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Introduction

This document presents a further developments and analysis of the Nokia Very Low Bitrate Coder presented in (� REF NokiaCodec \* MERGEFORMAT �2�(. The complexity of the decoder is analyzed and some results with B frames are presented.



DECODER COMPLEXITY ANALYSIS

This section presents the complexity analysis of the Nokia Very Low Bitrate Decoder. The issues discussed are precision and dynamic range requirements, computational power requirements for real time execution, and a brief profile of the current implementation. The analysis is done for QCIF, 10 Hz. sequences. The memory requirements are sub-linearly proportional to the number of pixels in a frame. The computational complexity (in terms of operations per second) is sub-linearly proportional to the frame rate. 

	Most of the issues discussed here (such as execution times, profiles) are implementation dependent. The implementation considered here is Nokiaís implementation of the algorithm. More efficient implementations are possible.

Precision and Dynamic Range Requirements:

For now, some of  the variables in  the Nokiaís implementation of decoder are handled with double precision floating point. However, it is possible to reduce the precision to 32-bit fixed point representation with  no compromise from the performance.

Computational Power Requirements (for real-time operation):

The Nokia implementation runs real-time on a 166 Mhz Pentium PC. The number of frames decoded per second for the test sequences is given in � REF _Ref391612469 \* MERGEFORMAT �Table 1�. For most difficult sequences  decoding rate is 12 frames/second, and for the easiest sequences 20 frames/second.

	With the optimized decoder a 100 Mhz Pentium PC should be sufficient for decoding most difficult sequences at a rate of  10 frames/second.



Sequence�Frames/sec��Akiyo�26.2��News�21.9��MaD�17.0��Foreman�12.2��Table � SEQ Table \* ARABIC �1�: Number of frames decoded per second for the test sequences.

Profile:

Two types of profile are presented. First one, operational profile presented in � REF _Ref391612513 \* MERGEFORMAT �Table 2�, gives the distribution of execution time into extensively used operation blocks. Second one, functional profile presented in � REF _Ref391612522 \* MERGEFORMAT �Table 3�, gives the distribution of execution time into functional blocks as defined in the algorithm.



% time�operation��35�spline interpolation��15�filtering ��8�motion vector calculation��8�Huffman decoding��7�bilinear interpolation ��7�bitstream reading��5�local pel operations (block classification,etc)��4�idct and normalization��11�other��Table � SEQ Table \* ARABIC �2�: Operational profile.



% time�function��45�motion compensation��28�prediction error decoding��15�loop filter��6�segmentation decoding ��6�other��Table � SEQ Table \* ARABIC �3�: Functional Profile.

B-frame Mode

This section describes the B-frame mode in Nokia coder. The name B-frame comes from the name of picture types in Recommendation H.263+ to indicate that B modes used in the presented coder share a number of common features with B-frames of H.263+. Thus B-frame is predicted both from the previous decoded P-frame denoted as P1-frame and the P-frame currently being decoded and denoted as P2-frame. 

	Throughout this section we use the same convention as in Recommendation H.263 regarding the distinction between forward and backward motion compensated prediction. Hence forward prediction refers to situation when reference frame is earlier in time than the frame being coded, whereas backward prediction refers to situation when reference frame is later in time than the frame being coded.

Region Layer

¡s shown in � REF _Ref391635316 \* MERGEFORMAT �Figure 1� B-frame is segmented into regions in identical manner as the P2-frame (SPLIT and MERGE bits transmitted for P2-frame are used also for B-frame).
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Figure � SEQ Figure \* ARABIC �1�: Location of 8x8 blocks in a PB-region (shown shaded).

The possible modes for B-region are signaled by a VLC word determining values of the following three flags: 

1.	BPM indicating the prediction mode.

2.	BDMV indicating whether differential motion vector field coefficients are present for the refinement of the motion vector field for B-frames.

3.	BDCT indicating whether prediction error coding is present for B-region.

Prediction of a B-region in PB-frame

Each region in the B-frame can be predicted in one of the following modes:

Forward prediction (with respect to previous decoded P picture; i.e. P1- frame)

Backward prediction (with respect to currently decoded P picture; i.e. P2-frame)

Bidirectional prediction (with respect to both P1 and P2 frames)

Calculation of motion vector field for the B-picture

In the following description for simplicity we will asssume that the B-frame is lying half distance between P1 and P2 frames. For prediction of the B-picture region we need either forward or backward motion vector fields (denoted as MVFF and MVFB, receptively) or both. It is assumed that motion of the regions in the B-frame can be approximated by the motion of the corresponding regions in the P2-frame. Thus the forward and backward motion vector components are derived using values of decoded motion vector coefficients � EMBED Equation.2  ���(j=1,...,6) sent for the corresponding regions of the P2-frame (for regions which are INTRA and COPY type regions � EMBED Equation.2  ���ís are simply set to zero). 

	The prediction can be further improved by using a differential motion vector field given by MVFD (if DMVF flag of the region mode is set to 1). The MVFD components are given by the following formulas:

�embed Equation.2 \s \* mergeformat ���               �(� SEQ ( \* ARABIC �1�)��where the functions � EMBED Equation.2  ���are the affine basis functions given in (� REF NokiaCodec \* MERGEFORMAT �2�(. Whenever the DMVF flag is set to 0 then no data for � EMBED Equation.2  ��� coefficients is transmitted and MVFD is 0. When DMVF flag is set to 1 then data for the coefficients � EMBED Equation.2  ��� is transmitted in the same manner as the � EMBED Equation.2  ��� coefficients are transmitted for P-frames with the exception that the VLC tables are different.

	For MVFF the motion parameters of the original region (in P2-frame) divided by 2 are used as the reference motion coefficients. Thus the MVFF components are given by the following formula:

�embed Equation.2 \s \* mergeformat ����(� SEQ ( \* ARABIC �2�)��	To find reference motion coefficients for backward prediction an inversion of motion vector field spanned by � EMBED Equation.2  ��� is calculated. The coefficients corresponding to the inverse motion field (denoted as � EMBED Equation.2  ���) are used to calculate MVFB:

�embed Equation.2 \s \* mergeformat ����(� SEQ ( \* ARABIC �3�)��	In bidirectional prediction mode both forward and backward motion vector fields are needed. Forward motion vector field is constructed in the same way as in the case of forward prediction mode. The backward motion vector field is always constructed without refinement coefficients.

Subpixel Reconstruction

In forward and backward prediction modes spline interpolation is used as a method of subpixel reconstruction. However when building bidirectional prediction spline interpolation is replaced by bilinear interpolation to reduce the decoder complexity. To build the final bidirectional prediction, pixel values obtained by forward and backward predictions are first quantized to integer precision then averaged and truncated. 

	The prediction for chrominance is done in the same way as for luminance except that the motion vectors are multiplied by 0.5 and bilinear subpixel reconstruction is utilized in all the modes.

Reconstruction of a B-region in PB-frame

The prediction error is coded using 8x8 DCT as described in Recommendation H.263 (� REF H263 \* MERGEFORMAT �1�(. The quantizer parameter for region in B-frame (BQUANT) is obtained by scaling the quantizer parameter for P2-frame (PQUANT) as indicated by PBQUANT parameter. Note that, the updated QPs of each region is also reflected to the B-frame with the same scale.

Results

The performance of the proposed coder using B-frames has been compared to the H.263 video coder with PB frames. The Telenor implementation of H.263 (TMN 1.6c) with Advanced Prediction Mode and Unrestricted Motion Vectors was used in all the comparisons. To the Telenor implementation the DC/AC prediction and deblocking filter as described in H.263+ draft were added. MPEG-4 test sequences of Class A and Class B in QCIF resolution were used in the simulations. The comparison is presented in the form of PSNR versus bitrate plots given in � REF _Ref391659639 \* MERGEFORMAT �Figure 2�, � REF _Ref391659666 \* MERGEFORMAT �Figure 3� and � REF _Ref391659646 \* MERGEFORMAT �Figure 4�.

	Both schemes operated at a fixed frame rate and with a fixed value of the quantiser parameter. In all simulations the Nokia coder used the same first INTRA frame as H.263.
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Figure � SEQ Figure \* ARABIC �2�: Comparison between Nokia Codec with B-frames and H.263 with PB frames for Akiyo sequence
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Figure � SEQ Figure \* ARABIC �3�: Comparison between Nokia Codec with B-frames and H.263 with PB frames for ContainerShip sequence.
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Figure � SEQ Figure \* ARABIC �4�: Comparison between Nokia Codec with B-frames and H.263 with PB frames for Mother and Daughter sequence.
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