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Abstract: In view of the drastic increase of storage resources and transmission bandwidth requirement for high dy-
namic range (HDR) video compared to the traditional low dynamic range (LDR) video, we propose a dynamic rate
distortion optimization algorithm based on visual perception for HDR Video encoding to improve the performance
of high efficiency video coding (HEVC) Main 10 for coding HDR video. With the information of visual selective at-
tention, we design a non-uniform distortion weight distribution strategy to different regions of interest and improve
the conventional method of distortion calculation. At the same time, in order to further eliminate the perceptive
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redundancy in HDR video coding, the texture characteristics of video content are used to adjust Lagrange multipliers

adaptively, which is applied to the encoder to dynamically adjust the quantization parameters to realize reasonably the

trade-off between coded bits and distortion perception. The experimental results show that the proposed algorithm can
save an average of 7.46% and 6.53% bitrate with the same HDR-visible difference predictor-2.2(HDR-VDP-2.2 ) and
PSNR_DE compared with HEVC Main 10, saving the maximum of 18.52 % and 11.49% respectively. The proposed algo-
rithm can effectively reduce the consumption of the overall bitrates and still maintain the visual quality of the reconstruct-

ed HDR video.

Keywords: high dynamic range video coding; rate distortion optimization; human visual system; visual saliency
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Fig. 1 Dynamic distortion optimization model based on visual perception
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Fig. 2  BalloonFestival sequence (a) and its saliency map (b)
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Table 1 BD-rate results of the proposed algorithm and comparative algorithm

Adaptive PQ ['® Proposed
Sequences

PSNR_DE HDR-VDP-2.2 PSNR_DE HDR-VDP-2.2
BalloonFestival -3.43 - -3.88 -18.52
FireEater2 -6.12 - -11.49 -6.84
Market3 -7.44 - -9.00 -3.16
Tibul2 -5.04 - -1.74 -1.30
Average -5.51 - -6.53 -7.46
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Fig. 8 The 27th image of BalloonFestival sequence. (a) The original 27th frame of the image with a partial enlargement;
(b) The reconstructed image of HM 16.9 and partial enlargement, Q = 53.7123, 5280 bits; (c) The reconstructed image of
the proposed algorithm and partial enlargement, Q = 53.864, 4800 bits
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Overview: In view of the drastic increase of storage resources and transmission bandwidth requirement for high dy-
namic range (HDR) video compared to the traditional low dynamic range (LDR) video, we propose a new dynamic rate
distortion optimization algorithm based on visual perception for HDR video encoding to improve the performance of
high efficiency video coding (HEVC) Main 10, in which visual attention and texture masking properties of HDR video
content are used into HDR video coding. Firstly, the visual saliency map is acquired for the current input HDR video
frame. With the information of visual selective attention, we design a non-uniform distortion weight distribution strate-
gy to different regions of interest and improve the conventional method of distortion calculation, which makes the meas-
urement of distortion more in line with human visual system. At the same time, we also take the characteristics of human
visual system into account to HDR video coding, such as that human visual system is also very sensitive to distortion in
flat areas that are not easily noticeable to the observer, and can tolerate more distortions in areas with complex texture
in salient areas. In order to further eliminate the perceived redundancy in HDR video coding, a bilateral filter is used to
separate the texture components of the input video frame from which we can extract the texture characteristics to adjust
the Lagrange multiplier adaptively. Then, the rate distortion cost function incorporated visual perception is calculated
instead of the original rate distortion cost formula, which is applied to the encoder to dynamically adjust the quantiza-
tion parameters, so as to realize reasonably the trade-off between coded bits and distortion. In the end, the HDR video
rate distortion optimization algorithm based on visual perception is established and applied to the whole coding process,
including pattern decision, motion estimation and rate-distortion optimization quantization. The proposed algorithm
can make it possible to keep the HDR video quality in line with human visual perception while reducing the bitrates. The
experimental results show that the proposed algorithm can save an average of 7.46% and 6.53% bitrate with the same
HDR-visible Difference Predictor-2.2 (HDR-VDP-2.2) and PSNR_DE compared with HEVC Main 10, saving the maxi-
mum of 18.52 % and 11.49%, respectively. It can be seen from the experimental results and partial enlargement that the
proposed algorithm preserves the image details and structure information well and has good coding effects for scenes
with large visual saliency and complex texture. The proposed algorithm is more reasonable in coding bit allocation strat-
egy, which can reduce the consumption of the overall bitrates and still maintain the visual quality of the reconstructed
HDR video.
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