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Evolutive Image Coding

Seisit TAKAMURA ™!

Evolutive methods based on genetic programming (GP) enable dynamic algorithm gener-
ation, and have been successfully applied to many areas such as plant control, robot control,
and stock market prediction. However, conventional image/video coding methods such
as JPEG and H.264/AVC all use fixed (non-dynamic) algorithms without exception. The
evolutive coding enables an automatic generation of pixel prediction algorithm. It is a radi-
cal departure from conventional “fixed algorithm”, “man-made algorithm” and “hand-made
programming” toward a new paradigm. In this article, we introduce a GP-based image pre-
dictor that is specifically evolved for each input image, which have been evolving day by
day. We demonstrate its up-to-date performance as well as the investigation on predictor
complexity versus prediction performance. We also report about speeding up the evolution
process using parallelization by a factor of 100. Ultimate coding efficiency will also be
touched upon.
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Table 1 Differences between evolutive image processing and evolutive

image coding
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Fig.1 Neighboring pixels of p.
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if (Inw >= max(Iw, In))
return min(Iw, In);

else if (Inw <= min(Iw, In))
return max(Iw, In);

else
return Iw + In - Inw;
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Fig.2 C- and Tree- expressions of MED predictor
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Fig.3 Evolution strategy (for single process)
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Table 3 Top table: Residual entropy (overhead inclusive) of the predictors (Hy + Hg [bppl), their increment (“incr.” in
percentage) against EP12, as well as their H7 [bits]. Numbers next to the predictors mean the number of reference
pixels. Lower table: proposed predictor (with 12 pixels)’s generic prediction performance (Hy + Hg [bpp]).

ood Lena Baboon | Airplane | Peppers od 00 [%]
LS(4) 4.551 5.521 3.654 4.465 4.548 3.705
LS(12) 4.549 5.374 3.635 441 4.492 2.428
LE@4) 4.529 5.506 3.619 4.417 4.517 3.013
LE(12) 4.522 5.361 3.595 4.382 4.465 1.813
GAP 4.539 5.556 3.568 4.468 4.533 3.367
MED 4.692 5.592 3.644 4.646 4.643 5.886
Proposed(4) 4.481 5.462 3.521 4.352 4.454 1.574
Hr [bits] 1191.2 813.1 971.7 1207.9 1046.0
Proposed(12) 4.425 5.334 3.486 4.296 4.385 —
Hr [bits] 1520.4 886.6 1237.2 2199.1 1460.8

oooo 0o

Lena (4.425) 5.691 3.603 4.386 4.526

Baboon 4.745 (5.334) 3.698 4.773 4.638

Airplane 4.561 5.510 (3.486) 4.519 4519

Peppers 4.505 5.621 3.628 (4.296) 4513
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Fig.4 Modification for parallel processing
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Fig.5 Animage of asynchronous parallel evolution
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Fig.6 Generated predictor for Lena (tree size=1520.4 bits)
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Fig.7 Generated predictor for Peppers (tree size=2199.1 bits)
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Fig.8 Transitions of total information (Hg + Hy — 1.148 - 10°) and tree information (Hy * 7.5), after parallelization.
Horizontal axis means the date. Image: Lena, trial: 1.
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