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Abstract. We present a fast block partitioning scheme for chrominance intra prediction of
the Versatile Video Coding (VVC) standard. VVC adopted several innovative tools to improve
the coding performance compared with its predecessor standard, enabling the efficient handling
of emerging video content such as ultra-high definition (UHD). These coding performance
improvements come at the cost of a significant increase in coding complexity, mainly due to
the new block partitioning structure called quadtree with nested multi-type tree (QTMT), which
can be applied separately for luminance and chrominance components. Thus, this work proposes
a scheme focusing on chrominance intra coding, composed of chrominance splitting early ter-
mination based on luminance QTMTand fast chrominance split decision based on the sub-block
variances. Experimental results demonstrated that the proposed scheme provides 60.03% and
8.18% of chrominance and total encoding time savings, respectively, with a negligible impact
of 0.66% in the YUV-BDBR. © 2021 SPIE and IS&T [DOI: 10.1117/1.JEI.30.5.053009]
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1 Introduction

Remarkable advances in video coding were obtained with the standardization of video codecs
such as H.264 advanced video coding (AVC)1 and H.265 high-efficiency video coding (HEVC),2

which allowed for encoding efficiently high-resolution videos with great video quality using
few bits. However, along with the continuous growth of digital video consumption over the
internet, emerging technologies such as ultra-high definition (UHD) and immersive content,
including high-dynamic range and 360 deg omnidirectional videos, are increasingly widespread,
incurring enormous traffic of digital video data. This became even more noticeable during
the COVID-19 pandemic, when the streaming services of different applications increased
significantly. Thus, the current video coding standards do not provide satisfactory performance
to meet the current market requirements of the next video applications. Hence, this created the
demand for next-generation video coding technologies with capabilities beyond the current
standards.

The Joint Video Experts Team (JVET) was established in a collaboration between ISO
Moving Picture Experts Group (MPEG) and ITU-T Video Coding Experts Group (VCEG) to
develop the Versatile Video Coding (VVC) standard,3 defined as the Final Draft International
Standard (FDIS) in July 2020.3 VVC was designed to obtain a significantly higher compression
efficiency than the HEVC standard and have a high versatility for efficient use with different
types of video content.

Several novel techniques were developed and enhanced during the VVC standardization,
significantly improving the coding efficiency compared with its predecessor standard. These
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improvements include larger block sizes, quadtree with nested multi-type tree (QTMT),4 a higher
number of angular intra prediction modes,5 dual-tree (DT) coding structure [also known as
chroma separate tree (CST)],5 cross-component linear model (CCLM),6 multiple transform
selection,7 and low-frequency non-separable transform (LFNST),8 among others. These tools
increased the VVC compression performance at the cost of a significant computational burden
increase.

The intra coding effort of the VVC test model (VTM)9 increased by about 28 times over
the HEVC test model (HM) under an all-intra (AI) encoder configuration.10,11 Consequently,
fast coding algorithms and complexity reduction solutions are required to allow for adopt-
ing VVC and developing new applications that meet the practical requirements of the
market.

Some works focusing on decreasing the complexity of VVC intra coding have been
proposed.12–16 Since the QTMT partitioning structure is the most time-consuming encoding step
in VTM,10 most of these works focused on accelerating this process. Yang et al.12 proposed a
complexity reduction scheme composed of two strategies. The first one uses decision trees to
avoid unnecessary block partition evaluations; the second one applies a gradient descendent
search to reduce the assessment of some angular intra prediction modes. Fu et al.13 presented
a fast block partitioning algorithm using a classifier based on the Bayesian decision rule to
reduce the complexity of the multi-type tree (MTT). In this case, the information derived from
the current block and the horizontal binary splitting is used as an input feature for the model.
Lei et al.14 developed a scheme to identify unnecessary block partition evaluations in advance,
in which a subset of angular intra prediction modes is evaluated to estimate the cost of parti-
tioning the current block with the horizontal and vertical partition types. Zhao et al.15 presented
a solution based on convolutional neural network (CNN), which is responsible for deciding if
the current block should be split based on the residual information of the neighboring blocks.
Our previous work16 proposed a fast block partitioning decision scheme to avoid unnecessary
evaluations of MTT partition types. For deciding the direction of MTT partitions to be evaluated,
the proposed solution used the best intra prediction mode selected for the current block and the
variance of subpartitions in the current block.

Although these works presented outstanding results regarding encoding efficiency and com-
plexity reduction, they all focused on accelerating the encoding of luminance block samples.
However, VVC allows the chrominance blocks to have a separate coding tree from luminance
blocks, incurring a similar and complex evaluation process in the QTMT structure for chromi-
nance blocks. From our experiments, the average chrominance encoding complexity is about
13% of the total VTM encoder. Therefore, complexity reduction solutions specialized for the
chrominance QTMT structure are required to contribute and enable the development of the VVC
real-time encoder.

This paper proposes a fast block partitioning scheme for chrominance intra prediction, which
explores the correlation between the chrominance and luminance coding tree structures and the
statistical information of the chrominance samples in the current block. The main contributions
of this work are as follows:

i. Analysis of chrominance block partitioning;
ii. Analysis of the correlation between chrominance and luminance QTMT partitioning

structures;
iii. Chrominance splitting early termination based on luminance;
iv. Fast chrominance split decision based on statistical information of the block samples.

The field of video processing has relevant works in different sub-areas, including several
works,17–19 and it is highly active in the challenge of reducing the complexity of video encoders.
Therefore, this work brings significant contributions to our community.

The remainder of this paper is organized as follows. Section 2 presents the VVC block par-
titioning structure and analyzes the chrominance block partitioning for intra coding. Section 3
details the statistical analysis and the fast block partitioning scheme for chrominance. Section 4
presents the experimental results obtained with the proposed solution. Finally, Sec. 5 renders the
conclusions of this work.
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2 VVC Block Partitioning

VVC adopts the same concept of QT employed in the HEVC and inserts the MTT partitioning
structure, allowing for square and rectangular coding unit (CU) sizes through QT and binary tree
(BT)/ternary tree (TT),5 respectively. These combined structures compose the QTMT partition-
ing structure, which allows for six types of partitions: no split, QT, binary tree horizontal (BTH),
binary tree vertical (BTV), ternary tree horizontal (TTH), and ternary tree vertical (TTV).
A CU can be defined as no split, and the coding process is performed with the current CU size;
otherwise, this CU is split using the QT, BT, or TT structure. QT divides a CU into four
equal-sized square sub-CUs. BT divides a CU into two symmetric sub-CUs. TT splits a CU
into three sub-CUs, where the central sub-CU has 50% of the original CU size and the two
sides of sub-CUs have 25%. In addition, BT and TT can be performed in horizontal and vertical
directions.

The QTMT structure split each coding tree unit (CTU) recursively through the QT structure,
and only the QT leaf nodes can be partitioned in an MTT structure (i.e., no further QT is allowed
once a CU is partitioned using MTT). Additionally, MTT can split a QT leaf node recursively
through BTH, BTV, TTH, and TTV partitions.

VVC also introduces the DT (or CST) coding tool,5 enabling the luminance and chrominance
components to have a separate QTMT coding tree structure for I-slices (slices that only allow
intra prediction) to enhance the compression performance. Thus, encoding the chrominance
blocks also performs several block partition evaluations, encompassing QT, BT, and TT
structures.

In VVC, a CU can be larger than the CTU size (maximum size of 128 × 128 samples) or as
small as 4 × 4 samples, considering luminance blocks. Regarding chrominance blocks, a CU can
have a maximum size of 64 × 64 samples and a minimum size of 16 samples, which can be 8 × 2

or 4 × 4. However, for the intra prediction, the maximum luminance block size processed is
64 × 64, representing the maximum transform block size, whereas the maximum chrominance
block is 32 × 32. Consequently, the QTMT structure starts evaluating the intra prediction with a
depth level equal to one since the CU is implicitly split by the QT structure in the first level of
the QTMT.

Figure 1 exemplifies the QTMT partitioning for a 64 × 64 chrominance CTU split into
several CUs with different QT and MTT levels. Black, gray, and blue lines represent QT,
BT, and TT splitting, respectively.

2.1 Chrominance Block Partitioning Analysis

This section analyzes the chrominance block partitioning in the intra prediction to understand
the complexity reduction possibilities. The simulations were performed using VTM 10.0,9

with all video sequences and quantization parameter (QP) specified in the JVET common test

Fig. 1 Illustration of the QTMT partitioning process for a 64 × 64 chrominance CTU.
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conditions (CTC).20 All of the presented analyses considered the average results among the video
sequences and QPs.

Figure 2 shows the complexity and usage distributions for all available chrominance block
sizes in the VVC intra prediction. Note that the highest encoding complexities are concentrated
in smaller block areas, whereas the usage distribution occurs among different block areas. For
instance, considering the larger blocks 32 × 32, 16 × 16, 16 × 8, and 8 × 16 and the smaller
blocks 8 × 4, 4 × 8, and 4 × 4, the total encoding complexity is lower for larger blocks
(29.8%) than for smaller blocks (33.7%). However, the total selection of these larger blocks
(33.2%) is slightly higher than the smaller ones (32.1%), indicating that most of the chrominance
coding complexity is related to evaluating smaller block sizes, but in several cases, the encoder
decides to use larger block sizes.

The following analysis presents the impact of limiting the QTMT depth level and removing
the horizontal or vertical directions of the MTT structure. We performed both modifications only
for the chrominance QTMT structure to analyze the chrominance behavior. This evaluation con-
sidered the encoding efficiency measured through the Bjontegaard Delta bitrate (BDBR)21 and
the encoding time saving (ETS), regarding both chrominance ETS (C-ETS) and Total ETS
(T-ETS). C-ETS measures only the chrominance coding time, excluding the time consumed in
luminance coding, loop filters, and control operations.

BDBR expresses the percentage variation of the bitrate between a test configuration and a
reference configuration, considering the same objective video quality measured through the peak
signal noise ratio (PSNR).21 Hence, a positive BDBR result indicates that the test configuration
provides a worse compression efficiency than the reference configuration, and a negative BDBR
result refers to a better compression efficiency of the test configuration compared with its
reference. BDBR can be calculated individually for each channel (Y, U, and V) or combined
for the three components. For all cases, the overall bitrate is used to compute BDBR (i.e., the
bits considering the three components), whereas different PSNR values are used to compute
the luminance (Y), chrominance (U), and chrominance (V) BDBR results, according to the cor-
responding component. YUV-BDBR also uses the overall bitrate, but it computes the PSNR

(a)

(b)

Fig. 2 (a) Encoding complexity and (b) usage distribution for chrominance block sizes.
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considering the three components through a weighted PSNR average,22 providing the coding
efficiency result considering all components together.

This work presents the YUV-BDBR results to show the coding efficiency impact of our
scheme and the U-BDBR and V-BDBR results to show the impacts of our scheme in each chro-
minance channel since this work focuses on chrominance coding.

Table 1 shows the obtained results when limiting the maximum chrominance QTMT depth
level in 2 and 3 for the intra prediction. Considering that QTMT starts with a depth level equal to
one for the intra prediction, QTMT depth 2 indicates that the 32 × 32 chrominance CUs can be
split using only one level of QTor MTT structure. In contrast, QTMT depth 3 allows the encoder
to split the CUs with two levels of QT, two levels of MTT, or one level of QT followed by one
level of MTT structure.

Limiting the QTMT depth can provide expressive C-ETS and T-ETS. For instance, restricting
the QTMT depth in 2 provides a C-ETS and T-ETS of up to 94.21% (Class D) and 20.12% (Class
A2), respectively. When limiting the QTMT depth in 3, a C-ETS and T-ETS of up to 81.75%
(Class D) and 19.03% (Class A2) are obtained. It is important to highlight that the class that
attained the highest C-EST is not necessarily the same class with the highest T-ETS because the
total encoding complexity distribution between luminance and chrominance components varies
according to the QP and video sequence encoded.

As expected, the fewer possibilities there are for block partitioning to evaluate, the greater the
time saving is; QTMTwith depth 2 attained on average 90% and 12% of chrominance and total
encoding time savings, respectively. However, these time savings come with a significant BDBR
increase of 3.84%, 16.67%, and 18.36% in YUV-BDBR, U-BDBR, and V-BDBR, respectively.

Table 2 presents the BDBR impact, C-ETS, and T-ETS when removing horizontal partition-
ing (BTH and TTH partitions) and vertical partitioning (BTV and TTV partitions) for chromi-
nance QTMT structure. On average, when the chrominance horizontal partitioning is disabled,
C-ETS and T-ETS are 82.90% and 12.50%, respectively, whereas with disabling the chromi-
nance vertical partitioning, 78.65% and 11.71% of C-ETS and T-ETS are achieved, respectively.
The average BDBR impact when removing horizontal partitioning is 2.48%, 12.06%, and
12.43% for YUV-BDBR, U-BDBR, and V-BDBR, respectively. Regarding the vertical partition-
ing, the BDBR increases by 2.03%, 9.21%, and 9.80% for YUV-BDBR, U-BDBR, and
V-BDBR, respectively.

This analysis demonstrated that, although horizontal and vertical partitioning increases
the encoding efficiency, most of the chrominance encoding complexity is related to the BT/TT
partition direction.

Based on the presented analyses, one can notice that QTwith nested MTT partition structure
enables more flexible block partition types that adapt to a wide range of video characteristics,
allowing for better compression performance. But, evaluating this high amount of splitting

Table 1 Encoding efficiency and time saving of limiting the QTMT depth for chrominance blocks.

Class

QTMT depth 2 QTMT depth 3

YUV
BDBR
(%)

U
BDBR
(%)

V
BDBR
(%)

C-ETS
(%)

T-ETS
(%)

YUV
BDBR
(%)

U
BDBR
(%)

V
BDBR
(%)

C-ETS
(%)

T-ETS
(%)

A1 2.88 12.22 13.19 85.90 10.41 0.90 3.88 3.84 64.02 9.03

A2 4.25 20.09 17.28 91.78 20.12 1.54 7.45 6.63 75.88 19.03

B 2.56 15.41 17.97 89.23 8.88 0.90 5.88 6.67 70.33 7.62

C 5.42 20.06 24.76 93.06 13.00 1.99 8.55 10.33 79.21 12.40

D 5.42 20.36 24.74 94.21 13.34 2.31 9.46 11.76 81.75 11.11

E 2.50 11.91 12.23 86.66 7.95 0.71 3.49 3.68 65.30 6.36

Avg. 3.84 16.67 18.36 90.14 12.28 1.39 6.45 7.15 72.75 10.92
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possibilities requires a high computational effort. However, the simple removal of some block
partitioning evaluations is not appropriate for reducing the encoding effort since this decision can
significantly degrade the encoding efficiency. Thus, solutions capable of adaptively limiting
the chrominance QTMT depth and deciding the direction of BT/TT partitions are promising
alternatives to reducing the encoding complexity and enabling real-time video encoding.

Figures 3(a), 3(b), and 3(c) present the block size distributions for luminance, chrominance
(U), and chrominance (V), respectively, regarding the first frame of the BasketballPass video
sequence encoded with AI configuration and QP 37. Since VVC encodes chrominance channels
U and V together, the same block size distribution is obtained for both components.

One can notice that, for most cases, chrominance is encoded with larger blocks than lumi-
nance since chrominance has more homogeneous regions. However, the chrominance QTMT
structure evaluates all splitting possibilities to find the best one, demanding a high computational
effort. Since the best coding structure of luminance QTMT is obtained earlier than the chromi-
nance QTMT coding, the luminance QTMT structure can be employed as a predictor to decide
early termination of the chrominance QTMT evaluation.

3 Statistical Analysis and Proposed Solution

For I-slices, luminance and chrominance QTMT structures are obtained separately for each
CTU; however, the chrominance CTU encoding is performed after encoding the associated lumi-
nance CTU. As these channels represent the same scenario, one can explore some correlations
between the luminance and chrominance QTMT structures. Furthermore, the characteristics of
the chrominance CU samples can also be explored to identify the behavior of the texture and
predict the best chrominance block partitioning type. Section 3.1 presents the methodology used
to develop the proposed solution. Sections 3.2 and 3.3 detail the proposed fast block partitioning
scheme, which is composed of two solutions: (i) chrominance CU splitting early termination

(a) (b) (c)

Fig. 3 Block size distributions for (a) luminance; (b) chrominance (U); and (c) chrominance (V).

Table 2 Encoding efficiency and time saving of removing the horizontal or vertical MTT partitions
for chrominance blocks.

Class

Horizontal partitioning less Vertical partitioning less

YUV
BDBR
(%)

U
BDBR
(%)

V
BDBR
(%)

C-ETS
(%)

T-ETS
(%)

YUV
BDBR
(%)

U
BDBR
(%)

V
BDBR
(%)

C-ETS
(%)

T-ETS
(%)

A1 3.91 16.23 18.17 82.06 11.48 1.98 9.00 9.52 76.78 11.41

A2 2.44 13.67 10.36 84.36 20.77 2.70 12.99 11.72 81.18 18.53

B 2.29 14.34 15.12 82.47 7.69 1.43 8.44 9.90 77.14 7.20

C 2.32 9.63 11.12 84.51 13.89 2.23 8.91 10.88 80.33 12.89

D 1.89 8.90 10.19 85.79 13.50 1.98 7.52 9.01 80.25 12.13

E 2.02 9.58 9.60 78.23 7.67 1.83 8.39 7.75 76.20 8.08

Avg. 2.48 12.06 12.43 82.90 12.50 2.03 9.21 9.80 78.65 11.71
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(CSETL) based on Luminance QTMT and (ii) fast chrominance split decision based on variance
of sub-blocks (FCSDV). Section 3.4 presents the overall fast block partitioning scheme and
discusses the definition of the thresholds.

3.1 Methodology

All statistical analyses presented in this section followed the CTC encoder configurations and QP
values specified by JVET. The experiments considered the AI configuration, where only intra
prediction tools are available. The experiments were executed using the VTM software (version
10.0), which serves as a reference implementation of all encoding features defined in the VVC
standard.

In the experiments used to collect the data used to define the proposed techniques, five
video sequences with different resolutions were selected: TrafficFlow (3840 × 2160), ParkScene
(1920 × 1080), Flowervase (416 × 240) (HEVC CTC23), Netflix_DrivingPOV (1280 × 720)
(AV1 CTC24), and BasketballDrill (832 × 480) (VVC CTC20). Each video sequence is encoded
with 80 frames for each QP.

These video sequences were selected based on spatial information (SI) and temporal infor-
mation (TI).25 SI estimates the amount of details within the video sequence, whereas TI measures
the quantity of motion in the video sequence. Since the effectiveness of the analyses and devel-
oped solutions are highly linked to the diversity and relevance of the dataset, we selected video
sequences with varied SI/TI values and different resolutions. This ensures a substantial variation
in the information generated and increases the potential for developing a robust solution.
Figure 4 shows the SI and TI for these video sequences used to collect data.

It is worth noting that, to provide a more robust solution, we selected different video sequen-
ces to collect data from those used in VVC CTC to obtain the experimental results of the
proposed solution. Only one video sequence of VVC CTC was used in the data collection step
(BasketballDrill). The remaining VVC CTC video sequences were used to evaluate the proposed
solution, as presented in Sec. 4. Thus, this avoids overfitting the proposed solution.

During the evaluations, the success rate of each predictor was analyzed according to the QP
and video sequence encoded. Equation (1) describes the success rate, which is the number of
cases for which the proposed predictor had success divided by the total number of cases.

EQ-TARGET;temp:intralink-;e001;116;363Success Rate ¼ Predictor have success
Total cases

ð%Þ (1)

3.2 Chrominance CU Splitting Early Termination based on Luminance QTMT

We propose the following idea to explore the correlation of the chrominance and luminance
QTMT structures. For a given chrominance CU being evaluated in the QTMT depth d, it is

Fig. 4 Spatial and temporal information distribution of the training video sequences.
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possible to verify the split type selected in the associated luminance CU for the same QTMT
depth d.

Considering this fact, if the selected split type for the luminance CU in this depth is not split,
a high probability of the best chrominance CU has been found at a depth lower or equal to d.
Then, the process of dividing the chrominance CU ends; otherwise, the execution flow remains
unchanged.

Figure 5 shows the success rate for the video sequences and each QP described in Sec. 3.1.
The success rate was calculated according to Eq. (1), and in this case, the total number of cases is
the number of evaluated chrominance blocks. The predictor has success when the chrominance
block is encoded with a QTMT depth lower or equal to the QTMT depth of the associated lumi-
nance block. On average, this predictor has a success rate higher than 70% for all QPs evaluated.
In addition, the success rate also increases as QP increases, reaching up to 81% for QP 37.
On average, a success rate of 75% was obtained, indicating that the luminance QTMT structure
can be a good predictor for the chrominance QTMT coding.

Along with this analysis, Fig. 6 shows the probability density functions for “not split” and
“split” curves according to the rate-distortion (RD) cost divided by the block area since larger
blocks tend to have larger RD-costs. The block area refers to the number of samples inside the
block, and it is calculated by multiplying the block width by the block height. The chrominance
RD-cost was collected for both curves when the colocated luminance CU was defined as not
split. The not split indicates that the chrominance CU was not split when the colocated lumi-
nance CU also was defined as not split. The split indicates that the chrominance CU was split
when the colocated luminance CU was defined as not split.

Fig. 5 Success rate of the best chrominance block size found in the QTMT depth lower or equal to
luminance QTMT.

Fig. 6 Probability density function of splitting or not splitting the chrominance CU using RD-cost
based on the luminance QTMT.
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These functions, which follow a Gaussian distribution, were achieved by encoding the video
sequences defined in Sec. 3.1. These results demonstrate a high probability of the luminance
QTMT predictor having success for low RD-costs while having almost no chance of having
success for larger values. Thus, this approach can be explored to perform an early termination
decision according to a threshold criterion, increasing the success rate and decreasing the encod-
ing efficiency loss. This strategy is explored in Sec. 3.4.1.

3.3 Fast Chrominance Split Decision based on Variance of Sub-Blocks

As discussed in the analysis of Sec. 2.1, horizontal and vertical evaluations of the BT/TT
partitions increase the chrominance encoding time significantly. Therefore, a solution capable
of deciding the direction of BT/TT partitions is a promising strategy for reducing the encoding
complexity efficiently. Typically, the best BT/TT partition direction is highly linked to the tex-
ture direction.13,16 This link happens because the best block partitioning is achieved with the
partition type that results in a more homogeneous region or a region with similar behavior since
it increases the accuracy of the prediction tools and reduces the residual error, incurring a smaller
RD-cost.

Thus, we propose evaluating the variance of sub-blocks in the current encoding chrominance
CU as a predictor to decide the BT/TT partition directions. Figure 7 demonstrates the calculation
of horizontal and vertical variances for an 8 × 8 chrominance CU in Figs. 7(a) and 7(b),
respectively.

To calculate the horizontal variance, we consider that the current CU is horizontally subdi-
vided into two equal-sized sub-blocks (in a similar way as the BTH partitioning), resulting in two
8 × 4 sub-blocks (in the case of the example of Fig. 7). The varupper and varlower are obtained
by calculating the variances of the highlighted regions in red and blue, respectively. Then, varhor
refers to the sum of the variances of the upper (varupper) and lower (varlower) partitions.
Similarly, varver considers that the current CU is vertically subdivided (in a similar way as the
BTV partitioning), where varleft and varright are added to obtain the varver.

Considering that the lowest sum of variances indicates that the partition type provides more
homogeneous regions, in the example of Fig. 7, the vertical partitioning could be skipped since
the horizontal partitioning is the most promising for achieving a better coding efficiency.

The VVC encoder minimizes the RD-cost considering both chrominance components (U and
V) to define the best block size and prediction mode combination. Consequently, the proposed
predictor should also consider the features of both chrominance components to provide more
accurate decisions. In this case, we calculate the varhor and varver for the block samples of each
chrominance component and only skip a given BT/TT direction if both components agree to skip
that direction. For instance, the horizontal splitting is skipped only if varhor (U) is lower than
varver (U) and varhor (V) is lower than varver (V). To simplify, we use only varhor and varver to
represent the condition of chrominance U and V.

Figure 8 shows the success rate of skipping the horizontal partitioning (BTH and TTH) when
varver is lower than varhor and skipping the vertical partitioning (BTV and TTV) when varhor
is lower than varver. Considering Eq. (1), the predictor has success when it decides to skip

(a) (b)

Fig. 7 Illustration of the calculation of (a) horizontal and (b) vertical variances for an 8 × 8
chrominance block.
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the horizontal direction and the best split type selected is neither BTH nor TTH or if the predictor
decides to skip the vertical direction and the best split type selected is neither BTV nor TTV.
The total number of cases is the total number of chrominance blocks that evaluated at least one
horizontal split and one vertical split. This evaluation shows that this predictor provides a more
than 85% success rate for all cases evaluated. On average, this predictor presents a success rate
of 90%, demonstrating that this solution can provide interesting results regarding encoding
efficiency and complexity reduction.

Figure 9 shows the flowchart of the split decision based on the variance of sub-blocks for a
32 × 32 CU. In this case, the evaluation of vertical split types is skipped if varhor is lower than
varver; otherwise, the encoding flow follows without modifications. Analogously, the horizontal
split types are skipped if varver is lower than varhor.

3.4 Fast Block Partitioning Scheme

Figure 10 shows the flowchart of the proposed fast block partitioning scheme, encompassing
the chrominance splitting early termination (CSETL) and the fast chrominance split decision
(FCSDV).

Fig. 8 Success rate of skipping the horizontal or vertical splitting of BT/TT partitions using the
variance of sub-blocks.

Fig. 9 Flowchart of the split decision based on the variance of sub-blocks.
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CSETL aims to terminate the chrominance QTMT evaluation early based on the luminance
CU split type and the current chrominance RD-cost. When the luminance CU is not split
and the chrominance RD-cost is lower than TH1, the chrominance CU is not divided and
the QTMT evaluation is finished; otherwise, the execution proceeds to evaluate other splitting
possibilities.

FCSDV works to decide the direction of BT/TT partitions. On the one hand, when varver is
lower than varhor, the horizontal partitions are skipped; on the other hand, when varhor is lower
than varver, the vertical partitions are skipped. However, we decided to introduce another thresh-
old criterion (TH2) because very close variance values have no obvious texture direction, ham-
pering the definition of the best split direction. Therefore, TH2 is a value that defines the percent
that a variance value of a given direction should be less than the variance value of the other
direction to avoid the evaluation.

3.4.1 Definition of thresholds

We employed a detailed threshold analysis that evaluates five scenarios for each solution of the
proposed scheme, considering C-ETS and YUV-BDBR since the threshold values impact the
complexity reduction meaningfully. The obtained results in this section also consider the video
sequences presented in Sec. 3.1. In addition, the obtained U-BDBR and V-BDBR results are
also presented in this analysis.

Fig. 10 Flowchart of the proposed fast block partitioning scheme for chrominance coding.
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Figure 11 shows the C-ETS and YUV-BDBR results collected for different threshold values
(TH1) used in CSETL. In the Sec. 3.2 analysis, the average and the standard deviation of the
RD-cost per area have been saved to define the evaluation scenarios.

The evaluation scenarios for each threshold (TH1) use Eq. (2), where k is empirically
selected, ranging from 0 to 4, and μ and σ indicate the average and the standard deviation values
for the TH computation, respectively.

EQ-TARGET;temp:intralink-;e002;116;459TH1 ¼ μþ k × σ (2)

CSETL allows for various operation points to provide better coding efficiency or higher
complexity reduction. We have separated two interesting limits to evaluate as a case study
(Sec. 4). The TH1b in the solid red line provides a good trade-off between YUV-BDBR and
C-ETS, while the TH1d in the dotted blue line denotes the highest C-ETS.

Figure 12 exhibits the C-ETS and YUV-BDBR results according to TH2 for the FCSDV
solution. Since the analysis in Sec. 3.3 presented a high success rate for this solution, we decided
to verify the impact of using some threshold values and using no threshold (“noTH” in Fig. 12).
This threshold defines the percent that one variance must be less than the other to skip the BT/TT
direction. For instance, TH2 ¼ 110% indicates that a given direction variance must be <10% of
the other to skip a direction.

In this case, the higher the threshold is, the lower the C-EST and YUV-BDBR impact is.
Following the same idea as the previous experiment, we selected two case studies. We chose
the highlighted threshold with a solid red line (TH2a) since it can avoid the cases where the

Fig. 11 Chrominance encoding time saving and BDBR impact for CSETL solution according to
some threshold values.

Fig. 12 Chrominance encoding time saving and BDBR impact for FCSDV solution according
to some threshold values.
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variance values are very close, reducing the YUV-BDBR loss while maintaining a high C-ETS.
The noTH evaluation provides the highest C-ETS reduction; this evaluation associated with
TH1d of the CSETL solution achieves the highest ETS of the proposed scheme.

Therefore, we selected two case studies considering two combinations of thresholds to be
evaluated in the next section. Case 1 refers to the combination of TH1b (CSETL) and TH2a
(FCSDV), which provides the best trade-off between coding efficiency and ETS. Case 2 indi-
cates the combination of TH1d (CSETL) and noTH (FCSDV), which allows for the highest
ETS of the proposed scheme.

4 Experimental Results

This section presents the results of the fast block partitioning scheme for chrominance intra
prediction, which encompasses CSETL and FCSDV solutions. All experiments conducted in
this paper were evaluated using VTM 10.0 and followed the JVET CTC for standard dynamic
range (SDR) video sequences.20 The evaluations were performed in the AI encoder configura-
tion, which allows for only intra prediction tools. Six classes of video sequences are specified in
CTC. Classes A1 and A2 are UHD video sequences (3840 × 2160) and class B encompasses
Full-High Definition (FHD) video sequences (1920 × 1080). Classes C and D enclose 832 × 480

and 416 × 240 video sequences, respectively. Finally, class E covers 1280 × 720 video sequen-
ces. Each video sequence is encoded for each QP specified in CTC: 22, 27, 32, and 37.

We measured the encoding performance in terms of ETS and BDBR. Since the proposed
solution focuses on the chrominance coding and most of the bits are used to encode the lumi-
nance component, the individual chrominance BDBR can become difficult to interpret.22

Consequently, in addition to the chrominance BDBR results, we used YUV-BDBR to evaluate
the quality impact in all video sequence channels and the total bitrate.

Table 3 shows the results acquired with the proposed solution for case 1 and case 2.
“Average” refers to the average regarding of all video sequences, and “average (without TS *)”
indicates the average of all video sequences excluding BasketballDrill, which was used in the
data collection step (Sec. 3).

Case 1 is the configuration of thresholds that provides a good trade-off between compression
performance and ETS. In this case, the proposed scheme can save the chrominance and total
encoding time by about 60.03% and 8.18%, respectively, with a negligible impact of 0.66% in
YUV-BDBR, on average (without considering BasketballDrill). Negligible variation in the aver-
age results is obtained when the training sequence is considered, demonstrating that the proposed
scheme achieves excellent results regardless of the characteristics of the video sequence. On the
one hand, the Campfire and ParkRunning3 video sequences produce the highest (72.97%) and
the lowest (42.90%) C-ETS, respectively. On the other hand, Campfire and BQSquare result in
the highest (1.79%) and lowest (0.20%) YUV-BDBR increase, respectively. These results dem-
onstrated that the scheme could reduce more than 60% of the chrominance encoding time, on
average, with minor impacts on the coding efficiency.

Furthermore, it is important to highlight that the highest C-ETS will not always result in the
highest T-ETS since the luminance and chrominance complexity distribution varies according to
the video sequence and QP encoded. For instance, ParkRunning3 obtained 42.90% of C-ETS
and 14.04% of T-ETS, whereas MarketPlace attained 60.49% of C-ETS and 6.97% of T-ETS.

Considering case 2, which allows our scheme to achieve a higher ETS than other threshold
combinations, the obtained C-ETS and T-ETS were 66.38% and 9.40%, respectively. This high
complexity reduction impacts 0.81% in YUV-BDBR. In this case, a higher ETS was obtained
at the cost of a YUV-BDBR increase compared with case 1. Regarding only the chrominance
channels, case 1 increases the U-BDBR and V-BDBR by 3.42% and 3.58%, respectively,
whereas case 2 impacts 4.10% and 4.22% in U-BDBR and V-BDBR, respectively.

Figure 13 shows the CU size distribution obtained with VTM without modifications (base-
line) and the proposed scheme (case 1), considering the chrominance (U) channel of the first
frame in the RaceHorses video sequence (class C) encoded with AI configuration and QP 32.
One can notice that, even with the proposed scheme reducing the number of CUs evaluated,
the final distribution of CUs chosen has a similar behavior compared with the baseline
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implementation, indicating that our scheme achieves a high ETS while keeping the encoding
efficiency.

To the best of our knowledge, this is the first solution to reduce the encoding complexity of
chrominance block partitioning in the VVC encoder, presenting the results of chrominance time
saving and compression performance. Although other works 12–16 also proposed fast block
partitioning solutions for the VVC encoder and achieved excellent complexity reduction results,
they focused only on luminance blocks, hampering a fair comparison. Nonetheless, it is impor-
tant to highlight that our scheme can be combined with solutions focusing on luminance blocks

Table 3 Experimental results obtained with the proposed fast block partitioning scheme for
chrominance coding under AI configuration.

Class Sequence

Case 1 Case 2

YUV
BDBR
(%)

U
BDBR
(%)

V
BDBR
(%)

Time saving
(%) YUV

BDBR
(%)

U
BDBR
(%)

V
BDBR
(%)

Time saving
(%)

C-ETS T-ETS C-ETS T-ETS

A1 Tango2 1.07 7.91 8.40 64.29 4.87 1.11 8.26 8.69 65.75 5.72

FoodMarket4 0.76 3.37 3.71 62.84 6.85 0.82 3.69 3.99 66.23 6.93

Campfire 1.79 5.96 8.35 72.97 14.73 2.33 8.54 9.30 81.18 17.15

A2 CatRobot 1.54 7.70 7.32 68.73 11.76 1.93 9.51 9.12 74.77 13.16

DaylightRoad2 0.39 4.98 3.74 58.52 4.77 0.46 6.07 4.32 64.08 6.56

ParkRunning3 0.45 0.90 0.85 42.90 14.04 0.90 1.94 1.75 66.73 21.59

B MarketPlace 0.55 3.90 2.95 60.49 6.97 0.72 5.15 3.56 68.86 8.95

RitualDance 0.62 3.53 3.91 59.37 5.79 0.70 3.98 4.50 64.29 5.88

Cactus 0.55 2.97 3.67 58.03 5.59 0.70 3.76 4.67 65.02 5.07

BasketballDrive 0.64 3.17 3.70 58.42 4.11 0.75 3.78 4.35 63.71 6.23

BQTerrace 0.21 3.12 2.92 53.95 6.24 0.28 3.72 3.54 61.61 7.09

C BasketballDrill* 1.06 3.91 4.18 59.76 9.63 1.29 4.70 5.01 66.07 10.83

BQMall 0.62 3.34 3.46 63.08 9.64 0.71 3.68 4.11 67.11 9.78

PartyScene 0.39 2.35 2.53 57.50 10.02 0.50 2.95 3.26 63.94 11.59

RaceHorsesC 0.52 1.61 2.43 64.20 10.78 0.67 1.81 2.97 70.57 12.28

D BasketballPass 0.88 3.47 3.08 59.75 8.05 1.08 4.02 3.76 65.91 9.60

BQSquare 0.20 1.67 2.42 53.18 5.16 0.22 1.76 2.69 58.80 5.77

BlowingBubbles 0.42 1.80 2.33 57.61 9.74 0.49 2.48 2.61 62.86 9.18

RaceHorses 0.71 2.18 3.04 62.47 10.28 0.85 2.56 3.82 69.80 11.82

E FourPeople 0.36 1.74 1.91 57.23 6.22 0.41 1.90 2.33 60.96 6.25

Johnny 0.72 3.73 2.26 62.51 6.51 0.76 3.92 2.74 65.99 8.07

KristenAndSara 0.52 2.46 2.21 62.65 9.64 0.58 2.70 2.59 65.82 8.79

Average 0.68 3.44 3.61 60.02 8.24 0.83 4.13 4.26 66.37 9.47

Average (without TS*) 0.66 3.42 3.58 60.03 8.18 0.81 4.10 4.22 66.38 9.40

Note: * refers to the Training Sequence (TS) BasketballDrill.
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to achieve even higher complexity reductions. Furthermore, since DT coding structure is a recent
tool adopted in the video coding standard, this comparison cannot be performed with predeces-
sor standards.

5 Conclusions

This paper presented a fast chrominance block partitioning scheme to reduce the VVC intra
coding complexity. The proposed scheme includes CSETL and FCSDV for early termination
of the chrominance QTMT evaluation and deciding the best direction of BT/TT partitions,
respectively. The CSETL solution correlates the chrominance and luminance QTMT to deter-
mine early termination of the chrominance evaluation based on a threshold criterion. FCSDV
explores the variance of the sub-blocks of both chrominance components to identify the texture
direction and decide on splitting the block horizontally or vertically. The thresholds have been
defined under extensive experimentation. The proposed scheme was evaluated according to the
JVET CTC under AI encoder configuration, obtaining a chrominance encoding time saving of
60.03% with a drawback of 0.66% in YUV-BDBR. These results demonstrate that the solution
could contribute to the development of the VVC encoder for real-time processing.
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