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Novel rate distortion optimization strategy based on perceptual
properties of texture and luminance
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Abstract: RDO ( rate-distortion optimization) plays an important role in video coding systems and has a great effect on
coding efficiency. The most widely used RDO strategy uses MSE or other similar metrics for distortion modeling which is not
a good metric for subjective evaluation. In order to improve the perceptual quality a novel perceptual distortion model is
firstly proposed which takes the perceptual properties of texture and luminance into consideration. Based on the perceptual
distortion model a TL-RDO ( texture and luminance based RDO) strategy is proposed which adjusts the Lagrangian
multiplier dynamically according to visual perception. The simulation result shows that TL-RDO gets higher coding efficiency
than the famous QP-RDO. Moreover it has low computational consumption compared to other perceptual RDO strategies
which is suitable for real-time systems.
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Table 2 Comparison of coding results

SSIM PSNR
1( kbit/s) 1% 1%
TL-RDO OP-RDO TL-RDO QP-RDO
N 200 0.633 1 0. 608 7 4.01 24. 66 24. 68 ~0.08
ower 300 0.671 3 0. 645 4 4.01 26. 41 26. 42 ~0.04
. ; 200 0.724 7 0.713 6 1.56 28.22 28. 17 0.18
oastguar 300 0.784 1 0.772 5 1.50 29.37 29.3 0.24
" 200 0.749 8 0.7029 6.67 26. 59 26. 66 ~0.26
us 300 0.829 8 0.777 4 6.74 28. 46 28. 44 0.07
200 0.830 1 0.8115 2.29 34.07 34.34 ~0.79
Foreman
300 0.867 7 0.849 4 2.15 35.76 36.05 ~0.80
o 200 0.768 9 0.712 1 7.98 35.57 35.97 “1 11
ontamer 300 0.815 8 0.758 3 7.58 36.76 37.30 ~1.45
ot 200 0.822 4 0.802 4 2.49 27.25 27.32 ~0.26
telan 300 0.861 5 0.836 5 2.99 29. 47 29.51 ~0. 14
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Fig. 5 Subjective comparison of decoded frames



17

60 WWW. cjig. cn
3.2 TLRDO SSIMRDO QPRDO o
TL-RDO °
o 6
o SSIM
3 SSIM-RDO o
o SSIM SSIM-RDO o
TL-RDO o
SSIM 0 3
QP-RDO o
0.96 092 0.95
095 e
- 094 < 086 < 093
B £ 0.84 = 092
v: 093 7] v -
ot 5 —TL-RDO ¥ 082 —— TL-RDO s 091 —— TL-RDO
N --m- SSIM-RDO 0.78 -x- §SIM-RDO 0.90 --SSIM-RDO
0.91 076 0.89
0.90 5 0.74 | " " . : (.88 L " N i
100 150 200 250 150 200 2350 300 350 200 250 300 350 400
"y /(kbiv/'s) iy /(kbit's) T4 /(kbiv's)
(a) Foreman 1§ (b) Bus 91| (c) Flower F&51
6
Fig. 6 Comparison of coding efficiency
QP-RDO 3 0
3
o 3 QPRDO. TL-RDO Table 3 Comparison of different algorithms about
SSIM-RDO 3 o 3 computational complexity
(2) QP-RDO
D A\ o QPRDO - MSE
MSE A QP-RDO A
. TL-RDO QP-RDO 0.85 x 2(0r=1 2
ki : MSE k;
TL-RDO A
Sobel (Ko /k;) x0.85 20074273
Sobel : SSIM
SSIM A
0 TL-RDO QPRDO SSIM-RDO A
SSIM-RDO
SSIM o (16) MSE CIF Foreman
SSIM o 16 x 16 Intel Q9550 CPU 3GB
MSE 512 Windows XP o
256 ; SSIM 1 280 QPRDO TL-RDO 4 ms
768 MSE 3 SSIM-RDO 28 ms,
o SSIM-RDO A
’ SSIM-RDO 30 ms.



61

H. 264

o TL-RDO

QP-RDO

SSIM-RDO

( References)

Wiegand T Girod B. Lagrange multiplier selection in hybrid video
coder control C / IProceedings of IEEE International
Conference on Image Processing. New Jersey USA: IEEE Press

2001: 542-545.

Girod B. What” s Wrong With Mean-Squared Error M //Digital
Images and Human Vision. Cambridge MA: MIT Press 1993:

207-220.

10

11

12

Huang Y H Ou T S Su P Y et al. Perceptual rate-distortion

optimization using structural similarity index as quality metric
J . IEEE Transactions on Circuits and Systems for Video

Technology 2010 20( 11) : 16144624.

Yang C L. Leung R K Po L M et al. An SSIM-eptimal H. 264/

AVC inter frame encoder C //Proceedings of IEEE

International Conference on Intelligent Computing and Intelligent

Systems. New Jersey USA:IEEE Press 2009:291295.

Winkler S. A perceptual distortion metric for digital color video EB/

OL . 2011441 . hitp: // citeseerx. ist. psu. edu /viewdoc/

download? doi =10. 1. 1. 81. 3079&rep =repl &type = pdf.

Lubin J Fibush D. Sarnoff JND Vision Model R . New Jersey:

T1 Standards Committee 1997.

Watson A B Hu J McGowan III J F. Digital video quality metric

based on human vision J . Journal of Electronic Imaging 2001

10( 1) :2029.

Wang Z Bovik A C. A universal image quality index J . IEEE

Signal Processing Letters 2002 9( 3) : 81-84.

Ong E P Lin W Lu Z K et al. Perceptual quality metric for

H.264 low bit rate videos C // Proceedings of IEEE

International Conference on Multimedia and Expo. New Jersey

USA: IEEE Press 2006: 677-680.

Bhat A Richardson I Kannangara S. A new perceptual quality

metric for compressed video  C //Proceedings of IEEE

International Conference on Acoustics Speech and Signal

Processing. New Jersey USA:IEEE Press 2009 933-936.

Jayant N Noll P. Digital Coding of Waveforms M . New Jersey:

Englewood Cliffs 1994.

Wiegand T Schwarz H Joch A et al. Rate-constrained coder

control and comparison of video coding standards J .IEEE

Transactions on Circuits and Systems for Video Technology 2003

13(7) : 688703.



