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요 약

최근 ITU-T/VCEG과 ISO/IEC MPEG은 공동으로 차세대 비디오 압축 표준 기술인 High efficient video coding (HEVC)를 제정하

고 있다. HEVC는 H.264/AVC 표준 기술과 비교해 보면 매우 향상된 압축 효율을 보여 주고 있으며, 특히 Full HD 이상의 매우 큰

사이즈의 동영상 및 그에 따른 고화질 비디오 서비스를 주요 목표로 하고 있다. 그러나 품질과 압축 효율 향상을 위해 새로운 구조와

압축 도구들이 추가됨으로써 인코더의 연산 복잡도가 매우 증가되어 있으며, 이에 화질의 열화를 최소한으로 유지하면서 계산량을 감

소시키는 연구가 필요해 지고 있는 상황이다. 본 연구에서는 화면 간 예측 시에 부호화 단위의 분할을 효율적으로 조기 종료하는 방법

을 제안한다. 제안된 방법은 현재 코딩 단위 (Coding unit)의 움직임 벡터 정보, 율-왜곡 비용, 그리고 상위 코딩 단위에서의 개별 사

이즈에 대한 평균 율-왜곡 비용값을 활용하여 분할을 조기에 중단한다. 실험 결과를 통하여 제안된 방법이 기존의 ECU 방법보다 약

10% 정도로 속도 향상이 있으며, HM 참조 소프트웨어와 비교 시 BD-rate 증가는 1.975% 정도로 매우 적게 나타남을 보인다. 

Abstract

Recently, ITU-T/VCEG and ISO/IEC MPEG have started a new joint standardization activity on video coding, called High 
Efficiency Video Coding (HEVC). This new standard gives significant improvement in terms of picture quality for high resolution 
video. The main challenge in this upcoming standard is the time complexity. In this paper we have focused on CU splitting 
algorithm. We have proposed a novel algorithm which can terminate the CU splitting process early based on the RD cost of the 
parent and current level and the motion vector value of the current CU. Experimental result shows that our proposed algorithm 
gives on average more than about 10% decrement in time over ECU [8] with on average 1.78% of BD loss on the original.
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I. Introduction

Recently, ISO-IEC/MPEG and ITU-T/VCEG have 
formed the Joint Collaborative Team on Video Coding 
(JCT-VC), which aims to develop the next generation vid-
eo coding standard, called High Efficiency Video Coding 
(HEVC) [1]. With a flexible coding architecture and re-
spective tool extension from the previous standard 
H.264/AVC [2], a promising compression performance can 
be expected. The major goal of the HEVC standard is to 
achieve significant improvements in coding efficiency 
compared to H.264/AVC, especially when operating on 
high resolution video content. Complexity of the HEVC 
standard is also carefully considered in the development 
process in order to make it possible to enable high reso-
lution, high quality video applications in resource con-
strained devices, such as tablets and mobile phones. 

The HEVC standard adopts the traditional block based 
hybrid coding structure that relies on advanced intra and 
motion compensated prediction and transform coding with 
high performance entropy encoder. On the other hand, in 
contrast to conventional schemes, it employs flexible quad-
tree coding block partitioning that also enables use of large 
and multiple sizes of prediction and transform blocks. 
Moreover, adaptive motion parameter coding and adaptive 
in-loop filtering tools are also included in this new coding 
standard. These new enhancements significantly improves 
its coding performance. 

The video encoding and decoding process in HEVC are 
composed of three units: a) coding unit (CU) for the root 
of the transform quadtree, as well as the prediction mode 
for Inter/SKIP/Intra prediction b) a prediction unit (PU) for 
coding the mode decision, motion estimation and rate-dis-
tortion optimization, and c) transform unit (TU) for trans-
form coding and entropy coding. Initially, a frame is div-
ided into a sequence of non-overlapping largest coding 
units, called a Coding Tree Unit (CTU). A CTU can be 

recursively divided into smaller coding units (CU) and 
made flexible using quadtree partitioning, which is called 
a Coding Tree Block (CTB). 

The CTB is an efficient representation of variable block 
sizes so that regions of different sizes can be coded with 
fewer bits while maintaining the same quality. It is possible 
to encode stationary and/or homogeneous regions with a 
larger block size, resulting in a smaller side-information 
overhead. On the other hand, the CTB structure dramati-
cally increases the computational complexity. As an exam-
ple, if a frame has dimensions of 704×576 pixels, then it 
will be decomposed into 99 (11×9) CTUs, and each CTU 
will create a separate CTB. For each CTB, 85 calculations 
involved for different CU sizes. As a result, 8,415 CU cal-
culations are required for the CTB structure, whereas only 
1,584 calculations are needed for a 16×16 macroblock, as 
was used in the previous standard (H.264). From this anal-
ysis it is clear that the new CTB structure in HEVC greatly 
increases the computational complexity.

For the requirements of low computational complexity 
in mobile and real-time communication devices, there are 
good amount of fast termination algorithms have been re-
ported of HEVC. In [3], an adaptive coding unit decision 
method has been proposed based on early SKIP detection 
technique. In [4], it is shown that the large CU can be con-
sidered as very efficient for high resolution, slow motion 
or large QP video sequence. In [5], a low complexity intra 
mode prediction algorithm has been proposed which com-
bines most probable mode flag signaling and intra mode 
signaling in one elegant solution. Other fast termination al-
gorithms have been reported in [6-8]. Most of them have 
concentrated on early block type selection approach for in-
tra and inter mode prediction. 

In this paper, we mainly focus on the CU splitting part. 
In this context, we are proposing a novel early CU decision 
algorithm which can terminate the coding tree earlier than 
the HM 7.0 reference software. The proposed algorithm is 
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그림 2. HEVC에서의 CTB 구조.
Fig. 2 CTB Structure in HEVC.

based on rate distortion cost of the parent and current CUs 
in the coding tree hierarchy. Moreover, motion vector value 
is also considered in this context.  In the next section, the 
CTB in HEVC is discussed with its computational 
complexity. In Section 3, other related works in this do-
main has been mentioned. Our proposed method has been 
discussed in details in Section 4, followed by the ex-
perimental results and conclusions.

  

Ⅱ. CTB in HEVC

1. General Description

The CTB, based on a recursive quad-tree decomposition 
of the image plane, is an efficient representation of variable 
block sizes, so that regions of different sizes can be better 
coded. For regions of high stationarity and homogeneity, 
it is possible to encode them with a larger block size, re

그림 1. 실제 RaceHorses 영상의 경우 결정된 다양한 부호화 단위. 
Fig. 1. Different dimension of CUs in actual sequence (RaceHorses) 
after encoding.

sulting in a smaller side-information overhead. In the Fig. 
1, the different CU splitting of an actual video sequence 
is shown. It is quite clear from this figure that the homoge-
neous and static regions are generally coded with larger di-
mension of CUs, whereas the complex texture and moving 
zones are coded with lower dimension of CUs. 
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The flexibility of the variable block size structure greatly 
increases the search domain and hence the computational 
complexity of RDO at the encoder. In the Fig.2 the decom-
position of a CTU into different CUs is shown. Each CTU 
can be decomposed into 4 levels, which is denoted in this 
figure by depth. The dimension of each CU at different 
depth is also shown in this figure. Hence, the maximum 
decomposition of a CTU  can be 1×CU0+4×CU1+16×CU2 
+64×CU3 in coding tree block.

    
2. Computational Complexity

The large number of combinations of quad-tree partitions 
and modes to be tested during rate-distortion optimization 
(RDO) results in a high encoding complexity. Consider a 
frame of 704 × 576 pixels. Using a CTB structure of 64 
× 64 LCU and a maximum quad-tree depth of 4, the en-
coder performs 11 × 9 × (1 + 41 + 42 + 43)  = 8415 CU 
mode decisions.

Let us consider O(n) is the total number of operations 
when the maximum depth of the coding tree is set to n, 
and Pi is the number of operations required for the given 
CU size at the i'th level. The the computational complexity 
based on variable CU sizes can be described as Eqs. (1), 
(2) and (3).

 × (1)

   (2)

  
×  (3)

The total number of operations can be expressed as eq. 4.

 
  



× (4)

As shown in Eq. (4), the computational complexity in-

creases monotonically with respect to the CU depth.

III. Related Works 

In [10], authors proposed a nobel CU early termination 
algorithm which has been adopted into the HM reference 
software. This algorithm is commonly known as ECU. For 
a fast CU depth decision by determining the CU depth ear-
ly, they have exploited the fact that no further processing 
of sub-trees is necessary when the current CU node selects 
SKIP mode as best prediction modes in current CU depth. 
This method is strong enough to achieve about 42% of re-
duction in encoding time. 

In [9], it is shown that no further processing of subtrees 
is necessary when the cost of the current CU node is lower 
than those of the CU nodes belonging to the subtrees of 
the current CU node. The condition is shown in Eq. (5). 

cos      
  



cos    . (5)

In this equation by the subscript 't-1' means the current 
level and the 't' means the next higher level ie. child of 
the node. The only problem with the previous condition is 
that the cost of subtrees must be known. 

Apart from that in [11], authors have reported an Early 
Partition Decision (EPD) algorithm which attempts to ter-
minate the mode decision process after checking the 
INTER mode with each of the PU partition types. At each 
stage, if the current best RD cost is less than a threshold, 
the mode decision process will stop. It is also possible to 
combine more than one method with other fast mode deci-
sion methods. For example in [11], it is shown to combine 
the ECU with their proposed EPD algorithm. In this paper, 
our proposed early CU decision algorithm is based on a 
nobel ration function. Dissimilar with [9], the threshold is 
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calculated theoretically. Moreover, in ECU algorithm [10], 
only PU mode SKIP is considered. But the proposed algo-
rithm has been explored different other low motion activity 
based PU modes.

IV. Proposed Works 

In the previous sections, the general description of 
HEVC for coding tree block has been discussed. The 
HM software calculates  RD costs all of the child and 
parent CUs in the CU quadtree structure. Hence, it has 
quite high time complexity. In this context we are pro-
posing a new algorithm which can terminate the CTB 
earlier than the conventional flow. Our proposed algo-
rithm is based on a ratio function, which is described in 
the next subsection followed by the detailed description 
of the algorithm.  

1. Ratio Function

In Eq. (5), the condition is given when the parent CU 
need not to split by calculating the rate-distortion (RD) 
costs of both parent and child CUs. We are considering this 
fact in reverse way. Let us consider that, CUt-1  have been 
spitted and 4 child CUs are created as shown in Fig. 3.

그림 3. HEVC 표준에서 한 CU에서 CTB 구조. 
Fig. 3. Partial Structure of CTB in HEVC.

 

Hence, according to our previous discussion the RD cost 
of the CUt-1  should be greater than its child nodes, as 
shown in Eq. (6). 

cos     
  



cos   , (6)

⇒cos     


  



cos    

  . (7)

For example, in the Fig. 3, let us consider the RD cost 
of CU10, CU11, CU12 and CU13 are rd1, rd2, rd3 and rd4 
and the RD cost of the parent CU0 is RD0. Hence, accord-
ing to our consideration Eq. (7) becomes,


   

  . (8)

In this context, we are proposing a ration function (r). 
This ratio function is defined as the ratio of the RD cost 
of the current CU and its parent CU. Let us consider, the 
ratio function of the 4 CUs in the child level of the Fig. 
2 are r1, r2, r3, and r4.. Hence, using the ratio function, 
the Eq. (8) becomes

      . (9)

Let us consider, all RD cost of all current child nodes 
are same i.e.,  

      . (10)

Using the assumption of Eq. (10), the inequality Eq. (9) 
becomes,

   . (11)
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(a) (b)

그림 5. 비율 함수 분석 결과: a) Blowing Bubbles 시퀀스, b) BQ Square 시퀀스. 
Fig. 5 Ratio function analysis in 2 sequences: a) Blowing Bubbles and b) BQ Square.

This is the key parameter of our proposed algorithm. 
Hence we can define a ratio function as

cos
cos

where 
  



   . (12)

The importance of this parameter is that, if the ratio 
function of a child is less than 0.25, then it can be consid-
ered that the particular node has lower chance to split in 
the next level than its other siblings. That means if the ratio 
function of the CUt0 (in Fig. 3) is less than 0.25, the theo-
retically this particular CU has less chance of splitting in 
the next level than the other 3 CUs in the same level. Our 
assumption is based on the fact that the rate distortion opti-
mization always select combination of CTB which has low-
est RD cost. In Fig. 4, the interpretation of the ratio func-
tion is shown pictorially. 

그림 4. 비율 함수 개념도
Fig. 4. Ratio function description.

Till now, theoretically we have set a threshold for the 
ratio function. To justify our theoretical analysis, we have 
performed an experiment in original HM 7.0 reference soft-
ware for 2 sequences. In this experiment, we have checked 
the ratio function for all encoded CUs for 4 QP values 
which are splitted. The results are shown in Fig. 5. It is 
quite clear from these results that for both of these 2 se-
quences the ratio function is always less than 0.25 for all 
CUs which are splitted in the HM 7.0 reference software.  
 

2. Proposed Early CU Splitting Termination 
Algorithm

A leaf CU in the CTB, which is not divided into sub-CUs, 
can either be skip, inter or intra coded. An inter or intra CU 
can then be further divided into prediction units (PU) of vari-
ous partition sizes. The possible dimension of a PU for a 
2N×2N size CU can be 2N×2N, N×2N, 2N × N, 2N × nU, 
2N × nD, nL × 2N, and nR × 2N inter CUs, and 2N × 2N 
or N × N for intra CUs, which is shown in Fig. 6.

According to the ECU algorithm [10], if a CU is coded 
as a SKIP mode then the further splitting of that CU is 
stopped. Motivating from this fact we have explored other 
low motion complexity PUs. It is also observed that inter 
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그림 6. CTB 부호화 모드와 예측 단위 (Prediction unit) 분할 형태.
Fig. 6 CTB coding mode and PU partition type.

2N×2N, 2N×N and N×2N have slow or very moderate 
amount of motion activity. That means we may explore the 
motion activity from PU level and make an early CU split-
ting termination algorithm. The description of our observed 
motion activity for different PU dimension is given in the 
Table 1. We have used the PU mode weighting factor, as 

Mode Motion Activity PU mode 
weighting factor

SKIP Motionless 
homogeneous region 0

Inter 2N×2N Slow motion 1

Inter 2N×N, N×2N Motion between slow 
or moderate 2

Other inter and intra Very high motion or 
high texture 3

표 1. 움직임 정도와 예측 단위 (Prediction unit) 모드에 대한 가중치
Table 1. Motion activity and PU mode weighting factor

shown in Table 1, in our proposed algorithm. 
In the Fig. 7, it is shown that our proposed algorithm 

takes the input from the PU decision algorithm as discussed 
above. Apart from that, we have used the ratio function and 
absolute motion vector information. the absolute motion 
vector is calculated from both List 0 and List 1. This value 
is calculated using the Eq. (13).  

 
  



    (13)

  

Moreover, in our proposed algorithm, we have calculated 
a local statistics of RD cost of different dimension of CUs. 
We have compare the local statistics of RD cost with the 
current CU for each dimension. 
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                                         그림 7. 제안된 알고리즘의 전체 구조.
Fig. 7 Overview of the proposed algorithm.

The proposed algorithm can be divided into two stages. 
In the first stage the CTU is only considered while we do 
not have any information from higher level. Hence, in this 
stage the ratio function can not be calculated. On the other 
hand, in the second stage, the non CTU is considered as 
shown in Fig. 7. 

The pseudo code of the proposed algorithm is given be-
low: 

CTU Level 
if(PU mode weighting factor = 0) //Skip no motion
{

no need for further split 
} 
else if(PU mode weighting factor = 1) //Inter 2N×2N slow 
{

check avg RD cost of 2N×2N // from local statistics
check abs MV // from both list0 and list1
if(RD cost < avg RD cost of 2N×2N and abs MV = 

0 )
no need for further split 

}
else if(PU mode weighting factor = 2) //Inter 2N×N or N×2N 

moderate 
{

check avg RD cost of 2N×N and N×2N // from local 
statistics

check avg RD cost of SKIP // from local statistics

check abs MV // from both list0 and list1
if(RD cost < (avg RD cost of 2N×N, N×2N &SKIP) 

and abs MV = 0 )
no need for further split 

}

Non CTU Level 
if(PU mode weighting factor = 0) //Skip no motion
{

no need for further split 
} 
else if(PU mode weighting factor = 1) //Inter 2N×2N slow 
{

check avg RD cost of 2N×2N // from local statistics
calculate ratio function R
if(RD cost < avg RD cost of 2N×2N and R<0.25)

no need for further split 
}
else if(PU mode weighting factor = 2) //Inter 2N×N or N×2N 

moderate 
{

check avg RD cost of 2N×N and N×2N // from local 
statistics

calculate ratio function R
check abs MV // from both list0 and list1
if(RD cost < avg RD cost of 2N×N, N×2N &  R<0.25 

& abs MV = 0 )
no need for further split 

}
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Sequences QP
Time Improvement (%)

BD
rateOriginal ECU ∆(%) Proposed ∆(%)  Over

 ECU
Over

Original

Blowing 
Bubbles(D)

22 2294.59 2162.36 -5.76 1890.14 -17.62 -12.58 -17.62

1.7
27 1652.05 1455.85 -11.87 1317.60 -20.24 -9.49 -20.24
32 1209.65 990.35 -11.87 903.89 -25.27 -8.72 -25.27
37 944.09 691.25 -26.78 622.64 -34.04 -9.92 -34.04
avg -15.63 -24.29 -10.18 -24.29

BQ 
Square(D)

22 1712.47 1503.31 -12.21 1318.44 -23.00 -12.29 -23.00

2
27 1139.42 884.59 -22.36 796.70 -30.07 -9.93 -30.07
32 799.25 519.98 -34.94 459.57 -42.49 -11.61 -42.49
37 653.17 344.38 -47.27 301.70 -53.80 -12.39 -53.80
avg -29.19 -37.34 -11.56 -37.34

Basketball 
Pass (D)

22 1757.48 1620.92 -7.77 1455.21 -17.19 -10.22 -17.19

1.5
27 1273.46 1184.91 -6.95 1064.88 -16.37 -10.12 -16.37
32 964.44 811.68 -15.83 750.29 -22.20 -7.56 -22.20
37 768.69 562.70 -26.79 516.09 -32.86 -8.28 -32.86
avg -14.33 -22.16 -9.04 -22.16

Race Horses 
(D)

22 3188.83 3132.14 -1.77 2751.13 -13.72 -12.16 -13.72

2.7
27 2457.34 2317.55 -5.68 2098.52 -14.60 -9.45 -14.60
32 1816.77 1668.28 -8.17 1516.02 -16.55 -9.12 -16.55
37 1361.38 1151.71 -15.40 1042.15 -23.44 -9.51 -23.44
avg -7.76 -17.08 -10.06 -17.08

Basketball 
Drill (C)

22 9362.75 8749.68 -6.54 7482.78 -20.08 -14.47 -20.08

1.9
27 6529.22 5672.59 -13.11 5058.73 -22.52 -10.85 -22.52
32 4896.98 3883.19 -20.70 3553.03 -27.44 -8.50 -27.44
37 3801.39 2677.26 -29.57 2532.33 -33.38 -5.41 -33.38
avg -17.24 -25.85 -9.80 -25.85

Basketball 
Drive (B)

22 54028.59 48677.11 -9.90 44236.36 -18.12 -9.12 -18.12

0.9
27 36882.28 31678.18 -14.11 28899.33 -21.64 -8.77 -21.64
32 28255.73 22336.58 -20.94 20844.12 -26.23 -6.68 -26.23
37 22390.31 15977.00 -28.64 15134.53 -32.40 -5.27 -32.40
avg -18.40 -24.60 -7.46 -24.60

overall 
average -9.68 -25.22 1.783

표 2. 실험 결과 (100 프레임 사용)
Table 2. Experimental Result (100 frames)

The major contribution in our proposed algorithm is that 
we have classified the CUs using the motion activity in-
formation form the PU level and after that we have made 
the CU early decision algorithm. In [9], the CU pruning 
condition is also mentioned for different PU modes. In this 
work, authors only mentioned the experimental threshold 
values for different modes using the RD cost of the current 
CU.

But in our proposed approach, we have not defined any 
experimental fixed threshold. Rather, we have defined a 
nobel ration function based on the current and higher depth 

CU and define a threshold for this parameter theoretically. 
Moreover, to take decision more robust for the early CU 
splitting, we have also used the local statistical data of the 
RD cost value for different dimension of CUs and the cor-
responding motion vector. 

V. Experimental Results 

We have implemented our proposed algorithm in HM 
7.0 reference software. 4 QP values are considered here. 
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(a) Race Horses (b) Blowing Bubbles

(c) Basketball Pass (d) BQ Square 

그림 8. 참조 기법과 제안된 기법의 율-왜곡 곡선
Fig. 8 RD Curves of the original and proposed algorithms

Experimental results are shown in Table 2. In this table, 
we have compared our algorithm with other fast algorithm 
ECU [10]. FDM, CFM and ESD - these 3 fast options were 
ON in the anchor reference software.

It is quite clear for Table 2 that our proposed algorithm 
gives superior result than previous ECU algorithm. We 
have improved more than 9.5% time than ECU. One more 
point should be noted that, ECU gives good time reduction 
in high QP vales and in low QP values, it gives moderate 
reduction. Whereas, the proposed algorithm reduces the 
time complexity in low QP values also. Finally, our pro-
posed algorithm gives on average over 25% time saving 
than original HM 7.0 with 1.7 BD loss. The BD loss has 
been calculated on HM 7.0 with ECU on.

When comparing with ECU [10], up to 12.58% of 
time-saving factor was achieved. In the Class B, up to 
9.12% of time-saving factor was observed while keeping 
within 1% of BD loss. Also a time-saving factor of 9% 
was obtained for the Class C comparing to ECU [10].  

However, small loss of BD rate was observed too. For the 
original HM encoder, the proposed algorithm obtained 
53.8% of time-saving factor in BQ Square sequence. In the 
Race Horses sequence, a little bit small gain was observed. 
The reason of this result is that the other fast options cap-
tures much portion in prior. 

The RD curves of the proposed and original HM 7.0 for 
four sequences are shown in Fig. 8. As we can see, almost 
similar performance to the original HM encoder was 
observed. Especially, very similar quality can be seen in 
low bit rate for all sequences. In high bit rate, the proposed 
algorithm gives very small loss of quality.

VI. Conclusions 

In this paper, we have proposed a new early CU splitting 
termination algorithm for fast HEVC encoder. The proposed 
algorithm is based on a novel ratio function. Apart from that, 
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local statistics of the RD cost for different CU dimension 
and PU level motion complexity have been also considered 
here. More over, this is a two-stage algorithm. In first stage, 
only CTU is considered and other dimensions are considered 
in the second stage. In the previously proposed ECU algo-
rithm [10], early CU decision is made by checking only 
SKIP mode in PU level. But in our proposed algorithm we 
have considered not only SKIP mode, but also other low mo-
tion complexity based PU modes. The proposed algorithm 
gave over 9.5% of reduction in time comparing to ECU [10], 
with on average 1.783% of BD-rate on the original.
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