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(54) [Title of the Invention]

Video Encoding Device, Video Decoding Device, and Optical Disk
(57) [Abstract]

[Purpose]

The purpose of the present invention is to provide a video encoding device or video
decoding device that efficiently removes encoding noise during compression and encoding of
video signals to improve image quality.

[Constitution]

Inputted video signals 105 are signal-emphasized by an emphasis circuit 101, then
compressed and encoded by an encoding circuit 102 to obtain a code sequence 106. A
decoding circuit 106 decodes the code sequence 106 to output decoded video signals 107,
and a de-emphasis circuit 104 de-emphasizes the decoded video signals 107 to output
playback video signals 108. Here, the emphasis circuit 101 and the de-emphasis circuit 104
are either complementary or signal de-emphasis is applied more strongly.
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101: Emphasis circuit

102: Encoding circuit

103: Decoding circuit

104: De-emphasis circuit

105: Inputted digital video signals
106: Code sequence

107: Decoded video signals

108: Playback video signals



[Claims]
[Claim 1]

In an apparatus that compresses and encodes video signals, a video encoding device
comprising: an emphasis means for emphasizing the video signals, and an encoding means
for compression encoding signals outputted from the emphasis means to obtain a code
sequence.

[Claim 2]

In an apparatus that compresses and encodes video signals, the video encoding device
according to claim 1 further comprising: a decoding means for decoding a code sequence to
obtain decoded video signals, and a de-emphasis means for de-emphasizing the decoded
video signals at a signal de-emphasis level corresponding to the signal emphasis level of the
emphasis means to obtain playback video signals.

[Claim 3]

The video encoding device according to claim 2, wherein the emphasis means and the de-
emphasis means are configured to have a complementary relationship.

[Claim 4]

The video encoding device according to claim 2, wherein the signal emphasis of the
emphasis means is configured to be lower than the de-emphasis of the de-emphasis means.

[Claim 5]

The video encoding device according to claim 3 or 4, wherein the emphasis means has
nonlinear characteristics such that the degree of emphasis increases as the amplitude of the
inputted signals decreases, and the de-emphasis means has nonlinear characteristics such
that the degree of de-emphasis increases as the amplitude of the inputted signal decreases.

[Claim 6]

The video encoding device according to claim 5, wherein the emphasis means is configured
to include a means for extracting high-frequency components from video signals, a means
for limiting the magnitude of the high-frequency components in the video signals to a first
predetermined level L1 if the magnitude of the high-frequency components is less than level
L1 and if the magnitude is greater than L1, a first multiplying means for multiplying the
signals obtained from the limiting process by a first coefficient X1, and a means for adding
the output of the first multiplying means to the video signals, and the de-emphasis means is
configured to include a means for extracting high-frequency components from decoded
video signals, a means for limiting the magnitude of the high-frequency components in the
decoded video signals to a second predetermined level L2 if the magnitude of the high-
frequency components of the decoded video signals is less than or equal to L2 defined by L1
and X1, remains unchanged, and if it is greater than L2, a second multiplying means for
multiplying the signals obtained from the limiting process by a second coefficient X2, and a
means for subtracting the output of the second multiplying means from the decoded video
signals.

[Claim 7]



The video encoding device according to claim 6, wherein the second predetermined level L2
is configured to be determined by (1 + X1) x L1.

[Claim 8]

The video encoding device according to claim 5, wherein the frequency gain characteristics
of the emphasis means and the de-emphasis means are configured to have a peak near fs/2
(where fs is the sampling frequency).

[Claim 9]

The video encoding device according to claim 5, wherein the frequency gain characteristics
of the emphasis means and the de-emphasis means are configured to have a peak near fs/4
(where fs is the sampling frequency).

[Claim 10]

The video encoding device according to claim 5, wherein the emphasis means is configured
so that the frequency gain characteristics have a peak near fs/4 (where fs is the sampling
frequency) and the de-emphasis means is configured so that the frequency gain
characteristics have a peak near fs/2.

[Claim 11]

The video encoding device according to claim 5, wherein the device is a video encoding
device in which video signals are signal-emphasized and then compression-coded to obtain
a coding sequence, and the resulting coding sequence is decoded and signal-deemphasized
in accordance with the signal emphasis for play back, further comprising a means for
detecting the amplitude of the video signals over a predetermined period of time before
signal emphasis, a means for selecting one of a plurality of mode signals according to the
amplitude detected by the detecting means, a first level control means for controlling the
amplitude of the video signals on the basis of the selected mode signal, and a second level
control means for controlling the amplitude of the playback video signals after signal de-
emphasis with the opposite characteristics of those of the first level control means.

[Claim 12]

The video encoding device according to claim 5, wherein the emphasis means include a
means for comparing the signal amplitude of the inputted signals with a predetermined
amount, and emphasizes the inputted signals from the emphasis means at a degree of
emphasis equal to the degree of de-emphasis of the de-emphasis means if the signal
amplitude of the inputted signals is equal to or less than the predetermined amount, and
emphasizes the inputted signals from the emphasis means at a degree of emphasis less
than the degree of de-emphasis of the de-emphasis means if the signal amplitude of the
inputted signals is greater than the predetermined amount.

[Claim 13]
The video encoding device according to claim 5, wherein the emphasis means is configured
to include a vertical emphasis means for performing signal emphasis for the vertical

direction of the screen and a horizontal emphasis means for performing signal emphasis for
the horizontal direction of the screen at a signal emphasis degree greater than that of the
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vertical emphasis means, and de-emphasis means is configured to include a vertical de-
emphasis means for performing signal de-emphasis in the vertical direction of the screen
and a horizontal de-emphasis means for performing signal de-emphasis in the horizontal
direction of the screen.

[Claim 14]

The video encoding device according to claim 13, wherein the emphasis means is configured
to perform signal emphasis in the horizontal direction after signal emphasis in the vertical
direction of the screen, and the de-emphasis means is configured to perform signal de-
emphasis in the vertical direction after signal de-emphasis in the horizontal direction of the
screen.

[Claim 15]

The video encoding device according to claim 5, wherein the device outputs a coding
sequence by compression coding after signal emphasis of the video signals, further
comprises a mode switcher that selects one of L modes (where L is a natural number
greater than or equal to 2) and outputs a mode signal, and the emphasis means is
configured to emphasize signals with the degree of emphasis specified by the mode signal.

[Claim 16]

The video encoding device according to claim 15, wherein the de-emphasis means is
configured to have complementary characteristics to the signal emphasizing characteristics
of the emphasis means for the greatest emphasis among the L modes.

[Claim 17]

The video encoding device according to claim 15, further comprising a means for recording
or transmitting mode signals and a means for reproducing the recorded or transmitted
mode signals, wherein the de-emphasis means is configured to perform signal de-emphasis
at a signal de-emphasis level specified by the reproduced mode signals so that the signal
de-emphasis level in each mode signal is either equal to or greater than the corresponding
signal emphasis level.

[Claim 18]

The video encoding device according to claim 15, wherein at least one of the peak frequency
or the maximum gain in the frequency gain characteristics of the emphasis means and de-
emphasis means is configured to differ according to the mode signal.

[Claim 19]

The video encoding device according to claim 15, wherein among the L modes (where L is a
natural number greater than or equal to 2), at least one mode performs neither signal
emphasis nor signal de-emphasis, or performs signal de-emphasis but no signal emphasis.

[Claim 20]

The video encoding device according to claim 15, further comprising a means for detecting
the direct current level of the video signals over a predetermined period of time, wherein



the mode switcher is configured to output different mode signals according to the direct
current level.

[Claim 21]

The video encoding device according to claim 15, wherein the video signals are composed of
three component signals (S1, S2, S3), and the mode switcher is configured to output at
least a different mode signal for at least one of component signals S1, S2, S3.

[Claim 22]

The video encoding device according to claim 21, wherein the mode switcher is configured
to output a mode signal corresponding to the ratio of the visual sensitivity of the component
signals S1, S2, and S3.

[Claim 23]

The video encoding device according to claim 15, wherein the video signals are compression
encoded using a plurality of encoding processing methods, and the mode switcher is
configured to output a mode signal according to the plurality of encoding processing
methods.

[Claim 24]

The video encoding device according to claim 23, further comprising a means for performing
highly efficient encoding of video signals using frame or intra-field correlation, and a means
for performing highly efficient encoding of video signals using frame or inter-field prediction,
wherein the mode switcher is configured to output different mode signals for image areas
for frame or intra-field encoding and image areas for predictive encoding.

[Claim 25]

The video encoding device according to claim 15, wherein the encoding means is configured
to perform encoding processing at an encoding compression ratio in accordance with a
plurality of compression ratio control signals, and the mode switcher is configured to output
a mode signal specified in the compression ratio control signals.

[Claim 26]

The video encoding device according to claim 25, wherein the mode switcher is configured
to select a mode with greater signal emphasis and sighal de-emphasis as the encoding
compression ratio increases.

[Claim 27]

The video encoding device according to claim 25, wherein the mode switcher is configured
to select a mode in which the difference between signal emphasis and signal de-emphasis
increases as the coding compression ratio increases in a mode in which signal emphasis is
smaller than signal de-emphasis.

[Claim 28]



The video encoding device according to claim 15, wherein the mode switcher is configured
to select a mode between a recording medium that can be rewritten and a recording
medium that can only be played back when a code sequence obtained by compression
encoding processing of video signals is recorded on a recording medium.

[Claim 29]

The video encoding device according to claim 15, further comprising a means for detecting
the spatial correlation of video signals over a predetermined period of time, and wherein the
mode switcher is configured to output a mode signal defined by the spatial correlation.

[Claim 30]

The video encoding device according to claim 29, wherein the mode signal switcher is
configured to select a mode with less emphasis as the spatial correlation decreases.

[Claim 31]

The video encoding device according to claim 29, wherein the mode switcher is configured
to select a mode in which the difference between signal emphasis and signal de-emphasis
becomes larger as the spatial correlation decreases in a mode in which signal emphasis is
smaller than signal de-emphasis.

[Claim 32]

The video encoding device according to claim 15, further comprising a means for detecting
that a block comprising a plurality of pixels includes a contour area of an image, and
wherein the mode switcher is configured to output a mode signal for each block in
accordance with the detection result on the contour area.

[Claim 33]

The video encoding device according to claim 15, further comprising a means for outputting
a correlation amount proportional to the spatial correlation of a block consisting of a
plurality of pixels, and a means for detecting that an image region including the block also
includes a contour area, and wherein the mode switcher is configured to output a mode
signal according to the correlation amount and the detection result on the contour area, and
to select a mode with less emphasis for the targeted block when the correlation amount of
the targeted block is smaller than a predetermined amount and the targeted block does not
contain a contour area.

[Claim 34]

The video encoding device according to claim 32 or 33, wherein the means for detecting a
contour area in an image includes a means of dividing an image into blocks composed of
predetermined pixels, a means for detecting a correlation amount proportional to the spatial
correlation of the blocks, a means for comparing the amount of correlation for the targeted
block with a first predetermined amount, a means for comparing the correlation amount for
a plurality of surrounding blocks located around the targeted block with a second
predetermined amount, and a detection signal output means for detecting the targeted
block as a contour area when the correlation amount of the targeted block is smaller than
the first predetermined amount and the correlation amount of at least one of the
surrounding blocks is larger than the second predetermined amount.
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[Claim 35]

The video encoding device according to claim 15, further comprising a means for detecting a
temporal correlation of video signals over a predetermined period of time, and wherein the
mode switcher is configured to output a mode signal defined by the temporal correlation.

[Claim 36]

The video encoding device according to claim 35, wherein the mode switcher is configured
to select a mode in which the difference between signal emphasis and signal de-emphasis is
larger as the temporal correlation decreases in a mode in which signal emphasis is smaller
than signal de-emphasis.

[Claim 37]

The video encoding device according to claim 15, further comprising an encoding distortion
measuring device that measures the amount of encoding distortion produced by the
encoding process over a predetermined period of time, and wherein the mode switcher is
configured to output a mode signal defined by the amount of encoding distortion.

[Claim 38]

The video encoding device according to claim 37, wherein the mode switcher is configured
to select a mode in which the difference between signal emphasis and signal de-emphasis
becomes larger as the amount of encoding distortion increases in a mode in which signal
emphasis is smaller than signal de-emphasis.

[Claim 39]

The video encoding device according to claim 15, wherein the device divides an image into
blocks consisting of a plurality of pixels and performs encoding and decoding processing on
each block, the device further comprising a means for detecting a boundary area in the
blocks, and a mode switcher configured to output a mode signal according to the detection
results on boundary areas in the blocks.

[Claim 40]

The video encoding device according to claim 15, 20, 29, 35, or 37, further comprising a
means for detecting a scene change in video, and wherein the mode switcher is configured
to select a mode when a scene change is detected and to hold the mode until a scene
change is detected again.

[Claim 41]

The video encoding device according to claim 5, wherein the emphasis means includes an
analog-to-digital converter that emphasizes analog video signals and digitizes the
emphasized signals, and a digital-to-analog converter that analogizes decoded video signals
obtained by decoding a code sequence, and the de-emphasis means is configured to de-
emphasize output from the digital-to-analog converter and output playback video signals.

[Claim 42]



A video decoding device for performing playback processing on a code sequence obtained
from compression encoding of video signals, the video decoding device comprising a
decoding means for decoding the code sequence, and a de-emphasis means for signal de-
emphasis of the decoded video signals obtained by the decoding means and outputting
playback video signals, and the de-emphasis method being configured either to have
complementary characteristics to the signal emphasis or to de-emphasize signals with a
greater degree of signal de-emphasis than the degree of emphasis in signal emphasis when
the code sequence is a code sequence obtained by compression encoding processing after
signal emphasis of video signals.

[Claim 43]

The video decoding device according to claim 42, wherein the de-emphasis means is
configured to have nonlinear characteristics in which the degree of sighal de-emphasis
increases as the amplitude of the inputted signals decreases.

[Claim 44]

An optical disk on which is recorded a code sequence obtained by the video encoding device
according to any of claims 1 to 41.

[Detailed Description of the Invention]
[0001]
[Field of Industrial Applicability]

The present invention relates to a video encoding device, video decoding device, and optical
disk used in compression encoding of video signals for transmission or recording, and for
playback of a compressed coded sequence.

[0002]
[Prior Art]

In recent years, it has become common to use, as a means of encoding video signals, a
transform coding method that divides video into blocks consisting of a plurality pixels in
close proximity to each other and performs an orthogonal transform such as a discrete
cosine transform on each block. In this method, the conversion coefficients are quantized
with a predetermined quantization width and compressed and encoded using a variable-
length code such as a Huffman code.

[0003]

In the encoding of video such as television signals, inter-frame encoding is performed using
the correlation between each frame. Inter-frame encoding uses the frame before or after a
target frame to be encoded as reference frames, predicts the target frame, encodes a
prediction error signal, and transmits or records the result. Inter-frame prediction is
performed on each block consisting of a plurality of pixels, and motion compensation is
performed by detecting the amount of motion in each block. As a result, the amount of
motion in each block is transmitted or recorded along with a prediction error signal.

[0004]



In addition, a means for decoding and processing code sequences performs an inverse
transformation to obtain playback video signals if a code sequence has been encoded using
a transform coding method. If inter-frame prediction encoding is used, a playback frame is
composed of the decoded prediction error signal, amount of motion, and reference frame,
using a predetermined playback frame previously obtained via the decoding process as a
reference frame.

[0005]
[Problem to be Solved by the Invention]

However, encoding noise becomes more pronounced as the compression ratio increases, and
block noise and mosquito noise are generated, especially in transform encoding, resulting in
image quality degradation.

[0006]

In view of these circumstances, it is an object of the present invention to provide a device
that reduces encoding noise and that realizes efficient image encoding even at high
compression ratios.

[0007]
[Means for Solving the Problem]

In order to realize the object stated above, the video encoding and decoding device of the
present invention comprises an emphasis means for emphasizing video signals, an encoding
means for encoding signals obtained from the emphasis means to obtain a code sequence,
decoding means for decoding the code sequence to obtain playback video signals, and a de-
emphasis for de-emphasizing decoded video signals with a degree of de-emphasis
corresponding to the degree of emphasis in the emphasis means to obtain playback video
signals.

[0008]

In addition, the emphasis means and the de-emphasis means are configured to have
complementary characteristics, or the degree of emphasis in the emphasis means is smaller
than the degree of de-emphasis in the de-emphasis means.

[0009]

In addition, the emphasis means is configured with nonlinear characteristics such that the
degree of emphasis increases as the amplitude of the inputted signals of the emphasis
means decreases, and the de-emphasis means is configured with nonlinear characteristics
such that the degree of de-emphasis increases as the amplitude of the inputted signals to
the de-emphasis means decreases.

[0010]
In addition, the degree of emphasis in the emphasis means is configured to be smaller than

the degree of de-emphasis in the de-emphasis means when the amplitude of the inputted
signals to the emphasis means is less than a predetermined amount, and when the degree
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of emphasis in the emphasis means is equal to the degree of de-emphasis in the de-
emphasis means, and the amplitude of the inputted signals to the emphasis means is
greater than the predetermined amount.

[0011]

The device further comprises a mode switcher that selects one of L modes (where L is a
natural number greater than or equal to 2) and outputs a mode signal, the emphasis means
is configured to emphasize the signals with a degree of emphasis according to the mode
signal, and the de-emphasis means is configured to de-emphasize signals with a degree of
de-emphasis according to the mode signal. In all of the modes, the degree of emphasis in
the emphasis means is not greater than the degree of de-emphasis in the de-emphasis
means, the degree of emphasis in the emphasis means in at least one of the L modes is less
than the degree of de-emphasis in the de-emphasis means in the mode, and in the other
modes, the degree of emphasis and the degree of de-emphasis are equal.

[0012]

In addition, the device is a device that encodes and decodes analog video signals,
comprising an emphasis means for emphasizing analog video signals, an analog-to-digital
converter that performs analog-to-digital conversion on signals obtained from the emphasis
means, an encoding means for encoding outputted signals from the analog-to-digital
converter to obtain a code sequence, a decoding means for decoding the code sequence to
obtain decoded video signals, a digital-to-analog converter that performs digital-to-analog
conversion on the decoded video signals, and a de-emphasis means for de-emphasizing the
output from the digital-to-analog converter.

[0013]

The video encoding device of the present invention also comprises an emphasis means for
signal emphasis of video signals and an encoding means for compression encoding the
output from the emphasis means.

[0014]

The video decoding device of the present invention also comprises a decoding means for
decoding a code sequence obtained from the encoding process to obtain decoded video
signals, and a de-emphasis means for de-emphasizing the decoded video signals.
[0015]

[Operation]

The present invention is able to remove encoding noise generated by the encoding process
by signal de-emphasis, resulting in improved image quality.

[0016]
By configuring a video encoding device, video decoding device, or video encoding and
decoding device with a configuration described above so that signal emphasis and signal de-

emphasis have complementary characteristics, signal de-emphasis is performed without loss
of frequency bandwidth in the video signals. As a result, just the noise components
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produced in the encoding process are removed by signal de-emphasis, resulting in improved
image quality.

[0017]

Also, making the signal emphasis smaller than signal de-emphasis results in a mismatch
between signal emphasis and signal de-emphasis, but the increase in the amount of
information in video signals due to signal emphasis can be suppressed, and the encoding
noise that occurs in the high frequency band due to signal de-emphasis can be more
effectively removed.

[0018]

In addition, by adding nonlinear characteristics to signal emphasis so that the degree of
emphasis increases with smaller amplitude signals, the increase in the amount of encoded
information is suppressed because the degree of emphasis of large amplitude signals is
small, and the encoding noise of small amplitude signals is removed more efficiently,
resulting in improved image quality.

[0019]

In addition, by providing a mode switcher, signal emphasis and signal de-emphasis can be
performed according to a plurality of modes in the encoding process. Therefore, encoding
noise can be more efficiently removed by adapting to the encoding mode or characteristics
of the video signals, etc.

[0020]

By performing signal emphasis and signal de-emphasis on analog video signals, the
emphasis and de-emphasis means can be composed of analog circuits. In this way,
encoding noise can be eliminated as the means were composed of digital circuits, but by
using analog circuits as the emphasis means and de-emphasis means, these means can be
configured more simply and inexpensively than using digital circuits.

[0021]
[Examples]

The following is a detailed description of examples of video encoding and decoding devices
of the present invention with reference to the drawings. First, a device in which video
signals are treated as digital signals will be described. For the sake of brevity, signal
emphasis and signal de-emphasis will be described as processing of two-dimensional video
signals in the horizontal direction of the screen.

[0022]
Fig. 1 is a diagram of the video encoding and decoding device in the first example of the
present invention. Fig. 1 is an encoding and decoding device comprising an emphasis circuit

101, an encoding circuit 102, a decoding circuit 103, and a de-emphasis circuit 104.

[0023]
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Inputted digital video signals 105 are subjected to signal emphasis by the emphasis circuit
101, and then encoded by the encoding circuit 102 to obtain a code sequence 106. The
decoding circuit 106 decodes the code sequence 106 and outputs decoded video signals
107. The de-emphasis circuit 104 de-emphasizing the decoded video signals 107 and
outputs playback video signals 108.

[0024]

In this example, noise generated by the encoding process is removed by signal de-emphasis
performed on the decoded video signals. However, if the original signals have been
subjected to signal emphasis prior to the encoding process, degradation of the original
signals due to signal de-emphasis can be suppressed.

[0025]

Next, as a second example of the video encoding and decoding device of the present
invention, a situation in which the emphasis circuit 101 and the de-emphasis circuit 104 in
Fig. 1 are complementary will be described. Here, the product of the transfer function of the
emphasis circuit 101 and the transfer function of the de-emphasis circuit 104 is 1.

[0026]

An example of an emphasis circuit 101 is shown in Figure 2 (a). The emphasis circuit in Fig.
2( a) consists of a first adder 201, a delayer 202, a subtractor 203, a first multiplier 204, a
second adder 205, and a second multiplier 206.

[0027]

The adder 201 in Fig. 2 (a) adds inputted signals 207 to a feedback loop signal 209, and the
output from the adder 201 is delayed one pixel by the delayer 202. The subtractor 203
subtracts the output of the delayer 202 from inputted signals 207. Output from the
subtractor 203 is inputted to the first multiplier 204 and the second multiplier 206. The first
multiplier 204 multiplies the output from the subtractor 203 by constant x1, and the second
multiplier 206 multiplies the output from the subtractor 203 by constant k1. Output from
the second multiplier 206 is inputted to the first adder 201 as a feedback loop signal 209.
Output from the first multiplier 204 is inputted to the second adder 205. The second adder
205 adds the output from the first multiplier 204 to inputted signals 207, and the output
serves as the outputted signals 208 of the emphasis circuit 101.

[0028]

For the sake of brevity, the constant k1 for the second multiplier 206 is set to 0 and there is
no feedback loop. In this situation, the emphasis circuit performs signal emphasis by
multiplying the difference with the signal one pixel earlier by x1 and adding the product to
the inputted signal.

[0029]
Fig. 2. (b) shows an example of a de-emphasis circuit with complementary characteristics to
the emphasis circuit shown in Fig. 2 (a). The de-emphasis circuit in Fig. 2 (b) consists of a

first subtractor 211, a delayer 212, a second subtractor 213, a first multiplier 214, a third
subtractor 215, and a second multiplier 216.
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[0030]

First, the first subtractor 211 subtracts feedback loop signals 219 from inputted signals 217.
The delayer 212 delays the output from the first subtractor 211 by one pixel. The second
subtractor 213 subtracts output from the delayer 212 from inputted signals 217. The output
of the second subtracter 213 is inputted to the first multiplier 214 and the second multiplier
216. The first multiplier 214 multiplies the output from the second subtractor 213 by
constant x2, and the second multiplier 216 multiplies the output from the second subtractor
213 by constant k2. The output from the second multiplier 216 is inputted to the first
subtractor 211 as feedback loop signals 219. The output from the first multiplier 214 is
inputted to the third subtractor 215. The third subtractor 215 subtracts output of the first
multiplier 214 from the inputted signals 217, and the output serves as the outputted signals
218 of the de-emphasis circuit 104.

[0031]

For the emphasis circuit in Fig. 2 (a) and the de-emphasis circuit in Fig. 2 (b) to be
complementary, the conditions in Equation 1 must be satisfied.

[0032]

[Equation 1]

- X1
ko= oK o T
1+ x1 1+ x1

[0033]

For example, if x1 = 1 and k1 = 0, then x2 = 0.5 and k2 = 0.5. The frequency
characteristics peak at fs/2 (where fs is the sampling frequency), resulting in maximum
signal emphasis and de-emphasis of approximately 9.5 dB.

[0034]

Here, the delayers 202, 212 have a time delay of one pixel, but a time delay of two pixels
may also be used. In this case, the frequency characteristics of the emphasis circuit and de-
emphasis circuit will have a peak near fs/4. In this way, signal emphasis is not performed in
high frequency components (near fs/2). This is because if the original signals are video
signals that contains many high-frequency components, emphasizing the high-frequency
components may result in more encoding noise.

[0035]

Because signal emphasis and signal de-emphasis are complementary in this example, the
emphasized signals are restored to the original signals prior to signal emphasis by the signal
de-emphasis, and only encoding noise components produced by the encoding process are
suppressed. As a result, encoding noise is reduced and image quality is improved.

[0036]
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Next, a third example of the present invention will be explained, in which emphasis by the
emphasis circuit 101 in Fig. 1 is smaller than de-emphasis by the de-emphasis circuit 104.
As a result, signal de-emphasis is stronger and a mismatch occurs.

[0037]

When the high-frequency components in signals are emphasized in signal emphasis, more
emphasized components are de-emphasized in signal de-emphasis, resulting in degradation
of the high-frequency components relative to the original signals. However, the encoding
process removes more noise generated in the high-frequency components, so image quality
improves despite the mismatch as the encoding compression ratio increases.

[0038]

In Figure 2, as x1 and k1 increase, emphasis by the emphasis circuit increases, and as x2
and k2 increase, de-emphasis by the de-emphasis circuit increases. For the parameters x1,
k1, x2, and k2 for emphasis by the emphasis circuit in Fig. 2 (a) and de-emphasis by the
de-emphasis circuit in Fig. 2 (b) to be equal, the conditions in Equation 1 above should be
satisfied.

[0039]

Therefore, the parameters x1, k1 for making the degree of emphasis smaller than the
degree of de-emphasis should be smaller than at least one of the parameters obtained from
the conditional equations in Equation 1. For example, if x1 = 0.5 and k1 = 0, then x2 = 0.5
and k2 = 0.5.

[0040]

Using this configuration, signal de-emphasis is greater than signal emphasis, so signal de-
emphasis does not restore the original signals, but more of the encoded noise components
generated by the encoding process are suppressed. As a result, encoding noise is reduced
and image quality is improved.

[0041]

In the delayer 202 in the emphasis circuit in Fig. 2 (a) and the delayer 212 in the de-
emphasis circuit in Fig. 2 (b), a delay of one pixel and a peak frequency in the frequency
gain characteristics near fs/2 may be set, or delay of two pixels and a peak frequency near
fs/4 may be set.

[0042]

In addition, the peak frequency in the frequency gain characteristics of the emphasis circuit
may be near fs/4, and the peak frequency in the frequency gain characteristics of the de-
emphasis circuit may be near fs/2. In order to do this, the delayer 202 in the emphasis
circuit in Fig. 2 (a) should be delayed by two pixels and the delayer 212 in the de-emphasis
circuit in Fig. 2 (b) should be delayed by one pixel, as mentioned above. In this way, the
high-frequency components in the original signals are impaired because signal de-emphasis
acts strongly on the high-frequency components of the original signals, but more of the
encoding noise generated by the encoding process can be removed, thus improving image
quality. However, in the low- and mid- frequency ranges, it is sufficient to obtain almost
complementary characteristics, which allows for more efficient removal of encoding noise.
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[0043]

The encoding circuit 102 and the decoding circuit 103 in the first and second examples
compress, encode, and reproduce inputted video signals, so any discrete cosine transform
coding method, etc. can be used. Note that the emphasis circuit and de-emphasis circuit are
not limited to the circuit configurations shown in Fig. 2.

[0044]

Next, a fourth example of the present invention will be described. The fourth example of the
present invention has an emphasis circuit with nonlinear characteristics in which the
emphasis circuit 101 in Fig. 1 performs signal emphasis with a smaller degree of emphasis
as the signal amplitude increases, and a de-emphasis circuit with nonlinear characteristics in
which the de-emphasis circuit 104 in Fig. 1 performs signal de-emphasis with a smaller
degree of de-emphasis as the signal amplitude increases. First, a situation will be explained
in which signal emphasis and signal de-emphasis are complementary.

[0045]

When signals with large signal amplitude are emphasized using a high degree of emphasis,
the amount of information tends to increase in video signals, which in turn may generate
more encoding noise. Therefore, by using nonlinear characteristics with respect to signal
amplitude, signal emphasis and signal de-emphasis are performed with a high degree of
emphasis on signal components that have the same amplitude as the generated noise
components, and in large amplitude signals, the increase in the amount of information is
suppressed and encoding noise can be efficiently removed.

[0046]

As in the second example, the frequency gain characteristics of the emphasis circuit and de-
emphasis circuits may peak near fs/2 or near fs/4. By setting the gain peak near fs/2,
encoding noise that occurs in the high frequency band can be actively eliminated. In
addition, by setting the gain peak near fs/4, emphasis performed on the high-frequency
components of the original signals is weakened and the generation of encoding noise is
suppressed.

[0047]

As in the third example, the degree of emphasis performed by the emphasis circuit may be
smaller than the degree of de-emphasis in the de-emphasis circuit. As a result, decoded
video signals are more strongly suppressed, but more of the encoding noise generated by
the encoding process can be removed, resulting in improved image quality.

[0048]

Also, the frequency gain characteristics of the emphasis circuit may have a peak near fs/4
and the frequency characteristics of the de-emphasis circuit may have a peak near fs/2. In
this way, signal de-emphasis acts more strongly in the high frequency range of the
frequency band than in signal emphasis, so that more of the encoding noise can be
removed, especially in the high frequency range, without affecting the signal components in
the low- and mid-frequency range, resulting in improved image quality.
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[0049]

Next, a fifth example of the present invention will be described with reference to Fig. 3. Fig.
3 shows an example of an emphasis circuit that is nonlinear with respect to the amplitude of
inputted signals. The nonlinear emphasis circuit in Fig. 3 (@) consists of a first adder 301, a
delayer 302, a subtractor 303, a limiter 304, a first multiplier 305, a second adder 306, and
a second multiplier 307. The first adder 301 adds inputted signals 308 to feedback loop
signals 310, and the output from the adder 301 is delayed one pixel by the delayer 302. The
subtractor 303 subtracts the output of the delayer 302 from inputted signals 308. Output
from the subtractor 303 corresponds to the high-frequency components in the inputted
signals.

[0050]

The limiter 304 limits the amplitude of the outputted signals from the subtracter 303 at
limiter level L1. The input/output characteristics of the limiter 304 are shown in Fig. 4. In
Fig. 4, the limiter level is set to L. As shown in Fig. 4, the outputted signals are equal to the
inputted signals when the inputted signal amplitude is from -L to L. However, when the
inputted signal amplitude is less than -L, the outputted signal amplitude is limited to -L, and
when the inputted signal amplitude is greater than L, the outputted signal amplitude is
limited to L.

[0051]

The output from the limiter 304 is inputted to the first multiplier 305 and the second
multiplier 307. The first multiplier 305 multiplies the output from the limiter 304 by constant
x1, and the second multiplier 307 multiplies the output from the limiter 304 by constant k1.
The output from the second multiplier 307 is inputted to the first adder 301 as a feedback
loop signal 310. The output from the first multiplier 305 is inputted to the second adder
306. The second adder 306 adds the output from the first multiplier 305 to inputted signals
308, and the output serves as the outputted signals 309 from the nonlinear emphasis
circuit.

[0052]

For the sake of brevity, constant k1 for the second multiplier 307 is 0. In other words, in a
case in which there is no feedback loop, if limiter level L1 is set to infinity, the circuit is the
same as the one in Fig. 2 (a), in which the amount of difference relative to the previous
signal by one pixel is multiplied by x1 and added to the inputted signals, and the circuit acts
as a linear-emphasis circuit. However, when limiter level L1 is set to the appropriate value,
the signal emphasis for smaller amplitude signals is larger than the amount of signal
emphasis for larger amplitude signals, resulting in nonlinear characteristics.

[0053]

Fig. 3 (b) shows an example of a nonlinear de-emphasis circuit with complementary
characteristics relative to the nonlinear emphasis circuit shown in Fig. 3 (a). The nonlinear
de-emphasis circuit in Fig. 3 (b) consists of a first subtractor 311, a delayer 312, a second
subtractor 313, a limiter 314, a first multiplier 315, a third subtractor 316, and a second
multiplier 317.

[0054]
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The first subtractor 311 subtracts feedback loop signals 320 from inputted signals 318. The
delayer 312 delays the output of the first subtractor 311 by one pixel. The second subtractor
313 subtracts the output of the delayer 312 from inputted signals 318. The second
subtractor 313 corresponds to the high frequency components of the inputted signal 318.

[0055]

The limiter 314 limits the amplitude of outputted signals from the second subtractor 313 at
limiter level L2. This limiter 314 is similar to the limiter 304 in the nonlinear emphasis circuit
shown in Fig. 3 (a), and its input-output characteristics are those shown in Fig. 4.

[0056]

The output from the limiter 314 is inputted to the first multiplier 315 and the second
multiplier 317. The first multiplier 315 multiplies the output from the limiter 314 by constant
x2, and the second multiplier 317 multiplies the output from the limiter 314 by constant k2.
The output from the second multiplier 317 is inputted to the first subtractor 311 as a
feedback loop signal 320. The output from the first multiplier 315 is inputted to the third
subtractor 316. The third subtractor 316 subtracts the output of the first multiplier 315 from
the inputted signals 318, and the output serves as the outputted signal 319 from the
nonlinear de-emphasis circuit.

[0057]

Limiter level L2 of the limiter 314 is defined by limiter level L1 of the limiter 304 in the
nonlinear emphasis circuit and the constant x1 for the multiplier 305. Limiter level L2 is
provided in Equation 2.

[0058]

[Equation 2]
L2 =(1+x1) L1

[0059]

In order for the nonlinear emphasis circuit in Fig. 3(a) and the nonlinear de-emphasis circuit
in Fig. 3 (b) to be complementary for signals with amplitudes sufficiently smaller than the
limiter level, the conditions in Equation 1 must be satisfied, as in Fig. 2. If Equation 2 is
satisfied, complementary characteristics can be had for all signals.

[0060]

Increasing signal emphasis also increases the amount of information contained in signals,
which in turn increases encoding noise in the compression encoding process and may cause
image quality degradation. Therefore, essentially, a smaller signal emphasis is better from
the standpoint of encoding efficiency. However, signal de-emphasis that is complementary
to signal emphasis removes encoding noise and improves image quality. Therefore, by
setting limiter level L1 for the limiter 304 in the nonlinear emphasis circuit to the
appropriate value, signal emphasis is performed with a large degree of emphasis on small
amplitude signals of the same amplitude as the noise components, and by suppressing
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signal emphasis of large amplitude signals, the increase in the amount of information can be
suppressed and encoding noise in small amplitude signals can be removed.

[0061]

For example, if the maximum signal amplitude is level 256, and x1 = 1.0, k1 = 0, x2 = 0.5,
and k2 = 0.5 as the constants for each circuit, limiter level L1 for the limiter 304 in the
nonlinear emphasis circuit and limiter level L2 for the limiter 314 in the nonlinear emphasis
circuit should be L1 = 15 and L2 = 30.

[0062]

Note that these limiter levels are examples obtained experimentally and the present
invention is not necessarily limited to these examples. However, because the noise level in
encoding noise such as block noise generated by the encoding process is often less than 30,
setting L2 to 30 can efficiently remove encoding noise.

[0063]

The delayers 302, 312 in Fig. 3 are set a delay of one pixel and the peak frequency of the
frequency gain characteristics is near fs/2, but the delay can be set to two pixels. The peak
frequency of the gain in this case is near fs/4.

[0064]

The nonlinear emphasis circuit and nonlinear de-emphasis circuit can have, but are not
limited to, the circuit configurations shown in Fig. 3. Any emphasis circuit or de-emphasis
circuit with nonlinear characteristics can be used in which the degree of emphasis decreases
as the amplitude increases.

[0065]

As in the third example, the degree of emphasis in the emphasis circuit may be smaller than
the degree of de-emphasis in the de-emphasis circuit, resulting in improved image quality
because more encoding noise from encoding processing at high compression rates is
removed. In this case, parameters x1, k1, and L1 used to make the degree of emphasis in
the emphasis circuit smaller than the degree of de-emphasis in the de-emphasis circuit in
Fig. 3 should be smaller than the parameters required by the conditional equations in
Equation 1 and Equation 2 for at least one of these three parameters.

[0066]

As in the third example, the peak frequency for the frequency gain characteristics of the
emphasis circuit and de-emphasis circuit may be set to fs/2 or fs/4. In addition, the peak
frequency for the frequency gain characteristics of the emphasis circuit may be set to fs/4
and the peak frequency for the frequency gain characteristics of the de-emphasis circuit to
fs/2.

[0067]
The nonlinear emphasis circuit and nonlinear de-emphasis circuit can have, but are not

limited to, the circuit configurations shown in Fig. 3. Any emphasis circuit or de-emphasis
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circuit with nonlinear characteristics can be used in which the degree of emphasis decreases
as the amplitude increases.

[0068]

Next, in the sixth example of the present invention, the nonlinear emphasis circuit and
nonlinear de-emphasis circuit in Fig. 3 are used in which parameters x1 and k1 for the
emphasis circuit satisfy the conditions in Equation 2, but with respect to limiter level L1, the
parameters are smaller than L1 satisfied by the conditions in Equation 2. If the limiter level
for the emphasis circuit is L1', then L2' obtained using the equation L2' = (1 + x1) x L1' <
L2 indicates the limiter level for the de-emphasis circuit that makes the emphasis and de-
emphasis levels equal when the limiter level for the emphasis circuit is L1'. Note that L2 is
the limiter level for the de-emphasis circuit when the degree of emphasis is smaller than the
degree of de-emphasis.

[0069]

When the amplitude of the inputted signals to the de-emphasis circuit is less than L2,
emphasis and de-emphasis are equal and the emphasis and de-emphasis circuits have a
complementary relationship. However, when the amplitude of the inputted signals to the de-
emphasis circuit exceeds L2', the degree of de-emphasis is greater than the degree of
emphasis. In other words, signal emphasis and signal de-emphasis have a complementary
relationship for flat patterns with a small signal amplitude, but the degree of emphasis is
smaller than the degree of de-emphasis for complex patterns with a large signal amplitude.

[0070]

When a complex picture is signal-emphasized, the increase in the amount of information is
greater than for a flat picture, and the encoding noise also increases, but the increase in the
amount of information is greater than that for a flat picture. However, this configuration is
able to suppress the degree of emphasis in complex patterns, allowing for signal emphasis
without causing an increase in the amount of information. In addition, in flat patterns, just
the encoding noise component is removed because of the complementary relationship
between signal emphasis and signal de-emphasis. In contrast, in complex patterns, the
degree of de-emphasis is greater than the degree of emphasis, so the high-frequency
components in the original signals are impaired, but the encoding process can remove more
of the noise generated in the high-frequency components, resulting in improved picture
quality.

[0071]

The emphasis circuit and de-emphasis circuit can be, but are not limited to, those shown in
Fig. 3. An emphasis circuit can be used with nonlinear characteristics in which signal
emphasis decreases as the amplitude increases, or an emphasis circuit can be used with
linear characteristics. When the signal amplitude is less than a predetermined amount, the
emphasis circuit and the de-emphasis circuit are complementary, and when the signal
amplitude is greater than a predetermined amount, any configuration is fine as long as
signal de-emphasis acts more strongly than signal emphasis.

[0072]

In the first through sixth examples described above, signal emphasis and signal de-
emphasis are described for the horizontal direction in two-dimensional video signals, but
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this processing is not limited to the vertical direction on the screen or the time direction.
Vertical processing on the screen may be done field-by-field or frame-by-frame for
interlaced images.

[0073]

Next, in the seventh example of the present invention, the two-dimensional emphasis circuit
501 in Fig. 5(a) is used as an example of the emphasis circuit 101 in Fig. 1, and the two-
dimensional de-emphasis circuit 506 in Fig. 5 (b) is used as an example of the de-emphasis
104 in Fig. 1.

[0074]

The two-dimensional de-emphasis circuit 501 in Fig. 5 (a) consists of a vertical de-emphasis
circuit 502 and a horizontal de-emphasis circuit 503, while the two-dimensional de-
emphasis circuit 506 in Fig. 5 (b) consists of a horizontal de-emphasis circuit 507 and a
vertical de-emphasis circuit 508. Each circuit configuration should have the same basic
structure as the emphasis circuit in Fig. 2 (a) or Fig. 3 (a) and the de-emphasis circuit in
Fig. 2 (b) or Fig. 3 (b), although what is to be delayed using memory (not shown) is
different for each. However, horizontal signal emphasis should be greater than vertical
signal emphasis. In the seventh example, the connection order of the vertical emphasis
circuit 502 and the horizontal emphasis circuit 503 can be the reverse of the order shown in
the figure. Similarly, the connection order of the horizontal de-emphasis circuit 507 and the
vertical de-emphasis circuit 508 is not limited to the order shown in the figure, and can be
the reverse of this order.

[0075]

In the encoding process, when video is divided into blocks consisting of a plurality of pixels
and the encoding process is performed block by block, block noise becomes particularly
pronounced as the encoding compression ratio increases, resulting in significant degradation
of image quality. This block noise is due to the appearance of discontinuities between blocks
along the block boundaries, and horizontal discontinuities are especially noticeable. In other
words, it occurs as linear noise at the boundaries between vertical blocks. In order to more
effectively remove this horizontal discontinuity, horizontal signal emphasis should be larger
than the vertical signal emphasis.

[0076]

For example, when the nonlinear emphasis circuit in Fig. 3 (a) is used as the vertical
emphasis circuit 502 and the horizontal emphasis circuit 503, and the nonlinear de-
emphasis circuit in Fig. 3 (b) is used as the horizontal de-emphasis circuit 507 and the
vertical emphasis circuit, if the constants x1, k1, L1, x2, k2, L2 shown in Table 1 are
selected, the maximum signal de-emphasis is about 9.5 dB in the horizontal direction and
about 5.5 dB in the vertical direction, which allows for more efficient removal of block noise.
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[0077]

[Table 1]
Emphasis De-Emphasis
x1 k1 L1 X2 k2 L2
Horizontal Direction 1.5 0.0 6 0.6 0.6 30
Vertical Direction 0.43 0.0 10 0.3 0.3 30

[0078]

Each of the emphasis circuits and de-emphasis circuits can be, but are not limited to, those
shown in Fig. 3. The emphasis circuits, for example, can be an emphasis circuits with
nonlinear characteristics in which signal emphasis decreases as the amplitude increases, or
can be emphasis circuits with linear characteristics. The constants shown in Table 1 are
examples obtained experimentally and the constants are not limited to those shown in Table
1.

[0079]

The horizontal de-emphasis circuits and vertical de-emphasis circuits may be
complementary to each other, and the degree of emphasis in the horizontal and vertical
emphasis circuits may be less than the degree of de-emphasis in the horizontal and vertical
de-emphasis circuits. In addition, just one of the emphasis in the horizontal direction or
vertical direction may be smaller than the de-emphasis. In this case, the emphasis must be
equal to the de-emphasis in the other direction.

[0080]

Next, in the eighth example of the present invention, as in the seventh example, the two-
dimensional emphasis circuit 501 in Fig. 5 (a) is used as an example of the emphasis circuit
101 in Fig. 1, and the two-dimensional de-emphasis circuit 506 in Fig. 5 (b) is used as an
example of the de-emphasis circuit 104 in Fig. 1. The eighth example uses the same circuits
as those in the seventh example, but the connection conditions are different from those in
the seventh example. In other words, a vertical emphasis circuit is provided first and this
must be configured to first perform vertical signal emphasis on the inputted signals.

[0081]

The operation of this example as configured above will now be explained. First, in the two-
dimensional (2D) emphasis circuit 501 in Fig. 5 (a), inputted video signals 504 are first
vertically signal-emphasized by the vertical emphasis circuit 502. The output from the
vertical emphasis circuit 502 is then signal-emphasized in the horizontal direction by the
horizontal emphasis circuit 503. The outputted signals 505 from the horizontal emphasis
circuit 503 are then encoded and decoded as described in the first example. The decoded
signals 509 are inputted to the two-dimensional de-emphasis circuit 506, and signal de-
emphasis is performed in the horizontal direction by the horizontal de-emphasis circuit 507
before signal de-emphasis is performed in the vertical direction by the vertical de-emphasis
circuit 508. The output of the vertical de-emphasis circuit 508 is outputted as playback
video signals 510.

[0082]
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Signal amplitude overflow or underflow is more likely to occur as signal emphasis increases,
resulting in a larger mismatch between the emphasis circuits and de-emphasis circuits and
the generation of noise. Therefore, the occurrence of signal amplitude overflow and
underflow can be reduced by performing vertical signal emphasis with a small degree of
emphasis first. As a result, mismatches between signal emphasis and signal de-emphasis
are reduced, and noise due to signal emphasis and signal de-emphasis can be reduced.

[0083]

Each of the emphasis circuits and de-emphasis circuits can be, but are not limited to, those
shown in Fig. 2 or Fig. 3.

[0084]

Next, a ninth example of the present invention will be described using Fig. 6. Fig. 6 is a
block diagram of an example of an encoding and decoding device as shown in Fig. 1
equipped with a mode switcher 601 and having a plurality of modes.

[0085]

The mode switcher 601 outputs a mode signal 604 in response to a mode control signal 603
used to control the plurality of modes. The emphasis circuit 602 emphasizes video signals
606 by a signal emphasis level according to the mode signal 604 and outputs the
emphasized signals. Emphasized signals 607 are then inputted to the encoding circuit for
encoding processing as described in the first example.

[0086]

If the signal emphasis is too high, the amount of information in the signals 607 inputted to
the encoding circuitry increases, which in turn may cause a lot of encoding noise in the
encoding process and result in image quality degradation. In order to maintain a
complementary relationship with the signal de-emphasis process in the device performing
decoding processing, it may be necessary to match the decoding device with the signal
emphasis characteristics. By varying signal emphasis according to a plurality of modes,
efficient compression encoding can be realized.

[0087]

For example, when recording a code sequence obtained from the compression encoding of
video signals to a medium, signal emphasis is performed according to a mode for recording
code sequences to a medium that can record and playback code sequences or a mode for
recording to a medium that can only playback code sequences. In a device that has no
means for encoding processing and only means for decoding processing, the degree of
signal de-emphasis when playing back video signals from a medium is uniquely determined
by the degree of signal emphasis during recording. However, in devices equipped with both
encoding and decoding processing, the degree of signal emphasis can be freely selected
when recording. Thus, the signal emphasis can be changed according to the mode for the
type of medium, and encoding processing can be performed efficiently.

[0088]

However, in this example, the de-emphasis circuit that performs signal de-emphasis for the
emphasis circuit is complementary to the emphasis circuit in all modes.
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[0089]

The peak frequency in the frequency gain characteristics of the emphasis circuit and de-
emphasis circuit may be specified for each mode, and the maximum gain may be specified
for each mode.

[0090]

Next, in a tenth example of the present invention, the emphasis in the emphasis circuit in
Fig. 6 is smaller than the de-emphasis in the de-emphasis circuit in at least one mode.
Here, there are three modes.

[0091]

The mode switcher 601 outputs a mode signal 604 in response to a mode control signal 603
used to control the three modes. The emphasis circuit 602 emphasizes video signals 606 at
the degree of emphasis corresponding to the mode signal 604 and outputs the emphasized
signals. The emphasized signals 607 are then inputted to the encoding circuit for encoding
processing as described in the first example.

[0092]

On the playback end, the de-emphasis circuit de-emphasizes the decoded video signals at a
degree of de-emphasis corresponding to the mode signal. Here, the emphasis in the three
modes is not greater than the de-emphasis, and for at least one mode, the emphasis is less
than the de-emphasis. The following is an example.

Degree of De-Emphasis
Degree of De-Emphasis
Degree of De-Emphasis

Mode 1: Degree of Emphasis
Mode 2: Degree of Emphasis
Mode 3: Degree of Emphasis

Al

Degree of Emphasis in Mode 1 < Degree of Emphasis in Mode 2 < Degree of Emphasis in
Mode 3

Degree of De-Emphasis in Mode 1 < Degree of De-Emphasis in Mode 2 = Degree of De-
Emphasis in Mode 3

When the signal emphasis is too high, the amount of information in the signals 607 inputted
to the encoding circuitry increases, which may increase the encoding noise generated in the
encoding process and cause degradation in image quality. Therefore, mode 3 is normally
selected for signal emphasis and signal de-emphasis, and mode 1 is selected when the
encoding process is such that there is very little encoding noise to begin with. If signal
emphasis causes more encoding noise, mode 2 is selected.

[0093]

By varying the signal emphasis according to a plurality of modes, efficient compression
encoding can be achieved.

[0094]
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In the examples of modes provided above, the de-emphasis circuit has the same de-
emphasis level for mode 2 and mode 3, but these can be different. Among these modes,
there may be a mode in which both signal emphasis and signal de-emphasis are not
performed, or there may be a mode in which signal emphasis is not performed but signal
de-emphasis is performed.

[0095]

The degree of emphasis in the emphasis circuit is determined by the mode signal, but the
degree of de-emphasis in the de-emphasis circuit may be constant regardless of the mode
signal. In this case, the degree of de-emphasis should be equal to the greatest degree of
emphasis. In this way, control using mode signals is not required on the playback end, and
the circuit size can be reduced. Although the number of modes here is three, any number of
modes can be used as long as there are two or more modes, and the examples of modes
provided above are just examples and not a limitation.

[0096]

In the ninth example and the tenth example, a means for dividing video into blocks
consisting of multiple pixels may be provided, and a mode may be selected for each block.
The unit of mode switching can be for each screen, or it can be for each predetermined unit
of time by providing a counting circuit that outputs a detection signal every predetermined
unit of time. In addition, a camera may be provided with a circuit that detects scene
changes in the video, and perform mode switching for each scene change. The mode
switcher may be configured to select a mode when a scene change is detected and hold a
mode until another scene change is detected. A scene change can also be detected by
measuring the correlation between images or using some other method.

[0097]

Next, an eleventh example of the present invention will be described using Fig. 7. Fig. 7 is a
block diagram of an example of an encoding and decoding device as in Fig. 1 that, like the
ninth example, is equipped with a mode switcher 701 and performs encoding at a plurality
of encoding compression ratios.

[0098]

The mode switcher 701 outputs a mode signal 705 in response to an encoding compression
ratio control signal 704. The emphasis circuit 702 emphasizes video signals 706 at a degree
of emphasis according to a mode signal 705. The encoder 703 encodes the outputted
signals from the emphasis circuit 702 at an encoding compression ratio according to the
encoding compression ratio control signal and outputs a code sequence 707.

[0099]

In this example of an encoding and decoding device, signal emphasis and signal de-
emphasis have a complementary relationship. When the encoding compression ratio is low,
signal emphasis is reduced, and when the coding compression ratio is high, signal emphasis
is increased. When the encoding compression ratio is low, there is no need to increase
signal emphasis and signal de-emphasis because the encoding noise is inherently low.
However, as the encoding compression ratio increases, block noise and other types of noise
occur and deterioration in image quality becomes more pronounced, so encoding noise has
to be removed more aggressively.
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[0100]

Generally, increasing signal emphasis increases the amount of information, and there is a
tradeoff between increasing encoding noise due to an increase in the amount of information
and encoding noise removed by signal de-emphasis, the signal emphasis is preferably
reduced when encoding noise is low to begin with. Therefore, by performing adaptive signal
emphasis according to the encoding compression ratio and signal de-emphasis according to
signal emphasis, encoding noise can be efficiently reduced and image quality improved.

[0101]

The de-emphasis circuit used in signal de-emphasis should be complementary to the
emphasis circuit 702, but the present invention is not limited to this. For example, there can
be a mode in which the degree of de-emphasis in the de-emphasis circuit is greater than
the degree of emphasis in the emphasis circuit.

[0102]

Next, Fig. 7 will be used to explain a twelfth example of the present invention, which is an
encoding and decoding device with a mode in which signal emphasis is smaller than signal
de-emphasis. Fig. 7 is a block diagram of an example of an encoding and decoding device
as shown in Fig. 1 which, like the eleventh example, has a mode switcher 701 that encodes
at a plurality of coding compression rates. Here, three encoding compression ratios are
used, namely, Mode 1, Mode 2, and Mode 3 below.

[0103]
Mode 1 Compression Ratio > Mode 2 Compression Ratio > Mode 3 Compression Ratio

The encoding compression ratio control signal 704 is a control signal used to determine the
mode among the three different compression ratios. The mode switcher 701 outputs a mode
signal 705 in response to encoding compression ratio control signal 704. The emphasis
circuit 702 emphasizes video signals 706 at the degree of signal emphasis according to the
mode signal 705. The encoder 703 encodes the outputted signals from the emphasis circuit
702 at the encoding compression ratio according to the encoding compression ratio control
signal, and outputs a code sequence 707.

[0104]

In this example of an encoding and decoding device, signal emphasis is reduced when the
encoding compression ratio is low, and signal emphasis is increased when the encoding
compression ratio is high. When the encoding compression ratio is low, there is no need to
increase sighal emphasis and signal de-emphasis because the encoding noise is inherently
low. However, as the encoding compression ratio increases, block noise and other types of
noise occur and deterioration in image quality becomes more pronounced, so encoding noise
has to be removed more aggressively.

[0105]
In one example, the degree of emphasis and de-emphasis for each mode is determined as

follows.
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Degree of Emphasis in Mode 1 > Degree of Emphasis in Mode 2 = Degree of Emphasis in
Mode 3

Degree of De-Emphasis in Mode 1 > Degree of De-Emphasis in Mode 2 > Degree of De-
Emphasis in Mode 3

However, the degree of emphasis should not be greater than the degree of de-emphasis in
each mode, and the degree of emphasis should be less than the degree of de-emphasis in
at least one mode. In one example, the following conditions are satisfied.

Degree of Emphasis in Mode 1 < Degree of De-Emphasis in Mode 1
Degree of Emphasis in Mode 2 = Degree of De-Emphasis in Mode 2
Degree of Emphasis in Mode 3 = Degree of De-Emphasis in Mode 3

Generally, increasing signal emphasis increases the amount of information, and there is a
tradeoff between increasing encoding noise due to an increase in the amount of information
and encoding noise removed by signal de-emphasis, the signal emphasis is preferably
reduced when encoding noise is low to begin with. Therefore, by performing adaptive signal
emphasis according to the encoding compression ratio and signal de-emphasis according to
signal emphasis, encoding noise can be efficiently reduced and image quality improved.
also, in Mode 1 (high compression ratio mode), the degree of emphasis is smaller than the
degree of de-emphasis, so the high-frequency components in the original signals are
impaired, but more of the encoding noise generated in the high-frequency components can
be removed, resulting in improved image quality.

[0106]

This configuration makes it possible to efficiently remove encoding noise by adapting to the
coding compression ratio.

[0107]

The signal de-emphasis in the de-emphasis circuit has two modes if Mode 1 and Mode 2
below are used.

Degree of Emphasis in Mode 1 < Degree of Emphasis in Mode 2
Degree of De-Emphasis in Mode 1 = Degree of De-Emphasis in Mode 2

In the mode with low compression ratio (Mode 3), sighal emphasis and signal de-emphasis
may not be performed.

[0108]

There are three modes above, but the present invention is not limited to this number. The
number of modes for encoding compression ratios and the number of modes for signal
emphasis and signal de-emphasis can be the same or different.

[0109]

When emphasis is smaller than de-emphasis, the mismatch between signal emphasis and
signal de-emphasis may be increased by decreasing the emphasis (or increasing the de-
emphasis) as the encoding compression ratio increases. In this example, if the degree of
de-emphasis in the de-emphasis circuit is held constant, the degree of emphasis is made
smaller than the degree of de-emphasis in the high compression ratio mode, and the degree
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of emphasis is made equal to the degree of de-emphasis in the low compression ratio mode.
In this way, in low compression ratio mode, just encoding noise can be eliminated without
loss of the original signals because of the complementary relationship between the
emphasis circuit and the de-emphasis circuit. Meanwhile, in the high compression ratio
mode, signal de-emphasis acts more strongly than signal emphasis, which may impair the
original signals, but improves image quality because it removes more encoding noise.

[0110]

Next, Fig. 8 is used to explain a thirteenth example of the present invention. In this
example, the device performs signal emphasis according to the spatial correlation in video
and uses activity as a measure of spatial correlation. Fig. 8 is a block diagram of an
example of an encoding and decoding device in Fig. 1 that is equipped with an activity
detector 801 and a mode switcher 802.

[0111]

The activity detector 801 detects and outputs activity 808 in video signals 807. The
detected activity 808 is inputted to the mode switcher 802, which outputs a mode signal
809 according to the activity 808. The emphasis circuit 803 emphasizes the video signals
807 at a degree of signal emphasis according to the mode signal 809. The emphasized
signals are encoded by the encoder 804 in the same manner as in the first example to
obtain a code sequence 810. The code sequence 810 is decoded by the decoder 805, and
the signals are de-emphasized by the de-emphasis circuit 806 at a degree of de-emphasis
corresponding to the degree of emphasis in the emphasis circuit 803 to obtain playback
video signals 811.

[0112]

The degree of signal emphasis in the emphasis circuit 803 should be reduced as activity in
video signals increases. This is because video signals with a large amount of activity have a
large amount of information, and therefore may generate more encoding noise in the
encoding process if emphasized at a large degree of emphasis. In this way, encoding noise
can be efficiently removed by adaptively determining the degree of signal emphasis
according to activity.

[0113]

A variance in the pixel level of pixels can be treated as activity. The variance in pixel level is
calculated using Equation 3, where the N pixel levels are al, a2, a3, ... aN. Note that m in
Equation 3 is the average of the N pixel levels calculated in Equation 4.

[0114]

[Equation 3]

Activity =
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[0115]

[Equation 4]

1 H
TNE

[0116]

The variance in pixel level can be used as the activity, but the present invention is not
limited to this. For example, activity can be the sum of the amount of difference in the pixel
levels of adjacent pixels, or the sum of the difference relative to the average, or anything
else that indicates activity in video.

[0117]

Activity detection may be performed on a block-by-block basis by dividing the screen into
blocks, or on a per-screen basis, or on a multi-screen basis. The device may also be
equipped with an image scene change detector to detect activity at each scene change, and
signal emphasis may be performed according to the detected activity. The mode switcher
may be configured to select a mode when a scene change is detected and hold the mode
until another scene change is detected.

[0118]

The de-emphasis circuit 806 for signal de-emphasis can be a circuit that is complementary
to the emphasis circuit 803, or the degree of de-emphasis can be greater than the degree of
emphasis.

[0119]

In a mode in which the degree of de-emphasis is greater than the degree of emphasis, the
degree of emphasis may be decreased (or the degree of de-emphasis increased) to increase
the difference between the degree of emphasis and the degree of de-emphasis as the
activity increases. In this way, more encoding noise can be removed and image quality
improved, although frequency bandwidth in the video is lost during encoding at low
compression rates.

[0120]

The degree of emphasis is determined according to the mode signal 809, but the degree of
de-emphasis may be constant regardless of the mode signal 809. The degree of de-
emphasis in this case should be equal to the greatest degree of emphasis.

[0121]

Next, a fourteenth example of the present invention will be described using Fig. 9. In this

example, signal emphasis is performed according to the temporal correlation in video, using
the amount of motion over time in the video as a measure of temporal correlation. Fig. 9 is
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a block diagram of an example of an encoding and decoding device shown in Fig. 1
equipped with an amount of motion detector 901 and a mode switcher 902.

[0122]

The amount of motion detector 901 detects and outputs the amount of motion 908 in video
signals 907, and the mode switcher 902 outputs a mode signal 909 according to the amount
of motion 908. In addition, the emphasis circuit 903 emphasizes video signals 907 at a
degree of signal emphasis according to the mode signal 909. As in the first example,
emphasized signals are encoded by the encoder 904 to obtain a code sequence 904. The
resulting code sequence 904 is decoded by the decoder 905, and then de-emphasized by
the de-emphasis circuit 906 at a degree of de-emphasis corresponding to the degree of
emphasis in the emphasis circuit 903 to obtain playback video signals 911.

[0123]

The degree of signal emphasis in the emphasis circuit 903 is increased as the amount of
motion in the video signals increases. This is because video signals with a large amount of
motion tend to generate encoding noise in the encoding process due to the large amount of
information. Therefore, in video with a large amount of motion, a mode that performs a
large degree of signal emphasis is selected, and signal de-emphasis is performed according
to the signal emphasis to reduce encoding noise more aggressively. In this way, encoding
noise can be efficiently removed by adaptively determining the degree of signal emphasis
according to the amount of motion.

[0124]

The method for detecting the amount of motion is not limited and can be any method for
determining the amount of motion in video signals. For example, the screen can be divided
into blocks and the amount of motion can be detected for each block, or the amount of
motion can be detected in the case of interlaced images by examining the correlation
between lines. Amount of motion detection may be performed block by block, screen by
screen, or in multiple screen units.

[0125]

The de-emphasis circuit 906 for signal de-emphasis can be a complementary circuit to the
emphasis circuit 903, or the degree of de-emphasis can be greater than the degree of
emphasis.

[0126]

In at least one mode, the degree of emphasis in the emphasis circuit may be less than the
degree of de-emphasis in the de-emphasis circuit, but in the other modes, the degree of
emphasis should be equal to the degree of de-emphasis. For example, the degree of
emphasis is made smaller than the degree of de-emphasis in the mode for video signals
with a large amount of motion. Because high-frequency components are generally fewer in
video with a larger amount of motion, there is little degradation of the original video in the
high frequency range by increasing the degree of de-emphasis, and image quality is
improved by removing more of the encoding noise contained in the high frequency range
components.

[0127]
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In the mode in which the degree of de-emphasis is greater than the degree of emphasis,
the degree of emphasis may be decreased (or the degree of de-emphasis increased) as the
amount of motion increases in order to increase the difference between the degree of
emphasis and the degree of de-emphasis. In this way, frequency bandwidth in the video is
lost in encoding at low compression rates, but more encoding noise can be removed,
resulting in improved image quality.

[0128]

The degree of emphasis is determined according to the mode signal 909, but the degree of
de-emphasis may be constant regardless of the mode signal 909. In this case, the degree of
de-emphasis should be equal to the greatest degree of emphasis.

[0129]

A circuit that detects scene changes in video may be provided and mode switching may be
performed for each scene change. The mode switcher may be configured to select a mode
when a scene change is detected and hold a mode until another scene change is detected. A
scene change can also be detected by measuring the correlation between images or using
some other method. A scene change can be detected by measuring the correlation between
images or by some other method.

[0130]

Next, a fifteenth example of the present invention will be described using Fig. 10. Fig. 10 is
a block diagram of an example of an encoding and decoding device as shown in Fig. 1
equipped with a coding distortion measuring unit 1001 and a mode switcher 1002.

[0131]

The encoding distortion measuring unit 1001 measures and outputs the amount of encoding
distortion 1008 generated by the encoder 1004 during the encoding process. The mode
switcher 1002 also outputs a mode signal 1009 according to the amount of encoding
distortion 1008. The emphasis circuit 1003 emphasizes video signals 1007 at the degree of
signal emphasis according to the mode signal 1009. The encoder 1004 encodes the
emphasized signals and outputs a code sequence 1010. After the code sequence 1010 has
been decoded by the decoder 1005, the sighals are de-emphasized by the de-emphasis
circuit 1006 at a degree of de-emphasis corresponding to the degree of emphasis in the
emphasis circuit 1003 to obtain playback video signals 1011.

[0132]

If the amount of encoding noise is large, a mode is selected that performs signal emphasis
at a large degree of emphasis and signal de-emphasis is performed according to the signal
emphasis to remove encoding noise more aggressively.

[0133]

The de-emphasis circuit 1006 for signal de-emphasis can be a circuit that is complementary

to the emphasis circuit 1003, or the degree of de-emphasis can be greater than the degree
of emphasis.
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[0134]

In at least one mode, the degree of emphasis in the emphasis circuit may be less than the
degree of de-emphasis in the de-emphasis circuit, but in the other modes, the degree of
emphasis and the degree of de-emphasis should be equal. For example, the degree of
emphasis is made smaller than the degree of de-emphasis in the mode for video signals
with a large amount of coding distortion. Increasing the degree of de-emphasis causes
degradation in the high frequency range of the original video, but improves image quality by
removing more of the encoding noise in the high frequency components.

[0135]

In the mode in which the degree of de-emphasis is greater than the degree of emphasis,
the degree of emphasis may be decreased (or the degree of de-emphasis increased) to
increase the difference between the degree emphasis and the degree of de-emphasis as the
amount of coding distortion increases. In this way, more encoding noise can be removed
and image quality improved, although frequency bandwidth in the video is lost in encoding
at low compression rates.

[0136]

The degree of emphasis is determined according to the mode signal 1009, but the degree of
de-emphasis may be constant regardless of the mode signal 1009. In this case, the degree
of de-emphasis should be equal to the greatest degree of emphasis.

[0137]

The encoding noise may be measured as the difference between the original signals and the
signals after the encoding, or it may be measured using anything that represents the
amount of encoding noise generated in the encoding process.

[0138]

The amount of encoding noise may also be represented by the quantization width used to
quantize the signals in the encoding process. In order to control the encoding compression
ratio in the encoding process, the quantization width is controlled in quantization according
to the generated amount of code. In other words, if the amount of generated code is large,
the quantization width is increased to suppress the amount of code, and if the amount of
generated code is small, the quantization width is decreased to keep the amount of code
constant. As the amount of generated code increases, the quantization width increases and
encoding noise increases accordingly.

[0139]

Thus, by selecting a mode in which signal emphasis is performed at a degree of signal
emphasis corresponding to the quantization width in quantization and signal de-emphasis is
performed according to the signal emphasis, encoding noise can be efficiently removed.
[0140]

A circuit that detects scene changes in video may be provided and mode switching may be

performed for each scene change. The mode switcher may be configured to select a mode
when a scene change is detected and hold a mode until another scene change is detected. A

32



scene change can also be detected by measuring the correlation between images or using
some other method. A scene change can be detected by measuring the correlation between
images or by some other method.

[0141]

Next, a sixteenth example of the present invention will be described using Fig. 11. Fig. 11 is
a block diagram of an example of an encoding and decoding device as shown in Fig. 1
equipped with a block boundary detector 1101 and a mode switcher 1102. In this case, the
encoding process divides the screen into blocks composed of adjacent pixels, and the
encoding process is performed on each block.

[0142]

The block boundary detector 1101 in Fig. 11 detects the boundaries between blocks, which
is the unit used in the encoding process, in video signals 1107. The mode switcher 1102
outputs a mode signal 1108 according to the detection result of the block boundary detector
1101. The emphasis circuit 1103 performs emphasis on the video signals 1107 at the
degree of emphasis corresponding to the mode signal 1108 and outputs the emphasized
signals. The emphasized signals are encoded by the encoder 1104 to obtain a code
sequence 1109. After the code sequence 1109 is decoded by the decoder 1105, signal de-
emphasis is performed in the de-emphasis circuit 1106 at the degree of de-emphasis
corresponding to the degree of emphasis in the emphasis circuit 1103 to obtain playback
video signals 1110.

[0143]

When the encoding process is performed block by block, as the encoding compression ratio
increases, encoding noise is generated as block noise that significantly degrades image
quality. This block noise is caused by discontinuities between blocks. Therefore, the block
boundaries are detected by the block boundary detector 1101, the mode for signal
emphasis with a large degree of emphasis is selected for the block boundaries, and the
encoding noise generated is actively removed by signal de-emphasis according to the signal
emphasis, especially at the block boundaries. This reduces block noise.

[0144]

The degree of emphasis at the boundaries between blocks may be smaller than the degree
of de-emphasis. In this way, the encoding noise that occurs at the boundaries between the
blocks is actively removed by large signal de-emphasis. This reduces block noise. However,
the degree of emphasis and the degree of de-emphasis should be equal except at the
boundaries between blocks.

[0145]

The degree of emphasis is determined by the mode signal 1108, but the degree of de-
emphasis may be constant regardless of the mode signal 1108. In this case, the degree of
de-emphasis should be equal to the degree of emphasis outside the boundaries between
blocks.

[0146]
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Next, a seventeenth example of the present invention will be described using Fig. 13. Fig.
13 is a block diagram of an encoding device with a block divider 1300, a contour detector
1301, and a mode switcher 1302, an emphasis circuit 1303, and an encoder 1304, and a
decoding device with a decoder 1305 and a de-emphasis circuit 1306.

[0147]

First, the block divider 1300 divides the inputted video 1307 into blocks 1308 consisting of
multiple pixels. The contour detector 1301 detects that an input block 1308 contains a
contour and outputs a detection signal 1309, and the mode switcher 1302 outputs a mode
signal 1310 in response to the detection signal 1309. The emphasis circuit 1303 also
emphasizes the block 1308 with signal emphasis according to the mode signal 1310. The
emphasized signals are encoded by the encoder 1304 in the same way as in the first
example to obtain a code sequence 1311. After the code sequence 1311 has been decoded
by the decoder 1305, the signals are de-emphasized by the de-emphasis circuit 1306 to
obtain a regenerated block 1312.

[0148]

However, a mode signal 1310 is selected so that the degree of emphasis in blocks other
than blocks containing a contour is less than the degree of de-emphasis, and the degree of
emphasis in blocks containing a contour is equal to the degree of de-emphasis. As
mentioned above, if the degree of de-emphasis is greater than the degree of emphasis,
degradation occurs in the high-frequency components. Because degradation of high-
frequency components in contour areas causes significant degradation in image quality, a
mode is determined so that the emphasis in the emphasis circuit 1303 is equal to the de-
emphasis in the de-emphasis circuit 1306 in the contour area.

[0149]

As described above, this example can reduce degradation in contour areas of video and
efficiently remove encoding noise.

[0150]

The method of detecting contours is not limited and any method can be used. The unit for
blocks is not limited, and any unit can be used.

[0151]

Next, an eighteenth example of the present invention will now be described using Fig. 14.
Fig. 14 is a block diagram of an encoding device with a block divider 1400, an activity
detector 1401, a contour detector 1402, a mode switcher 1403, an emphasis circuit 1404,
and an encoder 1405, and a decoding device with a decoder 1406 and a de-emphasis circuit
1407.

[0152]

The block divider 1400 divides inputted video 1408 into blocks 1409 consisting of multiple
pixels. The activity detector 1401 detects activity 1410 in a block 1409 as in the thirteenth
example. The contour detector 1402 detects that a block 1409 contains a contour area as in
the seventeenth example and outputs a detection signal 1411. The mode switcher 1403
outputs a mode signal 1412 according to the detected activity 1410 and the contour
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detection signal 1411. The emphasis circuit 1404 emphasizes a block 1409 at a degree of
emphasis according to the mode signal 1412. The emphasized signals are encoded by the
encoder 1405 and a code sequence 1413 is outputted. After the code sequence 1413 has
been decoded by the decoder 1406, signal de-emphasis is performed by the de-emphasis
circuit 1407 to obtain a regenerated block 1414.

[0153]

If activity in a block 1409 is greater than a predetermined amount and does not include a
contour area, the mode switcher 1403 selects a mode so that the degree of emphasis in the
emphasis circuit 1404 is less than the degree of de-emphasis in the de-emphasis circuit
1407. For other blocks, the degree of emphasis and the degree of de-emphasis should be
equal.

[0154]

Because a larger amount of activity results in larger encoding noise, more encoding noise
can be removed by making the degree of de-emphasis larger than the degree of emphasis.
Although activity is often high in a contour area, a degree of de-emphasis greater than the
degree of emphasis is not desirable, as this results in degradation of the contour area due to
signal de-emphasis. Therefore, by configuring the device as shown in Fig. 14, the degree of
emphasis can be made smaller than the degree of de-emphasis only for video regions with a
large amount of activity except in contour areas, and the encoding noise can be efficiently
removed without degrading contour areas.

[0155]

The degree of emphasis in the emphasis circuit 1404 is determined according to the mode
signal 1412, while the degree of de-emphasis in the de-emphasis circuit 1407 may be
constant regardless of the mode signal 1412. In this case, the degree of emphasis in video
regions that have a large amount of activity and do not have a contour area is smaller than
the degree of emphasis in other video regions, and the degree of de-emphasis is equal to
the largest degree of emphasis.

[0156]

The activity detection method may be the same as in the thirteenth example, but the
present invention is not limited to this method. The method for detecting contours is not
limited and any method can be used. Also, the size of the blocks is not limited, any size can
be used.

[0157]

The size of the blocks used as the detection unit for activity and contour areas may be
different. For example, if activity detection is performed on small blocks consisting of 8 x 8
pixels and contour detection is performed on large blocks consisting of 16 x 16 pixels, for
small blocks included in a large block that does not include the contour area, the degree of
emphasis is determined for each small block according to the amount of activity. For large
blocks that contain contours, the degree of emphasis should be determined for each large
block.

[0158]
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Next, a nineteenth example of the present invention will be described using Fig. 15. Fig. 15
shows an example of the contour detector in the seventeenth or eighteenth example. The
contour detector in Fig. 15 consists of an activity detector 1501, a memory 1502, a first
comparator 1503, a second comparator 1504, and a detection signal output unit 1505.

[0159]

The activity detector 1501 detects and outputs activity 1510 in an inputted block 1509 as in
the eighth example. The memory 1502 stores the activity 1510 and outputs activity 1511
for the targeted block and activity 1512 for blocks located around the targeted block. Here,
the surrounding blocks are the four blocks located above, below, left, and right of the
targeted block. The first comparator 1503 compares the activity 1511 in the targeted block
with a first predetermined amount and outputs the comparison result 1513. The second
comparator 1504 compares the activity 1512 in the surrounding blocks with a second
predetermined amount and outputs the comparison result 1514. The detection signal output
unit 1505 outputs a contour detection signal 1515 according to result 1513 from the first
comparator 1503 and the result 1514 from the second comparator 1504.

[0160]

If the amount of activity 1511 in the targeted block is greater than the first predetermined
amount and at least one of the amounts of activity 1512 in the surrounding blocks is less
than the second predetermined amount, the detection signal output unit 1505 outputs a
contour detection signal 1515 as the targeted block contains a contour area. This is used to
indicate that the amount of activity in the contour area is high, especially when the contour
area is adjacent to a flat pattern. If the degree of de-emphasis is greater than the degree of
emphasis in a contour area adjacent to a flat pattern, the degradation due to signal de-
emphasis will be greater. Therefore, as in the thirteenth or fourteenth example, the degree
of emphasis and the degree of de-emphasis should be equal in the contour area to
efficiently remove encoding noise and improve image quality.

[0161]

Next, Fig. 16 shows the twentieth and the twenty-first examples of encoding and decoding
devices of the present invention for video signals. In Fig. 16, 1603 is a control signal
generating circuit and consists of horizontal and vertical counters and decoders. Also, 1604
is an emphasis circuit with different types of emphasis characteristics and consists of a high-
pass filter, a multiplier, and an adder. An example of such a configuration is shown in Fig. 2

(a).
[0162]

Also, 1605 is the encoder and 1606 is the decoder. In this example, 1607 is a de-emphasis
circuit with different types of de-emphasis characteristics and consists of a high-pass filter,
multiplier, and subtractor. An example of such a configuration is shown in Fig. 2 (b).

[0163]

The operation of this device is described in detail in Fig. 16. Digital image signals consisting
of three component signals are time-division multiplexed and inputted to the input terminal
1601 in synchronization with horizontal and vertical synchronization signals. Horizontal and
vertical synchronization signals and a clock to sample video signals are inputted to the other
input terminal 1602. The control signal generating circuit 1603 generates a two-bit mode
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control signal m that identifies each of the three component signals based on the horizontal
and vertical synchronization signals and the clock used sample video signals, and outputs
the mode control signal m to the emphasis circuit 1604 and the de-emphasis circuit 1607.

[0164]

The emphasis circuit 1604 performs signal emphasis on each component of the digital
signals according to one of several types of emphasis characteristics selected according to
the mode control signal m. The encoder 1605 encodes the output from the emphasis circuit
1604 and outputs a code sequence. This code sequence is usually transmitted or recorded
on a medium. The decoder 1606 decodes the code sequence and outputs the decoded video
signals to the de-emphasis circuit 1607.

[0165]

The de-emphasis circuit 1607 performs de-emphasis on each component decoded video
signals according to one of several types of de-emphasis characteristics selected according
to the mode control signal m, and outputs the playback video signals at the output terminal
1608. Here, the emphasis characteristics of the emphasis circuit 1604 and the de-emphasis
characteristics of the de-emphasis circuit 1607, which are selected according to the mode
control signal m, have a complementary relationship. In other words, the product of their
respective transfer functions is always 1.

[0166]

Selection of one of the different types of characteristics according to the mode control signal
m means that the four coefficients (x1, k1, x2, k2) shown in Fig. 2 change depending on the
mode control signal m. Visual sensitivity to each component in video signals in the case of
RGB signals is known to be G > R > B, in that order. Therefore, by determining the ratio of
the amount of emphasis and de-emphasis by the ratio of the visual sensitivity of each
component, and applying large signal emphasis to components with high visual sensitivity
and small signal emphasis to the components with low visual sensitivity, encoding can be
done without increasing the amount of information due to unnecessary signal emphasis, and
coding noise is efficiently reduced to match human visual characteristics.

[0167]

As explained above, because in this example each of the three components of digital video
signals are subjected to signal emphasis corresponding to its visual sensitivity ratio,
encoding and decoding are performed, and the signal de-emphasis performed has
complementary characteristics to signal emphasis, the emphasized signals are restored to
their original signals before signal emphasis by signal de-emphasis, only the coding noise
component generated by the coding process is suppressed, and not only is encoding noise
reduced and image quality improved, but optimal encoding noise reduction can be realized
in response to the visual sensitivity of each component.

[0168]
If the signal emphasis and signal de-emphasis are nonlinear characteristics such that the
degree of emphasis and the degree of de-emphasis become smaller as the signal amplitude

increases, signal emphasis is performed with a large degree of emphasis in small amplitude
signals of the same amplitude as the noise components, the signal emphasis of large
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amplitude signals is de-emphasized to suppress the increase in the amount of information,
and encoding noise in small amplitude signals can be removed.

[0169]

The emphasis and de-emphasis circuits are not limited to the circuit configurations shown in
Fig. 2, and can be any circuit in which signal emphasis and signal de-emphasis have a
complementary relationship. The coder 1605 and the decoder 1606 compression encode and
decode inputted video signals, and any method can be used, such as a discrete cosine
transform encoding method. Because the mode control sighal m corresponds to each
component, there is no particular need to transmit or record mode control signals m on a
medium. The number of bits in the mode control signal is not limited to two bits, and any
bits can be turned into a single bit by making two of the three components have the same
characteristics.

[0170]

Although the emphasis and de-emphasis circuits are assumed to be complementary, the
degree of emphasis in the emphasis circuit can be smaller than the degree of de-emphasis
in the de-emphasis circuit.

[0171]

Next, the twenty-first example of the present invention will be described. The twenty-first
example of the present invention differs from the first example in terms of the mode control
signal m generated by the control signal generating circuit 1603 in Fig. 16. The control
signal generating circuit 1603 outputs a two-bit mode control signal m, which identifies the
frame prediction structure for inter-frame prediction encoding from the horizontal and
vertical synchronization signals and the clock for sampling video signals, to the emphasis
circuit 1604 and the de-emphasis circuit 1607.

[0172]

In general, frame prediction structures for inter-frame prediction encoding include I frames
for intra-frame coding, P frames for one-way prediction encoding, and B frames for two-way
prediction encoding, and a comparison of the encoding noise for each frame indicates that
encoding noise tends to increase in the order I < P < B. Therefore, by identifying each
frame and increasing the amounts of emphasis and de-emphasis in the order I < P < B,
uniform playback quality can be obtained over each frame.

[0173]

Because the mode control signal m corresponds to the frame prediction structure, there is
no particular need to transmit or record the mode control signal m on a medium.

[0174]

Although the processing in the explanation was frame-by-frame processing, it may be field-
by-field processing for interlaced images, etc. When video is divided into blocks consisting of
multiple pixels and the encoding process is determined for each block, mode selection
should be made for each block.

[0175]
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Although intra-frame encoding and inter-frame prediction encoding were mentioned above
as multiple encoding processing, the explanation is not limited to these types of processing,
and the present invention can be applied to situations in which switching between
conversion encoding and DPCM encoding is used as the multiple encoding processing.

[0176]

Signal emphasis and signal de-emphasis are assumed above to be complementary, but
there may be a mode in which the degree of emphasis is less than the degree of de-
emphasis. For example, in the case of inter-frame encoding methods, etc., a mode may be
selected in which the degree of emphasis is smaller than the degree of de-emphasis. This
can efficiently remove encoding noise when performing the frame-to-frame encoding
method, for example, when the amount of allocated encoding information is small.

[0177]

Alternatively, the degree of emphasis alone may be determined according to the encoding
method, and the degree of de-emphasis may remain constant. In this case, the degree of
de-emphasis should be equal to the highest degree of emphasis.

[0178]

Next, a twenty-second example of the present invention will be described. Fig. 17 shows a
twenty-second example of the encoding and decoding device for video signals of the present
invention. In Fig. 17, 1701 is a direct current level detecting circuit and consists of an adder,
memory, and a counter. Also, 1702 is a mode control sighal generating circuit that consists
of a comparator, etc. The other blocks are the same as in Fig. 16.

[0179]

The operation of this device will be described in detail according to Fig. 17. Digital video
signals quantized at 8 bits, for example, are inputted to the input terminal 1601. The direct
current level detecting circuit 1701 detects the direct current level by adding video data
values of the inputted digital video signals or decoded video signals over a predetermined
period of time, for example, one frame period, and calculating the average value, which is
outputted to the mode control signal generating circuit 1702. The mode control signal
generating circuit 1702 compares this direct current level with, for example, three values
(64, 128, and 192) and outputs a two-bit mode control signal m to the emphasis circuit
1604 and the de-emphasis circuit 1607, which specifies whether the value is in the range 0
to 63, 64 to 127, 128 to 191, or 192 to 255.

[0180]

If large signal emphasis is applied by the emphasis circuit 1604 when the direct current
level is high, such as near the 255 level, there is a high probability that the level of the
video signals after emphasis will overflow beyond 255. If a large signal emphasis is applied
by the emphasis circuit 1604 when the direct current level is low, such as near the 0 level,
there is a high probability that the level of the video signhals after emphasis will underflow
beyond 0. Because a mismatch occurs during de-emphasis, the emphasis and de-emphasis
characteristics are changed according to the direct current level. The subsequent operations
are similar to those described in Example 21, so further description will be omitted.
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[0181]

In this example, as described above, by detecting the direct current level of the digital video
signals over a predetermined period of time and reducing the degree of emphasis and
degree of de-emphasis as the values become closer to the 0 or 255 level, the occurrence of
signal amplitude overflow and underflow can be reduced, resulting in less mismatch
between signal emphasis and signal de-emphasis, and less noise due to signal emphasis
and signal de-emphasis.

[0182]

In this case, if the mode control signal m at the time of emphasis is transmitted or recorded
on a medium, the direct current level detecting circuit 1701 and mode control signal
generating circuit 1702 on the playback end shown in Fig. 17 become unnecessary, and
playback video signals can be obtained with higher precision using smaller circuitry.

[0183]

A circuit that detects scene changes in video may be provided and mode switching may be
performed for each scene change. The mode switcher may be configured to select a mode
when a scene change is detected and hold a mode until another scene change is detected. A
scene change can also be detected by measuring the correlation between images or using
some other method. A scene change can be detected by measuring the correlation between
images or by some other method.

[0184]

Next, a twenty-third example of the present invention will be described. Fig. 18 shows a
twenty-fourth example of the encoding and decoding device for video signals in the present
invention. In Fig. 18, 1801 is the signal amplitude detection circuit, 1802 is the mode
control signal generating circuit, 1803 is the first multiplier, and 1804 is the second
multiplier. The other blocks are the same as those in Fig. 16.

[0185]

The operation of this device is described in detail according to Fig. 18. Digital video signals
are inputted to the input terminal 1601. The sighal amplitude detecting circuit 1801 detects
the signal amplitude of the inputted video signals over a predetermined period of time and
outputs the level to the mode control signal generating circuit 1802. The mode control
signal generating circuit 1802 outputs the mode control signal m to the first multiplier 1803.

[0186]

Meanwhile, the inputted video signals are multiplied by the first multiplier 1803 whose
multiplication factor changes according to the mode control signal m outputted from the
mode control signal generator circuit 1802. The output of the first multiplier 1803 is
emphasized by the emphasis circuit 1604 and outputted to the encoder 1605. The encoder
1605 encodes the output of the emphasis circuit 1604, and a code sequence is transmitted
or recorded on a medium.

[0187]
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This code sequence is decoded by the decoder 1606 and the decoded video signals are
outputted to the de-emphasis circuit 1607. The de-emphasis circuit 1607 de-emphasizes the
decoded video signals using characteristics complementary to those of the emphasis circuit
1604. The output of the de-emphasis circuit 1607 is outputted to the signal amplitude
detecting circuit 1801 and the second multiplier 1804. The signal amplitude detecting circuit
1801 detects the signal amplitude of the decoded video signals over a predetermined period
of time and outputs its level to the mode control signal generating circuit 1802.

[0188]

The mode control signal generating circuit 1802 outputs a mode control signal m to the
second multiplier 1804. Meanwhile, the decoded video signals are multiplied by the
reciprocal of the multiplication factor of the first multiplier 1803 according to the mode
control signal m outputted from the mode control signal generating circuit 1802, and
playback video signals are outputted to the output terminal 1608.

[0189]

Normally, the emphasis characteristics are modified by changing X1 and K1 shown in Fig. 2,
and this can be realized as actual hardware by storing a characteristic table in ROM.
However, in the configuration of this example, the emphasis and de-emphasis characteristics
remain fixed, and the emphasis characteristics can be changed by controlling the amplitude
of the inputted video signals by the mode control signal m. This eliminates the need for
hardware such as a ROM storing a characteristics table and reduces the size of the circuitry.

[0190]

If the signal amplitude of the video signals inputted from the input terminal 1601 is very
large, the probability that overflow will be caused by the emphasis processing increases,
and noise due to a mismatch between emphasis and de-emphasis will occur. At this time,
the configuration of this example can be used to reduce noise by controlling the amplitude
of the video signals to reduce it so that overflow does not occur, and by applying the
opposite processing to the signals after de-emphasis.

[0191]

In this case, if the mode control signal m at the time of emphasis is transmitted or recorded
on a medium, the signal amplitude detecting circuit 1801 and mode control signal
generating circuit 1802 on the playback end shown in Fig. 18 become unnecessary, and
playback video signals can be obtained with higher precision using smaller circuitry.

[0192]

Next, the twenty-fourth example of the present invention will be described. Fig. 19 shows
an example of an optical disk device for recording a code sequence encoded by the encoding
device for video signals in the present invention. In Fig. 19, 1902 is an emphasis processing
circuit that performs signal emphasis using the configuration of an emphasis circuit
described in Examples 1 through 23 of the present invention, 1903 is a recording system
signal processing circuit that adds error correction codes, signal modulation, equalization,
and signal amplification to a code sequence encoded by the encoder 1605, 1904 is a
recording head, and 1905 is an optical disk.

[0193]
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In order to explain the operation of this example with the configuration described above,
first, the digital video signals inputted from the input terminal 1901 are emphasized in the
emphasis processing circuit 1902 by means of emphasis processing based on a
configuration described in Examples 1 through 23. The enhanced signhals are encoded by the
encoder 1605, and a code sequence is outputted to the recording system signal processing
circuit 1903. The recording system signal processing circuit 1903 adds error correction
codes to the code sequence, performs digital modulation and recording equalization,
amplifies the signals, and records the signals on the optical disk 1905 with the recording
head 1904.

[0194]

In each of the ninth through twenty-third examples of the present invention, the unit for
mode switching is not limited, and can be any unit, such as a screen unit, multiple screen
unit, or a block unit obtained by dividing the screen into blocks. The emphasis circuit may
have nonlinear characteristics as in the fourth example, or may have linear characteristics.
There can also be a mode in which there is no signal emphasis and no signal de-emphasis at
all.

[0195]

The device may be equipped with a transmitter for transmitting or recording mode signals
along with the encoded video data, and the playback means may be has a means for
receiving mode signals. This eliminates the need for mode selection on the playback end
and reduces the size of the circuitry.

[0196]

The emphasis circuit in each example can be a two-dimensional emphasis circuit as
described in the seventh or eighth examples, a one-dimensional emphasis circuit, or a
three-dimensional emphasis circuit that includes the direction of time.

[0197]

In each example, signal emphasis and signal de-emphasis are performed on digital video
signals. However, signal emphasis and signal de-emphasis may also be performed on analog
video signals.

[0198]

In Fig. 12, an encoding and decoding device that performs signal emphasis and signal de-
emphasis on analog video signals is shown as the twenty-fifth example of the present
invention. Fig. 12 is an encoding and decoding device consisting of an emphasis circuit
1201, an analog-to-digital converter 1202, an encoding circuit 1203, a decoding circuit
1204, a digital-to-analog converter 1205, and a de-emphasis circuit 1206.

[0199]
The emphasis circuit 1201 performs emphasis on analog video signals 1207. The
emphasized signals are converted to digital signals by the analog-to-digital converter 1202

and inputted to the encoding circuit 1203. The encoding circuit 1203 encodes inputted
signals and outputs a code sequence 1208. The decoding circuit 1204 decodes the code
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sequence 1208 and outputs decoded digital video signals 1209. The decoded digital video
signals 1209 are converted to analog signals by the digital-to-analog converter 1205 and
inputted to the de-emphasis circuit 1206. The de-emphasis circuit 1206 has complementary
characteristics to the emphasis circuit 1201, and de-emphasizes the inputted signal and
outputs analog playback video signals 1210.

[0200]

Thus, by configuring the emphasis circuit 1201 and the de-emphasis circuit 1206 using
analog circuits, these circuits can be configured more simply and inexpensively than with
digital circuits.

[0201]

The signal emphasis and signhal de-emphasis may have a complementary relationship, or the
degree of emphasis may be smaller than the degree of de-emphasis.

[0202]

In the first through twenty-fourth examples, in order to perform signal emphasis and signal
de-emphasis of analog signals, an analog-to-digital conversion means should be placed
between the signal emphasizing means and the signal de-emphasizing means, and a digital-
to-analog conversion means should be placed between the decoding means and the signal
de-emphasizing means, as shown in Fig. 12.

[0203]

There are no particular restrictions on the analog-to-digital conversion means and the
digital-to-analog conversion means, which may be any means of digital conversion and
analog conversion.

[0204]

The examples describe encoding and decoding devices equipped with both a means for
compression encoding and a means for decoding of video signals, but the present invention
may be similarly applied to video encoding devices equipped only with a means for
compressing and encoding video signals to output a code sequence, or video decoding
devices equipped only with a means for decoding a code sequence to output playback video
signals.

[0205]

Any method of performing encoding and decoding processing may be used in an encoding
and decoding device of the present invention, such as the discrete cosine transform
encoding method.

[0206]

It goes without saying that in each example described above, a transmission line or
recording medium may be interposed between the encoding circuit or encoder and the

decoding circuit or decoder.

[0207]
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[Effects of the Invention]

By processing video sighals using compression encoding to obtain a code sequence after
signal emphasis, and by performing signal de-emphasis according to the signal emphasis
after decoding the code sequence, the present invention can remove encoding noise
generated by the encoding process, resulting in improved image quality.

[0208]

In addition, by configuring the signal emphasis and signal de-emphasis to have
complementary characteristics, signal de-emphasis is performed without impairing the
frequency bandwidth of the video signal. In this way, just the noise components generated
by the encoding process can be removed by signal de-emphasis, resulting in improved
image quality.

[0209]

Also, by making the signal emphasis smaller than the signal de-emphasis, a mismatch is
created between signal emphasis and signal de-emphasis, but an increase in the amount of
information in the video signals due to signal emphasis can be suppressed, and the
encoding noise that occurs in the high frequency band due to signal de-emphasis can be
more effectively removed.

[0210]

In addition, by adding nonlinear characteristics to signal emphasis so that the degree of
emphasis increases at smaller amplitude signals, the increase in the amount of encoded
information is suppressed because the degree of emphasis for large amplitude signals is
small, and the encoding noise is removed from smaller amplitude signals more efficiently,
resulting in improved image quality.

[0211]

By providing a mode switcher that selects one of a plurality of modes, signal emphasis and
signal de-emphasis are performed in the encoding process according to a plurality of modes.
Therefore, encoding noise can be removed in a manner appropriate to the encoding mode,
video signal characteristics, etc.

[0212]

By performing signal emphasis and signal de-emphasis on analog video signals, the
emphasis and de-emphasis means can be composed of analog circuits. In this way,
encoding noise can be eliminated as the means were composed of digital circuits, but by
using analog circuits as the emphasis means and de-emphasis means, these means can be
configured more simply and inexpensively than using digital circuits.

[Brief Description of the Drawings]
[Fig. 1]

Fig. 1 is a block diagram of the video encoding and decoding device in the first, second,
third, and fourth examples of the present invention.
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[Fig. 2]

Fig. 2 (a) and Fig. 2 (b) are block diagrams of the emphasis circuit and the de-emphasis
circuit in the second and third examples of the present invention.

[Fig. 3]

Fig. 3 (@) and Fig. 3 (b) are block diagrams of the nonlinear emphasis circuit and the
nonlinear de-emphasis circuit in the fifth and sixth examples of the present invention.

[Fig. 4]

Fig. 4 is an input and output characteristic diagram of the limiter circuit in the fifth example
of the present invention.

[Fig. 5]

Fig. 5 (a) and Fig. 5 (b) are block diagrams of the emphasis circuit and the de-emphasis
circuit in the seventh and eighth examples of the present invention.

[Fig. 6]

Fig. 6 is a block diagram of a portion of the encoding and decoding device in the ninth and
tenth examples of the present invention.

[Fig. 7]

Fig. 7 is a block diagram of a portion of the encoding and decoding device in the eleventh
and twelfth examples of the present invention.

[Fig. 8]

Fig. 8 is a block diagram of the encoding and decoding device in the thirteenth example of
the present invention.

[Fig. 9]

Fig. 9 is a block diagram of the encoding and decoding device in the fourteenth example of
the present invention.

[Fig. 10]

Fig. 10 is a block diagram of the encoding and decoding device in the fifteenth example of
the present invention.

[Fig. 11]

Fig. 11 is a block diagram of the encoding and decoding device in the sixteenth example of
the present invention.

[Fig. 12]
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Fig. 12 is a block diagram of the encoding and decoding device in the twenty-fifth example
of the present invention.

[Fig. 13]

Fig. 13 is a block diagram of the encoding and decoding device in the seventeenth example
of the present invention.

[Fig. 14]

Fig. 14 is a block diagram of the encoding and decoding device in the eighteenth example of
the present invention.

[Fig. 15]

Fig. 15 is a block diagram of the encoding and decoding device in the nineteenth example of
the present invention.

[Fig. 16]

Fig. 16 is a block diagram of a portion of the encoding and decoding device in the twentieth
and twenty-first examples of the present invention.

[Fig. 17]

Fig. 17 is a block diagram of the encoding and decoding device in the twenty-second
example of the present invention.

[Fig. 18]

Fig. 18 is a block diagram of the encoding and decoding device in the twenty-third example
of the present invention.

[Fig. 19]

Fig. 19 is a block diagram of the encoding and decoding device in the twenty-fourth
example of the present invention.

[Key to the Figures]

101: Emphasis circuit

102: Encoding circuit

103: Decoding circuit

104: De-emphasis circuit

601: Mode switcher

801: Activity detector

901: Amount of motion detector
1001: Encoding distortion measuring unit
1101: Block boundary detector
1202: Analog-to-digital converter
1205: Digital-to-analog converter
1300: Block divider

1301: Contour detector
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1603:
1701:
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1904:
1905:

Control signal generating circuit
Direct current level detecting circuit
Signal amplitude detecting circuit
Recording head

Optical disk
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[Fig. 2]
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[Fig. 3]
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[Fig. 4]
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[Fig. 5]

(a) Two-Dimensional Emphasis Circuit S0/
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502: Vertical emphasis circuit

503: Horizontal emphasis circuit
507: Horizontal de-emphasis circuit
508: Vertical de-emphasis circuit
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[Fig. 6]
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[Fig

. 7]
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[Fig. 8]
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[Fig. 9]
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[Fig. 10]
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[Fig. 11]
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[Fig. 12]
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[Fig. 13]
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[Fig. 14]
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[Fig. 15]
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[Fig. 16]
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[Fig. 17]
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[Fig.
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[Fig. 19]
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