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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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2o HE FulE FAE o, A A/4H FoEd wet e

7} CTUd &3 HEE A Fr) o] o, A& F

53} sebaE e QuolEsl dojun, o]E B3 sl 34 2 Ao & Ao 3 Al GOPollA I A # =9

[ Start rate control algorithm ]

v

Calculate total addition perceptual
importance (3, Perimpg,qme) for GOP, [
PerImpgop

.
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I
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bpp =
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[ End rate control algorithm ]

Ol 4. Hots TN S St SF b= 2y 29

Fig. 4. Proposed target bit decision model for frame level
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Eil=s
v, AE 2 2o

B ERAAE A A 2% 7|8k & Alo] ¢
ZE AQFeATh & FolrM= Ajtehe daeEe A
§3 HEVC #33719] £33t A5 9 7344 sHds &
Aal7] 98] HEVC % AZE o2l HM 169 HAS
7Rk 2 e slg dxEFEe] J5 HHE 9
B 34e v% A% =4

CTC (Common Test Condition)” RA (Random Access)
Ay 220 9] Ad5s vtk ok ® 1S AF
7S JeRth RA +2 9] Low-delaytt All

o
o] 75 teiM= & =wollA dHshA gt

E 1 AY A

Table 1. Experimental environments

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

Agtales we] A8 CTCAA AHLHE ol 49
A9 Class 294 Class B GAES tjAto 2 A=<
o olg] % 2+ Class Boll dlEst= JAE2 AHAIsH A

E 2. Motole WHo] M5 AZS 2ol ARSE CTC AE FM9| FE
Table 2. Information of CTC test sequences used for performance eval-
uation of proposed algorithm

Number Al
Class | Resolution | Sequence name rate | Bit-depth
of frame
(fps)
Kimono 240 24
ParkScene 240 24
B 1920x1080 Cactus 500 50 8
BasketballDrive 500 50
BQTerrace 600 60

EWESS NES APS At m@B,

R ul

E 3 7t MY dio| 27 HIEE HIEE XM

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

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 c 5882 BP2
(1920%1080) actus 2724 BP3
1357 BP4
17616 BP1
6147 BP2
BasketballDrive
2836 BP3
1435 BP4
39754 BP1
7377 BP2
BQTerrace
2321 BP3
987 BP4
B =wdAe 718 & Aol gaElEH Ajtee &
Ao} FuEEel B AP Fatol 73 R AAH 4
S vty WA, B =FolA Adsls FHE & Al
d1F 4L 71E & Ao ¢xEEH vt
T4 229 AF IFES 71E HM 1699 A84 &
Alo) E)E A CTU dlde] F83 & Ao &
FEFY] A5s vlasty] 913 o], RA FEoA B
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¥ 4. 71Z 2 Mo ¥12IF ChH] Motshs FUA 2 Mo 22[Ee| F93 4= 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 | &€ 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 3743 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 3347 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

|
N
rir
re
(i

woll A AljtehE T4 @ % CTU #d
& Aol duEFEH 71E9] & Ao duEEFHe vuE
233k Axolt). & 4904 ‘Anchor 1 HM 16991 24
g 71E & Ao gyEs I Fasist Ao,
‘Proposed’= HM 16.99] A|<tsl= A &l & CTU ¥
011*194 FHA HIE B E 53 & Alo] ¢uEEs A8
Fost AFelty 45 45 93] BDrate, H3E HE
EOM HIE Ao} A2 staS S35t & 400A
£ 7 %], BDratew 71& €3 E]F iyl 3.12% F 2]
T Eg oF 0.07%9) AT
et 45 AAA< 3
At %}04 BD—PSNR[26% AHE-3ESAT
Els 9] PSNRE
WEER

2 §9 2
Wae A9 vtk Akshe wEe And B4e

>

PSNRE HA S o, H1F 0.08dB o] 71E BHE

S Btk ol& g2H9 {59 wE S-IIND
threshold 4o ztol7} of7lete= Axeta & 4 ok €&
A7F Y3 i1 & BE-S S.IND threshold”} A4 AA
so] H|EZ} O] A7 SPE I o]d] wE} &2 QPE H I
s} 5= W, €27} % HEo| 4= S-IND threshold
7F @A AR E HEE B Bo] &Y whgo] wE e

QP ¥53%7] HRolt). o]t & Hzke Fio] Y53

2=
T - oo

A BEY A Bgd RE REs] 2EFOEA
o}ke] BDrated] A4S HY 5 QT e, B 2
o Bk JH3 ¥ 5312 W35l BD-PSNRS BN
FE Ik o2 Fal, AdksHs FHA & Ao SIS
5 71E & Aol Yol A% it AL Bames]
st BD-PSNRS| 42 B3] A ek wie) 258 A
ol B Fokl AL HAT 5 Atk
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5. [16]01M Motsk= CTU A2 2 & Mo L12|F CHH| XMetoh= F2H & Mo 2u2|Ee| £33t s Hluw
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 PSNR
CefiiEnEs point Bitrate PSNR-Y Bitrate PSNR-Y r’fte aceuracy
(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
3 594 “Anchor 2’ [16]°] 4-&¥ CTU #Hle] 3 62 [15]°] H€% IND 24 7]Hke] & Ao &z
HUE RS 5F & Ao TeES Ahsjel R3S E3} A BTFE) AL ) @ Folth
st A5 YEM 2, ‘Proposed’ &= 3 49149} niz7 A 2 ‘RC based on IND’E IND £9 7]5te] & Ao ¢ e|F
HM 16.991 A|<tsl= mfﬂ g 9 CTU g Mqe] =3 g 2e3 2353l 43S Jehl 2, ‘Proposed’s HM
A HE $HE T3 & Ao xyEs AL 158t 1699 Arat= W el Fost AdE vepdnh AAH<
A3 Ve th BD-ratet [16]91A4] A|Qtsk= CTU @ s v S W, Atk W e Ase] IND 29
o] FHA & Ao WU At W A HESES 719ke] & Ao} G e|FHTE WA HrhE AL & 5 Ak
HI S AR E 0.26%0 5 TS Btk B & 59 SRR IND 24 715k & Alo] dye|gh 5ol W
A & T e AAE [16]001A4 A tet= W 2 AlQkshe= A Utk stei e, [15]0014 A Qtshe & Ao &z
‘%“?394 HE HITqAME 0.01%] A5 o] Ak E2 A7 AR BEA T AAA RRETE Y8 7
E 4004 B Azl Agket: Wwel AnA Ae b RuQl §E, B E=RA Aokt 2TelEe Azt
PSNRE @< o, Alotehs el 424 shdo) 5 A PR ohe} A7k FAEAA THE 5 A
 0.01dB =N H, AAHOE o FoA& A & Edlo]7] wo] Al thek gt xpol7h EA gt
Qg & gk 3 %+ A
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F 6. [15]01M M2tSH= UND 718t 2 Mo 22|50 Motshs ¥ai2|Ee| RA TX0IMe| #53t 4= H|d
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 : PSNR
e point Bitrate PSNR-Y Bitrate PSNR-Y ra'e acauracy
(Kbps) (dB) (Kbps) (dB) (%) (dB) (%)
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 3347 -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
B 7.5 A Wt MY FE AAE DSCQS ZAYS AMEstdoH, s-d FHd &
Table 7. Experimental information for subjective quality assessment - - 5
xperimental nformation for subjective qualty MOSE AH&3t9th. 5Hd 24 Ashe ol RelE 19
Display Samsung 47LG50FD 59} 7o}
Type and size 47 inch 16:9 % 55 HM 16.99] L5 7|& & Ao 418 &7
Resolution UHD Atsls & Ao EueFe T34 v EE 7Rk &
Number of subjects 1 Alo] G Fe] FH4 stdS vt ddo|th 7 ¢
Viewing distance 1m (0.75H) g5 =34 skdS SAS A4E a2 e
oul, 7247 ke A ¥ A& 8 gk w3 A A
B =R A Agtels & Alo] uEe oA sde IHZE YRStk I8 59} 2], MOS = A4 2
FHeE GaEEo)r] Wi FHH9 s ot 28 2 71 W i) Aljbske WA =4 S ENeH,
stk ¥ 72 3 3 U SIS HaE AX 2 A9 HHEHSE 016 2 MOS ZE Btk B3k MOS
RAHE et 234 82 9712 98 5w vt o A, A4S NS ol 2E JAE F 3
e AR 6] HIAEIIS0) Bol & 119e] ¥4 AR FrhEoy dwHog ke sdw PrE
A5 34 H7he DS ITUR BT500-1107%] o1& 71E & Alo] /1Mol 44 45g fA87] Sla
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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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