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Abstract
Lossless enhancement layer coding technique was introduced at Palma meeting, which was based on H.264/AVC (JM).  In this contribution its application to JSVM3 is demonstrated.  With JSVM compatible base layer, overall lossless compression of 54% (intra-frame base coding, compared to original file size) and 44% (inter-frame base coding) was achieved, while lossless Motion JPEG2000 yielded 51%.
1. Introduction

In our report at Palma de Mallorca meeting [1], we proposed a novel technique to encode lossless enhancement layer.  That report was rather theory-oriented; the base layer was encoded by JM 8.3, enhancement bit rate was measured by the entropy.  We implemented the algorithm on JSVM3 and encoded the enhancement layer with actual entropy coder.  We decoded the base and enhancement bitstreams to validate the algorithm (i.e., exact match between original and decoded).  Also we humbly conducted coding experiments on various frame sizes, frame rates and base QP values.  In this contribution, we report those results that ensure feasibility of our algorithm.
2. Encoding Method

2.1 Base Layer Coding

The base layer is encoded by JSVM3, with GOP structures of III, IPP, IBP and IBBBP.  Default RD optimization is applied.
2.2 Enhancement Layer Coding

Our enhancement coding algorithm is described in detail in [1].  The coding engine is a simplified version of widespread CACM arithmetic coder [2].  Instead of using symbol probability table, it assumes uniform probability for each symbol n (i.e., Pr(n)==1/N), where N is the size of alphabet, and it encodes each symbol using log2(N) bits.  The value of N varies according to the context, which is exactly shared with the decoder.

Block diagram for encoding is depicted in Figure 1.  In the figure, ‘Residual Packer’ first packs the lost information of DCT coefficient quantization, and then encodes the information with simplified arithmetic coder. 
Figure 2 depicts the decoder diagram.    The values of A and B are exactly the same as those in Figure 1, hence lossless decoding is accomplished.
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Figure 1: Encoder Block Diagram.  Gray block represents normal JSVM encoder.
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Figure 2: Decoder Block Diagram.  Gray block represents normal JSVM decoder.

The values of A and B coincide those in Figure 1, which enables lossless decoding.

3. Simulations and Results
3.1 Source Sequences
Table 1: Source sequences, spatiotemporal
resolution and number of encoded frames.
	
	QCIF@15Hz
	CIF@30Hz
	4CIF@60Hz

	Bus
	25
	37
	-

	Mobile
	25
	37
	-

	City
	-
	37
	73

	Crew
	-
	37
	73

	Foreman
	25
	37
	-

	Harbour
	-
	37
	73

	Soccer
	-
	37
	73


Table 1 shows the source sequences for the experiment.  The number of encoded frames is chosen such that all IPP, IBP and IBBBP structures end with P picture in display order, with approximately one second duration.

3.2 Anchor Scheme
For comparison with our intra (III) coding, we used Kakadu 5.0.1 [3] Motion JPEG2000 codec which performs lossless coding.  Parameter settings are the same as in [1], i.e., decomposition levels are: 2 for QCIF, 3 for CIF, 4 for 4CIF.
3.3 QP Selection
QP value of base layer affects compression ratio as will be shown later.  The value was selected as follows:
· For III coding, QP_I was modulated from 3 to 13 to yield best overall compression.

· For IPP coding, QP_I was fixed to 11, and QP_P was modulated from 3 to 13 to yield best result.
· For IBP and IBBBP coding, QP_I and QP_P were fixed to 11 and 6 respectively, then QP_B was modulated from 3 to 13 to yield best result.
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Figure 3: Base Layer compression performance with various QP values, and corresponding enhancement layer and total bit amount for III coding.  Sequence = City 4CIF.  Horizontal line corresponds to lossless Motion JPEG2000 performance.
Figure 3 shows the bit amounts for base layer, corresponding enhancement layer and total bit rate.  As QP increases, enhancement layer increases, too.  However, as base layer decreases in nearly inversed pace, total bit amount is rather stable at around QP~7.  This means, the selection of QP value for the base layer does not impact on lossless compression performance very much.
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Figure 4: Total lossless Compression performance of proposed method for 14 test sequences.  Horizontal line corresponds to lossless Motion JPEG2000 performance.

Figure 4 shows total bit amount for III, IPP, IBP and IBBBP coding, as well lossless Motion JPEG2000.  It can be seen that the graphs are always concave.  And again, compression ratio is stable at around QP~7.
[image: image18.emf]30

35

40

45

50

55

60

65

70

75

Bus(CIF@30Hz)

(QCIF@15Hz)

Mobile(CIF@30Hz)

(QCIF@15Hz)

City(4CIF@60Hz)

(CIF@30Hz)

Crew(4CIF@60Hz)

(CIF@30Hz)

Foreman(CIF@30Hz)

(QCIF@15Hz)

Harbour(4CIF@60Hz)

(CIF@30Hz)

Soccer(4CIF@60Hz)

(QCIF@30Hz)

Average

MJ2K III IPP IBP IBBBP

Compression ratio (%)


 Figure 5: Lossless Compression results for Motion JPEG2000 (MJ2K) and
proposed approaches.  The shorter the better.
Left-most bars show average compression for 14 sequences.
Figure 5 shows the best lossless coding ratio while QP is modulated.   Average coding ratios, which are shown at left side of the figure, are follows:
	Motion JPEG2000
	III coding
	IPP Coding
	IBP Coding
	IBBBP Coding

	50.84%
	53.56%
	44.22%
	44.82%
	44.44%


4. Conclusion
In this contribution, we verified our lossless enhancement coding algorithm on JSVM.  Compression performance with intra(III) base layer is comparable with lossless Motion JPEG2000, and inter base layer yielded six points lower than that.  We used public arithmetic coder as enhancement coding engine.  Substitution with CABAC is under development.
Our method performs best with QP value of 10 or less, which is rather small for ordinary base layer.  Therefore it is recommended to adopt our method as one of the tools for other fine-grain SNR scalable proposals that use 4x4 AVC transform to enable them generate “final and lossless” enhancement layer.
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