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Abstract 
 

This paper proposes an algorithm to speed up block structure partition of quad tree plus binary tree 
(QTBT) in Joint Exploration Test Model (JEM) encoder. The proposed fast encoding of QTBT block partition 
employs three spatially neighbor coded blocks, such as left, top-left, and top of current block, to early 
terminate QTBT block structure pruning. The propose algorithm is organized based on statistical similarity 
of those spatially neighboring blocks, such as block depths and coded block types, which are coded with 
overlapped block motion compensation (OBMC) and adaptive multi transform (AMT). The experimental 
results demonstrate about 30% encoding time reduction with 1.3% BD-rate loss on average compared to 
the anchor JEM-7.1 software under random access configuration.  

 
1. Introduction 
 

In the middle of October 2015, an investigation for a 
Future Video Coding (FVC) is begun and has been cultivated 
by the Joint Video Exploration Team (JVET) with 
expectations to enhance video coding technology beyond the 
capabilities of HEVC [1]. During the development of the FVC, 
the Joint Exploration Test Model (JEM) software has been 
used to inspect several potential technologies brought to the 
JVET meetings on top of the current video coding standard 
software, High Efficiency Video Coding reference model (HM) 
[2]. According to the requirement for FVC document, JEM is 
expected to be able to support Wide Color Gamut (WCG), 
High Dynamic Range (HDR), high frame rate over 120 
frames per second for temporal resolution and up to 8K×4K 
for spatial resolution with 8-16 coding bit depth. The 
development is highly expected to be able to serve the needs 
of various applications, such as broadcast, digital cinema with 
a larger screen, low-delay interactive communications, 
mobile communications, and so on [3]. An overview of the 
technical features and the key elements of JEM software 
have also been presented [4] as well as the complexity 
comparison analysis between JEM and HM software [5]. We 
also have several works to improve performance of JEM [6-
7] and another approach for controlling bit rate for high 
resolution videos need also to be considered for FVC which 
we demonstrated on top of the HEVC [8]. 

Among those potential technologies designed for the 
FVC, a quad-tree plus binary-tree (QTBT) block structure 
is introduced. The QTBT in JEM software is organized to 
remove the concept of multiple block partitioning types (e.g., 
prediction unit and transform unit) in HEVC [9]. It is 
designed with larger Coding Tree Unit (CTU) size up to 
256×256 and is set to 128×128 by default. In encoder, the 
QTBT will first split the larger block size of coding unit (CU) 

with quad tree (QT) structure (block size from 128×128 to 
64×64), followed by the horizontal binary-tree (BTH) and 
the vertical binary-tree partitioning (BTV). Then, the QT 
partitioning may be performed again for smaller blocks. Each 
block partitioning cost will be saved and compared to other 
blocks in determining the best block partitioning structure 
with the best coding mode decisions. For JEM software, this 
partitioning routine consumes very high computational 
complexity. In this paper, we propose a new study to reduce 
the complexity of the recursive QTBT block partitioning in 
JEM-7.1. We design the proposed algorithm to early 
terminate the binary-tree (BT) block partitioning for time 
reduction with the minimum BD-rate loss. We organize some 
statistical similarity of spatially three neighboring blocks of 
the current coded block, i.e., top, left, and left-top blocks by 
collecting information of BT depth, overlapped block motion 
compensation (OBMC), and adaptive multi transform (AMT). 

This paper is organized as follows. In Section 2, the 
proposed algorithm will be presented. In Section 3, we 
evaluate the proposed algorithm with several test sequences. 
Finally, we summarize and conclude the papers in Section 4. 

 

2. The proposed fast QTBT encoding 
 

As aforementioned, JEM software can have two types of 
block structures i.e., QT and BT. The investigation has been 
reported that the QTBT block structure can provide coding 
efficiency for the FVC. However, it leads higher 
computational complexity in JEM software than its previous 
video coding standard’s block structure.  

For the proposed algorithm, we first analyzed the 
statistical similarity information that the current block may 
have the same depth information as its three spatially 
neighbor blocks. In our studied, by just using depth similarity 
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knowledge and employing all block structures of QT and BT 
to be skip from the partitioning procedure, we can save about 
60% encoding time for class D. However, the BD-rate loss 
is very high at 10% in approximation. It is due to the fact that 
the current block depth has very high possibility to be the 
same as its neighbor coded blocks. To maintain the minimum 
BD-rate loss, we then employed not only depth information 
of spatially three neighboring blocks, but also the coded block 
types, such as OBMC and AMT coded block. In addition, 
instead of applying the algorithm for all QTBT block 
structure, we then decided to only early terminate the 
partitioning of BT blocks. This means that when the current 
block and one of its three neighboring blocks has the same 
BT depth, transform index, and is coded with OBMC, the BT 
block structure will be skip from the partitioning procedure 
of QTBT block structure. Note that the proposed algorithm 
is only possible if the merge and skip mode is determined as 
the best coding mode of the current block. 

The following figure is given to illustrate the proposed 
algorithm presented in this paper. In the figure, the condition 
is placed after a block tries all coding block mode decision 
possibilities of encoder. If the condition is satisfied, the BTH 
and BTV is skip from the QTBT block structure partitioning 
routine. Note that coding block mode decision in JEM 
software consists of FRUC merge skip mode, affine merge 
skip mode, merge skip mode, intra PCM mode, intra mode, 
FRUC merge mode, affine merge mode, merge mode, inter 
mode, and affine mode. 

 

 

Figure 1: Flowchart of the proposed algorithm 

 

3. Experimental results 
 

In comparison against JEM-7.1, the proposed algorithm 
was tested by following the common test conditions for JEM 
which employs video test sequences of Class A1 (Tango2 
and CampfireParty), Class A2 (CatRobot and Rollercoaster2), 
Class B (Kimono and BasketballDrive), Class C 
(BasketballDrill, BQMall, PartyScene, and RaceHorses), and 
Class D (BasketballPass, BQSquare, BlowingBubbles, and 
RaceHorses). All test sequences were coded in full frames 
with quantization parameter values 22, 27, 32, and 37 under 
‘Random Access configuration’ [10]. The proposed algorithm 

was evaluated on Windows 10 (64-bits) OS over 3.00GHz 
Intel (R) Core(TM) i7-5960X CPU with 32GB RAM. 

Table 1 shows the RD performance and encoding time of 
the proposed algorithm for JEM fast QTBT block partition. In 
our experiment, we found that total encoding time of the 
proposed algorithm reduced about 30.28% with BD-rate loss 
about 1.30% on average compared to JEM-7.1 reference 
software. In this regard, the proposed algorithm argues to be 
able to decrease encoding complexity with negligible BD-
rate loss. 

 

Table 1: Overall RD Performance and Encoding Time of the 
Proposed Algorithm 

Sequence (Resolution) 
BD-rate (piecewise cubic) 
Y U V 

Class A1 (3840×2160) 1.06% 0.18% 1.45% 
Class A2 (3840×2160) 1.52% 1.40% 1.16% 
Class B (1920×1080) 1.36% 0.18% 0.37% 
Class C (832×480) 1.26% 0.59% 0.81% 
Class D (416×240) 1.33% 0.26% 0.44% 
Average of BD-rate 1.30% 0.49% 0.78% 
Encoding Time Reduction 30.28% 

 

4. Conclusion 
 

The proposed algorithm attempts to reduce the 
complexity of QTBT block partitioning structure in JEM 
software. The proposed algorithm is designed to early 
terminate the BT block structure pruning, both BTH and BTV 
block structure. When the proposed algorithm is satisfied, 
only QT block structure will be processed to save ending 
time.  The proposed algorithm demonstrates in decreasing 
average encoding time about 30% with negligible average 
BD-rate loss about 1.30% for Luma and about 0.49% and 
0.78% for both Chroma components under random access 
configuration. 
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