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IMAGE PROCESSING APPARATUS

INCORPORATION BY REFERENCE

[0001] The present application claims priority from Japa-
nese application JP2006-142231 filed on May 23, 2006, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an image process-
ing apparatus having a configuration for converting a frame
rate of an image signal.

[0004] 2. Description of the Related Art

[0005] In general, the frame rate of the image displayed on
an image processing apparatus such as a television set is 60
Hz. If the frame rate is up-converted to, for example, 120
Hz, the moving picture looks smother. As for such frame rate
conversion processing, for example, processing described in
US2005/0184949A1 is known.

SUMMARY OF THE INVENTION

[0006] The frame rate up-conversion as described above is
effective to the case where the motion is exhibited smoother
in a scene having intense motions. However, the frame rate
up-conversion is not effective in a scene having few motions
such as a still picture.

[0007] In the technique described in US2005/0184949A1,
the frame rate up-conversion processing is conducted
regardless of the image state, such as whether the image is
a moving picture or a still picture. In the technique described
in US2005/0184949A1, therefore, the amount of signal
processing that is not effective increases. In addition, since
the display device (such as a PDP or an LCD) is always
driven at a high frequency, the power consumption of the
apparatus increases.

[0008] An object of the present invention is to provide a
technique capable of converting the frame rate efficiently.
[0009] In accordance with the present invention, frame
rate conversion processing is conducted on an input image
signal having a predetermined frame rate on the basis of
information concerning the input image signal.

[0010] The information concerning the image signal is, for
example, a motion in the image. It is desirable to conduct
frame rate up-conversion processing on a scene having a
large motion. The information concerning the image signal
is, for example, genre information of a program correspond-
ing to the input image signal. The frame rate up-conversion
processing may be conducted when the received program
belongs to a specific genre (such as a sport or a movie).
[0011] The information concerning the image signal is, for
example, information concerning the signal state of the input
image signal, such as the receiving state, the transfer rate or
the transmission bit error rate. When one of them is low, the
frame rate may be lowered.

[0012] According to the present invention, the frame rate
can be changed flexibly according to the image kind (such
as the scene or motion amount) and the frame rate conver-
sion can be conducted efficiently.

[0013] Other objects, features and advantages of the
invention will become apparent from the following descrip-
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tion of the embodiments of the invention taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a diagram showing a concept of operation
in a first embodiment;

[0015] FIG. 2 is a diagram showing a configuration
example in a first embodiment of the present invention;
[0016] FIG. 3 is a diagram showing a relation between a
detected motion amount and the number of display frames;
[0017] FIG. 4 is a diagram showing an example of a
timing controller 27 and a display unit 28;

[0018] FIG. 5 is a diagram showing a concrete example of
an FRC 26 according to a first embodiment;

[0019] FIG. 6 is a diagram for explaining an example of
vector adjustment according to a first embodiment;

[0020] FIG. 7 is a diagram for explaining another example
of vector adjustment according to a first embodiment;
[0021] FIG. 8 is a diagram showing an example of a frame
thinning method;

[0022] FIG. 9 is a diagram showing a configuration
example in a second embodiment of the present invention;
[0023] FIG. 10 is a diagram showing an example of a table
which indicates correspondences between program genres
and motion amounts used in a second embodiment; and
[0024] FIG. 11 is a diagram showing a configuration
example in a third embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0025] Hereafter, embodiments of the present invention
will be described with reference to the drawings.

1. First Embodiment

[0026] First, the concept of the present embodiment will
now be described with reference to FIG. 1. FIG. 1 shows a
form of an image signal processed in the present embodi-
ment. In the present embodiment, the input image signal has
a predetermined frame rate, for example, a frame rate of 60
Hz. In FIG. 1, a frame sequence is denoted by a reference
numeral 11. The present embodiment has the following
feature: in the frame sequence 11 of the input image signal,
a frame rate in a large-motion range 13 including a scene in
which a motion of an object 12 is large is made larger than
that in a small-motion range 14 having no motions or few
motions. In other words, in the present embodiment, the
frame rate of the input image signal is up-converted accord-
ing to the image motion so as to locally raise the frame rate
in the large-motion range in the image signal having a
sequence of a plurality of frames.

[0027] In this way, the present embodiment saves power
by conducting the frame rate conversion efficiently. The
frame rate in the large-motion range 13 is 120 Hz, and the
frame rate in the small-motion range 14 is set equal to 60 Hz
which is the same as the frame rate of the input image signal.
[0028] A configuration example of an image processing
apparatus according to the present embodiment for conduct-
ing the processing shown in FIG. 1 will now be described
with reference to FIG. 2. The image processing apparatus
shown in FIG. 2 represents an image display apparatus such
as a television set including a display unit 28 such as a PDP
or a CD.
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[0029] In FIG. 2, for example, a television signal, or an
image signal reproduced by a DVD player or an HDD player
is input to an input unit 21. The input image signal has a
predetermined frame rate such as a frame rate of 60 Hz. An
image signal input to the input unit 21 is input to a resolution
converter 22, and subjected to expansion/compression pro-
cessing to produce an image format that conforms to the
number of horizontal dots and the number of vertical dots of
the display unit 28. For example, if the definition of the input
image signal is 640x480 and the number of dots in the
display unit 28 is 1920x1080, expansion processing is
conducted on the input image signal so as to make the
definition of the input image signal equal to 1920x1080. The
image signal subjected to the expansion/compression pro-
cessing is input to a feature detector 24 which is an infor-
mation acquisition unit for acquiring information concern-
ing the image signal, and a frame rate converter (also
referred to as FRC hereafter) 26.

[0030] The feature detector 24 is connected to an image
memory 23 which stores an image signal corresponding to
at least two frames. The feature detector 24 detects a feature
of'the input image signal, i.e., a motion in the image by using
contents stored in the image memory 23. For example, the
feature detector 24 calculates a difference between a current
frame image and a one-frame preceding image stored in the
image memory 23, and detects a motion amount from the
result. The difference is found, for example, as described
below. First, a luminance signal at each pixel in the current
frame image is compared with a luminance signal at a pixel
in the preceding frame image that is in the same spatial
position as the pixel in the current frame image to find a
difference in luminance signal at each pixel. Subsequently,
the difference in the luminance signal is found for all pixels
in one frame. Its accumulated value is regarded as the
difference between the frames, i.e., the motion amount.
Here, the difference is found for every pixel in one frame.
Alternatively, the difference may be found by taking a block
having a predetermined number of pixels as the unit. For
example, it is also possible to divide one frame into blocks
each having 16x16 pixels and find a difference between
blocks that are in the same spatial position of the current
frame image and the preceding frame image. A difference
between pixels or blocks that are only in the central part of
the frame image may be found. The feature detector 24
calculates the number of frames corresponding to the motion
amount obtained as described above, and outputs the num-
ber of frames to the FRC 26 as a number of frames
specifying signal 25. The relation between the detected
motion amount and the number of display panels specified
by the number of frames specifying signal 25 (the frame rate
of the image actually displayed by the display unit 28) will
now be described with reference to FIG. 3.

[0031] When the detected motion amount is less than a
first predetermined value MT1, the number of display
frames becomes a lowest value Fmin. The lowest value
Fmin is the same value as 60 Hz which is the frame rate of
the input image signal. This is because it becomes easy for
human eyes to recognize flicker if the frame rate is 60 Hz or
below. In the present embodiment, therefore, the lowest
value Fmin in the number of display frames is set equal to
60 Hz, and even a still picture is displayed at 60 Hz. When
the detected motion amount is greater than the first prede-
termined value MT1 and less than a second predetermined
value MT2, the number of display frames becomes 120 Hz
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as shown in FIG. 3. In addition, when the detected motion
amount is greater than the second predetermined value MT2,
the number of display frames becomes 180 Hz as shown in
FIG. 3. In the present embodiment, 180 Hz is set as a highest
value Fmax of the frame rate, and this is set so as to
correspond to a limit value of the drive frequency in the
display unit 28. In the present example, an example in which
the frame rate is converted to three stages has been
described. As a matter of course, the frame rate may be
converted to two stages. FIG. 3 shows characteristics in
which the number of display frames increases stepwise as
the motion amount increases. Alternatively, rectilinear char-
acteristics may also be used.

[0032] In the configuration that outputs the number of
frames specifying signal 25 every frame of the input image
signal, there is a possibility that the frame rate conversion
will be conducted even when a motion has occurred only in
several frames. Therefore, it is desirable to form a configu-
ration that outputs the number of frames specifying signal 25
when, for example, motions in the image exceeding the first
predetermined value MT1 have been detected consecutively
over, for example, approximately several to ten frames.
[0033] Referring back to FIG. 2, the FRC 26 converts the
frame rate of the input image signal according to the number
of frames specifying signal 25 output from the feature
detector 24, and outputs a resultant image signal. For
example, if the number of frames specifying signal 25
indicates 120 in the period of the large-motion range 13
shown in FIG. 1, the FRC 26 up-converts the frame rate of
the input image signal to 120 Hz and outputs a resultant
signal in the period. Therefore, the FRC 26 can output an
output signal having a plurality of frame rates depending
upon the motion in the image, with respect to an image
signal representing the same certain contents. The FRC 26 is
connected to an image memory 29 which stores an image
signal corresponding to at least two frames. The FRC 26
calculates a motion vector from the image signal corre-
sponding to two frames stored in the image memory 29, and
generates an interpolation frame. And the FRC 26 conducts
up-conversion on the frame rate of the input image signal by
conducting frame rate conversion processing of inserting the
interpolation frame into the frame sequence of the input
image signal. By the way, the FRC 26 has a function of
storing the number of frames specifying signal 25 used one
frame before, in the image memory 29 or a different
memory.

[0034] The signal thus converted in frame rate by the FRC
26 is supplied to a timing controller 27 coupled to a drive
circuit in the display unit 28. The timing controller 27
generates a timing signal for displaying the image signal
converted in frame rate and supplied from the FRC 26, in the
display unit 28. A configuration example of the timing
controller 27 is shown in FIG. 4. In the present example, an
LCD (liquid crystal panel) is used as the display unit 28.
[0035] InFIG. 4, the timing controller 27 includes a drive
frequency decider/timing generator 271 and a memory 272.
The drive frequency decider/timing generator 271 judges a
drive frequency required to drive the output signal on the
basis of a video control signal 270 supplied from the FRC 26
and output together with the image signal subjected to frame
rate conversion. On the other hand, the image signal sub-
jected to the frame rate conversion is stored temporarily in
the memory 272. Thereafter, the drive frequency decider/
timing generator 271 generates various timing signals 275,
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and reads out the image signal stored in the memory 272.
And the drive frequency decider/timing generator 271 out-
puts the image signal thus read out to the liquid crystal panel
serving as the display unit 28, as a data signal 274 together
with the timing signals 275. The reason why the output
signal supplied from the FRC 26 is stored temporarily in the
memory 272 is that data should be read out at a frequency
depending upon the judged drive frequency. In other words,
the drive frequency decider/timing generator 271 has a
function of reading out the image signal from the memory
272 at timing of the judged drive frequency.

[0036] On the other hand, the display unit 28 includes a
scan driver 281 for scanning horizontal lines successively in
the vertical direction and a data driver 282 for supplying data
associated with the image signal to each pixel in the display
unit 28. The timing signals 275 are input to the scan driver
281 and horizontal lines in the display unit 281 are scanned
successively in the vertical direction according to timing
determined by the timing signals 275. The data signal 274 is
input to the data driver 282. The data driver 282 holds the
data signal 274 over one horizontal period, and supplies it to
a scanned horizontal line. The data signal in the data driver
282 is updated every horizontal period. As a result of this
operation, an image based upon the data signal supplied
from the data driver 282 is formed on a horizontal line of the
display unit 28 scanned by the scan driver 281. As a result
of repeating this over one frame period, an image of one
frame is formed on the display unit 28.

[0037] By the way, the drive frequency decider/timing
generator 271 may include a time integration circuit which
operates so as to change over the drive frequency when a
change in drive frequency has continued over a predeter-
mined time, in order to hold down frequency variations in
the drive frequency.

[0038] Details of the frame rate converter 26 will now be
described with reference to FIG. 5. In FIG. 5, a frame
number comparator 31 acquires the number of frames speci-
fying signal 25 at the present time output from the feature
detector 24, and acquires a number of frames specifying
signal 39 of one frame before stored in the image memory
29 or a different memory via a memory I/F 37. And the
frame number comparator 31 compares the current number
of frames specifying signal 25 with the preceding number of
frames specifying signal 39, and outputs a display frame
number signal 311 and a rate decision signal 312.

[0039] Here, the current number of frames specifying
signal 25 is denoted by FP, and the preceding number of
frames specitying signal 39 is denoted by FB. When FP>FB,
the frame number comparator 31 outputs “1” as the rate
decision signal 312 and outputs the FP (the number of
frames specified at the present time) as the display frame
number signal 311. On the other hand, when FP<FB, the
frame number comparator 31 outputs “0” as the rate decision
signal 312 and outputs the FB (the number of frames
specified one frame before) as the display frame number
signal 311.

[0040] The signal 300 from the resolution converter 22 is
provided to the image memory 29 via the memory interface
(I/F) 37. The image memory 29 stores at least signals
corresponding to two frames, i.e. a current frame signal 301
and a one-frame preceding signal 302, which come from the
resolution converter 22. When the rate decision signal 312 is
“1,” a motion vector detector 33 acquires the current frame
signal 301 and the one-frame preceding signal 302 from the
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image memory 29 via the memory I/F 37. And the motion
vector detector 33 detects a motion vector in the image by
using the current frame signal 301 and the one-frame
preceding signal 302 thus acquired. This motion vector is
found by, for example, retrieving where in the current frame
signal 301 a certain pixel in the preceding signal 302 has
moved to. A retrieval range of, for example, 7x7 pixels
around, for example, a pixel in the current frame that is in
the same spatial position as a certain pixel in the preceding
frame is set in the current frame. And a certain pixel in the
preceding frame is compared with each of pixels (49 pixels
in this example) in the retrieval range set in the current
frame, individually. As a result, a straight line that couples
pixels having a minimum difference is used as the motion
vector of the certain pixel.

[0041] In the configuration in the present embodiment,
two frames: the current frame 301 and the preceding frame
302 are used to detect the motion vector. However, this is not
restrictive. For example, a configuration in which the motion
vector is found by using, for example, three to four frames
or more frames may be used. The motion vector detector 33
may be provided in the feature detector 24.

[0042] The motion vector detected by the motion vector
detector 33 is input to a vector adjuster 34. The vector
adjuster 34 is connected to a ROM 313 which stores a vector
adjustment table. The vector adjuster 34 conducts a vector
adjustment by referring to contents of the table stored in the
ROM 313 according to the display frame number signal 311
supplied from the frame number comparator 31. FIG. 6
shows an example of this vector adjustment.

[0043] It is supposed that a motion pixel A in a preceding
frame 51 has moved to a position of a motion pixel B in a
current frame 52 as shown in FIG. 6(a). In this case, the
motion vector detector 33 judges that a difference between
the pixel A and the pixel B is minimum, and detects a motion
vector 57 which is a straight line coupling the pixels to each
other. For example, if the display frame number signal 311
is 120 Hz, the frame rate is converted to twice that of the
input image signal. In other words, one interpolation frame
55 is inserted between frames in the input image signal to
double the frame rate as shown in FIG. 6(b). Therefore, the
period of frames including the interpolation frames 55
becomes half as compared with that of the input image
signal. An adjustment coeflicient depending upon the frame
period is stored in the ROM 313 so as to be associated with
the display frame number signal 311. For example, a coef-
ficient of “1/2” is associated with “120 Hz.” The vector
adjuster 34 derives “1/2” from the ROM 313 as an adjust-
ment coeflicient associated with the display frame number
signal 311 which indicates “120.” And the vector adjuster 34
multiplies the motion vector 57 by the derived adjustment
coefficient, and outputs an adjusted motion vector 58
obtained by halving the motion vector 57 as shown in FIG.
6(b). At this time, the pixel A has moved to an interpolation
pixel C in the interpolation frame 55 in accordance with the
adjusted motion vector 58.

[0044] If the display frame number signal 311 is 180 Hz,
then the frame rate is converted to three times that of the
input image signal. In other words, two interpolation frames
55a and 556 are inserted between frames of the input image
signal as shown in FIG. 6(¢). Therefore, the period of frames
including the two interpolation frames 55a and 5556 becomes
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one third of that of the input image signal. In addition,
coeflicients “1/3” and “2/3” are associated with “180 Hz”
and stored in the ROM 313.

[0045] The vector adjuster 34 derives “1/3” and “2/3”
from the ROM 313 as adjustment coefficients associated
with the display frame number signal 311 which indicates
“130.” And the vector adjuster 34 multiplies the motion
vector 57 by the derived adjustment coeflicients, and outputs
an adjusted motion vector 584 obtained by multiplying the
motion vector 57 by 1/3 and an adjusted motion vector 585
obtained by multiplying the motion vector 57 by 2/3 as
shown in FIG. 6(c). At this time, the pixel A has moved to
an interpolation pixel Ca in the interpolation frame 55a in
accordance with the adjusted motion vector 58a, and the
pixel A has moved to an interpolation pixel Cb in the
interpolation frame 556 in accordance with the adjusted
motion vector 58b.

[0046] In other words, if the display frame number signal
311 has an integer times the frame rate (60 Hz) of the input
image signal, then an adjusted motion vector (AMV) is
represented by the following expression 1.

AMYV()=(n/N+1)*MV

[0047] Here, N is the number of interpolation frames
inserted between two adjacent frames of the input image
signal. If the display frame number signal 311 is 120, then
N becomes 1. If the display frame number signal 311 is 180,
then N becomes 2. MV represents the motion vector 57
detected by the motion vector detector 33. Furthermore, n is
an integer of at least 1, and n is a number of an interpolation
frame inserted between two adjacent frames of the input
image signal. For example, when finding an adjusted vector
for the interpolation frame 554 shown in FIG. 6(c), n=1 is
applied. When finding an adjusted vector for the interpola-
tion frame 555, n=2 is applied.

[0048] In the present embodiment, the motion vector
detection and adjusted vector generation are conducted with
respect to all pixels in one frame. The adjusted vector thus
generated is output to an interpolation frame generator 35.
The interpolation frame generator 35 generates the interpo-
lation frame by using the adjusted vector, the current frame
signal and the preceding frame signal. For example in the
example shown in FIG. 6(b), supposing that the pixel A
moves to the interpolation pixel C in accordance with the
adjustment vector 58, data at the pixel A in the preceding
frame is applied as it is to the position of the interpolation
pixel C in the interpolation frame 55. By conducting this
with respect to all pixels, an interpolation frame is gener-
ated. The same may be said of the example shown in FIG.
6(c). Supposing that the pixel A moves to the interpolation
pixel Ca in accordance with the adjustment vector 58a, data
at the pixel A in the preceding frame is applied as it is to the
position of the interpolation pixel Ca in the interpolation
frame 55a. Supposing that the pixel A moves to the inter-
polation pixel Cb in accordance with the adjustment vector
58b, data at the pixel A in the preceding frame is applied as
it is to the position of the interpolation pixel Cb in the
interpolation frame 555.

[0049] An example of vector adjustment in the case where
the display frame number signal 311 does not represent an
integer times the frame rate of the input image signal will
now be described with reference to FIG. 7. FIG. 7 shows an
example of vector adjustment in the case where the display
frame number signal 311 indicates, for example, 72 Hz. It is
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now supposed that the pixel A in a frame 71 of the input
image signal moves through frames 72 to 75 in the input
image signal as shown in FIG. 7(a). Motion vectors detected
between the frames 71 to 75 by the motion vector detector
33 are denoted by MV1 to MV4, respectively.

[0050] When converting 60 Hz to 72 Hz in frame rate,
information corresponding to six frames in the input image
signal becomes necessary during time corresponding to five
frames. As shown in FIG. 7(b), therefore, the vector adjuster
34 generates AMV1 by multiplying the motion vector MV1
by 5/6, generates AMV2 by multiplying MV2 by %s, gen-
erates AMV3 by multiplying MV3 by %, and generates
AMV4 by multiplying MV4 by %%. The vector adjuster 34
outputs AMV0 and AMV6 having a vector value 0 as well
for the first and sixth frame outputs.

[0051] Inthe same way as the case of the integer times, the
interpolation frame generator 35 generates four interpolation
frames 76 to 79 from information corresponding to five
frames by using the adjusted vectors. It is also possible to
store adjustment values thus obtained, in the ROM 313 and
conduct vector adjustment by using the stored adjustment
values if the display frame number signal 311 does not
indicate an integer times the frame rate of the input image
signal.

[0052] An interpolation frame 36 generated by the inter-
polation frame generator 35 is written into the image
memory 23 via the memory I/F 37. The memory I/F 37 reads
out data in number depending upon the display frame
number signal 311, and outputs an FRC conversion output
signal 38. If the display frame number signal 311 indicates
120, then the memory I/F 37 reads out the preceding frame
signal 302 and the interpolation frame 55 shown in FIG. 6(5)
from the image memory 23, and combines them with the
current frame signal 301 to generate the FRC conversion
output signal 38. At this time, data arrangement is controlled
so as to insert the two interpolation frames 55a and 556
between the preceding frame signal 302 and the current
frame signal 301.

[0053] Here, the FRC conversion output signal 38
includes a vertical synchronizing signal, a horizontal syn-
chronizing signal, a dot clock signal and a data enable signal
which control the transmission state of image data as the
video control signal described with reference to FIG. 4,
besides image data.

[0054] If the rate decision signal is “0,” then the above-
described motion detection processing and interpolation
frame generation processing are not conducted, but the input
image signal is used as it is as the FRC conversion output
signal 38.

[0055] The FRC conversion output signal 38 is displayed
on the display unit 28 by the above-described processing. A
large-motion scene is displayed at a high frame rate. A
small-motion scene is displayed at the same rate as that of
the input image signal.

[0056] In the above-described example, the frame rate of
a display image with a small motion is set equal to the same
frame rate as that of the input image signal. When the motion
is small, however, the input image signal may be converted
to a frame rate that is lower than that of the input image
signal to display the image. For example, if the motion is
small, then the feature detector 24 may output 20 (Hz) as the
number of frames specifying signal 25 and the FRC 26 may
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conduct processing of thinning frames of the input image
signal every other frame to reduce the frame rate to one
third.

[0057] An example of the thinning method will now be
described with reference to FIG. 8. It is now supposed that
first to fourth frames which are consecutive in time are input
as shown in FIG. 8(a). For example, if the display frame
number signal 311 indicates 1/3 of the frame rate of the input
image signal, then a second frame 82 and a third frame 83
are thinned as shown in FIG. 8(b). If the display frame
number signal 311 indicates 2/3 of the frame rate of the input
image signal, then the second frame 82 is thinned and
readout timing of the third frame 83 is advanced as shown
in FIG. 8(c). In this case, it is also possible to thin the third
frame 83 and put off readout timing of the second frame. If
the display frame number signal 311 indicates a frame rate
that is equal to the frame rate of the input image signal, then
the image signal is output at the original frame rate.
[0058] The FRC 26 may always up-convert the frame rate
to 120 Hz regardless of whether the motion is large, and
conduct thinning on the up-converted signal when the
motion is small.

[0059] In the present embodiment, it becomes possible to
vary the frame rate according to the feature of the input
image and view the video image at a frame rate adapted to
the image motion amount and scene, as heretofore
described. Furthermore, the frame rate is varied according to
the motion amount. When displaying a still image having no
motions, therefore, the drive frequency is lowered by low-
ering the frame rate. As a result, it becomes possible to
reduce the power consumption.

2. Second Embodiment

[0060] FIG. 9 is a block diagram showing a configuration
example of an image processing apparatus according to a
second embodiment of the present invention. The same
components as those in the first embodiment shown in FIG.
2 are denoted by like reference numerals, and description of
them is omitted.

[0061] The present embodiment differs from the first
embodiment in that frame rate conversion is conducted
according to genre information of the program. According to
the present embodiment, it is possible to view the video
image at an optimum frame rate according to the genre of the
program such as sports or news.

[0062] In BS/ CS/ digital terrestrial television broadcast-
ing, program information (such as a program name, program
contents, a program broadcasting day, program broadcasting
start time, program broadcasting lasting time, a broadcasting
channel, and a program genre code) called EIT (Event
Information Table) is superposed on the television broadcast
signal and sent out, besides video/ audio/ data broadcast. A
BS/ CS/ digital terrestrial television broadcast receiver pro-
vides users with an electronic program table function by
utilizing the EIT sent from the broadcasting station.

[0063] Inaccordance with a feature of the present embodi-
ment, the frame rate conversion is conducted by utilizing the
EIT. Hereafter, operation of a part in which the present
embodiment differs from the first embodiment will be
described. Besides the input image signal serving as a
television signal, EIT data 91 is input to the apparatus shown
in FIG. 9. An EIT processor 92 serving as an information
acquisition unit discriminates a genre of a program that
corresponds to the input image signal by using the input EIT
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data 91. And the EIT processor 92 generates the number of
frames specifying signal 25 which depends upon the dis-
criminated genre, and outputs the number of frames speci-
fying signal 25 to the FRC 26.

[0064] Specifically, the EIT processor 92 retains a table as
shown in FIG. 10, and generates the number of frames
specifying signal 25 associated with the genre of the pro-
gram by using a 1-byte program genre code used in a content
descriptor in the EIT. In the table, “small” in the motion
amount is associated with “news & information” and so on
in the program genre, “medium” in the motion amount is
associated with “variety” and so on in the program genre,
and “large” in the motion amount is associated with “sport”
and so on in the program genre. And the number of frames
is determined with reference to the table and the character-
istics shown in FIG. 3. Here, “small” in the motion amount
shown in FIG. 10 means a motion amount that is at most the
first predetermined value MT1 shown in FIG. 3. “Medium”
in the motion amount means a motion amount in the range
between the first predetermined value MT1 and the second
predetermined value MT2. “Large” in the motion amount
means a motion amount that is at least the second predeter-
mined value MT2.

[0065] For example, if the program genre code in the
received EIT is “news & information,” its motion amount is
“small” as shown in FIG. 10 and it is at most the first
predetermined value MT1 in this example. With reference to
FIG. 3, therefore, 60 Hz is selected as the number of frames
specifying signal 25. In the same way, in the case of
“variety,” the motion amount is “medium” as shown in FIG.
10 and consequently 120 Hz is selected as the number of
frames specifying signal 25 by referring to FIG. 3. In the
case of “sport,” the motion amount is “large” as shown in
FIG. 10 and consequently 180 Hz is selected as the number
of frames specifying signal 25 by referring to FIG. 3.
[0066] Thus, in the present embodiment, it is possible to
make the frame rate greater than that of the input image
signal in the case of a sport program or a movie which is
comparatively large in motion and make the frame rate the
same as that of the input image signal in the case of a news
program which is relatively small in motion. According to
the present embodiment, therefore, a program can be viewed
at a frame rate suitable for image contents.

[0067] By the way, in the example shown in FIG. 10,
motion amounts are classified into three stages: large,
medium and small. Alternatively, the motion amounts may
be classified with finer numerical values. The number of
frames may be described directly in the column in which the
motion amount is described, in the table shown in FIG. 10.
In that case, it is not necessary to use the characteristics
shown in FIG. 3. In the table shown in FIG. 10, program
genres are classified into thirteen kinds. As a matter of
course, however, the classification is not restricted to this.
For example, it is also possible to further provide sub-kinds
under each of the thirteen main-kinds and set a motion
amount or the number of frames for each of the sub-kinds.

3. Third Embodiment

[0068] FIG. 11 shows a configuration example of an image
processing apparatus according to a third embodiment of the
present invention. The present embodiment will now be
described by taking a portable terminal device as an example
of'the image processing apparatus. The same components as
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those in the first embodiment shown in FIG. 2 are denoted
by like reference numerals, and description of them is
omitted.

[0069] Inrecent years, television broadcasting for portable
terminals called “1-segment broadcasting” has made it pos-
sible to view a digital broadcast by using a portable terminal
such as a portable telephone. The present embodiment is
suitable for the application to such a portable terminal. In
radio image data communication, the present embodiment
alleviates unpleasant feeling during contents viewing by
lowering the image frame rate when the throughput falls
because of a poor receiving state or the encoding error rate
(transmission bit error rate) is high.

[0070] Hereafter, operation of a part in which the present
embodiment differs from the first embodiment will be
described. With reference to FIG. 11, a radio wave signal
containing an image signal such as 1 segment broadcasting
is first received by using an antenna 101. The received radio
wave signal is input to an RF unit 102. The RF unit 102
converts the received radio wave signal to a baseband signal,
and outputs the baseband signal to a decoder 104. The
decoder 104 demodulates the baseband signal, and outputs
a resultant signal to the resolution converter 22 shown in
FIG. 2.

[0071] In addition, the present embodiment includes a
signal state acquirer 103 serving as an information acquirer.
The signal state acquirer 103 calculates or acquires a
throughput (transfer rate) which indicates the receiving state
of the received image signal or the transmission bit error
rate. Operation in the present embodiment conducted when
the throughput is used as the signal state will now be
described.

[0072] The signal state acquirer 103 compares the calcu-
lated throughput with a predetermined value. If the through-
put is less than the predetermined value, the signal state
acquirer 103 outputs the number of frames specifying signal
25 for lowering the frame rate of the input image signal. For
example, if the frame rate of the input image signal is 60 Hz
and the throughput is less than the predetermined value, the
signal state acquirer 103 outputs the number of frames
specifying signal 25 to convert the frame rate to 30 Hz. The
FRC 26 converts the image to that having a frame rate
depending upon the number of frames specifying signal 25,
and displays a resultant image on the display unit 28 via the
timing controller 27.

[0073] Operation in the present embodiment conducted
when the transmission bit error rate is used as the signal state
will now be described. The signal state acquirer 103 calcu-
lates an error rate of received information by using an error
correction code added to data which is obtained by decoding
in the decoder 104. As this error correction code, for
example, a CRC code or a Reed-Solomon code can be
mentioned. In addition, the signal state acquirer 103 com-
pares the calculated transmission bit error rate with a pre-
determined value. If the transmission bit error rate is greater
than the predetermined value, then the signal state acquirer
103 outputs the number of frames specifying signal 25 for
lowering the frame rate of the input image signal. For
example, if the frame rate of the input image signal is 60 Hz
and the transmission bit error rate is greater than the pre-
determined value, the signal state acquirer 103 outputs the
number of frames specifying signal 25 to convert the frame
rate to 30 Hz. The FRC 26 converts the image to that having
a frame rate depending upon the number of frames speci-
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fying signal 25, and displays a resultant image on the display
unit 28 via the timing controller 27.

[0074] Thus, in the present embodiment, a device that is
conducting radio video data communication converts the
frame rate according to its signal state (throughput or
transmission bit error rate). As a result, it is possible to
alleviate user’s unpleasant feeling brought about by video
image freezing which is caused by a poor receiving state of
the image signal.

[0075] Heretofore, the present embodiment has been
described by taking a portable terminal device as an
example. However, the image processing apparatus in the
present embodiment is not restricted to the portable terminal
device. For example, even in an image display apparatus
having a function of receiving an image signal by radio, the
present embodiment can be applied in the same way. The
present embodiment has been described supposing that the
transmission medium of the image signal is a radio. As a
matter of course, however, the present embodiment can be
applied even if wired transmission is used.

[0076] It should be further understood by those skilled in
the art that although the foregoing description has been
made on embodiments of the invention, the invention is not
limited thereto and various changes and modifications may
be made without departing from the spirit of the invention
and the scope of the appended claims.

1. An image processing apparatus comprising:

an input unit to which an image signal having a prede-

termined frame rate is input;

an information acquirer for acquiring information con-

cerning the input image signal; and
a frame rate converter for converting the frame rate of the
input image signal and outputting a resultant signal,

wherein the frame rate converter conducts the frame rate
conversion of the input image signal on the basis of the
information of the input image signal acquired by the
information acquirer.

2. The image processing apparatus according to claim 1,
wherein the frame rate converter conducts frame rate con-
version processing to generate interpolation frames by using
a frame signal of the input image signal, insert the interpo-
lation frames into a frame sequence of the input image
signal, and thereby obtain an output signal having a frame
rate higher than that of the input image signal.

3. The image processing apparatus according to claim 2,
wherein

the information acquirer detects a motion amount in the

input image signal as the information of the input
image signal, and

the frame rate converter conducts the frame rate conver-

sion processing when the detected motion amount is at
least a predetermined value.

4. The image processing apparatus according to claim 3,
wherein the frame rate of the input image signal is 60 Hz,
and the frame rate of the output signal is 120 Hz.

5. The image processing apparatus according to claim 2,
wherein

the information acquirer detects a motion amount in the

input image signal as the information of the input
image signal, and

the frame rate converter conducts first frame rate conver-

sion processing to generate an output signal having a
first frame rate which is higher than the frame rate of
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the input image signal, when the detected motion
amount is at least a first predetermined value, and
the frame rate converter conducts second frame rate
conversion processing to generate an output signal
having a second frame rate which is higher than the first
frame rate, when the motion amount detected by the
motion detector is at least a second predetermined
value which is greater than the predetermined value.

6. The image processing apparatus according to claim 6,
wherein the frame rate of the input image signal is 60 Hz, the
first frame rate is 120 Hz, and the second frame rate is 180
Hz.

7. The image processing apparatus according to claim 2,
wherein the frame rate converter detects a motion vector
from a plurality of frames in the input image signal, and
generates the interpolation frames by using the detected
motion vector.

8. The image processing apparatus according to claim 1,
wherein

the information acquirer acquires genre information of a
program corresponding to the input image signal as
information of the input image signal, and

the frame rate converter conducts the frame rate conver-
sion processing according to the acquired genre infor-
mation of the program.

9. The image processing apparatus according to claim 1,

wherein

the input image signal is transmitted by radio,

the information acquirer acquires information concerning
a signal state of the input image signal as information
of the input image signal, and

the frame rate converter conducts the frame rate conver-
sion according to the information concerning the signal
state.

10. The image processing apparatus according to claim 9,
wherein the information concerning the signal state contains
information of a throughput or transmission bit error rate of
the input image signal.

11. The image processing apparatus according to claim
10, wherein the information concerning the signal state is
acquired from outside of the image processing apparatus.

12. The image processing apparatus according to claim 1,
further comprising:

a display unit; and

a drive frequency changeover unit for changing over a
drive frequency of the display unit according to a frame
rate of an output signal of the frame rate converter.

13. An image processing apparatus comprising:

an input unit to which an image signal having a prede-
termined frame rate is input;

a motion detector for detecting a motion in the input
image signal;

a frame rate converter for conducting frame rate conver-
sion processing to generate interpolation frames by
using a frame signal of the input image signal, insert the
interpolation frames into a frame sequence of the input
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image signal, and thereby obtain an output signal
having a frame rate higher than that of the input image
signal; and

a display unit for displaying an image on the basis of the
output signal of the frame rate converter,

wherein the frame rate conversion processing conducted
in the frame rate converter is controlled on the basis of
the image motion detected by the motion detector.

14. The image processing apparatus according to claim
13, wherein

if the motion detected by the motion detector is smaller
than a predetermined value, the frame rate converter
does not conduct the frame rate conversion processing,
and

if the motion detected by the motion detector is larger than
the predetermined value, the frame rate converter
executes the frame rate conversion processing.

15. The image processing apparatus according to claim 1,
wherein the frame rate converter conducts processing of
thinning frames in the input image signal.

16. An image processing apparatus comprising:

an information acquirer for acquiring genre information
of a program;

a frame rate converter for converting a frame rate of an
image signal corresponding to the program on the basis
of the genre information acquired by the information
acquirer; and

a display unit for displaying an image on the basis of the
output signal of the frame rate converter.

17. The image processing apparatus according to claim

16, wherein

if the genre information acquired by the information
acquirer indicates a movie or sport program, the frame
rate converter outputs a signal having a first frame rate,
and

if the genre information acquired by the information
acquirer indicates a news program, the frame rate
converter outputs a signal having a second frame rate
which is lower than the first frame rate.

18. An image processing apparatus comprising:

an input unit to which an image signal having a prede-
termined frame rate is input;

an information acquirer for acquiring information con-
cerning a signal state of the input image signal;

a frame rate converter for converting a frame rate of the
input image signal on the basis of the information of the
signal state acquired by the information acquirer; and

a display unit for displaying an image on the basis of the
output signal of the frame rate converter.

19. The image processing apparatus according to claim
18, wherein the information concerning the signal state
contains information of a throughput or transmission bit
error rate of the input image signal.





