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In QOMedla V'?eg 1 (Avdl)’l Idlre(I:tlonaI g predlctlhon In AV1, signaling of intra mode coding requires at least four
modes are applied o model local texture paierns that syntaxes: the nominal angle of luma (y_mode), the delta angle of i (is_directional_mode(y_mode ) &&. ...) {
!oresent certain d”_eCt'Ona“tY-_ Each intra Pred|Ct|0n direction luma (angle delta_y), the nominal angle of chroma (uv_mode), angle_delta_y Table.1 Summary of coding performance of cross-component mode coding methods
IS represented with a nominal mode index and a delta and the deltgangle_of chroma (angle_delta_uv) — }
angle. The delta angle is entropy coded using shared — — if (HasChroma ) {
context between luma and chroma, and the context is When searching for the best mode, all the nominal modes are uv_mode BDR-Y BDR-U BDRV YUV ATy, BDRY BDRU BDRV YUV AT, BDRY BDRU BDRV YUV AT,
derived using the associated nominal mode. In thIS. pap_er1 Iooped by using a predeﬁned and fixed order to search for the if (is_directional mode(uv_mode ) && ...) { -1.04% 117% 1.24% -030% 960 -1.02% 088% 1.08% -0.37% 100% -153% 042% 1.05% -0.89% 101%
two methods are proposed to further reduce the signaling best intra prediction mode angle_delta_uv -1.05% 1.14% 0.96% O057%  94% -1.02% 0.83% 0.66% -0.61% 100% -124% 0.96% 0.75% -0.81% 100%
cost of delta angles: cross-component delta angle coding, } -1.03% 210% 218% 037% 96% -1.01% 200% 1.89% -0.40% 100% -1.30% 2.22% 1.93% -0.63% 100%
and context-adaptive delta ang|e Coding, Whereby the o he [TTE Component SR rough radle dediEan } -0.87% 2.31% 2.40% 026% 979 .0.84% 1.92% 1.83% -0.31% 100% -1.31% 2.83% 2.33% -0.48% 100%

_ : : ) - _ -1.19% 2.02% 142% -058%  96% -118% 1.16% 1.05% -0.70% 100% -1.54% 121% 1.22% -0.94%  100%
cross-component  and Spatl_al correlation of the delta process to determine which nominal mode can enter full RDO Table 1 : Syntax table for intra mode 063% 162% 206% 1 976 066% 107% 142% -0.29% 99%  -1.11% 248% 181% -0.45% 100%
angles are explored, respectively. The proposed methods process or not. For the chroma component, all the nominal rodine ofm 1w Lass 0% om o7 5% 1% DI 006 LING 04t 09K 6% 100%
\I/Evere !mplei:n}ented |'?n tohp of tah rteci?t wErslon O; llbaom. modes are involved into the full RDO Process. -1.03% 1.82% 1.74% -040% 96% -1.00% 1.46% 140% _gagy 100% 13705 168% 156% -0.720  100%
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component_delta_ angle COdmg_ aCh!eved SElElLE 0-4@_BD Since the co-located luma and chroma blocks typically Table.2 Summary of coding performance of contex-adaptive coding methods
ratef_redugtlon Wéth 4% E_med'nbg t;]me sa;]wgg over all intra represent the same subject, there is a high correlation between
iO;())g;E)athnS. dy C_0m_ Inm%_ Otd methods, an dverage the Intra prediction angles of luma and chroma blocks. The BDR-Y BDR-U BDRV YUV AT,  BDR-Y BDR-U BDRV YUV ATg.,

.£70 -rate reduction Is achieveada. percentage of luma and chroma nominal angles be|ng equal IS -1.10%  -0.62%  -0.64%  -0.94% 151% -2.05%  0.31% 0.30%  -1.27% 148%
around 95% for non-zero chroma delta angles, and 55% of the 1.05%  -0.06%  -0.15%  -0.82%  156%  -1.88%  056%  0.34%  -135%  152%
099%  0.09%  -0.18%  -0.79%  159%  -180%  167% = 172%  -107%  157%
luma and chroma delta angles have equal value when luma and
: . : . 065%  -029%  -0.27%  -0.58%  162%  -146%  178%  193%  -0.83%  162%
chroma Is predicted using the same nominal mode. The
133%  -0.40%  -0.82%  -1.18%  161%  -2.29%  0.75%  021%  -171%  160%

percentage of the nominal angle of the current luma block being Figure 1 : Illustration of directional
equal to one of the neighboring nominal modes is over 80%. Intra prediction modes in AVL.

|
I I l t r O d u Ct I O | l -0.57% -0.22% -0.57% -0.54% 158% -1.43% 1.21% 1.05% -0.89% 157%
-1.00% -0.22% -0.38% -0.84% 158% -1.86% 1.13% 1.05% -1.20% 156%

-0.49% -0.15% -0.34% -0.45% 16a0% -1.15% 1.27% 1.89% -0.62% 159%

In video coding standards developed in the past decade,
such as High-Efficiency Video Coding (HEVC), Versatile

Video Coding (VVC), VP9 and AOMedia Video 1 (AV1), d h d Test c_:ondition: The software used to test the algorithms is libaom v2.0.0 [11], with the
intra prediction has played a vital role for reducing spatial PrO p O S e M et O following hash tag#:
redundancy among neighboring samples within one 299b96d3836e8fa9b6ee85646175eldce2addd74
picture. The typical intra prediction modes (IPMs) in a hybrid Motivated by the observation that chroma delta angles are highly correlated with luma delta angles, instead of using All intra coding was used for the test, while cpu-used-0 was used so that the experiments
coding based video codec can be classified into directional the chroma nominal angles to derive the CDF of the chroma delta angles, we make the CDF of the chroma delta were conducted using the highest quality setup. All the test sequences were defined under
modes and non-directional modes, where the directional angles dependent on the delta angles of the co-located luma blocks, which further exploits the correlation between the JVET common test conditions (CTC) [12]. To get the average BD-rate for the YUV
modes subsample the continuous space of the luma and chroma components. components, the average YUV PSNR was calculated by the following equation, which is
crecionaltiies Mo imiiec clscre.s angles, and ihe nor There are two alternatives to make chroma delta angles dependent on luma delta angles. In the first alternative used in JVET for tool reporting,
directional modes assume that the current coding block : :
contains smooth pixel value transitions within the gcurrent namely Method #1, chroma delta angles are only allowed when the luma and chroma nominal angle are same, and the PSNR_YUV = (6~ PSNR_—Y + PSNR_U +_PSNR—V)/8'
Slaal e sttt & clrriE dhrEetin, chroma delta angle depends on luma delta angle. In the second alternative, namely Method #2, all chroma delta The set of QP values are 28, 35, 42, 49, which covers the middle range of QP values.
| | angles are allowed regardless of whether the luma and chroma nominal angle are same or not. Furthermore, In Coding Performance: The proposed cross-component mode coding methods

In HEVC, a total of 35 IPMs are defined for intra Method #2, two different CDFs are employed. One is used when luma and chroma nominal angles are the same, achieved 0.40% and 0.46% BD-rate savings on average for Method #1 and Method #2,
prediction, including 33 directional prediction modes and 2 whereas the other CDF is used when the luma and chroma nominal angles are not equal. respectively. In addition, the BD-rate reduction is higher for higher 4 QPs (42, 49, 56,
non-dlrectlona! modes,_ e Planqr and DC _mc_)de. In VVC, a | | | - - 63), which is 0.72%. In addition, Method #1 also reduced encoding complexity by 4%,
finer granularity of dlre_ctlonal intra predlctl_on modes Is The cont_ext-aglaptlvg mode coding metqod_ IS proposed_for directiona Iu_ma_ modes by condltlonlng the luma delta and Method #2 maintains the same complexity. The results for context-adaptive mode
adopted. In VP9, the intra prediction applies 10 IPMs, angles on its neighboring delta angles. Specifically, two different CDF derivation processes are designed, based on coding, namely Method #3, achieves a coding gain of 0.84%, while increased encoding
including 8 directional modes and 2 non-directional modes, whether the nominal angle of the current block is the same as the nominal angle of one of its neighbors. complexity by 58%. Method #4 combined Method#1 and Method #3, achieving BD-
K& DI Bl LS Goiel (U1 ineel=s, sl s eliealomsl rate savings of 1.20%, while the encoding time increased by 56%.

modes In VP9 are termed as nominal modes, and one of 7
delta angles with index ranging from -3 to +3 Is further
Signa|ed fOr eaCh nOminal mOde {o inCI’ease the granL”arity Distribution of Difference of Nominal Angles . Distribution of Difference of Delta Angles ., Distribution of Difference of Delta Angles
of the orientations, which defines 56 directional modes - |
overall.

o o o
2

o o

= w

: :

Probability
Probability

Conclusion

Probability

In this paper we propose a cross-component mode coding
method and a context-adaptive mode coding method, which

exploits the correlation of delta angles between chroma and | | | : : : : : :
: R R R ——— T In this paper, a cross-component mode coding algorithm is proposed to exploit dependencies

|U ma com pO N entS, an d adj ace nt |U Mma com pO ne ntS y Absolute Value of Difference of Nominal Angles Absolute Value of Difference of Delta Angles Absolute Value of Difference of Delta Angles . . . .
between luma and chroma delta angles, and a context-adaptive mode coding algorithm is proposed

respectlvely._ e shtgw nar the beriormance oOf (he et Figure 2 Statistics on the distribution of delta angle for chroma Figure 3 Statistics on the distribution of delta angle between to exploit dependencies between neighboring luma delta angles. By combining these two proposed
O e e A e SOMPOnETE U L s SRR methods, 1.20% BD-rate reduction is achieved with 156% of encoding time as compared to AV1
time saving, and combining both methods achieves 1.2% y e :

coding gain and 56% increase in encoding time.
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