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ABSTRACT

Cross-component prediction reveals great benefits in promot-
ing the coding efficiency by removing the inter-channel re-
dundancies between luma and chroma components. This pa-
per proposes a novel prediction with a multi-cross component
(PMC) mode for AVS3. With the PMC mode, the Cr cod-
ing block can be predicted through an efficient linear com-
bination of the reconstructed coding blocks regarding Y and
Cb components. Moreover, to release the computational bur-
den, the linear model parameters in PMC are acquired by in-
heritance and reorganization. In this way, the inter-channel
redundancies can be further removed, leading to reductions
of the residual energies and improvements of coding perfor-
mance. Experimental results on AVS3 test model HPM-5.0
verify the effectiveness of the proposed method where the
PMC achieves on average 0.27%, 0.56%, and 1.10% BD-Rate
savings for Y, Cb, and Cr components under all intra config-
uration. Moreover, the PMC brings 0.12%, 0.44% and 1.00%
BD-Rate gains for Y, Cb, and Cr components under random
access configuration. The variations of encoding and decod-
ing time are negligible. Owing to the substantial gains regard-
ing the compression efficiency, and low operational complex-
ity, the PMC has been adopted to AVS3 standard.

Index Terms— Intra prediction, Cross-component pre-
diction, TSCPM, PMC, AVS3.

1. INTRODUCTION

The 3rd generation of audio and video coding standard
(AVS3) has achieved competitive compression performance.
Flexible coding tree structure, such as quad-tree (QT) nested
binary-tree (BT) and extended quad-tree (EQT) partition-
ing [1] [2], is adopted to promote local adaptability. More-
over, a series of high efficiency intra and inter coding tech-
nologies are investigated during the standardisation, such as
affine motion compensation (AMC) [3], advanced motion
vector resolution (AMVR) [4], history-based motion vector
prediction (HMVP) [5] [6], intra derived tree (DT) [7], and
two-step cross-component prediction mode (TSCPM) [8]. It
is reported that AVS3 achieves 23.77% BD-Rate [9] reduc-

tions on average compared to its ancestor AVS2 [10], and
performs especially well on 4K video sequences. In addition,
21.75% BD-Rate savings are observed over High Efficiency
Video Coding (HEVC) standard [11].

Digital color images or videos are composed of three
components: R (Red), G (Green) and B (Blue), or linearly
transformed as: Luma (Y) and Chroma (Cb, Cr). Due to
the strong correlations consisting in different color compo-
nents, cross-component prediction was studied in video cod-
ing aiming at removing the inter-channel redundancies. It
was originally proposed as Cross-Component Linear Model
(CCLM) prediction during the development of HEVC by Kim
et al. [12] and Chen et al. [13]. In literature, numerous ap-
proaches regarding inter-channel prediction have been inves-
tigated for video coding. In [14], multi-model based CCLM
was proposed, where the samples are classified into two or
more classes according to the luma intensities. Multiple linear
models are applied to classified sample groups, with an effort
to more precisely represent the discontinued inter-channel
correlation. Moreover, a hybrid neural network for chroma
intra prediction was presented in [15]. Such kind of non-
linear mapping of luma and chroma is capable of achieving
more accurate prediction, at the cost of higher computational
complexity. CCLM prediction has been adopted to Versatile
Video Coding (VVC) standard [16]. CCLM-left and CCLM-
above modes are incorporated to enhance the prediction effi-
ciency. In AVS3, TSCPM is employed. The principle behind
TSCPM is similar to the CCLM in VVC despite of some dif-
ferences from technical perspectives.

Both CCLM and TSCPM exploit the correlations in Y-Cb
and Y-Cr components. However, the similarities among Y, Cb
and Cr are largely ignored. As illustrated in Fig. 1 and Fig. 2,
the original blocks from sequences “BasketballDrive” and
“BQSquare” with three-channels and signal-channel are pre-
sented. We also draw the scatter diagrams of the correspond-
ing sample values, from which we can observe an approxi-
mated linear relationship between any two color components.
Furthermore, it is interesting to observe that the linear corre-
lations of Y-Cb and Y-Cr are weak in Fig. 2(e) and Fig. 2(f).
However, a strong linear relationship can be observed be-
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Fig. 1. Illustration of a typical block in “BasketballDrive”. (a)
Original; (b) Y component; (c) Cb component; (d) Cr compo-
nent; (e) Y-Cb; (f) Y-Cr; (g) Cb-Cr.

(a) (b) (c) (d)

(e) (f) (g)

Fig. 2. Illustration of a typical block in “BQMall”. (a) Origi-
nal; (b) Y component; (c) Cb component; (d) Cr component;
(e) Y-Cb; (f) Y-Cr; (g) Cb-Cr.

tween Cb and Cr components, as shown in Fig. 2(g), which
inspires us to take advantage of the connections in chroma
channels and investigate the prediction from multi-cross com-
ponents (PMC). To be more specific, the PMC mode is intro-
duced as a new chroma intra prediction mode, which predicts
Cr component by exploiting the information in associated Y
and Cb coding blocks, in an effort to further reduce the inter-
channel redundancies and improve the prediction accuracy for
Cr.

2. CHROMA INTRA PREDICTION MODES IN AVS3

In AVS3, eight modes are provided for chroma intra predic-
tion, including the derived mode (DM), the DC mode, the
horizontal mode, the vertical mode, the bi-linear mode, and
three TSCPMs. Generally, the intra modes of Cb and Cr cod-

Fig. 3. Illustration of the flowchart of the CCLM mode in the
VVC.

Fig. 4. Illustration of the working flow of the TSCPM in the
AVS3.

ing blocks are jointly determined and they always share the
identical prediction mode. Despite the traditional DC and
angular modes, the DM assumes that there are strong struc-
tural similarities between luma and chroma coding blocks,
which forces chroma coding blocks to reuse the correspond-
ing luma intra mode. Besides, TSCPM employs the inter-
channel relationships by deriving the prediction signals of
the chroma block with the corresponding luma reconstructed
block through the linear model.

Even though the principle of TSCPM is similar to CCLM,
technical details are different, especially in terms of the 4:2:0
format videos. To be more specific, in CCLM, the linear
transform is conducted to the down-sampled luma recon-
structed block Rec′Y , as illustrated in Fig. 3. However, with
TSCPM, an internal prediction block with the same dimen-
sion to the reconstructed luma block is first generated through
linear transform. Subsequently, down-sampling is carried out
on the internal block to produce the final chroma prediction
block. The workflow of TSCPM is described in Fig. 4. More-
over, depending on the employment of neighboring samples,
three TSCPMs are supported in AVS3, including TSCPM-LT,
TSCPM-L, and TSCPM-T.

Regarding the derivation of linear model parameters, a
sub-sampled scheme is proposed [8] to release the compu-
tational burden, which derives the model parameters with at
most four neighboring sample pairs with fixed positions. The
four selected samples are sorted into larger two and smaller
two couples according to luma intensities. The larger two and
smaller two sample pairs are respectively denoted as x0A, x1A
and x0B , x1B . Their corresponding chroma sample values are
denoted as y0A, y1A and y0B , y1B . In this way, xA, xB , yA, and
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Table 1. Illustration of the Coding Bin Strings Regarding
Chroma Intra Prediction Modes in AVS3 When Cooperating
with the PMC Mode

Indices Mode Bin String

0 DM 1

1 DC 0 0 1

2 Horizontal 0 0 0 1

3 Vertical 0 0 0 0 1

4 Bilinear 0 0 0 0 0

5 TSCPM (TSCPM-LT) 0 1 1 0

6 TSCPM-L 0 1 0 1 0

7 TSCPM-T 0 1 0 0 0

8 PMC (PMC-LT) 0 1 1 1

9 PMC-L 0 1 0 1 1

10 PMC-T 0 1 0 0 1

Bin Indices 0 1 2 3 4

yB can be derived as,

xA = (x0A + x1A + 1) >> 1, (1)

xB = (x0B + x1B + 1) >> 1, (2)

yA = (y0A + y1A + 1) >> 1, (3)

yB = (y0B + y1B + 1) >> 1. (4)

As such, the linear model parameters α and β can be obtained
by,

α =
yA − yB
xA − xB

,

β = yA − α · xA. (5)

3. THE PROPOSED PMC MODE

Considering that the TSCPM only employs the relationship
between the luma and chroma components, we propose the
PMC that predicts the Cr block with Y and Cb reconstructed
blocks. In the literature, several efforts have been done on
HEVC to improve the prediction accuracy for Cr compo-
nent [17] [15]. However, the augment of decoding complexity
is noticeable owing to the reformation of the model parame-
ters, which may hinder the practical applications of the algo-
rithm, especially in terms of the hardware implementations.
In this paper, the proposed PMC mode collaborates closely

Fig. 5. Illustration of the working flow of the PMC mode.

with TSCPM prediction where the linear model parameters
generated by TSCPM can be effectively reused by PMC. As
such, the PMC simply functions as the linear combination of
Y and Cb reconstructed samples without further derivations
of the linear model parameters.

The overall flow of PMC is illustrated in Fig. 5. More
specifically, the prediction procedure of Cb coding block re-
mains the same as in TSCPM. However, Cr coding block is
linear transformed with parameter set (A,B), yielding an in-
ternal block tP ′

Cr as follows,

tP ′
Cr = A ·RecY +B. (6)

To keep the complexity as low as possible and resume the
logic of TSCPM, the linear parameters (A,B) are derived as
follows,

A = α0 + α1, (7)

B = β0 + β1, (8)

where (α0, β0) and (α1, β1) are the two sets of linear model
parameters derived for Cb and Cr by TSCPM, respectively.
The dimension of tP ′

Cr is identical to the luma coding
block. Subsequently, tP ′

Cr is down-sampled as tPCr with
a down-sampling filter which is identical to that employed
by TSCPM. The final prediction of Cr coding block is set to
the differences between the tPCr and reconstructed Cb block
RecCb as follows,

PCr = tPCr −RecCb. (9)

Since there are three modes in TSCPM according to how
the linear model is derived, three PMC modes are brought into
correspondence with TSCPMs, including PMC-LT, PMC-L,
and PMC-T modes. Regarding the mode signaling, the three
PMC modes are treated as additional TSCPM modes where
one additional bin is signaled to indicate whether the Cr cod-
ing block is coded with PMC mode or TSCPM mode. As
such, the bin string of individual chroma intra prediction
mode with the integration of PMC in AVS3 is illustrated in
Table 1. Moreover, if the Cr coding block is coded with one of
the PMC modes, implying that the correlation between luma
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Table 2. Performance of the Proposed PMC on Natural Scene Videos under AI and RA Configurations

Sequence
AI RA

BD-Rate [Y] BD-Rate [Cb] BD-Rate [Cr] BD-Rate [Y] BD-Rate [Cb] BD-Rate [Cr]

240P

BQSquare -0.10% -0.38% -1.58% -0.10% -1.07% -3.73%
BasketballPass -0.51% -0.98% -1.36% -0.44% -2.02% -3.02%

BlowingBubbles -0.43% -0.81% -1.23% -0.19% -0.16% -0.62%
RaceHorses -0.41% -1.09% -1.20% 0.03% -0.48% -0.88%

480P

RaceHorsesC -0.34% -0.45% -0.85% 0.04% -0.49% -1.58%
BQMall -0.44% -1.00% -2.58% -0.10% -1.34% -2.60%

PartyScene -0.30% -0.53% -1.06% -0.02% -1.04% -1.23%
BasketballDrill -0.60% -1.96% -2.02% -0.29% -1.45% -0.77%

720P

City -0.07% -0.02% -1.63% -0.11% 1.44% -1.42%
Crew -0.35% -0.58% -0.21% -0.08% -0.53% -0.21%

Vidyo1 -0.20% -0.30% -1.30% -0.13% 0.01% -0.34%
Vidyo3 -0.03% -0.54% -0.22% -0.06% 1.24% 1.34%

FourPeople -0.30% -0.49% -2.26% -0.36% -0.87% -2.27%
Johnny -0.23% -0.20% -0.76% 0.10% -1.50% -0.02%

KristenAndSara -0.29% -0.53% -1.90% -0.03% -0.05% -1.77%

1080P

BasketballDrive -0.33% -1.18% -1.14% -0.13% -0.53% -0.62%
Cactus -0.15% -0.25% -0.39% -0.20% -0.43% -0.16%

MarkPlace -0.04% -0.07% -0.38% -0.16% 0.72% -0.29%
BQTerrace -0.10% -0.25% -5.20% -0.07% 1.06% -3.66%

RitualDance -0.32% -0.69% -0.70% -0.09% -0.76% -0.91%

4K

Tango2 -0.21% -0.28% 0.03% -0.06% -0.84% -0.28%
Campfire -0.05% 0.05% -0.18% -0.06% 0.06% 0.09%

ParkRunning3 -0.25% -0.25% -0.46% -0.05% -0.04% -0.28%
DaylightRoad2 -0.19% -0.58% 0.16% -0.18% -0.80% -0.02%

CatRobot1 -0.49% -1.10% -0.16% -0.23% -1.23% -0.13%
FoodMarket4 -0.19% -0.15% 0.01% -0.23% -0.24% -0.61%

240P -0.36% -0.81% -1.34% -0.18% -0.93% -2.06%
480P -0.42% -0.99% -1.63% -0.09% -1.08% -1.55%
720P -0.21% -0.38% -1.18% -0.10% -0.04% -0.67%
1080P -0.19% -0.49% -1.56% -0.13% 0.01% -1.13%

4K -0.23% -0.39% -0.10% -0.14% -0.52% -0.21%

Average all -0.27% -0.56% -1.10% -0.12% -0.44% -1.00%

Enc Time 101% 100%
Dec Time 100% 100%

and chroma components is weak and Cb covers the shortage
of the prediction that merely involves Y component, non-zero
residuals may exist in Cb coding block with high probabil-
ity. coded_block_flag (cbf ) of the corresponding Cb coding
block is inferred to be “1” without explicitly signaling in such
scenario.

4. EXPERIMENTAL RESULTS

The proposed PMC is implemented to the AVS3 test model
HPM-5.0 [18]. Simulations are conducted conforming to the
AVS3 common test conditions (CTC) [19]. The AVS3 and
JVET recommended test sequences are involved in the exper-
iments, including the natural scene videos and screen content

videos. Moreover, the coding performance is evaluated by
BD-Rate [9], where negative one denotes the improvement
of compression performance. Configurations of all intra (AI)
and random access (RA) are both applied.

Compared with HPM-5.0, PMC achieves 0.27%, 0.56%
and 1.10% BD-Rate savings for Y, Cb and Cr components,
respectively, under AI configuration. Meanwhile, on average
0.12%, 0.44% and 1.00% BD-Rate gains are achieved under
RA configuration, as shown in Table 2. Since PMC only in-
troduces three additional RDO rounds to Cr component at the
encoder side, the variations of encoding and decoding time
are negligible. In addition, we evaluate the performance of
the proposed PMC with screen content videos under AI and
RA configurations following the CTC where the intra block
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Table 3. Performance of the Proposed PMC on Screen Content Videos under AI and RA Configurations

Sequence
AI RA

BD-Rate [Y] BD-Rate [Cb] BD-Rate [Cr] BD-Rate [Y] BD-Rate [Cb] BD-Rate [Cr]

TGM

FlyingGraphics -0.40% -0.50% -0.96% 0.06% -0.02% -0.25%
Desktop -0.93% -1.79% -2.45% -0.65% -1.25% -1.52%

ChineseDocumentEditing -0.71% -1.14% -1.87% -1.08% -1.35% -1.92%
EnglishDocumentEditing -0.92% -1.32% -2.27% -1.24% -1.74% -2.55%

Spreadsheet -0.52% -1.98% -2.54% -0.79% -2.36% -2.61%
BitstreamAnalyzer -0.28% -0.26% -0.33% 0.05% -0.16% 0.07%

CircuitLayoutPresentation -0.13% -0.43% -0.37% -0.32% -0.41% 0.00%
Program -0.91% -2.86% -3.03% -1.89% -3.27% -3.79%
Web_en -2.47% -4.11% -3.06% -2.13% -2.84% -2.23%

Word_excel -0.83% -2.15% -3.72% -1.06% -2.20% -2.89%

MC Program_vidyo -0.71% -1.60% -1.20% -0.54% -1.82% -0.81%

G ArenaOfValor -0.60% -0.98% -0.47% -0.29% -1.06% -0.32%

TGM -0.81% -1.65% -2.06% -0.91% -1.56% -1.77%
MC -0.71% -1.60% -1.20% -0.54% -1.82% -0.81%
G -0.60% -0.98% -0.47% -0.29% -1.06% -0.32%

Enc Time 100% 100%
Dec Time 101% 100%

copy (IBC) is enabled. Sequences from text & graphics with
motion (TGM), mixed content (MC) and game (G) classes
are involved in the simulation, and results are shown in Ta-
ble 3. PMC constantly brings promising compression per-
formance where 0.81% 1.65% and 2.06% BD-Rate gains are
achieved on TGM sequences under AI configuration. More-
over, 0.91%, 1.56% and 1.77% BD-Rate savings can be ob-
served under RA configuration on TGM sequences. The PMC
has been adopted to AVS3 standard [20].

Furthermore, to demonstrate that the proposed PMC is ca-
pable of achieving higher prediction accuracy, we statistic the
changing regarding the residual energies in Cr coding block.
In particular, the total residual energies can be formulated as,

Eresi =
∑
i

(ri)
2, (10)

where ri denotes the entropy coded residual. The savings of
residual energies can be defined as,

∆Eresi =
Eanc

resi − Epro
resi

Eanc
resi

× 100%. (11)

It should be noticed that positive ∆Eresi represents the sav-
ings of residual energies. Statistical results are illustrated in
Table 4, where on average 18% to 25% reductions of residual
energies can be observed with varied settings of quantization
parameters (QP), indicating that PMC mode achieves better
prediction outcomes with less residuals and thus is conducive
to saving the overall coding bits.

5. CONCLUSIONS

In this paper, we proposed an efficient PMC mode with the
aim of improving the prediction accuracy for Cr coding block.
With PMC mode, the Cr coding block can be predicted ac-
cording to the linear combination of Y can Cb coding blocks.
The linear model parameters in PMC are inherited and re-
formed from TSCPM to alleviate the computational burden
for both encoder and encoder. Experimental results ver-
ify the effectiveness of the proposed method on AVS3 test
model HPM-5.0. 0.27%, 0.56% and 1.10% BD-Rate gains are
achieved for Y, Cb and Cr components, respectively under AI
configuration on natural scene videos. Meanwhile, PMC in-
troduces 0.12%, 0.44% and 1.00% BD-Rate gains under RA
configuration. Constantly reductions of the residual energies
regarding the Cr coding block can be observed. Furthermore,
PMC performs well and achieves promising coding gains on
screen content videos. The variations of encoding and decod-
ing time are negligible.
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