Joint Video Team (JVT) of ISO/IEC MPEG & ITU-T VCEG

(ISO/IEC JTC1/SC29/WG11 and ITU-T SG16 Q.6)

3rd Meeting: Fairfax, Virginia, USA, 6-10 March, 2002
Document:  JVT-C044

Filename: JVT-C044.doc

Title:
Introducing Direct Mode P-picture (DP) to reduce coding complexity

Status:
Input Document to JVT

Purpose:
Proposal

Author(s) or
Contact(s):
Qunshan Gu, Qi Wang, Wei Qi, Sho-Long Chen

5300 Stevens Creek, #320
San Jose, CA 95129
USA

Tel:
Email:

(408)615-1888

qgu@vwebcorp.com, qiwang@vwebcorp.com, wqi@vwebcorp.com, slchen@vwebcorp.com

Source:
Vweb Corporation

_____________________________
I. Introduction

Although H.26L could bring much more benefit in coding efficiency than MPEG-4 Simple Profile (nearly 50% bits saving [1]), the high complexity issue seems significant for codec implementation. It is important to find ways to reduce the implementation complexity. 

On the other hand, analysis reveled that, at lower bit rate, the motion vectors and mode information in the bitstream take more than 50% of the total bits. 

In this proposal a new type of picture, Direct Mode P picture (DP), is introduced to reduce the coding complexity. This is achieved by re-using the previous picture’s motion vector and mode information for the current picture. This way, all motion vector and mode information overhead is removed. However, the motion vectors and modes of each of the Macro-blocks will not be optimal. This would need more bits to code the residual signals. Depending on different sequences and bit-rate, the overhead savings and the added residual coding will offset each other. The overall performance has a small loss (less than 0.5 dB) for most sequences. For some sequences, a small gain is observed, while for some sequences, a relatively bigger loss is introduced

By analyzing the time spending for each module in H.26L encoding (based on reference software JM1.7, search range = 39, motion estimation method = _FAST_FULL_ME, reference frame number = 1, 1/4th-pel Motion Compensation, UVLC, with RD Optimization), the results show that “Motion Estimation + Mode Decision” occupies over 95% computation of the whole encoder. 

The proposed Direct Mode P picture (DP) could be used to reduce the coding complexity significantly by eliminating the “Motion Estimation + Mode Decision” process for the whole picture.

II. Proposed Method

The DP picture is very similar with P picture except that there are no Motion Vector and Macro-block Mode information for the whole picture in the bitstream. When decoding a DP picture, the Macro-block Mode information is derived from the co-located Macro-blocks of the previous P picture. The Motion Vector information could be derived by calculating the median value of the neighbored Macro-blocks around the co-located Macro-block from previous frame as shown in Figure 1.  Since each motion vector is associated with a block, each unit of A-E in Figure 2 represents a block. E is the co-located block in previous frame. A-D are neighbored blocks around E in previous frame selected by the following rules:

A is the block from the left of block E, and closest to the top-left corner of block E;

B is the block from the top of block E, and closest to the top-left corner of block E;

C is the block from the right of block E, and closest to the top-right corner of block E;

D is the block from the bottom of block E, and closest to the bottom-left corner of block E.

So the motion vector of current block in DP picture could be calculated as the median value of motion vector A-E from previous P picture.

 Since the Macro-block mode and Motion Vector information of the Macro-block from DP picture could be derived directly from co-located Macro-block of previous frame,  there is no need to do Motion Estimation and Mode Decision for DP picture, and there is no need to code the motion vector and mode information in the DP picture. So for the DP picture, the coding complexity could be significantly reduced.
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Figure 1 Median prediction of motion vector

Based on this definition, the modifications in syntax are as follows:

At picture level, a new picture type will be added to indicate DP picture;

At macro-block level, the macro-block syntax for DP picture is defined in Figure 2.

Two special cases should be considered when doing DP picture coding:

Note 1: if a macro-block from previous picture is intra mode or skipped, the co-located macro-block in current frame is assigned as 16x16 inter type with zero motion vector;

Note 2: if the CBP of the macro-block from current picture is zero, then the RUN will be added by 1 and the current macro-block information will not be coded. For the decoder, it is slightly different from the normal “skipped” concept. The decoder still has to copy previous co-located macro-block’s motion vector and mode to do motion compensation. But the CBP could be considered as zero (actually no CBP will be coded when they are all zero in the DP picture macro-block).

The feasibility for DP picture comes from the temporal redundancy between two consecutive pictures, especially for scene with less motion or translational global motion. In these two cases, the motion vector fields between two consecutive pictures are very similar. So the motion vectors for the second picture could be approximated by that of the first picture, and the motion estimation and mode decision for the second picture could be omitted.

It is obvious that this method is not a universal solution. But definitely the introduced new picture type DP picture could provide much more flexibility for the encoder implementation. For example, in some application, picture skipping is not allowed, while the computation power is not enough to do 30 frames coding per second. Then the DP picture could be used to meet the requirement. 

It is likely that with using DP picture, the picture quality may decrease. In next section the simulation results will show how big the impact is and in what situation it could fit.
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Figure 2 Syntax diagram of coded macro-block in DP picture

III. Simulation Results 

· Reference software JM1.7 is used for the simulation. The testing conditions are as follows:

· Search Range: 39

· Motion Estimation Method: _FAST_FULL_ME

· Reference Frame Number: 1

· No B Frame

· 1/4th-pel motion compensation

· UVLC

· With RD Optimization

The testing sequences used:

Akiyo (CIF), Coastguard (CIF), Container (CIF), Foreman (CIF), Hallmonitor (CIF), Silence (CIF)

For each sequence, 30 frames are used and only the first frame is coded as I picture. 

The every other normal P pictures are selected as DP pictures.
For each sequence, five testing points are got by setting QP = 12, 16, 20, 24, 28. And the resulting RD curves are shown from Figure 3 to Figure 8. 
We could see from the results that for sequences with less motion (such as Akiyo, Container, Hallmonitor) or translational global motion (such as Coastguard with panning), the quality loss is less than 0.5 dB for low-medium bitrate. Those are the preferred cases for DP picture. For sequences with complex global motions (such as Forman, with some zooming), the quality loss is bigger. We could utilize the above information in real encoder implementation. The encoder could make decision of a DP picture based on the knowledge from previous P picture. For example, the motion vector and mode information of previous P picture could be analyzed and classified. If either of the two conditions (less motion or translational global motion) could be satisfied, then the current picture is possible to be coded as DP picture without big quality loss.

Since we force the DP picture selection as every other P pictures in our simulation, the total computation time cost is nearly half of the method not using DP picture. 
The introduction of DP picture is just to provide a more flexible way for encoder to reduce its complexity.
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Figure 3 Simulation results for Akiyo
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Figure 4 Simulation results for Coastguard
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Figure 5 Simulation results for Container
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Figure 6 Simulation results for Foreman
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Figure 7 Simulation results for Hallmonitor
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Figure 8 Simulation results for Silence
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