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Abstract

In recent years, video image definition has been greatly enhanced such
as 8K Ultra HDTV. Since such enhancement causes explosive data in-
crease, high efficiency video coding (HEVC) is required. In this situ-
ation, H.265/HEVC which can double the data compression rate com-
pared with H.264/AVC was developed by JCT-VC(Joint Collaborative
Team on Video Coding) in 2013. To achieve high compression effi-
ciency, H.265/HEVC adopts a flexible block structure which includes
CTU(Coding Tree Unit), CU(Coding Unit), PU(Prediction Unit) and
TU(Transform Unit). This technique provides adaptive area partitioning
corresponding to the movement and the texture of subjects. Large blocks
are selected in flat texture region and small blocks are selected in com-
plex texture region. However this partition mode selection causes huge
amount of computational complexity, because this process repeats inter
prediction which contains motion estimation and motion compensation
to determine the best partition from many candidates. Therefore, unnec-
essary PU candidate exlcusion reducing the motion estimation process is
effective for the computational complexity reduction and encoding time
reduction.

In thie paper, we proposed a fast PU mode selection method utilizing
variance characteristic of luminance samples. This proposed method uti-
lizes the 2Nx2N variance of luminance samples in a CU, the variance of
four variances of luminance samples in each different NxN blocks in the
CU and the variance and the variance of variances of luminance samples
in a PU. We implemented the proposed method to HM-10.0, and eval-
uated its effectiveness. The evaluation result showed that the proposed
method was able to reduce encoding time by more than 50%. In addition,
we showed that the proposed method is effective for low delay encoding.
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ocrvoooooboooo3sbooooboboobooboogoo ccunog
0000000000000 cU00uooooooooO pUD 2Nx2N
ooogoboobobbobdb410b0boboboboboooooon
goo
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5 0O

5.1 O0OOO

gboobobobobboboboobooboobuogoaoood
0000000000000 0000000DO0000D0OO (20000
000000000000 000oU0ooooooo 3)uuooooo
oogd

V = E(Luminance?®) — E(Luminance)? (3)

00005120000 CUD 160000 (N/2)x(Nx2)0000000
00000000000000000000000000000000
00000000000000000000000000000000
0000000000000 CUO00D0O0000000000000
00000000000

N/2
,
N2
CUZ1673EILT=
BEIN/2)x(N/2)T AV T
E(X?), E)%&tHE
CU
0 5.12: 0O0O0O
5.2 0O 0O0OO

H.265/HEVCOODOOOOOO HM-10.00OO0OOOOOOODOOO
goodoobobobbsiuobbbogooooboboos2g0obn
O005300000000000000DO0O Bitrated Y-PSNRO O O
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00000 ET(Encoding Time)ODO OO OO0 OO IPT(Inter Prediction
Time) 00 00 BDrate 00 (4)(5)0000000000000000
0 ETRR(Encoding Time Reduction Ratio) 0000000000000
00 IPTRR(Inter Prediction Time Reduction Ratio) 00000000
Random Access 00000000 OLow DelayO O 2500000000
gdd

ETHMflo.O - ETproposed

ETRR = x 100 4
ETHM*lO.O ( )

IPTHM—IO.O - IPTproposed
IPTRR = x 100 )
IPTunm-100 ©)

gsl:0000aooo

o0 Oo0000 |Do0ooooo
BasketballDrill | 832x480 500 50
BQMall 832x480 600 60
Kimono 1920x1080 240 24
ParkScene 1920x1080 240 24

g s52. 00000

Max CU size 64x64
CU depth 0-3
QP 22,27, 32, 37
GOP structure | Random Access, Low Delay
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g s53: 0000

OS Windows Server 2012
CPU | Intel Xeon CPU E3-1240 V2 3.40GHz
RAM 16.0 GB
5.3 U4Ugn

O0D0OO0000ooboDOdsd4, b5 5.6, 5.7000000O000000O0O
oobooobogbbz2oc0b0dbooobbbodbn 20000
goboboooosocobboud42000b0000000oonoboon
gobbboobobbouodoooooobbbbbbobouooooaobobo
gooo
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0 5.4: Random Access 00000000 1

Random Access
HM 0o0o0o(100,2000,0000000O0O0O0O)
Sequence QP | Bitrate | Y-PSNR ET IPT Bitrate | Y-PSNR ET IPT
(kbps) (dB) (sec) (sec) (kbps) (dB) (sec) (sec)
22 | 3616.78 40.50 6535.24 4727.32 3633.00 40.48 4578.97 2755.01
BasketballDrill | 27 | 1755.93 37.40 5496.41 4284.10 1761.39 37.38 3783.22 2552.56
32 | 865.62 34.46 4748.39 3920.48 867.55 34.44 3205.50 2377.12
37 | 459.20 31.94 4263.01 3647.54 459.53 31.93 2853.28 2236.00
22 | 3831.91 40.23 6980.50 5274.34 3864.17 40.21 5159.08 3433.00
BQMall 27 | 1823.89 37.74 5901.80 4776.20 1837.89 37.72 4294.96 3160.70
32 | 931.35 35.02 5247.52 4435.19 936.55 35.00 | 3770.62 2966.21
37 | 498.61 32.28 4808.75 4181.50 500.34 32.26 3456.81 2820.72
22 | 4732.49 41.60 15090.49 11750.75 4754.58 41.59 8165.74 4852.60
Kimono 27 | 2159.37 39.73 12794.86 10556.77 2173.28 39.72 6809.06 4569.88
32 1 1053.09 | 37.42 | 11389.73 9757.92 1057.95 | 37.40 | 6019.05 4369.27
37 | 533.29 35.03 10355.29 9071.83 534.67 35.01 5482.24 4183.56
22 | 7406.56 40.05 13995.26 10757.10 7460.50 40.03 8974.11 5718.91
ParkScene 27 | 3179.04 37.52 11714.24 9687.62 3197.78 37.50 7267.59 5267.22
32 | 1450.09 34.91 10375.18 8964.68 1455.73 34.89 6395.05 4977.93
37 | 670.63 32.39 9595.54 8474.84 672.71 32.38 5904.77 4780.83
Random Access
0000 (250,5000,0000000000) (0000 (250,5000,0000000000)
Sequence QP | Bitrate | Y-PSNR ET IPT Bitrate | Y-PSNR ET IPT
(kbps) (dB) (sec) (sec) (kbps) (dB) (sec) (sec)
22 | 3644.05 40.48 4094.76 2288.66 3653.27 40.47 3471.19 1657.30
BasketballDrill | 27 | 1765.87 37.37 3357.60 2130.60 1771.59 37.36 2796.73 1571.81
32 | 868.99 34.43 2823.09 1987.75 872.18 34.42 2331.93 1489.57
37 | 461.09 31.92 2500.86 1876.52 462.01 31.90 2061.81 1437.09
22 | 3881.86 40.21 4693.19 2958.29 3896.66 40.20 3810.39 2069.43
BQMall 27 | 1846.08 37.71 3864.39 2726.70 1855.75 37.71 3094.99 1945.91
32 | 939.90 34.98 3402.26 2588.22 946.50 34.97 2692.87 1870.77
37 | 501.53 32.25 3113.64 2474.67 505.38 32.22 | 2475.39 1826.68
22 | 4762.62 41.58 7275.02 3948.89 4765.22 41.58 6899.93 3557.59
Kimono 27 | 2176.44 39.71 6007.41 3781.17 2178.54 39.71 5663.73 3400.35
32 | 1059.71 37.40 5256.70 3617.74 1060.56 37.39 4936.64 3285.87
37 | 535.83 35.01 4774.04 3489.92 536.57 35.00 | 4491.11 3178.32
22 | 7482.60 40.03 7708.65 4461.80 7493.10 40.03 7008.05 3729.32
ParkScene 27 | 3207.54 | 37.49 6157.91 4160.33 3213.92 | 3749 | 5561.03 3536.95
32 | 1458.27 34.88 5393.84 3979.56 1461.20 34.88 4859.26 3427.53
37 | 672.82 32.37 4976.21 3842.04 674.58 32.36 4466.64 3335.41
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0 5.5: Random Access 00O O0ODO0O0O 2

Random Access

0000 (100,2000,0000000000)

Sequence QP | BD-rate | ETRR IPTRR
(%) (%) (%)
22 29.93 41.72
BasketballDrill [ 27 | 0.7 3117 40.42
[ 32] 32.49 39.37
| 37 | 33.07 38.70
22 26.09 34.91
BQMall [27] 12 27.23
[ 32] 28.14
| 37 | 28.11
22 45.89
Kimono 27 1.0 46.78
32 47.15
37 47.06
22 35.88
ParkScene [27 ] 11
[ 32]
[ 37 ]
Ave 1.0 3.73
Random Access
0000 (250,5000, 0000000000)
Sequence QP | BD-rate | ETRR IPTRR
(%) (%) (%)
22 37.34 51.59
BasketballDrill [ 27 | 1.1 33.91 50.27
[ 32] 10.55 19.30
[ 37 ] 41.34 4855
22 32.77 43.91
BQMall 27 1.9 34.52 42.91
32 35.16 41.64
37 35.25 10.82
22 51.79 66.39
Kimono [27] 14 53.05 64.18
[ 32] 53.85 62.93
[ 37 ] 53.90 61.53
22 44.92 58.52
ParkScene [27] 16 47.43 57.06
[ 32] 48.01 55.61
37 43.14 54.67
Ave 15 43.56 53.12
Random Access
0000 (250,5000, 0000000000)
Sequence QP | BD-rate | ETRR IPTRR
(%) (%) (%)
22 46.89 64.94
BasketballDrill [ 27 | 1.7 49.12 63.31
32 50.89 62.01
37 51.63 60.60
22 45.41 60.76
BQMall [27] 28 47.56 59.26
[ 32] 48.68 57.82
[ 37 ] 48.52 56.32
22 54.28 69.72
Kimono [27] 16 55.73 67.79
[ 32] 56.66 66.33
37 56.63 64.96
22 19.93 65.33
ParkScene 27 1.9 52.53 63.49
32 53.16 61.77
[ 37 ] 53.45 60.64
Ave 2.0 51.32 62.82
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0 5.6: Low DelayD O OO QOOO0OO 1

Low Delay

HM 0o0o0o(100,2000,0000000O0O0O0O)
Sequence QP | Bitrate | Y-PSNR ET IPT Bitrate | Y-PSNR ET IPT
(kbps) (dB) (sec) (sec) (kbps) (dB) (sec) (sec)
22 | 3776.58 40.66 409.58 305.03 3792.61 40.64 278.14 174.11
BasketballDrill | 27 | 1809.62 37.53 347.89 277.42 1821.20 37.52 229.01 160.46
32 | 883.22 34.60 301.23 254.61 888.45 34.60 196.79 152.35
37 | 460.78 32.08 273.87 239.08 462.75 32.08 176.19 143.11
22 | 5188.20 39.85 369.66 277.01 5224.13 39.84 283.31 192.52
BQMall 27 | 2454.99 36.96 304.88 246.98 2480.01 36.95 234.02 174.33
32 | 1263.99 33.94 268.64 229.01 1269.72 33.94 202.24 162.80
37 | 663.15 30.93 246.25 214.96 665.18 30.91 185.33 156.28
22 | 7251.20 42.15 2491.36 1930.35 7278.34 42.13 1291.78 741.24
Kimono 27 | 3606.21 40.20 2116.27 1720.90 3631.29 40.19 1086.42 698.87
32 | 1786.39 | 37.51 | 1827.53 1558.72 1801.74 | 37.50 941.44 669.01
37 | 900.76 34.82 1607.09 1407.50 903.34 34.79 832.76 638.41
22 | 9613.51 40.00 2048.15 1587.82 9687.16 39.98 1257.21 797.91
ParkScene 27 | 4045.56 37.27 1668.83 1401.56 4080.33 37.25 1009.90 739.38
32 | 1793.71 34.57 1449.60 1272.21 1804.72 34.56 869.51 692.19
37 | 799.42 32.07 1323.53 1192.01 800.76 32.07 786.51 655.36
Low Delay
0000 (250,5000,0000000000) (0000 (250,5000,0000000000)
Sequence QP | Bitrate | Y-PSNR ET IPT Bitrate | Y-PSNR ET IPT
(kbps) (dB) (sec) (sec) (kbps) (dB) (sec) (sec)
22 | 3818.38 40.64 252.35 145.45 3830.51 40.64 209.73 105.82
BasketballDrill | 27 | 1827.25 37.51 207.62 136.61 1828.48 37.50 171.96 101.84
32 | 889.41 34.60 174.37 129.08 889.65 34.57 143.44 97.43
37 | 462.90 32.07 156.99 123.44 464.00 32.06 127.72 94.69
22 | 5244.29 39.84 261.03 168.20 5259.44 39.83 200.32 107.79
BQMall 27 | 2490.16 36.95 214.31 155.48 2498.69 36.94 162.54 103.42
32 | 1274.71 33.92 185.62 145.96 1283.06 33.91 140.27 99.29
37 | 666.01 30.91 170.51 139.86 675.48 30.90 126.16 95.19
22 | 7287.10 42.13 1145.13 595.83 7293.93 42.13 1095.57 544.40
Kimono 27 | 3631.49 40.18 951.11 565.00 3630.87 40.18 911.87 517.16
32 | 1805.43 37.50 818.12 546.14 1805.30 37.50 773.06 494.67
37 | 904.70 34.78 717.72 520.07 904.57 34.77 674.88 476.84
22 | 9713.6 39.98 1074.03 616.96 9719.64 39.98 984.75 523.72
ParkScene 27 | 4084.85 37.24 845.18 580.34 4087.93 37.24 767.15 493.48
32 | 1806.51 34.55 735.48 557.20 1810.11 34.55 653.75 475.85
37 | 803.80 32.05 660.51 530.27 802.65 32.05 594.90 463.78
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0 5.7: Low DelayD OO0 OOOO 2

Low Delay

0ooo (100,2000,0000000000)

Sequence QP | BD-rate | ETRR IPTRR
(%) (%) (%)
22 32.09 42.92
BasketballDrill [ 27 | 0.7 34.17 1216
32 34.67 10.16
37 35.67 40.14
22 23.36 30.50
BQMall [27] 09 23.24 29.42
[ 32] 2472 28.91
[ 37 ] 24.74 27.30
22 48.15 61.60
Kimono 27 1.2 48.66 59.39
32 48.49 57.08
[ 37 ] 1318 54.64
22 38.62 19.75
ParkScene [27 ] 11 39.48 47.25
32 40.02 45.59
37 40.58 45.02
Ave 1.0 36.55 43.86

Low Delay

0000 (250,5000,0000000000)

Sequence QP | BD-rate | ETRR IPTRR
(%) (%) (%)
22 38.39 52.32
BasketballDrill [ 27 | 1.2 40.32 50.76
[ 32] 12.12 49.30
[ 37 ] 42.68 48.37
22 29.39 39.28
BQMall 27 14 29.71 37.05
32 30.90 36.27
[ 37 ] 30.76 34.94
22 54.04 69.13
Kimono [27] 14 55.06 67.17
32 55.23 64.96
37 55.34 63.05
22 47.56 61.14
ParkScene [27] 15 49.35 58.59
[ 32] 49.26 56.20
| 37 | 50.10 55.51
Ave 14 43.76 52.75

Low Delay

0000 (250,5000,000000000D0)

Sequence QP | BD-rate | ETRR IPTRR
(%) (%) (%)
22 48.79 65.31
BasketballDrill [ 27 | 1.7 50.57 63.29
32 52.33 61.74
[ 37 ] 53.36 60.40
22 45.81 61.09
BQMall [27] 22 46.69 53.13
32 47.78 56.64
37 1877 55.72
22 56.03 71.80
Kimono [ 27 | 14 56.91 69.95
[ 32 57.70 68.26
| 37 | 58.01 66.12
22 51.92 67.02
ParkScene [27] 17 54.03 64.79
[ 32] 54.90 62.60
| 37 | 55.05 61.09
Ave 1.8 52.42 63.37
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0 54, 5,5000Random Access 00O D000 O0O0OODODOO (100,
2000,0000000000)0BDrate0 00000 1.0%0000000
0000000000 3.86%000000000000000 43.73%0
000000000 (250,5000,0000000000)00 BD-rated
00000 15%0000000000000000043.56%00000
0000000000 53.12%0000000000 (250, 5000, 0000
O000000)00BDrate0 00000 20%000000000000
00000 51.32%000000000000000 62.82%000000

O0D005.6,5.7000Low Delay DO OO0 OO0OOOOOODODO (100,
2000,0000000000)0BDrate0 00000 1.0%0000000
0000000000 36.55%000000000000000 43.86%0
000000000 (250,5000,0000000000)00 BD-rated
O000014%00000000000000000 43.76%00000
0000000000 52.75%0000000000 (250,5000, 0000
O000000)00BDrate0 00000 1.8%000000000000O
00000 5242%000000000000000 63.37%000000

000 cCTvooooooooooooHesMOODOOoOOoOoOooO ECU
00000000000 ooOO0o0oooDooooQPpOOOCOOOO
O00d0dd0oooooooooDoo0o00oOooooooooono Qp
000000000000 0000D0D0O0O0O00000000oooon
1920x1080 D0 00000000000 DO0OO0O0OOoDO0O0oOoOOoOooOn
0000000000000 0000000000000000000n
0000000000000 0opooooobOoOo0o000ooOoooDon
0000000000000 000O0O0000000000oooon
Oo0o0o0oo0oon

00000000000 9D0000000o0oooooE o 2Nx2N
0000 PUOOODODOOOOOOOOOODODODO SATDOOOODODO
000000000000 0000D0O0O0O00000000oooon
00000000000 BasketballDrill O Kimono O O 0O O BD-rate O
0000000000000 0000O0O0O BhrateOOOOoOoQOoaog
O00000000000000 (250,5000, 0000000000)00
00058590 000000 HMOOODDODOOOOODODDOOOOOOO
0000000000000 00DDoOoObOoOO00000oooooDon
O0000000ooooooooo
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0 58: 00000000 (Random Access)

Random Access
9] 0000 (Dooooooooo)
BD-rate | ETRR | BD-rate ETRR
(%) (%) (%) (%)
BasketballDrill 1.8 30.3 1.1 39.5
Kimono 1.5 61.0 1.4 53.1
Ave 1.7 45.7 1.3 46.3

059: 00000000 (Low Delay)

Low Delay
9] 0000 (Dooooooooo)
BD-rate | ETRR | BD-rate ETRR
(%) (%) (%) (%)
BasketballDrill 1.9 28.4 1.2 40.9
Kimono 1.8 42.1 14 54.9
Ave 1.9 35.3 1.3 47.9

058 590000000 900000 BD-rated ETRROOOOO
gobbboobobbdooooobbobbbboddouoooooboo

goo
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54 UO0OO0OOOOO

5100000000000 00DO0bO0DO0oD0DOo0bOOobOobOOooDg
O00000D0000000000D0DOORandom Access 00 Low Delay
0000000000000 DO0DO0DOD0ooooooooooood
00000 5.10, 5.11 00 00 Random Accessd Low Delay O 0O 0O 0O 25
OO00D0D0O00o0oooooood

0 5.10,5.1100000000000000 02%0000000000
OO000DO000o0ooooooood

O00000000DO0DOO0DO00O0DO0DO0000bOoDOoDOn
OO00000000000000DO0DO0o0ooooooooood
O00000000DO0DOO00O0DbOO0ODbOO0DOO0DO0oDOO0ODOODOOOoOO
ooooogoo
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0 5.10:

Random Access 00000000000

Random Access

0ooo (100,2000,0000000000)

Sequence QP | ET ooooooo oo
(sec) (sec) (%)
22 | 218.16 0.24 0.11
BasketballDrill | 27 | 181.24 0.27 0.15
32 | 155.74 0.09 0.06
37 | 138.70 0.16 0.12
22 | 217.59 0.24 0.11
BQMall 27 | 181.24 0.23 0.13
32 | 159.54 0.17 0.11
37 | 144.90 0.12 0.08
22 1 991.39 0.83 0.08
Kimono 27 | 815.94 0.76 0.09
32 | 699.96 0.89 0.13
37 | 623.88 0.79 0.13
22 | 930.73 0.77 0.08
ParkScene 27 | 760.79 0.84 0.11
32 | 658.12 0.86 0.13
37 | 606.58 0.68 0.11
0000 (250,5000,000000000D0)
Sequence QP | ET |000OO0O0OO 0o
(sec) (sec) (%)
22 | 197.13 0.12 0.06
BasketballDrill | 27 | 162.96 0.26 0.16
32 | 136.52 0.21 0.15
37 | 121.44 0.17 0.14
22 | 197.57 0.2 0.10
BQMall 27 | 164.52 0.22 0.13
32 | 145.65 0.25 0.17
37 | 13118 0.16 0.12
22 | 895.76 0.97 0.11
Kimono 27 | 718.94 0.77 0.11
32 | 611.98 0.91 0.15
37 | 548.67 0.92 0.17
22 | 804.43 0.85 0.11
ParkScene 27 | 635.37 0.83 0.13
32 | 558.41 0.75 0.13
37 | 507.79 0.61 0.12
0000 (250,5000,0000000000)
Sequence QP | ET |0O000004d oo
(sec) (sec) (%)
22 | 170.63 0.2 0.12
BasketballDrill | 27 | 136.07 0.22 0.16
32 | 114.39 0.13 0.11
37 | 100.27 0.12 0.12
22 | 158.90 0.19 0.12
BQMall 27 | 127.08 0.16 0.13
32 | 111.77 0.14 0.13
37 | 100.83 0.27 0.27
22 | 861.48 0.84 0.10
Kimono 27 | 687.33 0.88 0.13
32 | 581.95 0.89 0.15
37 | 512.58 0.75 0.15
22 | 736.96 0.66 0.09
ParkScene 27 | 583.41 0.77 0.13
32 | 507.32 0.67 0.13
37 | 465.59 0.91 0.20
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0 5.11: Low Delay 0O OO O0O0OO0O0OO

Low Delay
0000 (100,2000,0000000000)
Sequence QP ET goooooo 0o
(sec) (sec) (%)
22 | 278.14 0.11 0.04
BasketballDrill | 27 | 229.01 0.16 0.07
32 | 196.79 0.11 0.06
37 | 176.19 0.20 0.11
22 | 283.31 0.14 0.05
BQMall 27 | 234.02 0.16 0.07
32 | 202.24 0.06 0.03
37 | 185 0.17 0.09
22 | 1291.78 0.63 0.05
Kimono 27 | 1086.42 0.96 0.09
32 | 941.44 0.96 0.10
37 | 832.76 0.91 0.11
22 | 1257.21 0.87 0.07
ParkScene 27 | 1009.90 0.86 0.09
32 | 869.51 0.61 0.07
37 | 786.51 0.81 0.10
0000 (250,5000,0000000000)
Sequence QP ET 0000000 oo
(sec) %)
22 0.17 0.07
BasketballDrill | 27 | 207.62 0.20 0.10
32 | 174.37 0.10 0.06
37 | 156.99 0.19 0.12
22 | 261.03 0.16 0.06
BQMall 27 | 214.31 0.26 0.12
32 | 185.62 0.08 0.04
37 | 170.51 0.11 0.06
22 | 1145.13 1.02 0.09
Kimono 27 | 951.11 0.85 0.09
32 | 818.12 0.75 0.09
37 | 717.72 0.73 0.10
22 | 1074.03 1.03 0.10
ParkScene 27 | 845.18 1.09 0.13
32 | 73548 0.74 0.10
37 | 660.51 0.54 0.08
0ooo (250,5000,0000000000)
Sequence QP ET ooooooo oo
(sec) (sec) (%)
22 | 209.73 0.14 0.07
BasketballDrill | 27 | 171.96 0.13 0.08
32 | 143.44 0.17 0.12
37 | 127.72 0.19 0.15
22 | 200.32 0.17 0.08
BQMall 27 | 162.54 0.06 0.04
32 | 140.27 0.23 0.16
37 | 126.16 0.20 0.16
22 | 1095.57 0.89 0.08
Kimono 27 | 911.87 0.74 0.08
32 | 773.06 0.81 0.10
37 | 674.88 0.72 0.11
22 | 984.75 0.95 0.10
ParkScene 27 | 767.15 0.77 0.10
32 | 653.75 0.72 0.11
37 | 594.90 1.11 0.19
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5.5 UUOUOOOLOOOOoOooobbOoOooo

gbobooobboogbbooooobobuooobbooobbooon
gobbbobbbououooooobobbbbbbouoooooobbbo
gobbobbbodoooooobbobboodoooooooboboo
ooobooooboooooooyMOooooooEMOODOOooOO
pCU000D0O000O00O0bOO00ooboooobooooDbooo
Oooobbboodobooo EeEcvboooboooooboooccuoboooog
OO0o00o0bo0oboobooooo skipdbooboooooocTu
OOoboooboobobooEeECcibobogonDoOogsa2 5130000000
BD-rate 0000000 04%00000000000000 30%000
gbobobouoogon
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0 5.12: ECUDOO (Random Access)

Random Access

ECU
BD-rate | ETRR | IPTRR
(%) (%) (%)
22 17.97 | 22.00
BasketballDrill | 27 0.2 26.84 | 30.63
32 35.75 | 39.70
37| 46.13 | 49.37
22 22.79 27.61
BQMall 27 0.6 32.35 | 37.70
32 42.65 46.51
37 50.28 | 53.05
22 12.71 15.24
Kimono 27 0.3 23.86 | 26.63
32 36.42 | 39.48
37 46.94 | 49.70
22 26.93 | 31.63
ParkScene 27 0.6 40.87 44.61
32 52.92 55.97
37 61.04 | 62.88
Ave 0.4 36.03 | 39.54
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0 5.13: ECUO OO (Low Delay)

Low Delay
ECU
BD-rate | ETRR | IPTRR
(%) (%) (%)
22 10.14 13.06
BasketballDrill | 27 0.1 20.47 23.45
32 31.06 33.83
37| 4257 | 4477
22 18.47 22.62
BQMall 27 0.0 26.10 30.26
32 36.72 40.27
37 45.15 47.46
22 7.92 9.13
Kimono 27 0.1 15.20 17.09
32 25.90 28.41
37 38.85 41.03
22 17.12 20.10
ParkScene 27 0.5 30.99 34.08
32 44.26 46.90
37 55.90 57.74
Ave 0.2 29.18 31.89
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0 5.13, 5.14 0 Random Access 0 0 0 QP=320 KimonoO OO O OO
2000000000000 00O000O000DOO0OO0DDOO0DbODODOO
0000000000 5.15,5.16 0 Low Delay 0O O 0O QP=320 Kimono
000000 20000000000000O00D00O000O0ODOO0OO
0000000000000

T O—FERRA(ED)
> @ ® Q
& & & 8

)
[=]

o

08421365 71612109 111413152420181719222123
IL—LES

—a—HM-10.0

=8 ECU

——REF%(100,2000, ZFE LA T a L)
REF£(250, 5000, BELA T a L)

—e—{EEF%(250, 5000, BE LA T avEY)

0 513: 000000000000 (Random Access)
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N oW bW~
o 0O O O 0O o0 o

Ta—RERERE R (%)
]

Lo ]

08421365 71612109 111413152420181719222123
IL—LES

—e—ECU
—a—-12EFi£(100,2000, BR{EA T a L)
—0—{REF£(250, 5000, BE LA T a L)
iR EF%(250, 5000, BE{LA T avEY)

0 514: 000000000000000 (Random Access)

120

=
Q
o

80
60
40

T O—REFR(ED)

20

012345678 9101112131415161718192021222324
IL—LBES

—8—HM-10.0
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