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1. A device for encoding digital signals corresponding to images

subdivided into blocks, which device is composed of a first encoding channel
comprising a discrete cosine transform circuit, a first quantizing circuit
having a determined first quantization step, a variable-length encoding
circuit, a buffer memory supplying encoded signals having a determined
quality level, and a rate control circuit, a prediction channel comprising, at
the output of said quantizing circuit, a first inverse quantizing circuit, an
inverse discrete cosine transform circuit, a first adder, a picture memory, a
motion compensation stage, and a subtracter for subtracting the predicted
output signals of said stage from said digital signals to be encoded, and a
second encoding channel comprising a circuit for computing the differences
between signals before the first quantizing circuit and signals after both the
first quantizing circuit and the first inverse quantizing circuit, a circuit for
quantizing these differences with a second quantization step which is finer
than the first step, and a circuit for encoding the differences thus quantized,
characterised in that the prediction channel also comprises, between the
output of said circuit for quantizing the differences and said inverse discrete
cosine transform circuit, a supplementary branch comprising a second circuit
for inverse quantization of the output signals of said circuit for quantizing
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the differences, and a second adder for adding the output signals of said first
and second inverse quantizing circuits, the output of said second adder being
connected to the input of said inverse discrete cosine transform circuit.
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including the best method of performing it known to us.

-1-




10

15

20

25

PHF 92.550 1A 27.09.1993

Device for encoding digital signals representing images, and corresponding decoding

device.

The invention relates to a device for encoding digital signals
corresponding to images subdivided into blocks, which device is composed of a first
encoding channel comprising a discrete cosine transform circuit, a quantizing circuit
having a determined first quantization step, a variable-length encoding circuit, a buffer
memory supplying encoded signals having a determined quality level, and a rate control
circuit, a predictien channel comprising, at the output of said quantizing circuit, a first
inverse quantizing circuit, an inverse discrete cosine transform circuit, a first adder, a
picture memory, a motion compensation stage, and a subtracter for subtracting the
predicted output signals of said stage from said digital signals to be encoded, and a
second encoding channel comprising a circuit for computing the differences on the basis
of signais downstream of the discrete cosine transform circuit, a circuit for quantizing
these differences with a second quantization step which is finer than the first step, and a
circuit for encoding the differences thus quantized. The invention is particularly
applicable in the field of distributing television pictures having two image quality levels
and is compatible with the MPEG standard.

For transmitting images in a digital channel, it is necessary to compress
the information contained in these images, while taking the rate of the existing channels
into account. For this purpose there are numerous encoding techniques and one of the
most currently used techniques is a successive mathematical transform referred to as
discrete cosine transform (DCT), followed by a quantization of coefficients obtained by
said transform and a variable-length encoding of the values thus quantized, which
operations are completed by a prediction of motion of images. The temporal prediction
is performed on the basis of said quantized values and, upon encoding, does not present
the signals which correspond to each current image but signals which are representative
of the differences between this current image and the preceding image, while taking the

motion between these two images in the time interval separating them into account.
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A device of this type is described in United States Patent no. 4,958,226.
Its structure, including initially the first encoding channel and the prediction channel for
obtaining a first image quality level, also comprises a second channel for encoding a
value referred to as residual error and taken from said first encoding channel. The
image which is subsequently decoded and restored thus benefits from complementary
information by which a second image quality level can be obtained.

It is an object of the invention to provide a perfected encoding device by
which this second image quality level can even be improved.

To this end the invention relates to an encoding device as described in the
opening paragraph, which is characterized in that the prediction channel also comprises.
between the output of said circuit for quantizing the differences and said inverse discrete
cosine transform circuit, a supplementary branch comprising a second circuit for inverse
quantization of the output signals of said circuit for quantizing the differences, and a
second adder for adding the output signals of said first and second inverse quantizing
circuits, the output of said second adder being ccnnected to the input of said inverse
discrete cosine transform circuit.

The structure thus proposed consists of arranging a supplementary
feedback branch in the encoder, which branch takes the information components
processed by the second encoding channel so as to combine them with those processed
by the prediction channel, thus ensuring a more accurate prediction.

It is another object of the invention to provide a device for decoding
signals which have been previously encoded by means of an encocding device of the
structure as defined hereinbefore.

According to the invention, this decoding device, composed of a first
decoding channel comprising, in series, a variable-length decoding circuit, a third
inverse quantizing circuit operating in accordance with said determined quantization
step, an inverse discrete cosine transform circuit, and a motion compensation stage
comprising a motion compensation circuit, and a third adder, a first input of which
receives the output signal of said inverse discrete cosine transform circuit and a second
input of which receives the output signal of said motion compensaticn circuit and which
supplies the decoded signals applied to the output of the decoding device and, via a

picture memory, to the input of said motion compensation circuit, is characterized in
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that it comprises a second decoding channel comprising, in series, a second variable-
length decoding circuit, a fourth inverse quantizing circuit operating in accordance with
said quantization step which is finer than the first step, and a fourth adder whose two
inputs receive the output signals of said third and fourth inverse quantizing circuits and
whose output signals are applied to the input of said inverse discrete cosine transform
circuit.

These and other aspects of the invention will be apparent from and
eiucidated with reference to the embodiments described hereinafter.

In the drawings

Figure 1 shows an embodiment of an encoding device according to the
invention;

Figure 2 shows an embodiment of a decoding device according to the
invention.

The encoding device shown in Figure 1 comprises a discret.. cosine
transform circuit 10. This transform, which is effected with picture blocks having a
format of 8 x 8 pixels, ensures the conversion of digital signals received at its input
(and corresponding to pictures) into a block of 8 x 8 coefficients, the first of which
represents the average value of the grey levels of the pixels of the block under
consideration and the other sixty-three coefficients represent the differsnt spatial
frequencies in this block.

A quantizing circuit 20 ensures the quantization of each of these output
coefficients of the circuit 10. This quantization is related to the position of the
coefficient considered in the 8 x 8 block (the high spatial frequencies are less
perceptible to the human eye and the quantization of the corresponding coefficients may
thus be effected with a larger quantization step giving a less precise quantization) and is
related to a quantization factor which is dependent on the rate as described hereinafter.
The quantization values obtained are subsequently applied to a variable-length encoding
circuit 30 whose output is connected to a buffer memory 40 for storing the encoded
words. As a function of filling this memory 40, a rate control circuit 50 arranged at the
output of said memory applies the above-mentioned quantization factor to the quantizing
circuit 20, and the quantization step can be modified by means of the filling-related

value of this factor in such a way that said memory 40 neither overflows nor is
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emptied. Such an encoding chain using rate control is described, for example, in
European patent application EP 0 448 491 and is thus not advantageous in this case.
The output signals of the memory 40 are encoded signals which correspond to a given:
quality level, denoted LQ in Figure 1.

The quantization values obtained are also applied to a prediction channel
comprising, first of all, an inverse quantizing circuit 60. The difference between the
original coefficients present at the output of the discrete cosine transform circuit 10 and
the same coefficients after quantization followed by inverse quantization at the output of
the circuit 60 can be computed by means of a subtracter 105. For a finer quantization
and for encoding these new quantized values, these differences are subsequently applied
to a second encoding chain. In a manner similar to the manner described hereinbefore,
this second encoding chain comprises a second quantizing circuit 115 having a finer
quantization step than that of the first quantizing circuit, followed by a second variable-
length encoding circuit 125 whose output is connected to a buffer memory 135. As a
function of filling this memory 135, a second control circuit 145 applies a quantization
factor to the second quantizing circuit 115. As described hereinbefore, this factor
combines its effects with those of the choice of the quantization step for ensuring the
rate control of memory 135. Because of the finer complementary quantization realised
by the circuit 115, the output signals of this memory 135 are encoded signals which
correspond to a quality level denoted HQ which is higher than that at the output of the
first memory 40.

In accordance with the invention, the snm of the coefficients present at the
output of the inverse quantizing circuit 60 and the coefficients present at the output of a
second inverse quantizing circuit 155 arranged at the output of the second quantizing
circuit 115 can be computed by means of an adder 165. This sum is applied to the
prediction channel, more specifically to an inverse discrete cosine transform circuit 70
ensuring an inverse conversion of the conversion performed by the circuit 10, i.e.
restoring the digital signals corresponding to the 8 x 8 pixel blocks on the basis of the
DCT coefficients. These signals are applied to a first input of an adder 85 whose output
signal is stored in a picture memory 75.

The output signal of this memory 75 is applied to a motion compensation

stage which comprises a motion estimation circuit 80 and a motion compensation circuit
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90 (it is this circuit 90, a first input of which receives the output signal of said memory
75). The circuit 80 receives the digital input signals from the encoding device and
determines, for each picture block, a displacement vector which is representative of its
motion with respect to the corresponding block of the preceding image (this
determination is known as block matching). The vector thus determined is applied to the
second input of the motion compensation circuit 90 which supplies a predicted »lock
whose difference with the preceding block is determined in a subtracter 100 preceding
the discrete cosine transform circuit 10. The predicted block is also applied to a second
input of the adder 85.

A first input of the subtracter 100 receives the output signal of a format
conversion circuit 95 which receives the digital input signals from the device
corresponding to pictures to be presented in the form of blocks at its output. The digital
signals present at the input of the circuit 10 are thus not the input signals of the
encoding device corresponding to successive picture blocks, but signals representing the
difference between each original picture block and the predicted block which is
deducted therefrom after the operations performed in the prediction channel (between
the input of the inverse quantizing circuit €0 and the output of the motion compensation
circuit 90).

In the absence of elements 105 to 165, the channel which comprises the
circuits 60, 70, 75, 80, 85, 90 would constitute a conventional prediction channel. With
the arrangement of the elements 105 to 165, an improved, finer quantization can be
performed, on the basis of which the complementary encoding operation is performed,
which ieads to encoded signals of a better quality at the output of the memory 135 and
to a finer prediction as cofnpared with said conventional prediction.

The present invention is not limited to the embodiments described and
shown. The invention also relaies to a decoding device which is suitable for decoding
signals previously encoded by means of a device as shown in Figure 1.

An embodiment of such a decoding device is shown in Figure 2. In this
embodiment, this device has a first decoding channel comprising, in series, a variable-
length decoding circuit 225, a third inverse quantizing circuit 260 operating in
accordance with the determined quantization step, an inverse discrete cosine transform

circuit 210 and a motion compensation stage. This stage comprises a motion
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compensation circuit 290 supplying the prediction information, likewise as at the
encoding operation, and a third adder 265 whose two inputs receive the output signal of
the inverse quantizing circuit and that of said motion compensation circuit. This adder
265 supplies the decoded signals applied to the output of the decoding device and, via a
picture memory 275, to the input of said motion compensation circuit. The decoding
device also has a second decoding channel comprising, in series, a second variable-
length decoding circuit 325, a fourth inverse quantizing circuit 355 operating in
accordance with the quantization step which is finer than the first step, and a fourth
adder 365. The two inputs of this adder receive the output signals from said third and
fourth inverse quantizing circuits 260 and 355 and its output signals are applied to the
input of the inverse discrete cosine transform circuit 210.

In this decoding device, the first decoding channel receives the
corresponding encoded signals at the determined quality level denoted LQ hereinbefore,
and the second decoding channel receives the corresponding encoded signals at the
improved quality level denoted HQ hereinbefore. The addition of information
components thus decoded in each of the two channels provides the possibility of
reconstructing pictures having this improved quality level at the output of the decoding
device. If, for whatever reason, only the encoded signals LQ are received, which
signals are subject to a protection level that has increased during their transmission, the
second decoding channel can be rendered inoperative by means of a switch 390 showi
in broken lines in Figure 2. This Figure 2 is shown in the form of a conventional circuit
diagram with a single decoding channel receiving said encoded signals LQ and only

supplies reconstructed pictures having said determined quality level LQ.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A device for encoding digital signals corresponding to images
subdivided into blocks, which device is composed of a first encoding channel
comprising a discrete cosine transform circuit, a first quantizing circuit
having a determined first quantization step, a variable-length encoding
circuit, a buffer memory supplying encoded signals having a determined
quality level, and a rate control circuit, a prediction channel comprising, at
the ournut of said quantizing circuit, a first inverse quantizing circuit, an
inverse discrete cosine transform circuit, a first adder, a picture memory, a
motion compensation stage, and a subtracter for subtracting the predicted
output signals of said stage from said digital signals to be encoded, and a
second encoding channel comprising a circuit for compuling the differences
between signals before the first quantizing circuit and signals after both the
first quantizing circuit and the first inverse quantizing circuit, a circuit for
quantizing these differences with a second quantization step which is finer
than the first step, and a circuit for encoding the differences thus quantized,
characterised in that the prediction channel also comprises, between the
oulput of said circuit for quantizing the differences and said inverse discrete
cosine transform circuit, a supplementary branch comprising a second circuit
for inverse quantization of the output signals of said circuit for quantizing
the differences, and a second adder for adding the output signals of said first
and second inverse quantizing circuits, the output of said second adder being
connected to the input of said inverse discrete cosine transform circuit.

2. A device for decoding signals previously encoded by means of an
encoding device as claimed in clain: 1, wich device is composed of a first
decoding channel comprising, in series, a variable-length decoding circuit, a
third inverse quantizing circuit operating in accordance with said determined
quantization step, an inverse discrete cosine transform circuit, and a motion
compensation stage comprising a motion compensation circuit, and a third
adder, a first input of which receives the output signal of said inverse
discrete cosine transform circuit and a second input of which receives the
output signal of said motion compensation circuit and which supplies the
decoded signals applied to the cutput of the decoding device and, via a
picture memory, lo the input of said motion compensation circuit,
characterised in that it comprises a second decoding channel comprising, in
series, a second variable-length decoding circuit, a fourth inverse quantizing




circuit operating in accordance with said quantization step which is finer
than the first step, and a fourth adder whose two inputs receive the output
signals of said third and fourth inverse quantizing circuits and whose output

signals are applied to the input of said inverse discrete cosine transform
circuit.
3. A decoding device as claimed in claim 2, characterised in that the
second decoding channel comprises, in series, a switch for rendering said
second channel inoperative, which switch is arranged between the fourth
inverse quantizing circuit and the fourth adder.

4, A device for encoding digital signals substuntially as herein described
with reference to figure 1 of the accompanying drawings.

5. A device for decoding signals subslantially as herein described with
reference to figure 2 of the accompanying drawings.

Dated this 14th day of November, 1996

PHILIPS ELECTRONICS NV
Patent Altorneys for the Applicant:

I.B. RICE & CO.
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Abstract:

Device for encoding digital signals representing images, and corresponding decoding

device.

A device for encoding digital signals corresponding to images which are
subdivided into blocks, which device is composed of a first encoding channel, a
prediction channel comprising a first inverse quantizing circuit (60), an inverse discrete
cosine transform circuit (70), a first adder (85), a picture memory (75), a motion
compensation stage (80, 90) and a subtracter (100), and a second encoding channel
comprising a circuit (105) for computing differences, a circuit (115) for quantizing
these differences and a circuit (125) for encoding the quantized differences,
characterized in that the prediction channel also comprises, between the output of said
circuit for quantizing the differences and said inverse discrete cosine transform circuit, a
supplementary branch comprising a second circuit (155) for inverse quantization of the
output signals of said circuit for quantizing the differences, and a second adder (165)
for adding the output signals of said first and second inverse quantizing circuits, the
output of said second adder being connected to the input of said inverse discrete cosine

transform circuit,

Application: Encoding images at two quality_levels.

Reference: Figure 1.
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