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Abstract 

Many new techniques have been adopted in HEVC (High efficiency video coding) standard, such as quadtree-

structured coding unit (CU), prediction unit (PU) partition, 35 intra-mode, and so on. To reduce computational 

complexity, the paper proposes two optimization algorithms which include fast CU depth range decision and 

fast PU partition mode decision. Firstly, depth range of CU is predicted according to spatial-temporal 

correlation. Secondly, we utilize the depth difference between the current CU and CU corresponding to the 

same position of adjacent frame for PU mode range selection. The number of traversal candidate modes is 

reduced. The experiment result shows the proposed algorithm obtains a lot of time reducing, and the loss of 

coding efficiency is inappreciable. 
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1. Introduction 

High efficiency video coding (HEVC) is approved by the Joint Collaborative Team on Video Coding 

which is composed of ITU Video Coding Experts Group and ISO/IEC Moving Picture Experts Group. 

HEVC can increase compression efficiency of 1080p video by about 50%. HEVC not only increases 

quality of video, but also saves a lot of bandwidth. We can enjoy higher quality 4K video, 3D Blu-ray, 

high-definition television program. Many new coding structures and coding technologies are adopted in 

HEVC compared with H.264, such as quadtree segmentation structure, 35 intra-prediction, advanced 

motion vector prediction, and so on. HEVC still adopts block-based hybrid coding framework. Inter-

prediction makes use of temporal correlation to reduce temporal redundancy. First, we perform motion 

estimation to search for a block region which produces optimum correspondence to the current 

macroblock from reference frame. Then, the different information between matching block and current 

block is quantized and transformed, which leads to a entropy-coded and temporal-redundancy-reduced 

result. HEVC adopts coding tree unit (CTU) which is split into quadtree structure. CTU is divided into 

coding units (CUs). The CU size ranging from 8×8 to 64×64. The CU sizes of 8×8, 16×16, 32×32, 64×64 

correspond to depth3, depth2, depth1, and depth0. Each CU is divided into prediction units (PUs). There 

are eight kinds of PUs for inter-prediction, including “N×N, N×2N, 2N×N, 2N×2N, nR×2N, nL×2N, 
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2N×nD, and 2N×nU,” Fig. 1 shows PU partition mode. To select the best CU size, CU is divided into 

eight PU types at each depth level [1,2]. All the CUs from 8×8 to 64×64 and prediction modes are 

implemented to decide the best depth level. Inter-prediction takes up most of the time in the whole 

encoding process. We can improve encoding speed from both CU and PU to decrease the time spending 

during the course of inter prediction. Image processing technologies and statistical techniques are adopted 

to analyze the CU size range. 

 

 
Fig. 1. PU partition mode. 

 

In [3], a fast inter-mode decision algorithm (FIMDA) analyzes the prediction mode distribution at each 

depth level, the motion vector and rate distortion cost of neighboring CUs select adaptively inter modes. 

The proposed efficient inter-prediction mode (EIPM) algorithms compute the priority of all inter-

prediction modes. Motion estimation is executed in the high priority inter-prediction modes [4]. Lee et 

al. [5] propose fast CU size decision algorithms include early CU termination (ECUT), CU skip 

estimation (CUSE) and skip mode decision (SMD). In [6], a fast CU encoding algorithm is proposed. 

Spatio-temporal encoding parameters are used to decide CU partition. An algorithm by Huang et al. [7] 

adopts edge information of the partition to reduce computational complexity, and is especially suitable 

for simple texture and smooth movement. In [8], a fast reference frame selection algorithm makes use of 

content correlation between the sub-PU and parent PU to decrease computational burden. In [9], the 

algorithm utilizes statistical analysis to predict the rate distortion cost and bit cost, which skip 

unnecessary computation. Pareto-based method adopts fine- and medium-granularity encoding time to 

precisely set a limit to encoding time [10]. Efficient mode decision algorithm consists of asymmetric 

motion partition (AMP), symmetric motion partition (SMP), and square motion partition [11]. The 

proposed algorithm adopts CU classification technique to fast select CU size in [12]. The above methods 

take advantage of temporal-spatial correlation in the process of inter-mode decision. However, these 

methods also maintain computational complexity. Inter-prediction mode decision is the driving force of 

our research. 

In the paper, the proposed algorithm includes fast CU depth range decision and fast PU partition mode 

decision. We can pre-estimate depth range to skip unnecessary CU depth level decision according to 

spatial-temporal correlation. We make use of depth difference between the co-located CU and the current 

CU to select PU partition mode range. The proposed algorithm can save about 50% of encoding time, 

while the video quality remains approximately the same. 

In the following sections, the fast decision algorithm is introduced to analyze the inter-prediction mode. 
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A fast CU depth range decision (FCDRD) is proposed in Section 2. In Section 3, temporal correlation of 

PU partition mode is verified. A fast PU partition mode decision (FPPMD) is proposed. In Section 4, the 

overall algorithm combines FCDRD with FPPMD. Section 5 describes simulation results. 

 

 

2. Fast CU Depth Range Decision 

There are four cases of CU depth level, which are labelled by zero, one, two, and three. The probability 

that CU depth level of 0 or 1 is high for the smooth region, while the probability selection of 2 or 3 is 

high for complicated motion region [13]. We can pre-estimate depth range to skip unnecessary CU depth 

level decision. In [14], adaptive CU depth range makes use of depth level of the left and upper 

macroblocks to pre-estimate depth level range of the current macroblock. However, it does not save much 

time. The relationship of the current CU and its neighboring and co-located CU is heavy, as shown in 

Figs. 2 and 3. The paper proposes the algorithm which makes use of spatial and temporal correlation to 

predict depth range. Dpre is defined as follows: 

 

Dpre=ωLDL+ωUDU+ωU-LDU-L++ωU-RDU-R+ωPDP (1) 

 

where D represents the CU depth level, L, U, U-L, U-R, and P represent left, up, up-left, up-right, and the 

co-located position of the neighboring frame, respectively. To obtain more accurate prediction effect, rate 

distortion (RD) cost from spatial neighboring CUs and co-located CU is considered. An adaptive weight 

ω is proposed, as shown in formula (2). If the neighboring coding units of the current coding units is 

unavailable, Dpre is set to 0 as starting value. We make use of Dpre to select candidate depth level, as 

shown in Table 1. 

 

ωL=
RDL

RDL+RDU+RDU-L+RDU-R+RDP

ωU=
RDU

RDL+RDU+RDU-L+RDU-R+RDP

 

ωU-L=
RDU-L

RDL+RDU+RDU-L+RDU-R+RDP

 

ωU-R=
RDU-R

RDL+RDU+RDU-L+RDU-R+RDP

 

�� =
���

��� + ��� + ����� + ����� + ���

 

(2) 

 

  
Fig. 2. Neighboring CUs of the current CU. Fig. 3. Corresponding CU of neighboring frame. 
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A
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Table 1. Candidate depth of the CU 

 Dpre = � Dpre ∈ (�,�) Dpre ∈ [�,�) Dpre ∈ [�,�] 

Candidate depth level 0 0,1 1,2 2,3 

 

 

3. Fast PU Partition Mode Decision 

The current CU and the co-located CU are alike. The current CU depth is in accordance with depth of 

the co-located CU, and then PU partition mode (PPM) range of the current CU may be determined by 

PPM of the co-located CU. Some unnecessary PPMs are skipped and computational complexity is 

reduced. For purpose of verifying temporal correlation, Traffic, BQTerrace, BQMall, and BQSquare are 

tested with QP=32. The first 2 seconds of each test sequences are adopted at the experiment. 

The medial probability of PU with “2N×2N, 2N×N, N×2N, N×N, 2N×nU, 2N×nD, nL×2N, nR×2N” 

is 97.90%, 0.66%, 0.84%, 0.06%, 0.14%, 0.11%, 0.16%, 0.13% from Table 2, when 2N×2N is decided 

as the optimal PPM at the co-located CU. It is that the total probability selection of “2N×2N, 2N×N, 

N×2N” is up to 99.4%. So when “2N×2N” is decided as the optimal PPM at the co-located CU, we only 

perform RD cost calculations on the three modes of “2N×2N, 2N×N,” and “N×2N.” RD cost of the 

current CU are calculated by the PPM of “2N×2N, 2N×N, N×2N, 2N×nU, 2N×nD” and the rest PPMs 

are skipped when the PPM of co-located CU is “2N×N.” When the PPM of co-located CU is “N×2N,” 

the candidate PPMs is “2N×2N, 2N×N, N×2N, nL×2N, nR×2N” at the current CU. The candidate PPMs 

of the current CU are “2N×2N, 2N×N, N×2N, N×N,” when the PPM of co-located CU is “N×N.” When 

the PPM of co-located CU is “2N×nU,” the candidate PPMs are “2N×2N, 2N×N, N×2N, 2N×nU” at the 

current CU. The candidate PPMs of the current CU are “2N×2N, 2N×N, N×2N, 2N×nD,” when the PPM 

of co-located CU is “2N×nD.” When the PPM of co-located CU is “nL×2N,” the candidate PPMs are 

“2N×2N, 2N×N, N×2N, nL×2N” at the current CU. The candidate PPMs of the current CU are “2N×2N, 

2N×N, N×2N, nR×2N,” when the PPM of co-located CU is “nR×2N.” We make use of temporal 

correlation to decrease the number of the PPMs and complexity of PPM decision. 

 

Table 2. Average probabilities of PU partition mode of the current CU 

Best PU mode of 

the co-located 

CU 

PPM of the current CU (%) 

2N×2N 2N×N N×2N N×N 2N×nU 2N×nD nL×2N nR×2N 

2N×2N 97.90 0.66 0.84 0.06 0.14 0.11 0.16 0.13 

2N×N 93.68 2.40 2.22 0.25 0.35 0.50 0.34 0.26 

N×2N 94.39 1.83 2.94 0.34 0.31 0.19 0.42 0.48 

N×N 95.78 0.97 2.13 0.26 0.24 0.20 0.18 0.24 

2N×nU 93.39 2.25 2.14 0.31 0.85 0.37 0.35 0.34 

2N×nD 94.23 2.26 1.90 0.16 0.26 0.62 0.34 0.23 

nL×2N 92.67 1.63 3.42 0.28 0.23 0.24 0.96 0.57 

nR×2N 92.97 1.52 3.40 0.22 0.34 0.28 0.48 0.79 

 

 

4. The Overall Algorithm 

Firstly, depth range of the current CU is calculated by formula (1). Secondly, we calculate depth 
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difference between the co-located CU and the current CU. If the depth difference is 0, PPM range is 

selected at the current CU by the PPM of the co-located CU. If the depth difference is 1 or 2, PPM 

decision is performed by HM original algorithm. If the depth level difference is 3, PPM traversed by the 

current CU are skipped. Fig. 4 shows flow diagram of the whole algorithm. 

 

 
Fig. 4. Inter-prediction mode decision algorithm. 
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5. Experimental Results 

In order to verify the property of the whole algorithm, FCDRD and FPPMD are performed on HM14.0 

reference software. HEVC standardization has been performed for two different scenarios, random access 

(RA) and low delay (LD). Entertainment applications are supported by random access. Interactive 

applications are restrained by low delay. Table 3 shows the test sequences are used under both RA and 

LD conditions. Each test sequence is performed with QP=37, 32, 27, and 22. The experimental results 

are measured in terms of Bjontegaard delta peak signal-to-noise ratio (BDPSNR), Bjontegaard delta 

bitrate (BDBR), and time saving (TS). TS represents the saved coding time compared to HM14.0. A 

positive or negative value of TS indicates the increase or decrease of time. 

 

TS (%)=
Tpro-THM

THM

×100% (3) 

 

Table 3. Parameters of test sequences 

Sequence Resolution Frame rate (fps) 

Traffic 2560×1600 (A) 30 

PeopleOnStreet 2560×1600 (A) 30 

Kimonol 1920×1080 (B) 24 

ParkScene 1920×1080 (B) 24 

Cactus 1920×1080 (B) 50 

BQTerrace 1920×1080 (B) 60 

BasketballDrill 832×480 (C) 50 

BQMall 832×480 (C) 60 

PartyScene 832×480 (C) 50 

BasketballPass 416×240 (D) 50 

BlowingBubbles 416×240 (D) 50 

BQSquare 416×240 (D) 60 

SlideShow 1280×720 (F) 30 

SlideEditing 1280×720 (F) 20 

ChinaSpeed 1024×768 (F) 30 

BasketballDrillText 832×480 (F) 50 

 

The experiment result is shown in Tables 4 and 5. The FCDRD algorithm can save coding time by 

31.3%–34.6% on average, while BDPSNR slightly lose 0.07–0.11 dB and BDBR slightly increase 

1.00%–1.34% under both RA and LD conditions. The procedures of CU depth decision skip some 

unnecessary depth levels for test sequences. The SlideEditing sequence saves time by a maximum of 

42.7%. The BlowingBubbles sequence saves time by a minimum of 19.8%. The FPPMD algorithm 

reduces the number of PU candidate modes traversed. Since the low-activity sequences have simple 

motion characteristics, the number of candidate modes traversed by the low activity sequences is less 

than that of the high activity sequences. The FPPMD can decrease the coding time of SlideEditing 

sequence by up to 36.4% (RA) and PeopleOnStreet (RA) sequence by a minimum of 10.2%. The average 

BDPSNR is decreased by 0.02–0.05 dB and the average BDBR is increased by 0.66%–0.74% under both 

RA and LD conditions, which are negligible. The proposed overall algorithm which combines the 
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FCDRD algorithm with the FPPMD algorithm is applied to all test sequences. The proposed overall 

algorithm can save 41.9% and 44.3% coding time compared with HM14.0, while 0.10–0.16 dB PSNR 

loss and 1.49%–1.88% bitrate increment can be ignored. Tables 4 and 5 show results of FCDRD, FPPMD, 

and overall algorithm compared with HM14.0. 

 

Table 4. Comparison results of the proposed algorithm and HM reference software under RA condition 

Test sequence 

FCDRD FPPMD The overall algorithm 

BDPSNR 

(dB) 

BDBR 

(%) 

TS  

(%) 

BDPSNR 

(dB) 

BDBR 

(%) 

TS 

(%) 

BDPSNR 

(dB) 

BDBR 

(%) 

TS  

(%) 

Traffic -0.07 1.10 -38.1 -0.06 0.84 -31.1 -0.13 1.78 -54.2 

PeopleOnStreet -0.05 0.70 -25.4 -0.04 0.95 -10.2 -0.09 1.64 -27.7 

Kimonol -0.09 0.56 -32.7 -0.02 0.78 -23.8 -0.08 1.32 -40.7 

ParkScene -0.05 1.21 -38.3 -0.04 0.67 -29.2 -0.09 1.65 -50.3 

Cactus -0.07 0.80 -39.5 -0.03 0.59 -26.1 -0.10 1.23 -47.1 

BQTerrace -0.04 0.76 -42.4 -0.04 0.34 -28.4 -0.08 0.96 -53.2 

BasketballDrill -0.07 2.01 -31.7 -0.04 0.53 -24.2 -0.11 2.15 -41.4 

BQMall -0.01 0.85 -31.1 -0.05 0.78 -35.5 -0.06 1.48 -44.8 

PartyScene -0.06 0.87 -35.6 -0.03 0.86 -26.7 -0.09 1.56 -45.6 

BasketballPass -0.12 1.98 -33.7 -0.05 0.45 -20.5 -0.17 2.23 -38.9 

BlowingBubbles -0.07 0.85 -23.4 -0.04 0.37 -18.9 -0.11 1.06 -32.8 

BQSquare -0.12 2.64 -29.6 -0.08 1.02 -29.0 -0.20 3.34 -35.6 

SlideShow -0.11 1.98 -41.2 -0.07 0.80 -32.3 -0.18 2.45 -55.1 

SlideEditing -0.16 2.01 -45.4 -0.10 1.03 -36.4 -0.26 2.87 -59.7 

ChinaSpeed -0.29 1.36 -32.6 -0.08 0.83 -20.2 -0.37 2.01 -40.4 

BasketballDrillText -0.33 1.75 -32.2 -0.06 0.98 -32.5 -0.39 2.34 -41.3 

Average -0.11 1.34 -34.6 -0.05 0.74 -26.6 -0.16 1.88 -44.3 

 

Table 5. Comparison results of the proposed algorithm and HM reference software under LD condition 

Test sequence 

FCDRD FPPMD The overall algorithm 

BDPSNR 

(dB) 

BDBR 

(%) 

TS  

(%) 

BDPSNR 

(dB) 

BDBR 

(%) 

TS  

(%) 

BDPSNR 

(dB) 

BDBR 

(%) 

TS  

(%) 

Traffic - - - - - - - - - 

PeopleOnStreet - - - - - - - - - 

Kimonol -0.05 0.24 -28.3 -0.00 0.70 -22.9 -0.06 0.90 -38.7 

ParkScene -0.01 0.98 -33.5 -0.01 0.62 -28.4 -0.02 1.45 -45.6 

Cactus -0.03 0.54 -35.2 -0.00 0.53 -23.3 -0.03 1.03 -39.4 

BQTerrace -0.02 0.34 -38.7 -0.01 0.21 -27.5 -0.03 0.46 -49.4 

BasketballDrill -0.03 1.61 -26.6 -0.02 0.64 -23.1 -0.04 1.95 -42.7 

BQMall -0.01 0.67 -28.5 -0.02 0.76 -31.9 -0.03 1.28 -43.7 

PartyScene -0.03 0.45 -29.7 -0.00 0.73 -24.2 -0.02 1.06 -41.5 

BasketballPass -0.07 1.08 -31.2 -0.02 0.34 -19.6 -0.09 1.23 -36.2 

BlowingBubbles -0.02 0.65 -19.8 -0.02 0.36 -16.9 -0.03 0.86 -30.6 

BQSquare -0.04 1.97 -22.4 -0.04 0.91 -26.3 -0.06 2.54 -34.4 

SlideShow -0.05 1.76 -39.5 -0.05 0.50 -29.2 -0.09 2.14 -49.3 

SlideEditing -0.18 1.47 -42.7 -0.08 1.00 -33.7 -0.26 2.36 -54.8 

ChinaSpeed -0.24 0.96 -31.1 -0.03 0.90 -18.4 -0.34 1.67 -39.5 

BasketballDrillText -0.23 1.29 -30.4 -0.02 0.99 -28.1 -0.24 1.94 -40.2 

Average -0.07  1.00 -31.3 -0.02  0.66 -25.2 -0.10  1.49 -41.9 
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Figs. 5 and 6 show the coding performance of Kimonol and BQMall using different QPs under both 

RA and LD conditions. The RD curves between the proposed algorithms and the HM14.0 are approximated. 

However, the proposed algorithms can save plenty time. 

 

  
(a) (b) 

Fig. 5. Result of RD curves of Kimonol and BQMall: (a) Kimonol under RA condition and (b) BQMall 

under LD condition. 

 

  
(a) (b) 

Fig. 6. Time saving curves of Kimonol and BQMall: (a) Kimonol under RA condition and (b) BQMall 

under LD condition. 

 

 

6. Conclusion 

To reduce computational complexity, the proposed whole algorithm which consists of FCDRD and 

FPPMD is performed on HM14.0. FCDRD making use of depth level of spatially and temporally adjacent 

CU to predict depth level range of the current CU. FPPMD skips unnecessary mode selection according 

to the depth relationship of the corresponding position CU and the current CU. The proposed whole 

algorithm reduces 41.9%–44.3% of encoding time on average, while RD performance is approximately 

unchanged. In this paper, we only use the spatial-temporal correlation to obtain prediction mode of CU 

and PU. In the future work, other motion parameters are considered, so that CU and PU can be predicted 

more accurately. 
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