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Abstract

Phase-only holograms differ from natural images due to 27 periodicity of phase values, limiting coding efficiency when
conventional video codecs are directly applied. Previous studies introduced Shorter Circular Difference (SCD) and Circular Clipping
(CC) into residual/reconstruction clipping and rate - distortion optimization, achieving significant average bit-rate reductions.
Nevertheless, these techniques have not been extended to in-loop filtering. To address this, we propose phase-aware in-loop filters
based on SCD-based Laplacian computation and threshold adjustment, namely P-DBF and P-EO, achieving BD-rate gains of 9.1%
in the phase domain and 12.7% in the reconstructed domain.

Keyword : Phase-only Hologram Compression, Versatile Video Coding, In-loop Filter, Deblocking Filter,
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Table 1. Summary of key abbreviations used in this paper

Term Description
SCD Shorter Circular Difference(Z 22/8%}0|)
CcC Circular Clipping(&22[%)
DBF Deblocking Filter(C|22Z ZE)
SAO Sample Adaptive Offset(MZ HSH 2=A)
EO Edge Offset(0ilX| 2ZAl)
BO Band Offset(fi= 2=All)
ILF In-loop Filter(2l-2Z ZE)
ALF Adaptive Loop Filter(ME% F= ZIE])
RDO Rate-Distortion Optimization(2-2l= #/&3})
NR Numerical Reconstruction(Fx|% =)
P-LAP Phase-aware Laplacian
P-THR Phase-aware Threshold
P-DBF Phase-aware Deblocking Filter
P-EO Phase-aware Edge Offset
P-BO Phase-aware Band Offset
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Fig. 5. Examples of phase holograms and numerical reconstruction (NR) results from ETRI database
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Table 3. Summary of BD-rate and en/decoding time results for comparison each methods (Phase/NR, RGB)

Method BD-rat.e BD-rgte Encoding time Decoding time
(Phase domain, RGB) (NR domain, RGB) (s/frame, QP=42) (s/frame, QP=42)

VWC (VTM21.2) +163.6% +170.5% 301.0507 0.1311

HEVC ext" +16.2% +16.8% 54.2230 0.1156

Anchor: VWC ext® 0 0 301.2264 0.1328

WC ext® + P-DBF -0.7% -0.7% 301.5724 0.1335

WC ext® + P-EO -8.6% -12.5% 383.4799 0.1314

Prpr‘,’_S;g:F \ivg_gglsl -9.1% 12.7% 388.8763 0.1649
3 gREg gt 2 WEdioh SHEE 71E SAO tH] Aol Z7he) o)
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Fig. 6. RD curves in the Phase domain
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Fig. 7. RD curves in the NR domain
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Fig. 8. Subject Quality in NR domain (QP=42, cube sequence)
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Fig. 9. Error Visualization of NR Image vs. Uncompressed (QP=42, cube Sequence)

3. Ablation Study
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Fig. 10. Histogram of offsets per CTU of the entire sequence before applying P-LAP in the encoder
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Fig. 11. Histogram of offsets per CTU of the entire sequence after applying P-LAP in the encoder
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Table 4. Comparison of addressable area and filter efficiency between DBF and SAO (luma)

Method DBF addr. (%) | SAO addr. (%) | DBF chg. (%) | SAO chg. (%) | DBF eff. (%) | SAO eff. (%)
VWC (VTM21.2) 20.79 80.48 1.84 31.17 8.87 38.73
WWC ext® + P-EO - 51.38 - 11.48 - 22.33
WWC ext® + P-DBF 18.86 - 0.94 - 4.97 -
Proposed: VVC ext®
+ P-DBF + P-EO 18.41 51.25 0.84 11.40 4.57 22.24
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Table 5. Summary of BD-rate results for comparison each methods (Phase/NR, RGB)

Method BD-rate (Phase domain, RGB) BD-rate (NR domain, RGB)
WWC ext® 0 (anchor) 0 (anchor)
WWC ext® + P-EO -9.0% -12.7%
WWC ext® + P-BO 0.0% 0.0%
VVC ext® o 0
+ PEG 1 P-BO -8.6% 12.5%
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