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1 Introduction

Multihypothesis motion pictures are an extension of P pictures such that each block of a macroblock can be compensated by a linear combination of two motion-compensated blocks. Conventional B pictures also employ two linearly combined motion-compensated blocks but one motion-compensated signal (hypothesis) origins from a future reference frame. In contrast to B pictures, multihypothesis motion pictures (MH pictures) utilize temporally previous pictures for prediction and cause no extra coding delay. In addition, decoded MH pictures are also used for reference to predict future MH pictures. 
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Figure 1: Multihypothesis motion pictures: Two blocks of temporally previous pictures are utilized to predict the current MH picture. MH pictures are also used for reference to predict future MH pictures. 
2 Multihypothesis Motion Pictures

The proposed multihypothesis pictures extend the P pictures in TML-5 (doc. Q15-K59d1). MH pictures as well as P pictures use temporally previous pictures for prediction. 
2.1 Multihypothesis Macroblock Modes
7 multihypothesis macroblock types are added to the standardized macroblock types for inter coding. The additional 7 types allow multihypothesis motion-compensated prediction for 7 different block sizes.
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Figure 2: Macroblock modes for multihypothesis motion pictures. For each block a multi-hypothesis block pattern (MHBP) indicates one or two hypotheses.
For the macroblock types in TML-5 one reference frame parameter is assigned to the entire macroblock. For the additional multihypothesis macroblock types each block has its own reference parameter.
2.2 Multihypothesis Block Pattern

Each block can be compensated by one hypothesis (conventional motion compensation) or two hypotheses. A multihypothesis block pattern (MHBP) for each macroblock mode indicates the number of hypotheses for each block.






	
	

	
	

	
	

	
	




3 Syntax
For the multihypothesis pictures 7 multihypothesis macroblock types are added. A multihypothesis block pattern indicates one hypothesis or two hypotheses for each block. The multihypothesis block pattern is dependent on the macroblock type. When the MHBP indicates one hypothesis for a block in the macroblock, motion vector data and a reference frame parameter is specified. When the MHBP indicates two hypotheses for a block, two motion vectors and two reference frame parameters are indicated.
3.1 Additional Inter Macroblock Types
The additional multihypothesis macroblock types use the code numbers of the universal VLC as specified in Table 2.
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Table 2: Macroblock types for the multihypothesis pictures
3.2 Multihypothesis Block Pattern
The multihypothesis block pattern utilizes the universal VLC:

	Code number
	MHBP

	0
	One hypothesis

	1
	Two hypotheses


Table 3: Multihypothesis block pattern
3.3 Reference Frame
One-hypothesis blocks as well as two-hypothesis blocks have independent of the block size individual reference frame parameters and reference frame parameter pairs. The universal VLC code numbers as specified for TML-5 are used for signaling the reference frames.
4 Encoder
The encoder has to determine the multihypothesis macroblock type and the number of hypotheses for each block. For an one-hypothesis block the motion vector data and reference frame parameter are determined by rate-constrained long-term memory motion estimation. An integer-pel accurate estimate for all reference frames is refined to half-pel and quarter-pel accuracy.
For a two-hypothesis block the motion vectors and reference frame parameters are determined by rate-constrained multihypothesis motion estimation. 
4.1 Rate-Constrained Multihypothesis Motion Estimation
Rate-constrained multihypothesis motion estimation is performed by an iterative algorithm. The solution for the one-hypothesis block is used for initialization. The algorithm works as follows:
1. One hypothesis is fixed and long-term memory motion estimation is applied to the complementary hypothesis such  that the multihypothesis rate-distortion costs are minimized.
2. The complementary hypothesis is fixed and the first hypothesis is optimized.

The two steps are repeated until convergence. Usually, the algorithm converges very fast after 1-2 iterations.
For the conditional motion estimation an iteger-pel accurate estimate for all reference frames is refined to half-pel and quarter-pel accuracy. 
4.2 Hypothesis Mode Decision
A reliable decision whether one or two hypotheses per block are efficient also depends on the encoding of the prediction residual. The cost function for the decision is the sum of the SAD of the reconstructed block and the weighted total bit-rate of the block. The bit-rate is weighted by the Lagrange multipier
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The value QUANTH.263 is specified in TML-5 document.
4.3 Prediction of Vector Components
The prediction of vector components is also important for multihypothesis blocks. The median prediction as specified in TML-5 is also used. In the case of two hypotheses we utilize the motion vector data of the second hypothesis. We use the motion vector data independent of the reference frame.
4.4 Computational Complexity
The computational complexity of a two-hypothesis block is just 2-4 times the complexity of an one-hypothesis block as the iterative algorithm is initialized with the one-hypothesis solution. But this complexity can be further reduced by efficient search strategies.
5 Decoder
For decoding multihypothesis pictures the decoder has to add two motion compensated signals. When the multihypothesis block pattern indicates a two-hypothesis block the pixel values of the two motion compensated blocks are added and divided by 2 (integer division). No additional memory is required.



	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


6 Experimental Results
The implementation of the multihypothesis pictures is based on the software TML4.3 (tml4_r2.zip). The software TML4.3 is also used to generate the reference data with best compression effort. The simulations are performed with all specified block sizes and 5 reference frames. The search range for the motion estimation is [–16,…,16]x[-16,…,16]. The test-sequences are encoded with fixed quantizer for all macroblocks. Up to now, no deblocking filter is used for multihypothesis blocks.

	Test-sequence
	Res.
	Frame rate
	No. of frames

	Mobile & Calendar
	CIF
	30
	300

	Foreman
	QCIF
	10
	100

	Mobile & Calendar
	QCIF
	10
	100

	News
	QCIF
	10
	100


Table 4: Applied test-sequences.


Table 4 shows the test-sequences that are used for the experimental results. For each sequence one rate-distortion plot is given in the Appendix. The rate-distortion plots contain the following curves:
· TML: The TML4.3 software with best compression effort.

· MH-Pictures: The proposed extension of the TML P pictures.
Bit-rate savings up to 10% are observed for the sequence Mobile & Calendar in QCIF resolution with 10 fps and also in CIF resolution with 30 fps. For the sequences Foreman and News in QCIF resolution with 10 fps bit-rate savings up to 7% are observed.
· 
· 
· 
· 
7 Conclusions
The proposed multihypothesis pictures extend the H.26L P pictures and achieve additional compression efficiency. For the test-sequences up to 10% bit-rate savings are measured. MH pictures utilize temporally previous pictures and cause therefore no extra coding delay. Decoded MH pictures are also used for reference to predict future MH pictures. In addition, multiple reference frames allow efficient hypothesis pairs. 

The proposed iterative algorithm for multihypothesis motion estimation has low complexity and applies techniques for standard motion estimation. For a multihypothesis block the decoder has to compensate and add two blocks.
Subject to standardization is an architecture providing sufficient flexibility for two motion-compensated signals per block at the encoder and means for signaling the multihypothesis data at reasonable costs to the decoder.
8 Further Work

The integration of multihypothesis pictures into the current TML version is neccessary and the deblocking filter for the multihypothesis blocks has to be added. In addition, the following items might improve the coding efficiency:

· Encode pairs of picture references with one universal VLC codeword.
· Efficient encoding of the multihypothesis block pattern (MHBP). Because of the universal VLC, 3 bits are used to signal a multihypothesis block.
· Improved algorithms for multihypothesis motion estimation.
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