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Abstract

In this paper, the fast encoding algorithm in High Efficiency Video Coding (HEVC) encoder was studied. For the encoding
efficiency, the current HEVC reference software is divided the input image into Coding Tree Unit (CTU). then, it should be
re-divided into CU up to maximum depth in form of quad-tree for RDO (Rate-Distortion Optimization) in encoding precess. But,
it is one of the reason why complexity is high in the encoding precess. In this paper, to reduce the high complexity in the
encoding process, it proposed the method by determining the maximum depth of the CU using a hierarchical clustering at the
pre-processing. The hierarchical clustering results represented an average combination of motion vectors (MV) on neighboring
blocks. Experimental results showed that the proposed method could achieve an average of 16% time saving with minimal BD-rate

loss at 1080p video resolution. When combined the previous fast algorithm, the proposed method could achieve an average 45.13%
time saving with 1.84% BD-rate loss.
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Fig. 5. The proposed method to suppress the invisible signal
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Table 1. Experimental information of subjective quality assessment

Display Samsung 47LG50FD
Type and size 47 inch 16:9
Resolution UHD
Number of subjects 5
Viewing distance 1m (0.75H)
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Table 2. Sequence information for the subjective quality assessment

Class | Sequence name Resolution Frame count Frame rate Bit depth Random Access

Traffic 150 30fps 8 Main

A 2560x1600
PeopleOnStreet 150 30fps 8 Main
ParkScene 240 24fps 8 Main
Cactus 500 50fps 8 Main

B 1920x1080
BQTerrace 600 60fps 8 Main
Kimono 240 24fps 8 Main
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Fig. 6. The DMOS graph between proposed method and HM 16.0 anchor
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b2t B

Table 3. Comparison of encoding result between the proposed method and HM 16.0 encoder in Random-Access mode

HM 16.0 Proposed method ABR

Sequence(RA) QP %
Bitrate Y-PSNR Bitrate Y-PSNR (%)
22 32829.77 40.18 31321.81 39.80 4.59
27 15713.37 37.16 15298.08 36.97 2.64

PeopleOnStreet

32 8245.83 34.20 8097.92 34.10 1.79
37 4622.76 31.44 4555.66 31.38 1.45
22 13223.84 41.67 12296.10 41.27 7.02
Traffic 27 5326.80 39.15 5104.80 38.87 417
32 2551.81 36.60 2460.72 36.42 3.57
37 1322.85 33.94 1275.59 33.82 3.57
22 17365.65 39.16 15898.74 38.86 8.45

BasketballDrive 27 6018.53 37.48 5975.79 37.22 0.71
32 2809.94 35.63 2823.95 35.37 -0.50
37 1476.91 33.64 1491.51 33.38 -0.99
22 39640.12 37.44 32813.73 37.07 17.22
BQTerrace 27 7374.98 35.31 6746.19 35.22 8.53
32 2266.06 33.86 2196.66 33.78 3.06
37 970.38 31.99 951.46 31.92 1.95
22 18423.60 38.48 16474.76 38.23 10.58
Cactus 27 5733.25 36.85 5818.22 36.62 -1.48
32 2672.64 34.95 2714.24 34.75 -1.56
37 1370.57 32.77 1390.15 32.60 -1.43
22 4787.87 41.61 4612.24 41.30 3.67
Kimono 27 2187.832 39.75 2071.26 39.46 5.33
32 1068.842 37.45 1010.84 37.24 5.43
37 543.3792 35.07 517.40 34.93 4.78
22 7679.621 40.07 7198.01 39.72 6.27
ParkScene 27 3335.782 37.55 3149.19 37.32 5.59
32 1538.07 34.95 1455.56 34.82 5.36
37 717.8976 32.44 678.88 32.35 543

Avg. 4.1
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E 4. Hotst= 2T HM 16.02| Low-Delay 2= 253 21} H|w
Table 4. Comparison of encoding result between the proposed method and HM 16.0 encoder in Low-Delay mode

HM 16.0 Proposed method ABR

e o Bitrate Y-PSNR Birato Y-PSNR (%)
22 37555.64 40.85 3422033 40.38 8.88

PeopleOnStreet 27 17150.50 37.46 16446.12 37.24 411
32 8855.27 34.31 8682.20 34.22 1.95

37 5000.67 3147 4942.26 31.43 117

22 13808.74 41.63 11523.43 41.29 16.55

Traic 27 4837.14 38.74 4450.24 38.53 8.00
32 2063.11 35.97 1980.21 35.84 4.02

37 984.14 33.19 961.61 3311 2.29

22 19833.83 39.42 17100.07 39.11 13.78

BacketbalDrive 27 6747.66 37.50 6344.97 37.32 5.97
32 3112.23 35.51 2991.01 35.39 3.89

37 1584.83 33.38 1537.06 33.30 3.01

22 52819.19 38.24 40908.15 37.60 2255

BQTerace 27 7561.81 35.40 6812.77 35.30 9.91
32 1989.48 33.58 1928.46 33.49 3.07

37 761.31 31.38 747.63 31.30 1.80

22 20043.06 38.69 15923.93 38.46 2055

Cactus 27 5731.93 36.70 5407.90 36.54 5.65
32 2572.31 34.56 2490.98 34.45 3.16

37 1269.14 32.26 1237.06 32.18 2.53

22 5202.10 41.68 4684.10 41.39 9.96

Kimono 27 2401.92 39.66 2217.37 39.38 7.68
32 1149.73 37.13 1076.54 36.93 6.37

37 563.11 34.54 534.49 34.43 5.08

22 7960.23 39.91 7040.16 39.59 11.56

barkSoone 27 3167.30 36.99 2958.96 36.81 6.58
32 1334.98 34.19 1272.29 34.09 4.70

37 576.35 31.59 551.06 31.53 4.39

Avg. 7.16

E 5. Motst= 2T HM 16.02] All-Intra 25 253} 21} b
Table 5. Comparison of encoding result between the proposed method and HM 16.0 encoder in All-Intra mode

HM 16.0 Proposed method ABR

SegerEsi o Bitrate Y-PSNR Bitrate Y-PSNR (%)
22 104688.22 43.26 93218.42 42.58 10.96

PeopleOnSrest 27 60852.46 30.82 54974.92 39.40 9.66
32 34778.63 36.70 32064.95 36.48 7.80

37 20386.04 33.83 19056.91 33.73 6.52

22 101857.33 43.35 81221.52 42.76 20.26

Trafic 27 57380.24 40.16 48442.34 39.78 15.58
32 32742.57 37.12 28631.15 36.89 12.56

37 18500.52 34.10 16371.50 33.95 11.55

22 71111.10 41.25 56368.45 40.59 20.73

BasketballDrive 27 29162.29 38.71 24414.22 38.44 16.28
32 15230.16 36.95 12879.61 36.75 15.43

37 8496.58 34.98 7159.71 34.83 15.73

22 180132.92 42.37 152792.14 41.02 15.18

BQTerace 27 79339.02 37.08 70084.43 36.73 10.53
32 40350.09 34.47 37644.26 34.31 6.71

37 21780.20 32.01 20556.53 31.90 5.62

22 105375.07 40.57 82574.13 40.06 21.64

Cactus 27 48706.69 37.93 41495.46 37.69 14.81
32 26368.31 35.69 22721.63 35.52 13.83

37 14280.46 33.26 12139.73 33.14 14.99

22 22229.57 42.70 18485.44 42.35 16.84

Kimono 27 12151.2184 41.01 10363.84 40.60 14.71
32 6847.0616 38.95 5963.46 38.61 12.90

37 3820.4 36.51 3372.45 36.28 1.73

22 52729.0504 41.68 43303.23 41.19 17.88

barkScone 27 28587.6744 38.60 24748.92 38.28 13.43
32 14837.4616 35.61 13230.56 35.42 10.83

37 7299.9896 32.79 6516.32 32.66 10.74

Avg. 13.41
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