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ABSTRACT

In the emerging video coding standard, Versatile Video Cod-
ing (VVC), a quadtree with nested multi-type tree (MTT) us-
ing binary and ternary tree structure was proposed. MTT
brings significant coding efficiency but increases the encoding
complexity. In this paper, a look-ahead prediction based cod-
ing unit size pruning algorithm is proposed to cut down redun-
dant MTT partitions. The proposed scheme aims to identify
the unnecessary partition direction in advance and consists of
two steps, i.e. SATD-based mode decision (SMD) for possi-
ble blocks and refined cost derivation based on rate-distortion
optimization. Experimental results show that the proposed
method can save 41% encoder time with only 0.84% increase
in bit rate on average.

Index Terms— VVC, multi-type tree, intra prediction,
fast coding.

1. INTRODUCTION

Demands of high quality video, such as live video, telecon-
ferences, real-time chiri-cal consmlfation, panoramic video
and virtual reality, promote the development of video cod-
ing standards. The committee called Joint Video Exploration
Team (JVET), made up of experts in ISO Motion Picture Ex-
pert Group (MPEG) and ITU-T Video Coding Expert Group
(VCEG), started to develop the next-generation video coding
standard in 2015, aiming to significantly exceed the perfor-
mance of High Efficiency Video Coding (HEVC). In 2018,
the committee officially released call for proposal for the new
generation video coding standard aiming at ultra high defini-
tion and high dynamic range video content compression, and
started standardization of the Versatile Video Coding (VVC)
which is expected to be finalized in 2020.

In the developing of video compression, block partition-
ing plays a critical process, since a better partition structure
can greatly improve the coding efficiency. Therefore, exten-
sive efforts have been dedicated in this direction. In VVC,
a quadtree (QT) with nested multi-type tree (MTT) [1] us-
ing binary tree (BT) and ternary tree (TT) partition structure
replaces the concepts of multiple partition unit types, i.e. it
removes the separation of the coding units (CUs), prediction
units (PUs) and transform units (TUs) concepts and the re-
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Fig. 1. Example of quadtree with nested multi-type tree cod-
ing block structure

cursive MTT structure supports more flexibility for CU par-
tition shapes compared to fixed PU splitting types in HEVC.
Moreover, in the coding tree structure, a CU can have either
a square or rectangular shape. Each CTU can be recursively
partitioned into four square Coding Units (CUs) following QT
partitioning structure. Then the quaternary tree leaf nodes can
be further partitioned by a multi-type tree structure, where BT
splits a CU into two sub-CUs symmetrically and TT splits a
CU into three sub-CUs by 1:2:1 [2]. And there are horizon-
tal and vertical splitting directions in BT and TT partitions.
The multi-type tree leaf nodes are called coding units (CUs).
Fig. 1 is an example of the MTT structure. As shown, the QT
with nested MTT partition structure produces more flexible
block partition types, which could further improve the coding
performance.

The more flexible partition structure in VVC brings in
higher encoding complexity, thus some researchers have been
working on decreasing the encoding time while preserving
the encoding efficiency. Several fast algorithms have been
adopted in VVC software-VTM so far [3,4], such as quad-tree
termination method based on depth of binary-tree, method of
reusing information in same block, binary-tree split mode de-
cision method based on gradient and CU depth decision based
on depth of neighbor CUs. However, these algorithms are
limited in reducing unnecessary partition modes and the en-
coding complexity is still very high. If the direction of BT and
TT partition modes can be decided in advance, a huge number
of redundant attempts will be reduced. To address this issue,
a fast CU encoding scheme based on look-ahead prediction is
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proposed, in which the more efficient partition direction can
be determined thus to improve the encoding speed.

In HEVC reference software HM1.0, a fast intra mode
decision [5, 6] called unified intra prediction was adopted
to decrease the intra coding complexity. In the proposed
implementation, N best candidate mode was selected from
all intra prediction modes firstly using minimum absolute
sum of Hadamard Transformed coefficients of residual sig-
nal (SATD) and the mode bits in the rough mode decision
(RMD), then rate distortion optimization (RDO) was applied
to these best N candidate mode selected from RMD. Inspired
by this, the RMD scheme was adopted to evaluate prediction
efficiency of different partition mode in advance in our look-
ahead prediction method. The difference is that only 7 intra
prediction modes are tested in our RMD process and RDO
is only conducted on the best prediction mode which has the
minimum SATD.

The remaining of this paper is organized as follows. Sec-
tion II introduces look-ahead prediction method from two as-
pects. Experimental results are analyzed in Section III and
Section IV concludes this paper.

2. PROPOSED METHOD

The MTT partition structure can provide more flexible block
types so as to improve prediction accuracy, but the encod-
ing complexity also increased dramatically. To improve the
encoding speed while reserving the encoding efficiency, a
fast algorithm based on look-ahead prediction is proposed to
prune redundant partition modes. The proposed scheme is
conducted before encoding small blocks in the top to down
encoding process. With the proposed algorithm, a more ef-
ficient partition direction can be chosen and the partition
modes corresponding to other direction will be skipped, thus
the encoding complexity will decrease efficiently. The look-
ahead prediction based fast partition mode decision scheme
is conducted as follows, firstly, optimal intra prediction mode
will be determined for sub-blocks of BT partition using the
SATD-based mode decision (SMD), then rate distortion cost
(RD-Cost) [7] of the best prediction mode for each block will
be calculated and a better partition direction will be selected.

2.1. SATD-based mode decision (SMD) for sub-CUs

The main aim of the SMD stage is to obtain the best intra
prediction mode used to guide the MTT partition type. To
achieve that, rough mode decision (RMD) as in intra coding
could be conducted to decrease the computing complexity.
However, the RMD process is still very time consuming since
VVC provides up to 67 intra prediction modes [8] as shown
in Fig. 2(a). A simpler implementation with lower computing
complexity is needed to estimate the encoding efficiency with
different partition types. For this reason, the proposed SMD
process is designed as follows.

Fig. 2. (a) 67 intra prediction modes (b) Illustration of the
SMD process

Firstly, only 7 key intra prediction modes, including 5 an-
gular mode (2,18,34,50,66), DC mode and planar mode, are
checked in SMD process for each block using original sam-
ples as reference border. This could efficiently decrease the
computing complexity of estimating one block while preserv-
ing the main prediction directions and prediction efficiency.
For each block, SATD of these prediction modes are calcu-
lated and a best prediction mode is selected by comparing the
SATD-based costs.

Secondly, for each block with multiple partitions, intra
prediction is only conducted on the no-partitioned block and
distortion of partitioned blocks are derived directly with the
corresponding prediction area. For example, as shown in Fig.
2(b), the current CU is partitioned horizontally into the upper
sub-CU and the lower sub-CU with horizontal BT partition
mode. We only conduct intra prediction under 7 intra predic-
tion mode for the whole CU and SATDs are calculated for
two sub-CUs separately. The corresponding prediction mode
of the smallest SATD is regarded as the optimal intra predic-
tion mode. The optimal prediction modes of two sub-CUs are
defined as HorMode1 and HorMode2 with sum of the two
smallest SATD values are defined as DH . Similarly, when
current CU is partitioned vertically into two sub-CUs, the op-
timal prediction modes and sum of the smallest SATD values
of two sub-CUs can also be obtained according to the SMD
process, defined as V erMode1, V erMode2 and DV .

The SMD process can reflect the efficiency of partition
modes to some extent by comparing SATD of different parti-
tion mode but it is not accurate enough. So the results after
SMD process can be used as a preliminary judgement con-
dition of pruning process and further refinement is needed on
this basis. And in this paper, redundancy in the partition struc-
ture were considered with high processing parallelity, thus
this processing stage is of low computing burden to a encoder.

2.2. Refinement of look-ahead intra prediction

To further predict the encoding efficiency of different par-
tition modes through the look-ahead prediction, RDO is
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Fig. 3. Reference process for intra prediction of sub-CUs

considered to apply for the optimal intra prediction mode
HorMode1, HorMode2, V erMode1 and V erMode2 from
SMD. RD-Cost for different partition modes will be obtained
after full RDO which can evaluate coding performance from
both bit rate and distortion. The detailed process is as follows:

• Assuming the current CU is partitioned horizontally
into two sub-CUs, as shown in Fig. 3(a), the estimated
cost consists of RD-Cost of the upper sub-CU and the
bottom sub-CU. Specifically, mode HorMode1 with
regarding the Reference1 as reference border will be
utilized to obtain the RD-Cost of the upper block. The
RD-Cost is derived by conducting transform and quan-
tization on the prediction residual. Similarly, mode
HorMode2 with regarding the Reference2 as refer-
ence border is utilized to derive the RD-Cost of the
bottom sub-CU. Both Reference1 and Reference2 are
derived from original samples. And the total RD-Cost
of these two sub-CUs is defined as CH .

• Assuming the current CU is partitioned vertically into
two sub-CUs, as shown in Fig. 3(b), RDO is per-
formed on the optimal prediction mode V erMode1
and V erMode2 for two sub-CUs like the horizontal
partition. And the total RD-Cost of these two sub-CUs
is defined as CV .

2.3. Overall algorithm

The overall workflow of the proposed MTT partition type
pruning scheme is shown in Fig. 4. Combining the SATD
after SMD and RD-Cost after full RDO, the performance of
different partition direction can be evaluated approximatively
and the suboptimal partition direction will be pruned. The
predicted partition direction, denoted as Dir, can be catego-
rized into three types, that is Hor, V er and Undeter. With
the estimated costs, the predicted partition direction can be
derived as follows, where α is a control factor for better trade-
off between coding efficiency and encoding complexity.As
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Fig. 4. Flowchart of the proposed method
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Fig. 5. Examples of duplicate blocks under different block
structure

we can see from this formula,

Dir =


Hor if DH < DV & α ∗ CH < CV

V er if DV < DH & α ∗ CV < CH

Undeter otherwise
(1)

• When Dir is Hor, it indicates the CU has less RD-
Cost in horizontal partition, thus the CU is decided not
to split vertically, i.e., vertical binary-tree partition and
vertical triple-tree partition will be pruned;

• WhenDir is V er, it indicates the CU has less RD-Cost
in vertical partition types, thus the CU is decided not to
split horizontally, i.e., horizontal binary-tree partition
and horizontal triple-tree partition will be pruned;

• Otherwise, the prediction efficiency of partitions in dif-
ferent directions are similar, the original encoding pro-
cess of the CU will be conducted.

Meanwhile, redundant operations have been taken into ac-
count to reduce the computing complexity introduced by the
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Table 1. Performance of the Proposed Scheme Under Different Thresholds

Class Sequence Proposed(α = 1.01) Proposed(α = 1.02) Proposed(α = 1.03)
BD-BR BD-PSNR ∆T BD-BR BD-PSNR ∆T BD-BR BD-PSNR ∆T

Class A1
Tango2 0.97% -0.01 dB 46.8% 0.73% -0.01 dB 40.8% 0.63% -0.01 dB 30.6%

FoodMarket4 0.59% -0.02 dB 45.9% 0.57% -0.02 dB 41.6% 0.33% -0.03 dB 35.8%
Campfire 0.81% -0.01 dB 42.1% 0.59% -0.02 dB 36.4% 0.45% -0.02 dB 30.1%

Class A2
CatRobot1 1.19% -0.01 dB 41.6% 0.92% -0.01 dB 38.1% 0.82% -0.02 dB 35.3%

DaylightRoad2 1.17% -0.02 dB 45.4% 0.87% -0.02 dB 37.5% 0.77% -0.02 dB 34.6%
ParkRunning3 0.52% -0.01 dB 31.5% 0.35% -0.01 dB 26.6% 0.19% -0.01 dB 21.6%

Class B

MarketPlace 0.88% -0.01 dB 45.1% 0.71% -0.01 dB 41.6% 0.61% -0.02 dB 36.5%
RitualDance 1.10% -0.02 dB 45.6% 0.89% -0.01 dB 43.0% 0.76% -0.01 dB 39.2%

Cactus 1.02% -0.02 dB 41.9% 0.77% -0.01 dB 37.3% 0.65% -0.01 dB 29.8%
BasketballDrive 0.82% -0.02 dB 47.2% 0.58% -0.03 dB 39.5% 0.52% -0.02 dB 35.2%

BQTerrace 1.47% -0.02 dB 45.5% 1.24% -0.02 dB 42.3% 1.18% -0.02 dB 35.1%

Class C

RaceHorses 0.82% -0.04 dB 45.7% 0.52% -0.03 dB 38.6% 0.50% -0.03 dB 32.6%
BQMall 0.89% -0.03 dB 46.9% 0.79% -0.03 dB 45.3% 0.65% -0.03 dB 40.5%

PartyScene 0.63% -0.03 dB 44.2% 0.52% -0.03 dB 42.5% 0.37% -0.03 dB 38.8%
BasketballDrill 2.03% -0.02 dB 56.2% 1.57% -0.02 dB 43.4% 1.41% -0.02 dB 40.8%

Class D

RaceHorses 0.99% -0.02 dB 44.4% 0.69% -0.04 dB 38.9% 0.54% -0.03 dB 32.5%
BQSquare 0.89% -0.02 dB 43.1% 0.70% -0.02 dB 40.2% 0.52% -0.02 dB 35.6%

BlowingBubbles 0.91% -0.04 dB 47.1% 0.75% -0.04 dB 44.2% 0.63% -0.04 dB 40.2%
BasketballPass 1.07% -0.03 dB 42.0% 0.79% -0.03 dB 40.3% 0.71% -0.03 dB 37.7%

Class E
FourPeople 1.42% -0.03 dB 51.1% 1.22% -0.02 dB 47.7% 1.11% -0.02 dB 44.6%

Johnny 1.35% -0.03 dB 46.2% 1.14% -0.03 dB 42.4% 1.00% -0.04 dB 37.9%
KristenAndSara 1.20% -0.03 dB 46.3% 1.01% -0.03 dB 42.6% 0.87% -0.04 dB 40.0%

Average 1.03% -0.02 dB 45.8% 0.84% -0.02 dB 40.7% 0.69% -0.03 dB 36.1%

look-ahead prediction. As the original samples are utilized
for intra prediction, SATD and RD-Cost for the same block
as shown in Fig. 5 will be exactly the same. Thus the saved
RD-Cost of a CU in an earlier RDO procedure can be used
for early termination of RDO process when the same CU is
evaluated in a later RDO access.

3. EXPERIMENTAL RESULTS

To evaluate the performance of the proposed scheme, some
experiments were conducted. The proposed algorithm is im-
plemented on the VVC reference software-VTM3.0 and the
testing platform is Linux Redhat 7.3 64bit with Intel Xeon
E5-2697A.

In this paper, the first 200 frames of 22 VVC common test
sequences are encoded with all intra configuration (AI) and
the QP values are set to 22 ,27, 32, 37. The coding efficiency
is measured in terms of Bjontegaard delta bitrate (BD-BR),
Bjontegaard delta Peak Signal-to-Noise Rate (BD-PSNR) [9]
and time saving. The time saving, denoted as ∆T , is calcu-
lated as follow:

∆T=
Tanchor − Tproposed

Tanchor
(2)

where Tanchor denotes the total encoding time of the anchor
and Tproposed denotes the encoding time of proposed algo-
rithm.

As shown in Table 1, the proposed algorithm can greatly
reduce encoding time from 36% to 50% on average with neg-
ligible coding loss and different α corresponds to different

tradeoff, which can be adjusted according to the actual de-
mand. Specially, for sequence with large resolutions, such
as class A1 and class A2, 41% encoding time savings can be
achieved with only 0.84% performance loss on average when
α is set to 1.02, which is highly beneficial for ultra high def-
inition video applications. At the same time, the proposed
algorithm provides steady efficiency tradeoff for all other se-
quences.

4. CONCLUSION

In this paper, a fast CU partition mode pruning algorithm
based on a look-ahead prediction method is proposed. The
look-ahead prediction method consists of two steps: SATD-
based intra mode decision for sub-CUs and RD-Cost calcu-
lation for the optimal intra mode. Firstly, SATD-based intra
mode decision process is conducted for each block to obtain
a best prediction mode for each sub-CU, and to decrease the
complexity, only 7 key directions are checked and the redun-
dancy of prediction have been removed. Secondly, RDO is
performed on the optimal intra mode and the sum of RD-Cost
from sub-CUs will be regarded as the RD-Cost of correspond-
ing partition mode. In this way, the performance of different
partition modes can be estimated approximately in advance,
and the sub-optimal modes can be pruned. The proposed
method were evaluated on VVC reference software-VTM3.0
and the experimental results show that they can achieve effec-
tive time saving with reasonable performance loss, which is
beneficial to real-time realization of a VVC encoder.
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