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Abstract

In this paper, we analyzed statistical characteristics and complexity of HEVC encoder as a leading research of acceleration,
optimization and parallelization. Computational complexity of the HEVC encoder is approximately twice the compression
performance compared to H.264/AVC. But, the increase of encoder complexity remains a problem to be solved in the future.
Before performing the research on acceleration, optimization and parallelization to reduce high complexity of HEVC encoder, we
measure the complexity each module for HEVC encoder using it’s reference software HM 7.1. We also measured the predicted
complexity of fast HEVC encoder software, used in real applications, using HM 7.1 applying fast encoding method. The
complexity is measured in terms of the operating cycle of the encoder software under the common test sequences and conditions
in the Windows PC environment. In addition, we analyze statistical characteristics of HEVC encoder software according to
encoding structures and limitation using coded bitstreams.

Keyword : HEVC, Encoder, Complexity, Statistical characteristic
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1. JM 18.32 HM 6.0Zt H|ES2 PSNR H|1
Table 1. Bitrate and PSNR comparison between JM 18.3 and HM 6.0

Class Sequence BD-Bitrate (%) BD-PSNR (dB)
Kimono -44.20 1.87
ParkScene -31.12 1.23
B Cactus -34.13 0.95
BasketballDrive -40.59 1.23
BQTerrace -41.66 0.77
BasketballDrill -33.20 1.72
BQMall -30.26 1.44
¢ PartyScene -26.62 1.34
RaceHorse -24.26 1.07
Average of Class B -38.35 1.21
Average of Class C -28.58 1.39
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Fig. 1. Block diagram of HEVC encoder

[I. Overview of HEVC encoder
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Table 2. Filter coefficients of HEVC DCT-IF
Component a Filter(a)
1/4 {-1, 4, -10, 58, 17, -5, 1, 0}
Luma
12 {-1, 4, -11, 40, 40, -11, 4, -1}
1/8 {-2, 58, 10, 2}
3/8 {-6, 46, 28, -4}
Chroma
1/4 {-4, 54, 16, -2}
12 {-4, 36, 36, -4}
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Table 3. Test sequences upon HEVC common test conditions

Class Sequence number Sequence name Frame count Frame rate
S01 Kimono 240 24
S02 ParkScene 240 24
Class B S03 Cactus 500 50
S04 BQTerrace 600 60
S05 BasketballDrive 500 50
S06 RaceHorses 300 30
S07 BQMall 600 60
Class C
S08 PartyScene 500 50
S09 BasketballDrill 500 50
i 4. HEVC F3538P| ST TS fI8 &9 &
Table 4. Test environments for complexity analysis of HEVC encoder
Component Description
CPU Intel(R) CoreTM i7 CPU 860
Num. of cores 4
Num. of threads 8 (Hyper-threading)
Clock speed 2.8 GHz
Memory 4.00GB (DDR3)
0os MS Windows 7 64bit
Compiler MS Visual studio 2008
Analysis tool Intel(R) VTune Amplifier XE 2011
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Table 5. Complexity ratio of HM 7.1 encoder in case of ran-
dom-access

Class Module il
22 27 32 37
Entropy 6.6 34 1.0 0.9
Intra 3.3 22 21 14
Inter 68.4 78.1 83.9 85.7
B Tr+Q 204 15.2 1.7 10.6
Loop filter 0.2 0.2 0.2 0.1
etc 1.2 1.1 1.3 15
Entropy 6.5 3.9 2.8 1.3
Intra 29 27 22 1.8
Inter 68.8 74.9 79.8 83.3
c Tr+Q 20.7 17.0 13.9 124
Loop filter 0.2 0.2 0.2 0.1
etc 1.0 1.5 14 1.2

E 6. N XI0A HM 7.1 E53P|o| 2X% HIg
Table 6. Complexity ratio of HM 7.1 encoder in case of low-delay

QP

Class Module > 57 2 37

Entropy 6.1 2.8 0.4 0.3

Intra 3.4 2.0 1.2 1.2

B Inter 71.3 81.2 87.3 89.1

Tr+Q 18.6 13.0 9.9 8.5

Loop filter 0.2 0.2 0.2 0.1

etc 0.8 1.2 0.8 0.9

Entropy 5.3 3.1 1.1 0.4

Intra 3.0 25 1.8 1.5

c Inter 72.6 79.1 83.5 87.2

Tr+Q 18.2 14.9 12.1 10.1

Loop filter 0.2 0.2 0.2 0.1

etc 1.1 0.6 1.6 1.0
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Table 7. Complexity ratio of each CU size and mode in HM 7.1 wey Bacs Jehdd 1438 dugs o] A3} Hla
Size Mode RA(%) LD(%) Average(%) Sl 64x64, 32x329} e & EE9] A BFE H| S|
Intra 1.8 14 1.6
8x8 Inter 20.9 20.7 20.8 £ 8. 2o HI0JA| HM T4 Easplo] ZXET HlS
Skip 24 20 22 Table 8. Complexity ratio of HM fast encoder in case of random-access
Intra 0.8 0.7 0.8
16%16 Inter 24.5 253 24.9 Class Modle QP
Skip 3.0 2.5 2.7 22 27 32 37
Intra 11 1.0 1.0 Entropy 8.5 49 33 23
32x32 Inter 22.5 23.8 23.1 Intra 45 35 32 28
iﬁz :1”2 f: ?2 . Inter 501 | 679 | 736 | 765
64x64 Inter 16.3 16.8 16.5 TrQ 256 216 179 16.1
Skip 24 21 29 Loop filter 0.2 0.3 04 0.2
etc 22 1.9 1.8 22
Entropy 74 5.7 4.2 3.0
2. HM 1% 23535P7| AxEQo] ST 24 Intra 45 3.8 34 3.0
Inter 60.2 65.5 69.9 73.2
A=d HM 7.1 F353517]9] E3¢=+= HEVC §35.381719 ¢ Tr+Q 258 | 229 | 203 | 189
27) Baiwe) & & Qo) A4 ojEeAo|de) &g Loop fiter | 02 | 03 | 03 [ 02
e A5 B aksh A8HA etk AL e | 21 | 19 | 20 | 10
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Table 9. Complexity ratio of HM fast encoder in case of low-delay

Class Module oP

22 27 32 37

Entropy 7.3 3.7 23 0.8

Intra 4.0 3.2 24 1.9
B Inter 65.3 73.5 79.3 82.8
Tr+Q 221 18.3 14.7 12.8

Loop filter 0.1 0.2 0.2 0.1

etc 1.3 1.1 1.3 1.7

Entropy 6.2 4.2 29 1.8

Intra 4.0 3.5 29 24
Inter 65.9 71.6 75.8 79.0
c Tr+Q 223 19.3 17.2 15.3
Loop filter 0.1 0.2 0.2 0.1

etc 1.6 1.3 1.2 1.5
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Table 10. Complexity ratio of each CU size and mode in HM fast en-
coder

Size Mode RA(%) LD(%) Average(%)
Intra 3.2 23 2.7
8x8 Inter 16.5 16.7 16.6
Skip 4.6 32 3.9
Intra 1.4 1.1 1.3
16%x16 Inter 19.3 20.5 19.9
Skip 5.3 4.1 4.7
Intra 1.7 1.6 1.6
32x32 Inter 20.6 234 220
Skip 5.1 4.2 4.6
Intra 20 1.7 1.8
64x64 Inter 16.4 18.1 17.3
Skip 3.9 31 3.5

E 11. HM 7.10IM2] QP 37]0f 2 TU ME bl
Table 11. Selected ratio of TU according to QP and size in HM 7.1

QP
Class Size

22 27 32 37

4x4 4.4 17 0.7 0.3

8x8 15.1 35 1.6 0.9

B 16x16 9.3 6.2 3.9 26
32x32 16.1 16.3 12.6 9.3
Non-TR 55.2 72.3 81.2 86.8

4x4 4.9 24 1.1 0.5

8x8 77 46 27 1.6

C 16%x16 10.3 75 5.1 37
32x32 15.4 13.6 10.3 7.3
Non-TR 61.7 72.0 80.8 86.9
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Table 12. Selected ratio of CU size and PU mode according to QP
in Class B

QP
Size Mode

22 27 32 37

Intra 3.7 1.8 1.1 0.7

8x8 Inter 6.3 1.7 0.5 0.2
Skip 2.8 1.9 1.2 0.9

Intra 26 21 1.7 1.4

16x16 Inter 16.6 6.3 2.7 1.3
Skip 6.8 5.6 3.9 29

Intra 23 23 2.6 2.6

32x32 Inter 16.0 125 7.8 5.1
Skip 9.9 12.4 9.9 8.4

Intra 0.3 0.4 0.6 1.0

64x64 Inter 8.7 12.7 11.3 8.8
Skip 10.6 26.6 43.3 55.2
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H 13. Class CO|M QPOf 2 CU 37| ¥ PU =2 MEi HIE
Table 13. Selected ratio of CU size and PU mode according to QP
in Class C

Size Mode aP

22 27 32 37

Intra 3.9 28 1.8 1.1

8x8 Inter 6.8 35 1.6 0.6
Skip 3.9 3.3 23 14

Intra 1.2 1.6 1.8 1.7

16x16 Inter 14.3 9.6 6.2 3.7
Skip 8.0 7.7 7.3 6.1

Intra 0.2 04 0.7 1.1

32x32 Inter 16.9 13.6 11.3 94
Skip 12.2 135 15.2 16.8

Intra 0.9 0.0 0.0 0.1

64x64 Inter 9.7 114 10.3 9.1
Skip 11.7 20.6 30.6 395
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Table 14. Selected ratio of intra prediction mode

Mode Ratio(%) Mode Ratio(%) Mode Ratio(%)
0 21.6 12 14 24 2.0
1 11.8 13 1.1 25 5.0
2 1.2 14 1.1 26 11.2
3 0.9 15 1.1 27 2.7
4 1.0 16 1.1 28 2.1
5 1.2 17 14 29 1.9
6 2.3 18 1.9 30 1.5
7 1.8 19 1.8 31 1.2
8 1.7 20 1.8 32 1.0
9 1.8 21 1.9 33 1.0
10 3.4 22 2.0 34 1.1
11 1.9 23 21
15, 31 21 of|F 2=o| MEd Hg
Table 15. Selected ratio of inter prediction mode
Size Mode 22 27 - 32 37
2Nx2N 10.5 5.2 27 1.4
8x8 2NxN 1.1 0.8 0.4 0.2
Nx2N 1.6 1.3 0.8 04
2Nx2N 16.2 1.7 9.0 6.8
16x16 2NxN 3.0 1.9 1.4 0.9
Nx2N 3.9 3.0 2.4 1.8
AMP 8.6 5.8 41 2.7
2Nx2N 18.0 19.0 18.8 18.3
39%32 2NxN 3.3 3.2 3.1 3.1
Nx2N 4.4 4.9 5.4 5.9
AMP 9.3 9.2 9.2 9.0
2Nx2N 11.2 19.9 26.6 31.6
. 2NxN 3.0 4.3 4.4 46
Nx2N 34 6.1 7.5 8.5
AMP 2.5 3.6 4.2 49
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