame as the second
field data;

reading odd field data of the second frame as the third
and fifth field data;

reading even field data of the second frame as the fourth
field data;

reading odd field data of the third frame as the seventh
field data;

reading even field data of the third frame as the sixth
and eighth field data;

readlng odd field data of the fourth frame as the ninth
field data; and

reading even field data of the fourth frame as the tenth
field data, while, upon allowing the reading device to read
first to fourth consecutive frame data of the image signal as

first to tenth consecutive field data, the 2:3:2:3 pull-down

control device carries out the controlling steps of:

reading odd field data of the first frame as the first
field data;

reading even field data of the first frame as the second

field data;

reading odd field data of the second frame as the third
and fifth field data;

reading even field data of the second frame as the fourth
field data;

reading odd field data of the third frame as the seventh
field data;
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reading even field data of the third frame as the sixth
field data;

reading odd field data of the fourth frame as the ninth
field data; and

reading even field data of the fourth frame as the eighth
and tenth field data.

16. An imaging system comprlsing:

an imaging device which picks up an image signal 1n an
image format of 24 frames/second;

a temporary recording device which temporarily records
the image signal picked up by the imaging device;

a reading device which reads the 1mage signal from the
temporary recording device based upon an interlace system of
00 fields/second;

a 2:3:3:2 pull-down control device which controls the
reading device;

a 2:3:2:3 pull-down control device which controls the
reading device;

a 2:2:2:4 pull-down control device which controls the
reading device; and

a switching device which switches control operations of
the reading device among the 2:3:3:2 pull-down control device,
the 2:3:2:3 pull-down control device and the 2:2:2:4 pull-down

control device,

wherein, upon allowing the reading device to read first
to fourth consecutive frame data of the image signal as first
to tenth consecutive field data, the 2:3:3:2 pull-down control
device carries out the controlling steps of:

reading odd field data of the first frame as the first
field data;

reading even field data of the first frame as the second
field data;

reading odd field data of the second frame as the third
and fifth field data;

reading even field data of the second frame as the fourth

field data;

56



CA 02476207 2006-11-30

reading odd field data of the third frame as the seventh
field data;

reading even field data of the third frame as the sixth
and eighth field data;

reading odd field data of the fourth frame as the ninth
field data; and

reading even field data cf the fourth frame as the tenth
field data, while, upon allowing the reading device to read
first to fourth consecutive frame data of the image signal as
first to tenth consecutive field data, the 2:3:2:3 pull-down
control device carries out the controlling steps of:

reading odd field data of the first frame as the first
field data;

reading even field data of the first frame as the second
field data;

reading odd field data of the second frame as the third
and fifth field data;

reading even field data of the second frame as the fourth
field data;

reading odd field data of the third frame as the seventh
field data;

reading even field data of the third frame as the sixth
field data;

reading odd field data of the fourth frame as the ninth
field data; and

reading even field data of the fourth frame as the eighth

and tenth field data, while, upon allowing the reading device

to read first to fourth consecutive frame data of the image

signal as first to tenth consecutive field data, the 2:2:2:4

pull-down control device carries out the controlling steps of:
reading odd field data of the first frame as the first
field data;

reading even field data of the first frame as the second
field data;

reading odd field data of the second frame as the third
field data;
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reading even field data of the second frame as the fourth
field data;

reading odd field data of the third frame as the fifth
field data;

readlng even field data of the third frame as the sixth
field data;

reading odd field data of the fourth frame as the seventh
and ninth field data; and

reading even field data of the fourth frame as the eighth
and tenth field data.

17, An 1maging system comprising:

an input device to which an image signal having an image
format of 24 frames/second is input;

a temporary recording device which temporarily records
the i1mage signal to be input to the input device;

a reading device which reads the image signal from the
temporary recording device based upon an interlace system
having an image format of 60 fields/second;

a 2:3:3:2 pull-down control device which controls the
reading device;

a 2:3:2:3 pull-down control device which controls the
readlng device;

a 2:2:2:4 pull-down control device which controls the
reading device; and

a switching device which switches control operations of
the reading device among the 2:3:3:2 pull-down control device,

the 2:3:2:3 pull-down control device and the 2:2:2:4 pull-down

control device,

whereln, upon allowing the reading device to read first
to fourth consecutive frame data of the image signal as first
to tenth consecutive field data, the 2:3:3:2 pull-down control
device carries out the controlling steps of:

reading odd field data of the first frame as the first
field data;

reading even field data of the first frame as the second
field data;
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reading odd field data of the second frame as the third
and fifth field data;

reading even fileld data of the second frame as the fourth
field data;

reading odd field data of the third frame as the seventh
field data;

reading even field data of the third frame as the sixth
and eighth field data;

reading odd field data of the fourth frame as the ninth
field data; and

reading even field data of the fourth frame as the tenth
field data, while, upon allowing the reading device to read
first to fourth consecutive frame data of the image signal as
first to tenth consecutive fileld data, the 2:3:2:3 pull-down
control device carries out the controlling steps of:

reading odd field data of the first frame as the first
field data;

reading even field data of the first frame as the second
field data;

reading odd field data of the second frame as the third
and fifth field data;

reading even field data of the second frame as the fourth
field data;

reading odd field data of the third frame as the seventh
field data;

reading even field data of the third frame as the sixth
field data;

readling odd field data of the fourth frame as the ninth
field data; and

reading even fleld data of the fourth frame as the eighth
and tenth field data, while, upon allowing the reading device
to read first to fourth consecutive frame data of the image
signal as first to tenth consecutive field data, the 2:2:2:4
pull-down control device carries out the controlling steps of:

reading odd field data of the first frame as the first
field data;
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reading even field data of the first frame as the second
field data;

reading odd field data of the second frame as the third
field data;

reading even field data of the second frame as the fourth
field data;

reading odd field data of the third frame as the fifth
field data;

reading even field data of the third frame as the sixth
field data;

reading odd field data of the fourth frame as the seventh
and ninth field data; and

reading even field data of the fourth frame as the eighth
and tenth field data.
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24p image signal

CA 02476207 2004-08-09

S

M~
(e}
O
)
|
8 Ty
C‘B <
N
o
:(’ o~
—
O
<{
g
NS,
S 5 3
e 8 =
2 E 2
© = <
—_ - QO
8 - E
O , (O
o . L.

—p <



CA 02476207 2004-08-09

Ot}

90IAD
indino abeuwj

30IASp
Buipuedxa abeuw|

\U‘
6l

¢l

74

oL 109
('09)

30I1A9p INdInO

SAap L1
10JjuoD bunoesxa
gjep-awel -
p-owel G 0—U
€+ up c+uy _+§
moSwmﬂ _mm.o.w%%mae soInap Jndu| .
A 1/ iﬁ
. 8l th [(5q o[ 300030 [oa ]3¢ -
80lAap ndino apoo-auwitj TI_ JOUOAUOD 3p0o2-ailil] b4 UG €4 UG 24 ug | 4-Ug
019y ol !09
0t ) E— = . —
a~0=H,
v+YS | g4ug | Z4HUG | I4+UG L ug Q)
T N O ol N R 0 A A
!"« X L
g \4
£2 ) —
Gl 01
Jojesauab jeubis
uejs buipiooay 82IASP [0AU0D uMop-iind Z:£:€:7 aoinap Buipeas apoo-awi|
09 > L
8o1A8p bupnpoiday/buipioosy m:_mmmw%_bwm abeuw| mo_»bmmm%%%%omb %%m%w_ _
109) dpe 001

ve

Uy
\4

ol

o,:l

109 \

€l ¢l

9 Ol

9!

ug

Il




CA 02476207 2004-08-09

|
i
|
m

QAAESCSEO VIR RES PEEENASE RPN E b repubebirppad kOt ARRE R LA SO IRT R

o R L L LN Ld

aouanbas |

¥ venwiw e wiad Puphy RN

ST ESPR AT SRR R AT PYRIR R RrSd b

| +Ug

by pip PREPQRPOOF PAPRHICEOTARGIODINY

|
_
|

i
g
:
$

awelj pejs jeubis
He)s buipliodayy

‘sallel)
G sapnjoul souanbas
| 1O} Jiun DuIpiooay

(01109)
ug . 8dua19j8l 8pod-alul]

Wwia)sAs UOISJGAUIOD

|leubis abewi di7

¢-£td



CA 02476207 2004-08-09

E+Up

»
]
]
¢
[ 3
[ 8
-
-
[ 8
-
| 8
L ]
>
[ 4
*
| ]
.
=
t -
- .Q
»
* b
¢ *
» .
-
N
- *
‘.
|} (]
. L
’ a
* -

S ORPY NAEFgEGSASRNPEaa®s el &80 Muans

¢+ Yy

Pt FOPPASAL

wna-dp -l S AA ML SOV AP

-
L]
v 0'
o. ll
4 »
- []
l- 4
&
v
L]
.’
4
-

e il

TRt 9OhadiTIads

[l Al ol o2 1l TR T &4

Uy ap0o awi |

S PO PraTEaY RIS A R SS9l awy wirkd s d bSba B

leubis abewn dyyz

SESS COPOEAINAS Y IPIRIa e

.E el e Il S G G BN e EI leubis abewi 109

G~(=U

v+ Us

Ejep
aAl0aYT

Sh A SRASrRASE At n GLT OE S0 HEAS ST aba

£€+U4g

ejep
SINRETTE

LAl Lol o d 2

seveswnrdd

caaBagQoPaa

¢1+4§

elep
SAI0aYaU|

CTORSTITL S GA 4 TGNV P

mhbrbe bt d t PA by

e

| +Ug
ejep
STNGETE

8 Old

e

m

ug 9po9o awi|

ejep
. 9Aljoay

siseq 1109 uo
sawiel} Z:€:¢:Z Joedx3

sawlel} Z + Ug

10} }daoxa siseq N 1109
UOo ejep passalsdwiod
awlel} |0Jjuod-joenx3



CA 02476207 2004-08-09

‘papiaold si abew jeuibuio se apoo-awi} swes ay |

5~ 0=U E+Up Z+Up | +Up U

€¢ ¢¢ 12 02 61 8I [1 91 Gl ¥l ¢l ¢l 1l Ol 6 8 L 9O G ¥ € 2 1 O 01 die

-
on®
-av v
nt" v
000000000000000
llllllll
llllll
lllllllllll
ooooooooooooooo
- - .
...............
00000000000
-h -
0000000000
[ [
- -
............
£y 4 -«
apvw"
r®*
......
i
ae™"

L]
as®”
-
a*®
-
Fad
a*”
IIIII
[
PR
ue”
-
a®
-.
at®

'suoiisod
................................ awle .—h

"
a®
=
’
l-
=
*t
-
.

......................................... et ..........” AN + :mVOI—I_OO
P e < e pajeoso| asoyj
G~Q=u e e o3 1000x® S152
o < 01109 :% E)Ep SWEl)
ssaldwo? joel
¢+ug | +UG ug Po JoeIXg |  ejep awey

ejep ejep ejep passalduwio?
SWE]} SADaYaU] | swey anos awielj 8Ajoay3 ejep abew| 91109

p+Ug
ejep
awielj 8AIj03Y 3

£+Ug
ejep
awiel} aAloay3

leubis abeuwi

_mcm_wmmmE__ooo:mcm_wmmmE_ :o_w_M\_,V:NoS
dig wouy uoisianuod uodn pappe T O
8q 0] e}ep auwlelj sajeaipul + lI0QWIASQ

Tma,
‘e
-
“ease s
va L]
0".0. sla- &
aio-lno -u.. 00
c!ll!I e -
g T P Voeu !
L XY L -
“.y, -y -
00“. e, -
DOO.O ailo ‘
LN . v, r
aal.tc s ‘.
ey )
- — — _ — ¥ 4 SRy T‘

6 82 L2 92 SZ ¥Z €2 22 12 0Z 61 8L LI 9L Gl ¥1 €1 2L 1L Ol 6 8 29 S tvEe2 L0 OL 109

6 ©Old



CA 02476207 2004-08-09

 G~0=U

p+US | g4ug | Z4ug | 14U | ug | D)

01109 *a[ea]eoTeo o [ea [ oa v ov] |
(109 NS ]
a | oS [ 8 | v |
£é — — -
gl ¢é
— \\ Jojelauab jeubis ™
Wﬂ%:@% Jejs buipioday S2IASP |O5JU0D UMOP-|INd Z:€:€:2 aoiAap Jndul apoos-aw dye
B 0L 4y =
J _ . —MU
adIAap buionpoidaybuipiooay mc_mm&mm__n% sBew| wo_»;mmm %%F_:u%.om_ Tl._ 30iAap Indul drg
/ (109) 109 dpg
vé el Gl Ot

Ol 9Old



CA 02476207 2004-08-09

26 _ I

a2Inap 82IA8p
BuIpI00aY Buissaosoid _
. uoissaiduio) 2Ry
06 / ......... SO F RSO (SRR S -
301AaD BUIPESYS Aowsuwl Alowiawl "
P8l puoass piey Jsii4 m

92IAap a0IAap
oo ~ ec buiyoumsg |0JU0D UMOP-|ind
| asomep | - m,l
i Indu| | _ _
e )
.\.
/ 80IABp R
vm OC_N_wm-._QEw JOjeuiuli|a 0IASP Oc_uw:_‘ﬁm JOUSAUOD 189AUO0D
abp3 SSION ewiweb ewaul) g9y an ARORS,
Ly 9¥ G vy Y 4y

LL Old



CA 02476207 2004-08-09

0 | Jaquinu souanbas
Elep P|ol4

|leubis
obew 109

jeubis
abewl dy7

0 ! jaqunusousnbes

ejep pfoi

3 0 jeubis
v _ v JH abewi 109

leubis
abewl dyg

jaquinu aouanbas

ejep pjat

leubis
_ abeuw 109

leubis
abewl dyz

wia)sAs
LOISIOAUO0D

umop-jind €:2:€:2

O¢l Ol4d

wia)sAs
UOISIBAUQD

umop-jind €:.2:¢:7

dcl Old

LLIB)SAS
UOISIBAUOD

umop-ind €:2:€:¢

V¢l Old



CA 02476207 2004-08-09

a2IABp
ndino
abeuw

0L

82IA8P
buipuedx3

69

MQ_>ou
BuipJooay

89

L9

3JIASp
bunip3

a2IA3D
buissaidwon

GO

99

301A9p
|OJJUOD

aoiAap bunoesxa
-awiel} )s.i4

aoInap buioenxa
-aWwel} puooas

gv9

£l Ola

--------------------------------------------------------------------------

mcwombx.m_

m..OUQ LA/

39IAd
Buipuedx3

82IASp

19




CA 02476207 2004-08-09

|
D
0|8
[rafoa

o g Vv

B AN R A 20 0 N (R
0[50 [ [a | e [ca [ W ][]  sremon

NN
VO A

H

14V d01dd ¥1 Old



A | s ] o D
LK X

Recorded to 60i format Ao EE Bo Ce Co Ce Do “

Field number - 2 3 4 nn ] 8 nn
1 J 4

24p image signal

Frame number 2 5
v v
A B C D



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - claims
	Page 60 - claims
	Page 61 - claims
	Page 62 - claims
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - abstract drawing

