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Abstract

In this paper, the perceptual rate control algorithm is studied for HEVC (High Efficiency Video Coding) encoder with bit
allocation based on perceived visual quality. This paper proposes perceptual rate control algorithm which could consider perceived
quality for HEVC encoding method. The proposed rate control algorithm employs adaptive bit allocation for frame and CTU level
using the perceived visual importance of each CTU. For performance evaluation of the proposed algorithm, the proposed algorithm
was implemented on HM 16.9 and tested for sequences in Class B under the CTC (Common Test Condition) RA (Random
Access) case. Experimental results show that the proposed method reduces the bitrate of 3.12%, and improves BD-PSNR of
0.08dB and bitrate accuracy of 0.07% on average. And also, we achieved MOS improvement of 0.16 with the proposed method,
compared with the conventional method based on DSCQS (Double Stimulus Continuous Quality Scale).
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(e}
7Hg Bol AHEEE 2719 Class B 974
CTC (Common Test Condition)[zs] RA (Random Access)
TE A 2N A vt o & 12 2%
S % 84S Jepdth RA 73 2 Low-delayt} All

intra 720 A% tlalAE B =EdA dReA g

|

E 1. 43 &

Table 1. Experimental environments

CPU Intel (R) Core (TM) i7-3960X CPU 3.30GHz
(O] Windows 7 Ultimate K
RAM 16.0 GB

Absts W el A9 CTCoAM AMHEEHE o8 AF
GAF9] Class =94 Class B GAES Ao 2 AP =]
o, ol % 2+ Class Bl sl Fate 9452 A &
HE Yehdth

E 2. Motk Wie| M HES flof ARRE CTC ME diol HE

Table 2. Information of CTC test sequences used for performance eval-
uation of proposed algorithm

Number FET
Class | Resolution | Sequence name rate | Bit-depth
of frame
(fps)
Kimono 240 24
ParkScene 240 24
B 1920%1080 Cactus 500 50 8
BasketballDrive 500 50
BQTerrace 600 60

i}

49 Ggel AYshe BE MELH VES A3

o o T 1

=5
(0%)
r1o

£3. 2 U3 40| SE Y=

|. H|E XPH

Table 3. Target bit-rate and bit-rate point

o] MESN Y
% E%Oﬂ dgsls nES zw < BPI1, BP2, BP3, BP4
Z A

Class Sequence Target bit-rate Bit-rate
(Resolution) name (Kbps) point
4868 BP1
2228 BP2
Kimono
1080 BP3
535 BP4
7789 BP1
3414 BP2
ParkScene
1561 BP3
712 BP4
18374 BP1
Class B Cactus 5882 BP2
(1920x1080) 2724 BP3
1357 BP4
17616 BP1
6147 BP2
BasketballDrive
2836 BP3
1435 BP4
39754 BP1
7377 BP2
BQTerrace
2321 BP3
987 BP4
2 =X e 718 & Aol GaE|EH Aljtee &
Ao} Faelzel e AL Batel A1 g 2@ 4
S Hawgith WA, B =FoA Adsts FHE & Al
Ad1YF AT 7S & Ao LxEEH vk
F4E E 20 AW GNEL 71E HM 1699 HEE &
Ao} FeIF 3} ALK CTU dale] Fa4 & Aol &
TeE) J5g vel] 93 Folvl, RA RN 23
stet AAA A5 st Jep it
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¥ 4. 71 2 Mo ¥L2E ChH] Motsks FUA & Mo 22[Ee| £93 M Hl
Table 4. Comparing encoding performance between conventional and proposed rate control algorithm

. Anchor 1 Proposed BD- BD- Bit

s Bitrate t PSNR

equence point Bitrate PSNR-Y Bitrate PSNR-y | rale accuracy

(Kbps) (dB) (Kbps) (dB) (%) (dB) (%)
BP1 4870.73 41.30 4870.78 41.37 0.00
BP2 2229.00 39.29 2229.27 39.42 -0.01

Kimono -3.2 0.10
BP3 1084.21 36.86 1080.86 36.95 0.31
BP4 546.635 34.35 544.90 34.35 0.32
BP1 7791.76 39.76 7792.57 39.84 -0.01
BP2 3415.30 37.23 3415.42 37.29 0.00

ParkScene -1.9 0.06
BP3 1563.02 34.44 1561.78 34.51 0.08
BP4 733.05 31.83 731.97 31.89 0.15
BP1 18378.00 38.37 18377.86 38.50 0.00
BP2 5884.66 36.58 5884.82 36.66 0.00

Cactus -3.6 0.08
BP3 2731.01 34.43 2725.94 34.52 0.19
BP4 1378.94 32.15 1376.58 32.18 0.17
BP1 17625.08 39.09 17623.07 39.17 0.01
BP2 6150.67 37.21 6150.43 37.28 0.00

BasketballDrive -3.0 0.07
BP3 2838.10 35.19 2838.25 35.28 -0.01
BP4 1438.74 33.06 1436.81 33.11 0.13
BP1 39756.46 37.32 39756.27 37.43 0.00
BP2 7379.35 35.15 7379.77 35.22 -0.01

BQTerrace -3.9 0.07
BP3 2338.57 33.44 2337.46 33.47 0.05
BP4 1019.15 31.58 1018.34 31.63 0.08
Average 6457.62 35.93 6456.66 36.00 -3.12 0.08 0.07

I 4= —Eu =l A Aljbeks ZA #d % CTU #¥ 9
FEEH 71EY & Ao ¢rYEH] HAE
&gt JME} F 494 ‘Anchor 1’2 HM 16.99] 4&
" 7€ & Ao daEFs Tl Faske Ao,
‘Proposed’= HM 16991 A|otsl= A & & CTU =4
011*19] FHA HE B E B & Aol ¢SS AL
53} Aijolth AT w418 93 BDrate, HE HIE
%01]9] HIE Qo AaRA shas £33 D} 40 A
= 7 915%°l, BDrate 715 €aLE]E Y] 3.12% H &
e g 2} 0.07%2] 4%
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E 5. [16]01M Hietsk= CTU 3t =4 & Mo 222|E Y] Metske =2 & Mo 212|150 Fost de Hlu
Table 5. Comparing encoding performance between conventional algorithm for CTU level ([16]) and proposed rate control algorithm

) Anchor 2 Proposed BD- BD- Bit
s Bitrate t PSNR
Egfiisne point Bitrate PSNR-Y Bitrate PSNR-Y rare accuracy
(Kbps) (dB) (Kbps) (dB) (%) (dB) (%)
BP1 4870.96 41.36 4870.78 41.37 0.00
BP2 2229.25 39.41 2229.27 39.42 0.00
Kimono -0.4 0.01
BP3 1080.87 36.95 1080.86 36.95 0.00
BP4 544.62 34.34 544.90 34.35 -0.05
BP1 7793.07 39.83 7792.57 39.84 0.01
BP2 3415.39 37.29 3415.42 37.29 0.00
ParkScene -0.3 0.01
BP3 1561.78 34.51 1561.78 34.51 0.00
BP4 732.15 31.85 731.97 31.89 0.03
BP1 18377.90 38.49 18377.86 38.50 0.00
BP2 5885.05 36.65 5884.82 36.66 0.00
Cactus -0.5 0.01
BP3 2725.91 34.50 2725.94 34.52 0.00
BP4 1379.55 32.16 1376.58 32.18 0.22
BP1 17622.88 39.18 17623.07 39.17 0.00
BP2 6150.64 37.27 6150.43 37.28 0.00
BasketballDrive -0.2 0.01
BP3 2838.25 35.27 2838.25 35.28 0.00
BP4 1436.77 33.10 1436.81 33.11 0.00
BP1 39756.32 37.43 39756.27 37.43 0.00
BP2 7379.66 35.22 7379.77 35.22 0.00
BQTerrace 0.1 0.00
BP3 2337.10 33.48 2337.46 33.47 -0.02
BP4 1018.18 31.63 1018.34 31.63 -0.02
Average 6456.82 36.00 6456.66 36.00 -0.26 0.01 0.01
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F 6. [15]01M HI2tSH= UND 718t 2 Mo 22|50 Motshs ¥ai2[Ee RA TX0IMe| #53t 4= H|u
Table 6. Comparing encoding performance with random access structure between rate control based on JND ([15]) and proposed algorithm

) RC based on JND Proposed BD- BD- Bit
s Bitrate t PSNR
clgjuEe point Bitrate PSNR-Y Bitrate PSNR-Y rare accuracy
(Kbps) (dB) (Kbps) (dB) (%) (@B) (%)
BP1 4868.68 41.38 4870.78 41.37 -0.04
BP2 2227.89 39.56 2229.27 39.42 -0.05
Kimono 7.3 -0.22
BP3 1066.24 37.21 1080.86 36.95 1.19
BP4 535.15 34.82 544.90 34.35 -1.82
BP1 7795.28 39.91 7792.57 39.84 0.03
BP2 3415.97 37.49 3415.42 37.29 0.02
ParkScene 8.9 -0.28
BP3 1561.41 34.89 1561.78 34.51 -0.02
BP4 716.56 32.31 731.97 31.89 -2.16
BP1 18379.98 38.36 18377.86 38.50 0.01
BP2 5882.41 36.79 5884.82 36.66 -0.04
Cactus 9.4 -0.20
BP3 2722.45 34.93 2725.94 34.52 -0.01
BP4 1356.80 32.69 1376.58 32.18 -1.43
BP1 17615.06 39.05 17623.07 39.17 -0.03
) BP2 6145.53 37.41 6150.43 37.28 -0.03
BasketballDrive 6.9 -0.16
BP3 2834.81 35.55 2838.25 35.28 -0.04
BP4 1435.20 33.48 1436.81 33.11 -0.11
BP1 39763.40 37.39 39756.27 37.43 0.02
BP2 7378.09 35.29 7379.77 35.22 -0.02
BQTerrace 9.4 -0.13
BP3 2321.79 33.75 2337.46 33.47 -0.68
BP4 1006.48 32.00 1018.34 31.63 -1.20
Average 6451.46 36.21 6456.66 36.00 8.38 -0.20 -0.32
E 77U o W M 38 AAE DSCQS 2ALE AHgstRen, 3t SAdd=
Table 7. Experimental information for subjective quality assessment -
P ) qualty MOSE AHE-3tSit) st 54 A ofef Hole 1d
Display Samsung 47LG50FD 59} 7o}
Type and size 47 inch 16:9 9 5% HM 16.99 A&E 7€ & Ao ¢aesd
Resolution UHD A Qe & Ao ¢aeFe] FHA HERH 7|k &
Number of subjects 1 Ao dyeFe] 34 shdg v wd T-ot) 74 41
Viewing distance 1m (0.75H) &9 344 S SHT 23S g1 EE e
ovl, 74zt Hobe A} ¥ Az 3 % =D A A
2 =olA AljEshE & Alo] gaEES A A JzE YGepl ek 27 59 2e], MOS @2 dA AL
FHBE g Eol7] i FAH 54 Frpt Qo = 71 W i XﬂOPoPL Il A =4 SE0eH,
STh ¥ 78 394 5 Wr1E AR EAE 4x 9 49 WHAHSE 016 =2 MOS A3 Hlth HE3h MOS
ARE Yehlth 34 34 ke 9a) 59 vige o Hdl, HaE vuds delk BR G s B 3t
Fu ARINED eHe) BARIIE] Rol & 119e] w4 AT FhUskoy Awdoz ke s Wl
A2150] 34 H7HE 288913 ITU-R BT.500-1119) ol 71E & Alof 7] B AL e FA] S8
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MOS comparison - Anchor vs. Proposed
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Fig. 5. Experimental result of perceived visual quality for conventional and proposed rate control method
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