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Reference Frame Memory Compression Using Selective Processing
Unit Merging Method

Soongi Hong”, Yoonsik Choe”, and Yong-Goo Kim™*

2 <%

TFE BT e tig % 4% S 8] UF 94 HIE Zlo]E§ F7HA7]E IBDI (Internal Bit Depth Increase) 71%H-S 2
523 g 753 88 St 0|52 22 AW, xS A A8 a2eHe Wi AR Skske £A7E B
th. w2k IBDI 719 73538t 888 FASEA Wi vRe] S71 BAE sidstr] fs) wie] k= 7ol AjtE Sl 71E
2E 45 7 949 4 SRS QFF] RS o8l HEY dES FHFeEHA, g a8 fAgHA U]
FuRs Aeder 2U A AR A7) FPESuin dshs FUPR ol He b5 Aol AgEe A7)
ST weby B =Relde VIS R 45 W AE S5 Sal, BAske MR ES 34 2 F A=SF 94
THES HIS o8 MRy 45 S Adedth At e S Fast e 71E viRy o= WY S fAlst
WA v R §FFe] oaf MAshs FUPRFER A Fadhs o]5S 25 A

Abstract

IBDI (Internal Bit Depth Increase) is able to significantly improve the coding efficiency of high definition video compression by
increasing the bit depth (or precision) of internal arithmetic operation. However the scheme also increases required internal memory
for storing decoded reference frames and this can be significant for higher definition of video contents. So, the reference frame
memory compression method is proposed to reduce such internal memory requirement. The reference memory compression is
performed on 4x4 block called the processing unit to compress the decoded image using the correlation of nearby pixel values.
This method has successively reduced the reference frame memory while preserving the coding efficiency of IBDI. However,
additional information of each processing unit has to be stored also in internal memory, the amount of additional information could
be a limitation of the effectiveness of memory compression scheme. To relax this limitation of previous memory compression
scheme, we propose a selective merging-based reference frame memory compression algorithm, dramatically reducing the amount of
additional information. Simulation results show that the proposed algorithm provides much smaller overhead than that of the
previous algorithm while keeping the coding efficiency of IBDL

Keyword: internal bit-depth increase, reference frame memory compression, adaptive scaling, selective merging
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Fig. 1. Comparisons of the previous and the proposed algorithms; (7} fixed-size processing units, (L}) selective merging of processing units,
(C}H adaptive scaling process
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Table 1. Pseudocode of the adaptive scaling process in the previous
memory compression method, assuming 8 bits of input image and

12 bits of internal processing
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002 AEd = 16 N ALE  P(=pixel val-
ue-(M<<4))>>S)& Wigtste] sk 7 HIER A7sial,
SHIE)S} M(BRIE)S A3t}

*37) 9 AREAA <<, > vETY 9%

e ov@T.
A GAEENNN TE 71E9] 1)
128(=2<<7)2 AAF}

Z0]9] ZHM = min>>4)2.

AFstel 2% 91(dynamic

Azed} o2 4

2] Sk el ofel

13 #HI

8 9 10

dE dd e

02 2. 71E 022 o oA HSH ALY Wl Az}

e
=2T

Fig. 2. Distributions of scaling value S for adaptive scaling process in the previous memory compression method
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Fig. 4. Method of selective merging for processing units, (7}) Case of merging adjacent processing units (L) Case of not merging adjacent processing units
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Table 2. Probabilities of events which scaling values of adjacent(right,
downward, and diagonal) processing units are same

No. Sequences Size Right |[Down|Diagonal
1 ParkScene 0.62 | 0.61 0.55
2 Cactus 0.66 | 0.66 | 0.58
1080p (1920x1080)
3 BasketballDrive 0.82 10.73| 0.68
4 BQTerrace 0.59 |1 0.67| 0.51
5 BasketballDrill 0.65 | 0.66| 0.65
6 BQMall 0.57 | 0.65| 0.50
WVGA (832x480)
7 PartyScene 049 (045| 0.35
8 RaceHorses 0.58 | 0.62| 0.54
9 BasketballPass 0.66 | 0.61 0.53
WQVGA (416x240)
10 BQSquare 0.63 | 0.60 | 0.54
11 Vidyo1 0.74 1 0.78 | 0.69
12 Vidyo3 720p (1280x720) | 0.76 | 0.79 | 0.69
13 Vidyo4 0.77 | 0.76 | 0.69
Total average 0.66 | 0.66 | 0.58
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Fig. 5. Comparisons of the previous and the proposed algorithms about storing additional informations; (7}) method for storing additional in-
formations in the previous algorithm, (L) Method for storing additional informations considering selective merging
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Table 3. R-D performance, reduced additional informations and decoding times of the proposed algorithm, IPPP coding structure
HZe| 2tx Iy Mot 2ma|E AolH
Al5| oA ; = = [ = — - —
A I B ) R I ol Bl e I e A
(bpp*) | (sec.) (bpp*) | (%) | (sec) (%) [°7° (sec)
1 ParkScene 0113 | 0711 | 66.356 | 0.365 | 0469 | 51.29 | 66.712 | 0.252 -34.11 0.36
2 Cactus 1080p 0.243 | 0721 | 48197 | 0207 | 0469 | 49.55 | 49.197 | -0.036 | -35.05 0.40
3 | BasketballDrive | (1920x1080) [ 0121 [ 0705 | 66.840 | 0.141 | 0418 | 5549 | 67.769 | 0.020 | -40.73 0.93
4 BQTerrace 0.436 | 0.761 | 62759 | 0374 | 0528 | 4533 [ 63.172 | -0.062 | -30.61 0.41
5 | BasketballDrill 0.052 | 0727 | 9213 | 0.040 | 0476 | 49.04 | 9319 | -0012 | -34.48 0.11
6 BQMall WVGA 0.038 | 0751 | 9119 | 0.067 | 0.536 | 42.10 | 9.075 | 0.029 -28.66 -0.04
7 PartyScene (832x480) 0291 | 0.804 | 10.097 | 0313 | 0648 | 31.78 | 10.206 | 0.022 -19.35 0.11
8 RaceHorses 0.141 | 0740 | 12.968 | 0215 | 0.524 | 43.16 | 12.960 | 0.074 -29.20 -0.01
9 | BasketballPass WQVGA 0.038 | 0726 | 2184 | -0.125 | 0469 | 50.01 | 2.106 | -0.163 | -35.33 -0.08
10 BQSquare (416x240) 0.206 | 0.843 | 2732 | -0.034 | 0669 | 33.77 | 2.819 | -0.240 -20.69 0.09
11 Vidyo1 0.456 | 0713 | 15,788 | 0519 | 0.429 | 54.76 | 15.866 | 0.063 -39.81 0.08
12 Vidyo3 “ 2252‘7’20) 0.648 | 0728 | 16.787 | 0.715 | 0433 | 56.12 | 17.022 | 0.067 -40.53 0.23
13 Vidyo4 0.284 | 0710 | 18.097 | 0249 | 0416 | 56.44 | 18319 | -0.035 | -41.42 0.22
Average of 1080p 0228 | 0725 | 61.188 | 0272 | 0471 | 5042 | 61.712 | 0.044 -35.13 0.524
Average of WVGA 0.131 [ 0755 | 10.349 | 0.159 | 0.546 | 41.52 | 10.390 | 0.028 27.92 0.041
Average of QWVAG 0122 | 0785 | 2458 | -0.080 | 0569 | 41.89 | 2.462 | -0.202 | -28.01 0.004
Average of 720p 0.463 | 0717 | 16.891 | 0494 | 0426 | 55.77 | 17.069 | 0.032 -40.59 0.178
Total average 0236 | 0.741 | 26288 | 0.234 | 0499 | 47.60 | 26,503 | -0.002 | -33.07 0.216

* bpp : bits per pixel
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