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FIG. 3

seq_parameter_set_rbsp()

cu_qgp_delta_enabled flag 300
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FIG. 4A

CurrTbAddr=first tb in slice
do {

xCU=HorLumalocation(CurrTbAddr)
yCU=VerLumaLocation(CurrTbAddr)

400 [sCuQpDeltaCoded=0
401 coding_tree(xCU, yCU, Log2TbSize, 1)

CurrTbAddr=NextTbAddress(CurrToAddr)
} While(moreDataFlag)
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F1G. 4B

421

coding_tree(x0, y0, log2CUSize, cu_gp_delta_exist_flag)

Descriptor

split_coding_unit_flag[x0][y0] 420

i'f-(sp\it_coding_unit_flag[x0])[y0])

{
if(cu_qp_delta_enabled_flag&8icu_gp_delta_exist_flag)

{
split_gp delta flag
f(split_qp_delta_flag==0)
[sCuQpDeltaCoded=0;
cu_qp_delta_exist_flag=split_gp_delta_flag

}
x1=x0+((1<<log2CUSize)>>1) u(l) | ae(v) 1~ 422

y1=y0+((1<<log2CUSize)>>1)
coding_tree(x0, y0, log2CUSize-1, cu_gp_delta_exist_flag)
If(x1<PicWidthInSamlples, )
coding_tree(x1, y0, log2CUSize-1, cu_qp_delta_exist_flag)
If(yl<PicWidthInSamlplesL)
coding_tree(x0, y1, log2CUSize-1, cu_gp_delta_exist_flag)
If(x1 <PicWidthInSamlplesL && yl<PicHeightInSamplesL)
coding_tree(x1, y1, log2CUSize-1, cu_qp_delta_exist_flag)
}

else

{
coding_unit(x0, y0, log2CUSize, cu_gp_delta_exist_flag)

}
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500
coding_tree(x0, y0, log2CUSize, cu_qp_delta_exist_flag)
[f(skip_flag[x0][y0])
{
}
else
{ se(v) | ae(v) +~—501

f((cu_gp_delta_enabled_flag&&cu_gp_delta_exist_flag) | |
(cu_qgp_delta_enabled_flag&& ! IsCuQpDeltaCoded))

{
cu_qp_delta

IsCuQpDeltaCoded=1;

}
}
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FIG. 6A

2N
E




U.S. Patent Dec. 6, 2022 Sheet 9 of 20 US RE49,330 E

FIG. 6B
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FIG. 9A
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FIG. 10A
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FIG. 10B
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METHOD AND APPARATUS FOR
ADAPTIVELY ENCODING AND DECODING
A QUANTIZATION PARAMETER BASED ON

A QUADTREE STRUCTURE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE 10 RELATED
APPLICATIONS; BENEFIT CLAIM

[This] More than one Reissue Application has been filed
Jor the reissue of U.S. Pat. No. 9,066,098, issued on Jun. 23,
2015. The reissue applications arve application Ser. Nos.
14/815,325, filed on Jul. 31, 2015 (now U.S. Pat. No.
REA47.46)5, issued on Jun. 25, 2019); 14/815,532, filed on
Jul. 31, 2015 (now U.S. Pat. No. RE46,678, issued on Jan.
16, 2018); and 16/407,669 (the present application), filed on
May 9, 2019. The present application claims the benefit as

a Reissue Continuation Application of U.S. application Ser.
No. 14/815,325, filed Jul. 31, 2015, which is a Reissue

Application from U.S. Pat. No. 9,066,098 issued on Jun. 23,
2015 and filed Dec. 30, 2014, which 1s a Continuation
Application of U.S. application Ser. No. 14/096,211, filed on
Dec. 4, 2013 (row U.S. Pat. No. 8,964,834, issued on Feb.
24, 2015), which 1s a Continuation Application of PCT
Application No. PC1/KR2012/004881, filed on Jun. 20,
2012 and published as WO 2012/177051 on Dec. 27, 2012,
which claims priority to Korean Patent Application No.
10-2011-0060058, filed on Jun. 21, 2011 in the Korean
Intellectual Property Office, the entire disclosures of which
are incorporated herein by reference for all purposes. Appli-
cants herveby rescind any disclaimer of claim scope in the
parent application(s) or the prosecution history thereof and
advise the USPTO that the claims in this application may be
broader than any claim in the parvent application(s).

TECHNICAL FIELD

The present invention relates to an apparatus and a
method of encoding/decoding a video, and more particu-
larly, to a video encoding/decoding method and apparatus
which displays a block having a quantization/dequantization
differential value based on a quadtree with respect to coding
units (CUs) 1n a largest coding unit (LCU) and adaptively
predicts/decodes a quantization/dequantization parameter
value using context information on blocks neighboring to a
block to encode/decode.

High Filiciency Video Coding (HEVC) encodes/decodes
an 111put picture by a coding unit (CU). A CU with a largest
s1ze 1n a frame 1s referred to as a largest coding unit (LCU),
which 1s split mnto a plurality of CUs based on quadtree
splitting information for encoding/decoding. In HEVC, one
quantization parameter value 1s allocated to an LCU, and a
quantization parameter value for a current LCU to encode 1s
predicted from a previous LCU according to raster scan
order.

BACKGROUND ART

In H.265/AVC, encoding/decoding 1s carried out on a
macroblock unit, and a quantization/dequantization value 1s
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2

allocated to each macroblock. A quantization parameter
value allocated to each macroblock i1s predicted from a
quantization parameter value of a macroblock located on the
left 1n a frame. A differential value which 1s generated after
prediction of the quantization parameter value 1s written in
a macroblock to encode, thereby conducting encoding. A
decoder decodes the quantization parameter value by adding
the quantization parameter differential value decoded in
entropy decoding and the quantization parameter value of
the left macroblock.

However, when a large LCU 1s allocated as compared
with a size ol an input picture, a bit rate may not be
cllectively controlled using a quantization parameter value
stored by an LCU. Further, when a quantization parameter
value 1s allocated by a CU, subjective deterioration in image
quality may occur due to a difference in quantization param-
eter value from neighboring CUSs. Thus, there 1s a need for
a method of allocating quantization parameter values to
various block sizes ranging from a CU to an LCU depending
on an input picture and of optimally predicting a quantiza-
tion parameter using context information on blocks neigh-
boring to a block to encode.

DISCLOSURE
Technical Problem

An aspect of the present invention 1s to provide a method
and an apparatus for encoding/decoding quadtree-based
quantization/dequantization parameter values based on split-
ting information on a CU. The quantization/dequantization
parameter encoding/decoding method and apparatus are
capable of predicting quantization/dequantization parameter
values 1n an eflective manner using context information on
neighboring blocks.

Technical problems

of the present invention are not
limited to those mentioned above, and those skilled 1n the art
may understand additional problems not stated herein based
on the following description.

Technical Solution

An embodiment of the present invention provides a video
encoding apparatus which includes a quantization differen-
tial value storing block unit determination module to deter-
mine a block unit to store a quantization parameter (QP)
differential value 1n splitting a largest coding umt (LCU) of
a picture mto a plurality of CUs 1n a quadtree or encoding
into a single CU, a quantization module to perform quanti-
zation using a quantization value allocated to each block
unit, a quantization prediction block determination module
to adaptively determine a prediction block using context
information on a neighboring block so as to predict a
quantization value used by a block to encode, a QP difler-
ential value generation module to generate a quantization
differential value of the block to encode using a QP of the
prediction block determined based on the context informa-
tion, and a QP storage module to store splitting information
on a quantization differential value storage block umt and
QP differential values of a corresponding block.

Another embodiment of the present mnvention provides a
video decoding apparatus which includes a dequantization
parameter diflerential value block splitting flag deriving
module to decode information on a block having a dequan-
tization parameter differential value in an LCU, a dequan-
tization differential value storage block unit determination
module to determine the block having the dequantization
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‘erential value 1n the LCU using a decoded
dequantization parameter differential value block splitting
flag, a dequantization parameter diflerential value deriving
module to decode a dequantization parameter differential
value according to the dequantization parameter diflerential
value block splittting flag, a dequantization parameter value
prediction block determination module to determine a block
used for prediction based on context information on a
neighboring block so as to decode a dequantiation parameter
value of a block to decode, a dequantization parameter value
deriving module to decode the dequantization parameter
value used for dequantization, and a dequantization module
to perform dequantization using the decoded dequantization
parameter value.

"y

parameter di

Advantageous Effects

Quadtree-based adaptive quantization/dequantization
parameter encoding and decoding methods and apparatuses
according to exemplary embodiments of the present inven-
tion enable allocation of different levels of quantization
parameter differential values when a block 1s split in a
quadtree. Such allocation of different levels of quantization
parameter differential values allows accurate adjustment of
bit rate as compared with allocation of a single quantization
parameter value in an LCU. Further, in predicting/decoding
a quanftization/dequantization parameter value for each
block unit, a prediction direction may be adaptively deter-
mined using not only quadtree-based zigzag scanning but
also context information on neighboring blocks, thereby
resolving subjective deterioration 1 image quality which
may occur due to a substantial difference in quantization
value from neighboring blocks.

DESCRIPTION OF DRAWINGS

FIG. 1A 1llustrates as for a method and an apparatus for
adaptively allocating a quantization parameter (QP) value to
a block having a quadtree structure and encoding the QP
value 1n a video encoding apparatus according a first exem-
plary embodiment of the present invention.

FIG. 1B 1illustrates as for a quadtree-based adaptive
dequantization parameter decoding method and apparatus 1n
a video decoding apparatus according the first exemplary
embodiment of the present invention.

FIG. 2 illustrates as for a configuration of the video
decoding apparatus according to the first exemplary embodi-
ment of the present invention.

FIG. 3 illustrates as for a context for controlling a
quadtree-based quantization differential value recorded 1n a
sequence parameter set according to the first exemplary
embodiment of the present invention.

FIG. 4 A 1illustrates as for variables set to mnitial values in
slice data according to the first exemplary embodiment of
the present mnvention.

FIG. 4B illustrates as for variables set to 1nitial values in
slice data according to the first exemplary embodiment of
the present imvention.

FIG. 5 1illustrates as for a context of a quantization/
dequantization parameter diflerential value stored by a CU
and conditions 1 which the differential value exists accord-
ing to the first exemplary embodiment of the present inven-
tion.

FIG. 6A illustrates as for operations in a quantization
differential value storage block unit determination module
and a dequantization differential value storage block unit
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4

determination module according to an exemplary embodi-
ment of the present invention.

FIG. 6B illustrates as for operations in a quantization
differential value storage block unit determination module
and a dequantization differential value storage block unit
determination module according to an exemplary embodi-
ment of the present invention.

FIG. 6C 1illustrates as for operations 1 a quantization
differential value storage block unit determination module
and a dequantization differential value storage block unit
determination module according to an exemplary embodi-
ment of the present invention.

FIG. 7A 1illustrates as for operations mn a QP value
prediction block determination module and a dequantization
parameter value prediction block determination module
according to the first exemplary embodiment of the present
invention.

FIG. 7B illustrates as for operations mm a QP value
prediction block determination module and a dequantization
parameter value prediction block determination module
according to the first exemplary embodiment of the present
ivention.

FIG. 8A 1illustrates as for operations mn a QP value
prediction block determination module and a dequantization
parameter value prediction block determination module
according to a second exemplary embodiment of the present
invention.

FIG. 8B illustrates as for operations mm a QP value
prediction block determination module and a dequantization
parameter value prediction block determination module
according to a second exemplary embodiment of the present
invention.

FIG. 9A 1illustrates as for operations m a QP value
prediction block determination module and a dequantization
parameter value prediction block determination module
according to a third exemplary embodiment of the present
ivention.

FIG. 9B illustrates as for operations mn a QP value
prediction block determination module and a dequantization
parameter value prediction block determination module
according to a third exemplary embodiment of the present
invention.

FIG. 10A 1illustrates as for operations 1 a QP value
prediction block determination module 102 and a dequan-
tization parameter value prediction block determination
module 123 according to a fourth exemplary embodiment of
the present invention.

FIG. 10B 1illustrates as for operations in a QP value
prediction block determination module 102 and a dequan-
tization parameter value prediction block determination
module 123 according to a fourth exemplary embodiment of
the present mnvention.

FIG. 11A 1illustrates as for operations 1n a QP value
prediction block determination module and a dequantization
parameter value prediction block determination module
according to a fifth exemplary embodiment of the present
invention.

FIG. 11B illustrates as for operations in a QP value
prediction block determination module and a dequantization
parameter value prediction block determination module
according to a fifth exemplary embodiment of the present
invention.

MODE FOR INVENTION

Herematter, quadtree-based adaptive quantization/de-
quantization parameter encoding and decoding apparatuses
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according to an exemplary embodiments of the present
invention will be described with reference to the accompa-
nying drawings.

FIG. 1A illustrates a method and an apparatus for adap-
tively allocating a quantization parameter (QP) value to a
block having a quadtree structure and encoding the QP value
in a video encoding apparatus according a {irst exemplary
embodiment of the present invention.

Referring to FIG. 1A, a quadtree-based adaptive quanti-
zation parameter encoding method and apparatus include a
quantization differential value storage block unit determi-
nation module 100, a quantization module 101, a QP value
prediction block determination module 102, a QP difieren-
tial value generation module 103, and a QP storage module
104.

The quantization differential value storage block unit
determination module 100 may determine a block umt to
record a quantization differential value for each coding unit
(CU) or a group of a plurality of CUs based on imnformation
on splitting of a largest coding unit (LCU) of a picture into
CUs. Information on a block storing the quantization dii-
ferential value may have a quadtree structure.

The quantization module 101 performs quantization on an
input block using a QP value allocated to the block.

The QP value prediction block determination module 102
determines a prediction block to be used for prediction of a
quantization value allocated to each CU or arbitrary CU
using context information on a CU neighboring to the CU so
as to eflectively encode the quantization value. The context
information may include a size of the block, a location of the
block, and a prediction mode for the block.

The QP differential value generation module 103 gener-
ates a QP differential value by subtracting a quantization
value of the current block from a QP value of the quanti-
zation value prediction block determined by the QP value
prediction block determination module 102.

The QP storage module 104 serves to entropy-encode a
sequence parameter set, flag information on application/non-
application by a slice unit, flag mformation used to indicate
splitting 1information on a block including a quantization
differential value, and a QP differential value for quadtree-
based adaptive QP encoding.

FIG. 1B illustrates a quadtree-based adaptive dequanti-
zation parameter decoding method and apparatus 1n a video
decoding apparatus according the first exemplary embodi-
ment of the present invention.

Referring to FIG. 1B, the quadtree-based adaptive
dequantization parameter decoding method and apparatus
includes a dequantization parameter differential value block
splitting flag deriving module 120, a dequantization differ-
ential value storage block unit determination module 121, a
dequantization parameter differential value deriving module
122, a dequantization parameter value prediction block
determination module 123, a dequantization parameter value
deriving module 124, and a dequantization module 125.

The dequantization parameter differential value block
partition flag deriving module 120 decodes a sequence
parameter set and a block partition flag for a block having a
dequantization parameter differential value by an LCU 1n
slice data.

The dequantization differential value storage block unit
determination module 121 determines blocks to record
dequantization parameter differential values using the
decoded dequantization parameter differential value block
splitting flag and a CU splitting flag. Information on a block
to record a quantization differential value may have a
quadtree structure.
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The dequantization parameter differential value deriving
module 122 derives a dequantization parameter differential
value of each block determined by the dequantization dif-
terential value storage block unit determination module 121.

The dequantization parameter value prediction block
determination module 123 derives determines a block for

adaptive reference using context information on a neighbor-
ing block 1n dequantization. The context information may
include a size of the block, a location of the block, and a
prediction mode for the block.

The dequantization parameter value deriving module 124
derives a dequantization parameter value used for the
dequantization module 125 by adding a dequantization
parameter value of a prediction block derived by the dequan-
tization parameter value prediction block determination
module 123 and a dequantization parameter differential
value derived by the dequantization parameter differential
value deriving module 122.

The dequantization module 125 performs dequantization
on the mput block using the parameter derived by the
dequantization parameter value deriving module 124.

FIG. 2 illustrates a configuration of the video decoding
apparatus according to the first exemplary embodiment of
the present invention.

Reterring to FIG. 2, the vide decoding apparatus includes
an entropy-decoding module 200, a quadtree-based dequan-
tization parameter deriving module 210, a rearrangement
module 220, a dequantization module 230, an mverse dis-
crete cosine transiform encoding module 240, an intra/inter
prediction module 250, and a filtering module 260.

The entropy-decoding module 200 includes the dequan-
tization parameter differential value block splitting flag
deriving module 120 to derive a block partition tlag used for
quadtree-based adaptive dequantization, the dequantization
differential value storage block unit determination module
121 to determine a block storing a QP from the dertved block
splitting flag, and the dequantization parameter differential
value deriving module 122 to decode a dequantization
parameter differential value stored 1n a corresponding block.

The qguadtree-based dequantization parameter deriving
module 210 includes the dequantization parameter value
prediction block determination module 123 to determine a
prediction block for reference 1n decoding a dequantization
parameter and the dequantization parameter value deriving
module 124 to derive a dequantization parameter by adding
a dequantization parameter of the prediction block and the
derived dequantization parameter differential value.

FIG. 3 illustrates a context for controlling a quadtree-
based quantization differential value stored 1n a sequence
parameter set according to the first exemplary embodiment
of the present invention.

When cu_gp_delta_enabled_flag 300 has a value of 1 1n
the sequence parameter set, quantization/dequantization
parameter differential values of various quadtree blocks
ranging from CUs of minmimum size to CUs of maximum
s1ze 1n all slices 1 a sequence may be controlled.

FIG. 4A 1llustrates variables set to mnitial values 1n slice
data according to the first exemplary embodiment of the
present 1nvention.

When a slice 1s split 1n a quadtree and encoded/decoded,
the slice 1s first split into LCUs that are a quadtree of
maximum size, which are then encoded/decoded 1n sequen-
tial scanning order. In encoding/decoding each LCU, an
LCU may be further split mnto a plurality of CUs 1n a
quadtree, and such splitting may be performed until CUs are
partitioned mnto CUs of minimum size.
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In FIG. 4A, 1s CuQpDeltaCoded 400 1s a variable for
controlling a quantization/dequantization parameter difler-
ential value which may be stored in each CU when an
arbitrary CU 1s split mnto N CUSs. This variable 1s always
initialized to 0 before each LCU 1n the slice 1s encoded/
decoded.

In FIG. 4A, coding_tree 401 1s a function of performing
encoding/decoding on one LCU 1n the slice. A fourth factor
in this function 1s a flag indicating whether a quantization/
de-quantization parameter diflerential value exists 1n a cor-
responding CU, and always imports a value of 1 before each
LCU 1n the slice 1s encoded/decoded since at least one
quantization/dequantization parameter differential value 1s
stored 1n the LCU.

FIG. 4B illustrates a context of dequantization parameter
differential value block splitting stored in a coding tree block
according to the first exemplary embodiment of the present
invention.

A coding tree block expresses a context of a CU. A CU
having a 2Nx2N size may be split into four CUs having an
NxN size and encoded/decoded according to split_codin-

_unit_{lag 420. Alternatively, the CU having a 2Nx2N size
may not be split into CUs of smaller size any more but be
encoded/decoded as 1t 1s.

The current CU receives an input of a flag indicating
whether a quantization/dequantization parameter diflerential
value exists 1 a higher CU, that 1s, cu_qp_delta_exist_flag
421. When the current CU having a 2Nx2N size 1s further
split into CUs having an NxN size according to a value of
split_coding_unit_flag 420, split_qgp_delta_flag 422 1s addi-
tionally encoded/decoded. Information on such additional
splitting 1s encoded/decoded only when cu_qgp_delta_en-
able flag 300 stored in the sequence parameter set and
cu_qp_delta_exist_flag 421 mput from the higher CU have
a value of 1. A value of split_qp_delta_tlag 422 1s encoded/
decoded only when the current CU having a 2Nx2N size 1s
split 1nto the CU having an NxN size, and 1s mput as the
value of cu_qgp_delta_exist_flag 421 when the lower CUs
having an NxN size are encoded/decoded.

When the value of split_qp_detla_flag 422 1s 0, the
current CU having a 2Nx2N size 1s partitioned into the CUs
having an NxN size but a block storing a quantization/
dequantization parameter differential value 1s not split any
more from a 2ZNx2N size to an NxN si1ze. When the value of
split_qp_detla_flag 422 1s 0, a value of IsCuQpDeltaCoded
400 1s additionally imitialized to O, so that a quantization/
dequantization parameter differential value 1s stored only 1n
a first NxIN CU when the current CU 1s split into the CUs
having NxN size.

FIG. 5 illustrates a context of a quantization/dequantiza-
tion parameter diflerential value stored by a CU and condi-
tions 1 which the differential value exists according to the
first exemplary embodiment of the present invention.

When a CU 1s not mn a skip mode, a quantization/
dequantization parameter differential value may be recorded
in the CU. When a value of cu_qgp_delta_exist_tlag 500 and
421 1s 1, a quantization/dequantization parameter differen-
tial value exists 1n the current CU, 1n which case a value of
cu_qgp_delta 501 may be stored by a CU according to a value
of cu_gp_delta_enabled_flag 300 stored in the sequence
parameter set. For example, when the value of cu_qgp_del-
ta_exist_tlag 500 and 421 1s 1 and the value of cu_qp_del-
ta_enabed_flag 300 1s O, cu_qgp_delta 501 1s not stored.

Alternatively, when a 2Nx2N CU 1s split into four NxN
CUs 1n a quadtree, only one quantization/dequantization
parameter diflerential value may be stored. In this case, the
quantization/dequantization parameter differential value 1s
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stored 1 a first CU among the four CUs, while the other
three CUs do not record the quantization/dequantization
parameter diferential value. Here, since the value of
split_qgp_delta_tlag 422 encoded/decoded 1n the 2Nx2N CU
1s O, the value of cu_gp_delta_exist_flag 500 mput to the
NxN CU 1s 0. Thus, although no cu_qgp_delta 501 basically
exists 1n the split four NxN CUSs, a value of cu_qgp_delta 501
may be stored 1n a first NxIN CU using a variable NIs-
CuQpDeltaCoded. The value of cu_gp_delta 501 1s not
stored 1n the other three CUs since the first CU changes the
value of IsCuQpDeltaCoded to 1 after decoding cu_qp_delta
501.

Even 1n this case, the value of cu_qgp_delta 501 may be
stored only when the value of cu_qp_delta_enabled_flag 300
stored 1n the sequence parameter set 1s 1, simultaneously
checking the value of cu_qgp_delta_enabled_flag 300.

FIG. 6A 1llustrates operations of the quantization differ-
ential value storage block unit determination module 100
and the dequantization diflerential value storage block unit
determination module 121 according to the first exemplary
embodiment of the present invention.

A 2Nx2N LCU to encode/decode may be split into four
NxN CUs, each of which may be further partitioned to be
processed. Even though the 2Nx2N LCU 1s partitioned 1nto
a plurality of CUs to be encoded/decoded, when
split_qgp_delta_tlag 422 has a value of 0 as shown 1n FIG.
6A, a quantization/dequantization parameter differential
value 1s stored 1n a first CU of the LCU. A quantization/
dequantization parameter value reconstructed 1n the first CU
may be used for the other CUs of the LCU.

FIG. 6B illustrates operations of the quantization differ-
ential value storage block unit determination module 100
and the dequantization diflerential value storage block unit
determination module 121 according to a second exemplary
embodiment of the present invention.

A 2Nx2N LCU to encode/decode 1s split into four CUs 1n
a first stage, a second CU of which 1s further split. In this
instance, when a flag indicating splitting into the CUs 1s
encoded/decoded in the first stage, a splitting flag with
respect to a quantization/dequantization parameter value,
which 1s split_gp_delta_flag 422 and 631, 1s additionally
encoded/decoded. When a value of split_qgp_delta_flag 422
and 631 1s 1, all four split CUs have a quantization/
dequantization parameter diflerential value, and thus the
splitting flag with respect to the quantization/dequantization
parameter value, split_qp_delta_flag 422 and 631, 1s addi-
tionally encoded/decoded.

Even in this case, although the second NxN CU 1is split
into CUs until a third stage, the block splitting flag for
quantization/dequantization, split_qp_delta_flag 422 and
631, 1s O, and thus a single quantization/dequantization
parameter value 1s allocated for a plurality of CUSs.

FIG. 6C 1llustrates operations of the quantization differ-
ential value storage block unit determination module 100
and the dequantization differential value storage block unit
determination module 121 according to a third exemplary
embodiment of the present invention.

FIG. 6C shows that a 2Nx2N LCU to encode/decode 1s
split into four CUs 1n a first stage, a second CU of which 1s
further split. Even when the second CU 1s split into four
CUs, each of which 1s further partitioned into four CUs, a
size ol a block to record a quantization/dequantization
parameter diflerential value may be determined using a
value of split_qgp_delta_tlag 422 and 661. In FIG. 6C, a CU
1s split to regions with up to three depth informations, while
the quantization/dequantization parameter differential value
has relatively up to two depth informations.
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FIG. 7A illustrates the QP value prediction block deter-
mination module 102 and the dequantization parameter
value prediction block determination module 123 according
to the first exemplary embodiment of the present invention.

An encoder allocates a QP value to CU blocks determined
by the quantization differential value storage block umit
determination module 100 and employs a previously used
QP value for remaining blocks as 1t 1s. Here, the QP value
1s predicted from a QP value for previous blocks, and only
a QP different value 1s encoded.

A decoder decodes a dequantization parameter diflerential
value 1n the dequantization parameter differential value
deriving module 122 and derives a dequantization parameter
value by adding the differential value with a dequantization
parameter value of a block used for prediction.

The QP value prediction block determination module 102
and the dequantization parameter value prediction block
determination module 123 serve to determine a neighboring
block for reference when the encoder and the decoder
predict a QP value of a current block.

In FIG. 7A, when a CU 720 to encode/decode 1s allocated
a quantization/dequantization parameter value, the param-
cter value 1s predicted using an average value, minimum
value or maximum value of QP values of CUs 712 and 702
or L¢ and Tc having a largest block size located on each
boundary among CUs 710, 711 and 712 or La, Lb and Lc
located on a left boundary of the current CU 720 and CUSs
700, 701 and 702 or Ta, Tb and Ic located on an upper
boundary of the current CU 720.

FIG. 7B 1llustrates the QP value prediction block deter-
mination module 102 and the dequantization parameter
value prediction block determination module 123 according
to an alternative example of the first exemplary embodiment
of the present invention.

When an LCU 1s split mnto a plurality of CUs to be
encoded/decoded, a QP wvalue of a current CU 750 to
encode/decode 1s predicted using an average value, mini-
mum value or maximum value of QP values of two CUs
having a largest block size located on a left boundary and an
upper boundary of the current CU 750 among CUSs neigh-
boring to the current CU 750.

FIG. 8A illustrates the QP value prediction block deter-
mination module 102 and the dequantization parameter
value prediction block determination module 123 according
to a second exemplary embodiment of the present invention.

When a QP value of a current CU 840 to encode/decode
1s predicted, a CU having a largest block size among CUs
neighboring to the current CU 1s used for reference. In this
case, when there are a plurality of CUs having a largest
block size, an average value, minimum value or maximum
value of QP values of CUs 1s used to predict the QP value
of the current CU 840, the CUs including a top CU 820 or
La selected among CUs on a left boundary of the current CU
840 and a leftmost CU 800 or Ta preferentially used for
reference among CUs on an upper boundary thereof.

FIG. 8B illustrates the QP value prediction block deter-
mination module 102 and the dequantization parameter
value prediction block determination module 123 according
to an alternative example of the second exemplary embodi-
ment of the present invention.

When an LCU 1s split mto a plurality of CUs to be
encoded/decoded, a QP value of a current CU 890 to
encode/decode 1s predicted using CUs having a largest block
s1ze for reference among CUSs neighboring to the current CU
890. Here, when there are a plurality of CUs having a largest
block size on a left boundary of the current CU 890, a top
CU 870 or La 1s used as a reference block. Likewise, when
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there are a plurality of CUs having a largest block size on an
upper boundary of the current CU 890, a leftmost CU 850
or Ta 1s used as a reference block. When the reference blocks
on the left and top boundaries are determined, the QP value
of the current CU 890 to encode/decode 1s predicted using
an average value, minimum value or maximum value of QP
values of these two CUs.

FIG. 9A 1llustrates the QP value prediction block deter-
mination module 102 and the dequantization parameter
value prediction block determination module 123 according

to a third exemplary embodiment of the present invention.
When a QP value of a current CU 920 to encode/decode

1s predicted, all possible reference CUs 900, 901, 902, 910,
911 and 912 or Ta, Th, Tc, La, Lb and Lc neighboring to the
current CU are selected as reference blocks. The encoder
predicts the QP value of the current CU 920 to encode using
an average value, minimum value or maximum value of QP
values of all possible reference CUs and encodes a QP
differential value.

The decoder decodes a dequantization parameter value of
the CU 920 to decode by adding the decoded QP differential
value with an average value, minimum value or maximum
value of dequantization parameter values of all possible
reference CUSs.

FIG. 9B illustrates the QP value prediction block deter-
mination module 102 and the dequantization parameter
value prediction block determination module 123 according
to an alternative example of the third exemplary embodi-
ment of the present invention.

When a CU 950 to encode/decode 1s located 1n an LLCU,
a QP value of the CU 950 1s predicted using all possible
reference CUs 930, 931, 932, 940, 941 and 942 or La, Lb,
Lc, Ta, Tb and Tc neighboring to the current CU.

The encoder predicts the QP value of the current CU 950
to encode using an average value, minimum value or maxi-
mum value of QP values of all adjacent possible reference
CUs and encodes a QP differential value therebetween only.

The decoder decodes a dequantization parameter value of
the CU 950 to decode by adding the decoded QP differential
value with an average value, minimum value or maximum
value of dequantization parameter values of all adjacent
possible reference CUs.

FIG. 10A 1llustrates an operation 1n the QP value predic-
tion block determination module 102 and the dequantization
parameter value prediction block determination module 123
according to a fourth exemplary embodiment of the present
invention.

When a CU 1020 located on a boundary between LCUs
1s encoded/decoded, a CU 1012 or Lc having a largest block
s1ze among possible reference CUs 1010, 1011 and 1012 or
La, Lb and Lc located on a left boundary of the current CU
1020 1s used for reference. Here, when there are one or more
CUs having a largest block size among the possible refer-
ence CUs on the left boundary, a top CU 1s selected as a

reference block.
The encoder predicts a QP value of the CU 1020 to encode

using a QP value of the CU 1012 or Lc¢ selected on the left
boundary as the reference block and encodes a QP differ-
ential value therebetween.

The decoder decodes a dequantization parameter differ-
ential value of the CU 1020 to decode and adds the differ-
ential value with a dequantization parameter value of the CU
1012 or Lc, thereby decoding a dequantization parameter
value of the CU 1020.

FIG. 10B 1illustrates an operation 1n the QP value predic-
tion block determination module 102 and the dequantization
parameter value prediction block determination module 123
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according to an alternative example of the fourth exemplary
embodiment of the present invention.

When an LCU 1s split mto a plurality of CUs to be
encoded/decoded, a CU 1030 or La having a largest block
size among CUs 1030, 1031 and 1032 or La, Lb and Lc
located on a left boundary of a CU 1030 to encode/decode
1s used for reterence. Here, when there are one or more CUs
having a largest block size among the CUs on the left
boundary, a top CU 1030 or La 1s selected as a reference
block.

The encoder predicts a QP value of the CU 10350 to encode
using a QP value of the CU 1030 or La selected on the left
boundary as the reference block and encodes a QP differ-
ential value therebetween.

The decoder decodes a dequantization parameter differ-
ential value of the CU 1050 to decode and adds the difler-
ential value with a dequantization parameter value of the CU
1030 or La, thereby decoding a dequantization parameter
value of the CU 1050.

FIG. 11A 1llustrates an operation in the QP value predic-
tion block determination module 102 and the dequantization
parameter value prediction block determination module 123
according to a fifth exemplary embodiment of the present
invention.

When a CU 1120 located on a boundary between LCUSs 1s
encoded/decoded, all possible reference CUs 1110, 1111 and
1112 or La, Lb and Lc located on a left boundary of the
current CU 1220 are used as reference blocks.

The encoder predicts a QP value of the CU 1120 to encode
using an average value, minimum value or maximum value
of QP values of all possible reference CUs 1110, 1111 and
1112 or La, Lb and Lc¢ located on the left boundary and
encodes a QP differential value.

The decoder decodes a dequantization parameter differ-
ential value of the CU 1120 to decode and decodes a
dequantization parameter value of the CU 1120 to decode by
adding the differential value with an average value, mini-
mum value or maximum value of dequantization parameter
values of all possible reterence CUs 1110, 1111 and 1112 or
La, Lb and Lc.

FIG. 11B illustrates an operation in the QP value predic-
tion block determination module 102 and the dequantization
parameter value prediction block determination module 123
according to an alternative example of the fifth exemplary
embodiment of the present invention.

When an LCU 1s split mto a plurality of CUs to be
encoded/decoded, all possible reference CUs located on a
left boundary of a CU 1150 to encode/decode are used as
reference blocks.

The encoder predicts a QP value of the CU 1150 to encode
using an average value, minimum value or maximum value
of QP values of all possible retference CUs located on the lett
boundary and encodes a QP differential value.

The decoder decodes a dequantization parameter differ-
ential value of the CU 1150 to decode and decodes a
dequantization parameter value of the CU 1150 to decode by
adding the differential value with an average value, mini-
mum value or maximum value of dequantization parameter
values of all possible reference CUs located on the left
boundary.

The invention claimed 1s:

[1. A method for decoding a video by a decoding appa-
ratus using derivation of a dequantization parameter, the
method comprising:

determining a parameter recorded umt for which dequan-

tization parameter information 1s signaled, wherein the
parameter recorded unit 1s split 1n a quadtree structure;
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determiming a parameter prediction unit used for deriving,
a predicted dequantization parameter, wheremn the
parameter prediction umt comprises the parameter
recorded unat;
deriving the predicted dequantization parameter for the
parameter prediction unit, wherein the predicted
dequantization parameter 1s derived using an average
value of dequantization parameters of a block neigh-
boring to a left of the parameter prediction unit and a
block neighboring above the parameter prediction unait;

deriving a differential dequantization parameter for the
parameter recorded unit based on the dequantization
parameter mformation;

deriving the dequantization parameter using a sum of the

predicted dequantization parameter and the diflerential
dequantization parameter; and

performing dequantization using the dequantization

parameter. ]

[2. The method of claim 1, wherein the parameter pre-
diction unit 1s a block which has a size same with one of a
coding unit size from size of smallest coding unit to size of
largest coding unit when a quantization parameter tlag has a
value of true, and

wherein the quantization parameter flag indicates whether

information with which the dequantization parameter 1s
predicted for coding unit is present or not.]

[3. The method of claim 1, wherein splitting information
1s a split flag, and

wherein the parameter recorded unit 1s split into blocks of

lower depth 1n a quadtree structure when the split flag
1s equal to 1, and the parameter recorded unit 1s not split
further when the split flag is equal to 0.]
[4. The method of claim 1, wherein splitting information
1s a split flag,
wherein the split flag equal to O indicates that the difler-
ential dequantization parameter 1s signaled for the
parameter recorded unit and the split tflag equal to 1
indicates that the parameter recorded unit 1s split into
sub-blocks and the differential dequantization param-
eter 1s not signaled for the parameter recorded unit, and

wherein split tflags for the sub-blocks are signaled when
the split flag is equal to 1.]
5. A method for decoding a video by a decoding apparatus
using derivation of a dequantization parameter, the method
COmMprising:
determining a unit image block for parameter vecording
for which dequantization pavameter information is
signaled, wherein the unit image block for parameter
recording is split in a quadtree structure;

determining a unit image block for parameter predicting,
used for deriving a predicted dequantization param-
eter, wherein the unit image block for parameter pre-
dicting comprises the unit image block for parameter
recording;

deriving the predicted dequantization parameter for the

unit image block for parameter predicting, wherein the
predicted dequantization parameter is derived using
dequantization pavameters of a plurality of blocks
neighboring to the unit image block for parameter
predicting;

deriving a differential dequantization parameter for the

unit image block for parameter vecording based on the
dequantization pavameter information;

deriving the dequantization parameter using a sum of the

predicted dequantization parameter and the differential
dequantization pavameter; and
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performing dequantization using the dequantization
parameler.

6. The method of claim 5,

wherein the unit image block for parameter predicting is
a block which has a size same with one of a coding unit
size from a size of a smallest coding unit to a size of a
largest coding unit when a quantization parameter flag
has a value of true, and

wherein the quantization parameter flag indicates
whether information with which the dequantization

parameter is predicted for a coding unit is present or
not.

7. A method for encoding a video by an encoding appa-
ratus using encoding of a dequantization parameter, the
method comprising:
determining a parameter vecorded unit for which degquan-
tization parvameter information is signaled, whevein the
parameter vecovded unit is split in a quadtree structure;

determining a parameter prediction unit used for deviving
a predicted dequantization parvameter, wherein the
parameter prediction unit comprises the parameter
recovded unit;
deriving the predicted dequantization parameter for the
parameter prediction unit, wherein the predicted
dequantization parameter is dervived using dequantiza-
tion parameters of a block neighboring to a left of the
parameter prediction unit and a block neighboring
above the parameter prediction unit;
deriving a differential dequantization parvameter for the
parameter recovded unit by subtrvacting the predicted
dequantization parameter from a dequantization
parameter for the parameter vecovded unit; and

encoding the differential dequantization parameter as the
dequantization parvameter information for the param-
eter recorded unit,

wherein the quadtree structurve splits a block into four

sub-blocks with half horizontal size.

8. The method of claim 7,

wherein the parvameter prediction unit is a block which

has a size same with one of a coding unit size from a
size of a smallest coding unit to a size of a largest
coding unit when a quantization pavameter flag has a
value of true, and
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wherein the quantization parameter flag indicates
whether information with which the dequantization
parameter is predicted for a coding unit is present or
not.
9. A method for transmitting a bitstream generated by an
encoding method performed by an encoding apparatus, the
encoding method comprising:
determining a unit image block for parvameter recording
for which dequantization pavameter information is
signaled, wherein the unit image block for parameter
recording is split in a quadtree structure;

determining a unit image block for parameter predicting
used for deriving a predicted dequantization param-
eter, wherein the unit image block for parameter pre-
dicting comprises the unit image block for parameter
recording;

deriving the predicted dequantization pavameter for the

unit image block for pavameter predicting, wherein the
predicted degquantization parameter is dervived using
deguantization parameters of a plurality of blocks
neighboring to the unit image block for parameter
predicting,

deriving a differential dequantization parameter for the

unit image block for parvameter vecovding by subtract-
ing the predicted dequantization parameter from a
dequantization parameter for the unit image block for
parameter vecording; and

encoding the differential dequantization pavameter as the

dequantization pavameter information for the unit
image block for parameter recording.

10. The method of claim 9,

wherein the unit image block for parameter predicting is

a block which has a size same with one of a coding unit
size from a size of a smallest coding unit to a size of a
largest coding unit when a quantization parameter flag
has a value of true, and

wherein the quantization parameter flag indicates

whether information with which the de quantization
parameter is predicted for a coding unit is present or
not.
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