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Image Processing of Pseudo-rate-distortion Function Based on
MSSSIM and KL-Divergence, Using Multiple Video Processing Filters
for Video Compression
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Abstract

In this paper, we propose a novel video quality function for video processing based on MSSSIM to select an appropriate video
processing filter and to accommodate multiple processing filters to each pixel block in a picture frame by a mathematical selection
law so as to maintain video quality and to reduce the bitrate of compressed video. In viewpoint of video compression, since the
properties of video quality and bitrate is different for each picture of video frames and for each areas in the same frame, it is
difficult for the video filter with single property to satisfy the object of increasing video quality and decreasing bitrate.
Consequently, to maintain the subjective video quality in spite of decreasing bitrate, we propose the methodology about the
MSSSIM as the measure of subjective video quality, the KL-Divergence as the measure of bitrate, and the combination method of
those two measurements. Moreover, using the proposed combinatorial measurement, when we use the multiple image filters with
mutually different properties as a pre-processing filter for video, we can verify that it is possible to compress video with
maintaining the video quality under decreasing the bitrate, as possible.
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Fig 3. The characteristics of the proposed pseudo rate-distortion function when the image processing filter No.1 (sb_vdn1_up) is selected
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Table 1 Varieties and characteristics of image processing filters in the experiments

Filter 0|2 Filter §4 I
sb_vdn1_up Noise-canceling based on wa.velet Large bit reduction, large PSNR decreasing. No RD gain. Strong artifact canceling
transform after downsampling
Noise-canceling based on strong Appropriate strong artifact canceling, bit reduction of about 20~30% approximately
as_vdn2 ) .
- wavelet transform (In the viewpoint of MSSSIM)
Noise-canceling based on weak Appropriate artifact canceling, bit reduction of about 20% approximately (In the view-
as_vdn1 .
- wavelet transform point of MSSSIM)
None original Image As an original image itself
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Table 2 Detailed information of the standard HEVC test videos used
to verify the performance of the proposed algorithm
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Name of test se-

Class quence Number of Frame
(Resolution) Code Name frames rate
TO1 Kimono 32 24
Class-B T02 Park run 32 24
(1920x108 TO3 Cactus 32 50
0) To4 | Basketball 32 50
TOS Terrace 32 60
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Fig 6. The structure of the proposed algorithm employed in the experiments
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Table 3 Varieties and characteristics of image processing filters in the experiments
sb_vdn1_up as_vdn2 as_vdn1 Proposed (Limit PSNR 32)
Average. Average. . Average. Average. Average. Average. Average. Average.
ABitrate AMSSSIM ABitrate AMSSSIM ABitrate AMSSSIM ABitrate AMSSSIM
TO1 Kimono -26.0849 -0.0628 -23.6323 -0.06 -15.81 -0.02 -24.32 -0.06
T02 Park run -37.8334 -0.4438 -17.7785 -0.09 -13.51 -0.05 -28.48 -0.30
TO3 Cactus -49.0845 -0.4682 -22.7518 -0.09 -22.36 -0.09 -36.11 -0.25
T04 Basketball -47.2371 -0.2695 -29.7547 -0.09 -24.03 -0.06 -39.03 -0.15
T05 Terrace -54.3278 -0.9310 -13.7998 -0.06 -15.28 -0.07 -18.16 -0.13
Average -42.9135 -0.4350 -21.5434 -0.0805 -18.1961 -0.0594 -29.2184 -0.1774
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Table 4 Result of experiments

Proposed (Limit PSNR

Original 32 Unit (%)
Bitrate | MSSSIM | Bitrate | MSSSIM | delta BitRate Mgg'tsﬁM /Z‘;:faﬂz A‘\,\‘/I’g?gf’m
506720.37  0.9999 | 253490.13  0.9987 -51.8739 -0.1200
315695.40  0.9998 | 12583820  0.9986 -60.1394 -0.1200
12 | 11496593 09991 | 5544315  0.9983 517743 -0.0801
o1 | kimon | 18 | 2962291 09w | 2396220 09977 -18.8352 -0.0401 45.66 -0.09
22 | 1512329 09971 | 1424366  0.9967 -5.8164 -0.0401
27 | 731604 09939 | 708771  0.9936 31210 -0.0302
32 | 3561.92 09867 | 350405  0.9865 1.6247 -0.0203 2.98 -0.03
37 | 180825 09742 | 178383 09739 -1.3505 -0.0308 -24.32 -0.06
566326.86  1.0000 | 299227.82  0.9961 471634 -0.3900
354239.42 09998 | 16520505  0.9960 -53.3634 -0.3801
12 | 146979.33 09992 | 7852007  0.9957 46,5775 -0.3503
w02 | pakrn | 18| 4129812 09978 | 3012350 09949 -27.0584 -0.2906 43.54 0.35
22 | 18669.99 09965 | 15277.41  0.9938 181713 -0.2709
27 | 785975 09931 | 661583  0.9905 -15.8265 -0.2618
32 | 350903 09862 | 308580  0.9837 12,0610 -0.2535 13.42 0.25
37 | 160241 09733 | 148041 09713 76132 -0.2055 -28.48 -0.30
36291978  1.0000 | 205228.01  0.9964 -43.4509 -0.3600
26445503 09999 | 12062927  0.9963 -54.3857 -0.3600
12 | 159239.00 09996 | 63819.99  0.9961 -59.9219 -0.3501
05 | coous | 18| 6452556 09083 | 2577101 09955 -60.0608 -0.2805 -54.45 034
22 | 1992204 09966 | 11497.71  0.9947 42,2865 -0.1906
27 | 557681 09945 | 469773  0.9928 157631 -0.1709
32 | 262299 09903 | 240624 09886 -8.2635 01717 17.76 0417
37 | 136619 09816 | 1301.82  0.9802 47113 -0.1426 -36.11 0.25
32030345  1.0000 | 14793200  0.9975 -53.8150 -0.2500
22001619 09999 | 7485156  0.9974 -65.9791 -0.2500
12 | 12090060 09995 | 3271391  0.9971 72.9415 -0.2401
v0s | Basketoay | 18 | 3555222 09980 | 1254825  0.9966 -64.7047 -0.1403 -64.36 0.22
22 | 1081671 09971 | 6857.82  0.9961 -36.5098 -0.1003
27 | 377423 09956 | 335021  0.9948 -10.9962 -0.0804
32 | 190122 09928 | 181304 09922 46383 -0.0604 13.70 0.07
37 | 106745 09873 | 104006  0.9869 -2.5659 -0.0405 -39.03 0.15
29120565  1.0000 | 232209.03  0.9982 -20.2594 -0.1800
20637618  0.9999 | 156120.00  0.9981 -24.3517 -0.1800
12 | 12941910 00997 | 9490055  0.9979 -26.6719 -0.1801
w05 | Temae | 18 | 6436761 09990 | 46s284 09974 -27.8475 -0.1602 24.78 -0.18
22 | 3256464 09977 | 2415440  0.9966 -25.8263 -0.1103
27 | 867099 09954 | 756204  0.9947 127892 -0.0703
32 | 314964 09922 | 207891 09915 -5.4206 -0.0706 -11.54 -0.08
37 | 140093 09858 | 138009  0.9851 21161 -0.0710 -18.16 013
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el A 7|E 2o AlS oY &SH| 40, RA2 44, Zicks 48, Foke 52

Fig 7. The validity characteristics of selecting filters. Indigo blue represents that the filter sb_vdn1_up is applied to the block, brown color means
the filter as_vdn2, pink means the filter as_vdn1, and none color means that the block is the part of original image. For the standard PNSR,
it is 40 at the left upper, 44 at the right upper, 48 at the left below, and 52 at the right below

38 7. 71F AO) AS of ASH(o| Wl w2 Med HEfo] WEL HA2 sb_vdn1_up, E2t2M2 as_vdn2, @3M2 as_vdn1, FAS fE

T2l 8. Cactus videoO|| HE3E We| 2. 7IZ 2|0 A= Cf FSHI= 2t 36, P4 40, Zf5t 44, 93} 48

o aMm=

Fig 8. The same property in the Cactus video set. The standard PSNR is 36 at the left upper, 40 at the right upper, 44 at the left below, and
48 at the right below
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