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[0001]

13 The present invention relates to a predictive coding technique using correlation between
frames of a moving image signal. (Prior Art and Its Problems) It is well known that in
compressing moving image signals, for example in the case of television signals, interframe
predictive coding is effective, which utilizes the correlation that exists between pictures called
frames. In particular, this method achieves a very high compression ratio for still images and
guasi-still images that contain little motion, while at the same time providing good quality
reproduced images. However, as the movement increases, the correlation between frames
decreases, so there is a weakness in that if you try to maintain a high compression rate, the
image quality inevitably decreases. To compensate for this, a technique called motion
compensation has been applied, which uses the movement within the screen to make highly
accurate predictions, achieving high compression rates and high-quality images even for
images that contain large movements. This is described in detail, for example, in the
commentary by T. Ishiguro et al., "Television Bandwidth Compression Transmission by
Motion-Compensated Interframe Coding" (IEEE Communication Magazine, pp. 24-30,
November 1982). Even if this motion compensation is used, the effect is reduced when the
motion is very fast, and it is quite possible that excessive information is generated compared
to the set transmission rate. In such cases, in order to reduce the amount of information

generated, the quantization characteristics of the prediction error may be changed from fine to

coarse, or the number of pixels to be coded may be reduced (so-called subsampling), or the
number of fields to be coded may be reduced by field thinning, or coding may be stopped
altogether. In this case, the degradation caused by coarse quantization is referred to as the
dirty window effect, and motion pauses occur which are more noticeable than the loss of
spatial resolution caused by subsampling or field skipping. One method for reducing the
amount of generated information even when motion compensation is not very effective due to
fast motion is to apply an orthogonal transform to the prediction error due to motion
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compensation. For example, this is shown in the paper "Displacement Measurement and Its
Application in Interframe Image Coding" by J. R. Jain et al. (IEEE Trans Commun, vol. COM-29,
No. 12, pp. 1799-1808, December 1981).
200000000000000DO000DO000DOOO0ODOOODOOODOOODOOODOOODOOO0n
dodoooouooouotdouododoioiodooooooooooooooon
O000000000DO00D0D0O0O0D0O00DbLO0o0DbLOOo0DDLO0oDDLOOo0oDbOo0oDbOOoOoDDbOoOoDO
O000000DOO00DO00DO00DO O0bOo0obOo0obOo0obOoobOOoooDoooooog
ooo0oboobooboobooboobooboobooboobDoobDooboDo oo g
O000000000DLO00D0O0O0D0O00DbO0o0DbLOo0oDDLOOoDDbOOooDbOo0oDbOOoOoDDbOoOoDOg
godoououotdouououououod ouoooooooooooooooooaoad
Oo00o0bO0o0ob0oob0oob0obob0oobooboobooDboobooboobUoobo
O000000D000DO00D000DO00 OD00DbO00bO00b000b0000T.ashiguroO O
godoououotuod oo ouououod oooooooono od og
D000000000D0O0 0DDO00DDb0O0DO O0DO0D0DOdTelevision Bandwidth
Compression Transmission by Motion-Compensated Interframe CodingU U [ IEEE
Communication Magazine,pp.240 30,November 19820 0 0 000 DO ODOOOOOOOO
O000000000DO00D0D0O0O0D0O00DbLO0o0DbLOOo0DDLO0oDDLOOo0oDbOo0oDbOOoOoDDbOoOoDO
OD000000DOO00DO00DO00DLO00DbO0 ObhOoobOo0obOo0obOOooooooooog
Do0o0b0oob0ooboob0oboboobOooboobUooDbooboobooboobo
OD0000000O00DLO0D0DO0O0D0O00DbL0o0DbLOo0oDDLOOoDDbOOooDDbOo0oDbOOoOoDDbOOoOoDO
godoououododououououodododooodo ooonooooooaoad
Oo00o0bO0o0ob0oob0oob0obob0oobooboobooDboobooboobUoobo
O000000000DO0D0DO0ODO0OO0D0DDOO0O0DDOOo0DDOO0oD0DDOOo0oDDbOo0DDbOOoOoDbOoOoDO
dodoooouotuod ooooooooooooooooooooooooooooaoad
O000000b0o0ob0o0ob0o0ob0oob0ooboob0oobOoooDoooDoooDooo g
O000000D000D0000000JRJaNOODDO0ODDOODOOODODOOODOOO OO
000000000 oooboobob0 b bbb oo bDoobo ooboooo
[0 Displacement Measurement and Its application in Interframe Image Coding(] 00 O IEEE
Trans Commun,vol COM 29,N0.12,pp.179900 1808,December19810 0 0 0 00O OO

70 However, when low-speed transmission is considered, most of the AC components of the
transform coefficients after orthogonal transform must be ignored. At this time, the
coefficients corresponding to complex patterns, that is, the coefficients corresponding to high
frequencies, are usually discarded by quantization. As a result, parts with many changes are
equivalently smoothed. When the movement is very fast, this smoothing process often results
in some overall blurring of the moving object without causing any problems. When capturing
images using current storage TV cameras, fast-moving objects are inevitably blurred. That is,
motion-compensated interframe prediction errors for motions that are too fast for sufficient
motion compensation inherently have strong intraframe correlation and are suitable for
orthogonal transformation, and although the smoothing may cause some increase in blur,
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visual degradation is minimal. However, for slow motion where the effect of motion
compensation is evident, the contour is clear with little blurring, and the prediction error often
occurs in isolation around the contour of the moving object. That is, the intra-frame
correlation of the prediction error signal itself is very low. The reason why orthogonal
transformation is effective in reducing redundancy in image signals is because correlation
within a screen is high. If the correlation becomes low, there is no advantage to using
orthogonal transformation. If an orthogonal transform is applied in this case, the transform
coefficients for high frequencies are truncated due to coarse quantization, resulting in blurring
of the contours of the decoded image, which is visually noticeable as a significant degradation.
(Object of the Invention) The object of the present invention is to realize an
encoding/decoding device which can reproduce clear decoded images without blurring for still
images and not-so-fast motion where there is very high correlation between images, reproduce
smooth motion for fast motion where there is very low correlation between images, and
reproduce intermediate image quality between the two for motion of intermediate speeds, and
furthermore can smoothly change this image quality. (Configuration of the Invention)
According to the present invention, in coding a moving image signal, there are provided means
for generating a prediction signal using motion compensation, means for generating a
prediction error from the prediction signal and the moving image, means for orthogonally
transforming the prediction error in units of blocks each consisting of a predetermined
number of pixels to obtain a transformation coefficient, first quantization means for quantizing
the transformation coefficient, means for performing an orthogonal inverse transformation
corresponding to the orthogonal transformation in units of blocks on an output of the first
guantization means, means for subtracting between a result of the orthogonal inverse
transformation and the prediction error which spatially coincides with the result of the
orthogonal inverse transformation, second quantization means for quantizing the result of the
subtraction, a signal output from the second quantization means and an output from the
orthogonal inverse transformation, and a means for generating a local decoded signal from the
predicted signal, a means for delaying the local decoded signal by approximately one screen
time of the moving image and supplying it to the predicted signal generating means, a means
for code converting at least the motion vector used in the motion compensation, the output of
the first quantization means, and the output of the second quantization means, a rate matching
means for temporarily storing the output of the code converting means and matching it with
an output rate to a transmission path or a recording medium, and a control means for
determining quantization characteristics to be used by the first and second quantization
means using the motion vector and the usage status of the rate matching means.
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149 According to the present invention, there is also provided a video signal decoding device,
characterized in that, when performing motion compensation interframe decoding of a video
signal from a signal that has been code-converted and that includes at least a motion vector
obtained in motion compensation interframe coding, a first result obtained by applying an
orthogonal transform to a prediction error by motion compensation interframe prediction,
and a second result obtained from a difference between a result of an orthogonal inverse
transform of the first result and the prediction error, the device comprises: means for
inversely transforming the code-converted motion vector and the first and second results,
means for performing an orthogonal inverse transform on the first result of the code
inversion, means for generating a prediction signal using the motion vector, means for
generating a decoded video signal using the prediction signal, an output of the orthogonal
inverse transform of the first result, and an output of the inverse transform means for the
second result, and means for delaying the decoded video signal by approximately one screen
time of the video signal and supplying the decoded video signal to the prediction signal
generating means. (Principle of the Invention) Since the effect of the present invention is
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maximized when motion compensation is applied, the following description will be given
using motion compensation as an example of correlation between pictures. However, the
present invention is not limited to this application. The principle of the present invention will
be described with reference to FIGS. FIG. 2 shows an example of a person’'s shoulder-over-
shoulder image moving horizontally at a speed that allows motion compensation, and
illustrates how prediction errors occur when motion-compensated interframe prediction is
applied to this image. This is an example of a case where motion compensation is effective,
and non-zero prediction errors (diagonal lines in the figure) in this case often occur isolated
on the contours of moving objects, or at most in a line shape. When an orthogonal transform
is applied to a prediction error in such a state, the resulting transform coefficients will not
have any particular large coefficients, but rather many coefficients will have minute
amplitudes close to zero. If quantization (first quantization) is applied to this, most of the
coefficients will become zero. If an orthogonal transform is applied, an inverse transform
must be performed afterwards. However, if most of the coefficients are zero or very small,
the value after the inverse transform (prediction error) will also be almost zero. That is, the
decoded image clearly contains distortion in the contour portion. When an isolated signal or
a signal that is at most linearly connected is subjected to orthogonal transformation and
guantized, the original signal is almost completely lost, and in such cases, the signal
distortion caused by the use of orthogonal transformation is large. In such a case, it is better
not to use the orthogonal transformation.
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212 However, conversely, when the motion is very fast and the effect of motion compensation is
reduced, the effect of greatly reducing the amount of generated information by the
orthogonal transformation is extremely effective in reproducing smooth motion. In order to
achieve this, if orthogonal transformation is switched between application and non-
application, the image quality changes greatly before and after the switching, resulting in
significant visual degradation. To prevent this, as shown in FIG. 1, an orthogonal transform is
applied to the motion-compensated interframe prediction error, and the transform
coefficients are quantized (first quantization) and then inversely transformed. Then, in order
to correct the distortion caused by this quantization, the difference between the prediction
error after the inverse orthogonal transform and the prediction error before the orthogonal
transform is quantized (second quantization). Depending on the selection of the accuracy of
these two types of quantization, the degree of contribution of the orthogonal transformation
can be changed continuously. In other words, by strongly limiting the contribution of
orthogonal transformation while motion compensation is effective, and then applying it more
extensively when its effectiveness begins to decline, it is possible to avoid possible
degradation of contour areas due to orthogonal transformation, and to minimize
discontinuities in image quality in between. The effectiveness of motion compensation can be
easily evaluated by, for example, checking whether the value of the detected motion vector is
at the very limit of the motion compensation range. This is because in normal motion vector
detection, a kind of limiter operation is usually applied to a fast motion exceeding the
compensation range, which limits the value to the closest value within the compensation
range. For example, when the speed of an object moving in the X direction is V and the
compensation range is Vmax, even if V>Vmax, the detection result will be Vmax. At this time,
it is indistinguishable from the case where the actual speed is Vmax, but this has almost no
effect on the evaluation of whether or not to apply the orthogonal transform. From the
above, for example, when the detection result is on the very edge of the motion
compensation range, the orthogonal transformation is actively used, and when it is not, the
guantization of the transformation result is very coarse, so that substantially only the
prediction error is coded. If motion vectors are transmitted, there is no need to transmit a
signal indicating this selection. For movements with speeds within the motion compensation
range, in order to reproduce contours with particularly little distortion, coarse quantization
characteristics are used for the orthogonal transform, which essentially suppresses the
prediction error itself and finely quantizes it; conversely, when the motion is on the very
edge of the motion compensation range, relatively fine quantization is applied to the
orthogonal transform. In the intermediate region, intermediate quantization between coarse
and fine is applied to the prediction error and its orthogonal transform result.
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276 This allows for a smooth change in image quality. Also, it is advantageous in terms of device
configuration if the size of the block used for motion compensation is set to the same size as
the block used for orthogonal transformation. In particular, in the case of orthogonal
transformation, it is convenient to set the block size to 2n lines x 2n pixels, so it is
recommended that the block size when performing motion compensation should also be set
in this manner. (Embodiments) The embodiments of the present invention will be described
in detail below with reference to the drawings. The operation of the encoding device will be
described with reference to FIGS. A moving image signal input via a line 1000 is supplied to
a motion vector detection circuit 10 and a delay circuit 11 . The motion vector detection
circuit 10 detects the speed and direction of motion (motion vector) within an image for each
block of pixels (for example, N lines by M pixels) and supplies this to a variable delay circuit
22 via line 2000, and also to a delay circuit 23. The variable delay circuit 22 delays the
locally decoded signal, delayed by approximately one screen time and supplied from the
frame memory 21, in accordance with the speed and direction indicated by the motion
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vector, and supplies this as a predicted signal via line 2200 to the subtractor 12 and to the
adder 20 via the delay circuit 29. The subtractor 12 generates a prediction error signal from
the prediction signal and the moving image signal supplied from the delay circuit 11, delayed
by the time required for the motion vector detection circuit 10 to detect and output the
motion vector, and supplies the generated prediction error signal to the orthogonal
transformer 13 and delay circuit 16 via a line 1200. In the orthogonal transformer 13, an
orthogonal transform of the prediction error is performed for each block by an orthogonal
transform such as a Hadamard transform or a discrete cosine transform suitable for the
transform. The size of the block at this time is made to coincide with the block (N linesx M
pixels) used when detecting the previous motion vector, and if M=N=2n (n is a positive
integer), for example, the processing becomes easier. The output of the orthogonal
transformer 13 is quantized by a quantizer 14 , and the quantized output is supplied via a
line 1400 to a code converter 26 and an inverse orthogonal transformer 15 . The orthogonal
inverse transformer 15 performs an inverse transform corresponding to the orthogonal
transform used in the orthogonal transformer 13 and supplies the result to an adder 20 . On
the other hand, the prediction error supplied to the delay circuit 16 via line 1200 is delayed
by the time required for the calculation and output in the orthogonal transformer 13, and
then subtracted from the output of the orthogonal inverse transformer 15 in the subtractor
19. The difference is quantized in the quantizer 17. The output of the quantizer 17 is
provided via line 1700 to the adder 20 and to the sign converter 26 .
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338 The delay circuit 29 delays the prediction signal, which is the input signal, by the time
required for the orthogonal transformer 13 and the orthogonal inverse transformer 15 to
perform calculations and output the results, and supplies the delayed signal to the adder 20 .
An adder 20 generates a local decoded signal from the output of the quantizer 17, the
orthogonal inverse transformer 15 and the predicted signal supplied from a delay circuit 29,
and supplies the local decoded signal to a frame memory 21 which stores approximately one
screen time of a moving image. A variable delay circuit 22 gives a delay time corresponding
to the speed and direction indicated by the motion vector to the output of the frame memory
21, and outputs the result as a prediction signal. If the motion vector indicates a still image,
the total delay time in the delay circuit 16, frame memory 21 and variable delay circuit 22 is
exactly one screen time. However, it is assumed that there is no delay in the subtractor 12,
the quantizer 17, the subtractor 19, and the adder 20. The code converter 26 converts the
code of the motion vector supplied from the delay circuit 23 via a line 2300, and also
converts the code of the output of the quantizer 17 supplied via a line 1700 and the output
of the quantizer 14 supplied via a line 1400. The operation of the code converter 26 will be
described later. A monitor signal of the code amount generated in the code converter 26 is
supplied to the coding control circuit 27 via a line 2627 and is used to determine the
quantization characteristics to be used. In addition, in order to take motion vector
information into account when selecting the quantization characteristics of the quantizers 14
and 17, a tap is taken from the delay circuit 23 at a point corresponding to the sum of the
delay times in the delay circuits 11 and 16, and this tap output is supplied to the encoding
control circuit 27 via line 2327. Quantization characteristic selection signals for each of the
quantizers 14 and 17 are provided via lines 2714 and 2717, respectively. At the same time,
this signal is also supplied to the code converter 26 through delay circuits 32 and 31 which
delay the signal by the delay time in the orthogonal inverse converter 15 . The operation of
the code converter 26 will now be described in detail with reference to FIG. The output of the
guantizer 17, provided via line 1700, is converted by an efficient unequal length code, such
as a Huffman code, provided in the coder A261, based on a statistically determined
distribution of this output. Similarly, the quantized transform result provided via line 1400 is
converted by an efficient unequal length code, such as a Huffman code, provided to an
encoder B 262 based on a statistically determined distribution of each transform coefficient
for the transform result.
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397 The quantization characteristic selection instruction signals supplied via lines 3200 and
3100, respectively, are converted by encoder C 263 and encoder D 264 into codes
representing the instruction states. The motion vectors provided over line 2300 are also sign
converted. It is easy to construct a Huffman code that matches the distribution of motion
vectors, and the code converter E265 uses this code to convert the motion vectors. The
outputs of the encoder A 261, the encoder B 262, the encoder C 263, the encoder D 264,
and the encoder E 265 are multiplexed in a predetermined order in a multiplexer 268 and
supplied to a buffer memory 269 which matches the transmission speed of the transmission
path 3000 or the writing speed of the recording medium. A monitor signal indicating the
memory usage state (O to 100%) of this buffer memory 269 is supplied to the encoding
control circuit 27 via a line 2627. Next, the operation of the decoding device will be
described with reference to FIGS. The code-converted moving image signal supplied from the
transmission line 3000 or recording medium is inversely converted in the code inverse
converter 50, and the difference between the prediction error and the orthogonal inverse
transform result, the transform result, and the motion vector are output via lines 5001,
5002, and 5003, respectively. The code reverse converter 50 will be described in detail later.
On the signal supplied via line 5002, an inverse orthogonal transformer 51 performs an
inverse transformation corresponding to the orthogonal transformation used in the coding
device. At this time, it does not matter if a signal that should originally pass through line
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5001 is mixed with the signal supplied via line 5002 . It is sufficient that at least the signal
contains the result of a correctly reversed code conversion. Similarly, the signal supplied via
line 5001 may contain at least the correctly sign-inverse transformed prediction error and
the orthogonal inverse transformed difference. The signal supplied via the line 5001 is
delayed by the delay circuit 52 by the delay time in the orthogonal inverse transformer 51
and is then supplied to the adder 54 . The motion vector supplied via line 5003 is delayed in
delay circuit 57 by the same amount of time as in delay circuit 52 and is then used to
generate a prediction signal in variable delay circuit 55 . The adder 54 decodes the video
signal using the output of the delay circuit 52 , the output of the orthogonal inverse
transformer 51 and the prediction signal supplied from the variable delay circuit 55, and
outputs the decoded video signal via a line 5000 from the decoding device. At the same time,
the signal is also supplied to a frame memory 56 capable of storing approximately one
screen of the moving image signal. A variable delay circuit 55 uses the output of a frame
memory 56 to generate a prediction signal in accordance with the motion vector.
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457 This variable delay circuit 55 may have the same configuration as the variable delay circuit
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22 in the encoding device. Next, the operation of the code reverse conversion circuit 50 will
be described in detail with reference to FIG. The code-converted signal supplied via the
transmission path 3000 is first separated in a separation circuit 500 into an orthogonal
transform result, a difference between a prediction error and an inverse orthogonal
transform result, a quantization characteristic selection instruction signal, and a motion
vector, and these are respectively supplied to a decoder C 503 and a decoder D 504 via a line
5056, and to a decoder E 505 via a line 5055. The decoder E505 is a motion vector inverse
converter and corresponds to the encoder E265. The de-transformed motion vector is output
via line 5003 . The quantization characteristic selection instruction signal that has been
code-converted is inversely converted by decoder C503 and decoder D504. Decoder C503
performs correct inverse conversion for blocks in which prediction errors have been code-
converted, and decoder D504 performs correct inverse conversion for blocks in which
orthogonal transform results have been code-converted, but performs erroneous inverse
conversion at other times. The results are supplied to decoder A 501 and decoder B 502 via
lines 5531 and 5542, respectively, and are used to specify the difference between the code-
converted prediction error supplied by delay circuit 506 and the orthogonal inverse
transform result, or the quantization characteristics to be used when inversely transforming
the code of the orthogonal transform result. The delay circuit 506 delays the input by the
time required for the decoder C 503 and decoder D 504 to perform code inverse conversion
and output of the quantization characteristic selection instruction signal. In the decoder
A501 and the decoder B502, code inverse conversion corresponding to the designated
quantization characteristics is carried out, and the results are output via lines 5001 and
5002, respectively. In this case, for decoder A 501, correct inverse code conversion is
performed only for blocks for which the selection instruction signal supplied via line 5531
has been correctly inverse-converted and only when the difference between the prediction
error and the orthogonal inverse transform result has been code-converted. On the other
hand, for decoder B 502, correct inverse code conversion is performed only for blocks for
which the selection signal supplied via line 5542 has been correctly inverse-converted and
only when the orthogonal transform result has been code-converted. Anything other than
this will result in an incorrect code inverse conversion being executed, resulting in an output
of zero. In the encoding device (FIG. 3), the selection of the quantization characteristics of the
quantizers 14, 17 by the encoding control circuit 27 will now be described. Generally, as the
usage rate approaches 100%, the highest priority is given to suppressing the amount of
generated information, and in this case, motion compensation is often not very effective, and
there is no room to consider motion vector information.
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521 Thus, in this case, a coarse quantization characteristic is used for the quantizer 14, but a
much coarser characteristic is selected for the quantizer 17, such that the output is
essentially zero. In a normal operating state that is sufficiently lower than 100%, for example
20% to 70%, the effect of motion compensation is large, and the motion vector at this time is
often sufficiently within the compensation range. At this time, according to the speed
indicated by the motion vector, if it is slow, the characteristics of the quantizer 14 are coarse
and the characteristics of the quantizer 17 are fine, and if it is fast, the characteristics are
fine and coarse, respectively. Here, coarse and fine are relative characteristics, and as the
usage state approaches 70%, gradually coarser ones are used for both characteristics.
Conversely, if the utilization is very low, say below 20%, the output of the quantizer 14 is
forced to zero and operation is stopped. In this case, the quantizer 17 uses very fine
guantization characteristics. By using this invention, clear moving images without blur can be
reproduced for relatively slow movements where the correlation between frames is very
high, and for fast movements where the correlation between frames drops significantly, an
orthogonal transform is applied to the inter-frame prediction error, which results in some
blurring but allows smooth movement to be reproduced by significantly reducing the amount
of generated information. This is an extremely effective method of providing good image
quality for all speeds of movement.
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[0002]
558 BRIEF DESCRIPTION OF THE DRAWINGS

seoJOODOOOO0O

[0003]

566 1 and 2 are diagrams for explaining the principle of the present invention, FIGS. 3 and 4 are
diagrams for explaining an embodiment of an encoding device according to the present
invention, and FIGS. 5 and 6 are diagrams for explaining a decoding device according to the
present invention.
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575 In the figure, 10 is a motion vector detection circuit, 11, 16, 23, 29, 31, and 32 are delay
circuits, 12 and 19 are subtractors, 13 is an orthogonal transformer, 14 and 17 are
quantizers, 15 is an orthogonal inverse transformer, 20 is an adder, 21 is a frame memory,
22 is a variable delay circuit, 26 is a code converter, 27 is an encoding control circuit, 3000
is a transmission path or recording medium, 50 is a code inverse transformer, 51 is an
orthogonal inverse transformer, 52 and 57 are delay circuits, 54 is an adder, 55 is a variable
delay circuit, and 56 is a frame memory.

ssslJ 01000 0000000D011,16,23,2931,320000001219000000130000

08-04-2024 14
Amazon.com, Inc., Amazon.com Services LLC - Ex. 1015, Page 000014



gboi1ia7bogbggisboogoogboozoobooz2ibogboooboooz2z2000
gdbobbzebbouodgdzrogdogbooboog3oootbbougugboobodson
gogobobogsinogogoooosz2s57oogoogos40opooossooooooon
se0bDUugnoonooon

08-04-2024 15
Amazon.com, Inc., Amazon.com Services LLC - Ex. 1015, Page 000015





