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Intra Prediction
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Intra Prediction
• Rate-distortion Optimization is served as the 

mode selection criteria: 

• The main-stream video codecs employ rough 
mode decision (RMD) method with 
Hadamard cost:

• Consequently, X candidates with lower 𝐽!"#$

are selected as full-RD candidates.

𝐽$ = 𝐷$ + 𝜆 & 𝑅$

𝐽!"#$ = 𝐷!"#$ + 𝜆 & (𝑅$

Fig 1. Intra prediction modes in VVC and AVS3
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Hadamard-cost vs. RD-cost

Fig 2. Two blocks from natural scene video

Fig 3. Two blocks from screen content video

• Hadamard-cost reveals positive correlation 
with the actual RD-cost.

• Merits of Hadamard-cost
• Computation simplicity
• Analytic tractability

• However, Hadamard cost cannot always 
effectively discriminate the optimal intra 
mode.
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Hadamard-cost vs. RD-cost
• X modes with lower Hadamard cost compose the full-RD set 

• where the maximum of X is set to 5 in AVS3 encoder.
• The hit ratio P of mode set M is studied with respect to different block sizes S

and the capacity of the mode set.

• Full RD searching is applied with 67 intra modes for each block, with an effort 
to dig out the ultra optimal mode.
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Hit Ratios of Set M

Table 2: Illustration of the mode hit ratios on screen content 
videos with different S and X values.

Table 1: Illustration of the mode hit ratios on natural scene 
videos with different S and X values.
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Hit Ratios of individual mode in set M

Fig. 5: Illustration of the 
mode hit ratios on 
screen content videos 
with different S and X
values.

Fig. 4: Illustration of the 
mode hit ratios on natural 
scene videos with 
different S and X values.

8



Texture-dependent Correlations
• Pearson Correlation Coefficient 

• Block size: 8 x 8
• Offset: [-8, +8]

Natural scene video：Cactus Screen content video：Console
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Local Texture Directions

• Expectation of the neighboring blocks

• N is the total number of neighboring blocks that satisfy the lower bound of the constraint 
regarding block correlations !𝜌.

• 𝑡! is the mode index of i-th neighboring block.
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Reconstruction of the Mode Set M

• Reconstruct the set M with neighboring modes-->M*
Table 4: Illustration of the mode hit ratios on screen content 
videos with different S and X values.

Table 3: Illustration of the mode hit ratios on natural scene 
videos with different S and X values.
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Experimental Results

• Test Platform: 

• AVS3 test model HPM-5.0.

• QPs are set with 27, 32, 37, 45 conforming to common test conditions.

• Configuration : AI and RA.
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Experimental Results
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Experimental Results
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Conclusion

• Provide comprehensive analyses on the local texture direction and block 
correlation characteristics.

• Based on these, the optimization of the rate-distortion optimized intra coding 
with certain complexity constraint is made possible.

• Reconstruct the full RD mode list for AVS3.

• 0.72% and 3.00% BD-Rate savings can be achieved for natural scene and 
screen content videos with negligible changing of encoding and decoding time.
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