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Abstract


In the majority of video conference applications, the camera position is fixed and the scene in the picture is also fixed. When a subject enters the scene, he will occlude a part of the frame. When the subject moves, some occluded background reappears in the scene. Such uncovered background part usually has to be encoded. In this paper, we propose a background memory update scheme for H.263 video codec which can use the previously transmitted background scene as the reference so that a higher coding efficiency can be achieved. The experimental results show that the proposed scheme gives improved performance both in terms of objective and subjective criteria. 





1. Introduction


In the majority of video conference and video-phone applications, the focus and the position of the camera are fixed. This implies that the background scene is stationary and updating of the background region can be kept to a minimum. However, when the subjects enter the scene or make large movements, many regions have to be encoded in the INTRA mode which normally requires a high bit consumption. Such a burst of bit increase will lead to either a lower image quality (because the rate control mechanism will increase the quantization step) or a lower frame rate. The reduced resolution update mode (Annex. Q) in H.263+ can partly alleviate the [1,2]. A further analysis of the situation shows that the requirements for the INTRA mode come from two different sources: one is for the newly appearing objects and the other is for the uncovered background. However, as the latter may have already been transmitted in earlier scenes there is a chance to recover such uncovered  background efficiently. Here, we propose a background memory update scheme to take advantage of such a situation. The scheme may be used in conjunction with reduced resolution update mode to improve the coding efficiency and image quality for such type of applications.





2. Background Memory Update


The use of Background Memory Update(BMU) mode is controlled by external means. When the BMU is turned on, the Sum of Absolute Difference (SAD) between background memory and the original input is calculated and the result is compared with SAD of zero motion vector. If SADBMU is less than SAD0,0, it is then used in place of SAD0,0, noted as SADzero. If SADzero is less than SADMC+100 and SADBMU is less than SADzero, the background memory is used as the reference instead of the reconstructed previous frame. Such a procedure is operated on the macroblock level so that the overhead is kept to 1 bit per macroblock.





The advantage of using background memory as an alternative reference picture is that previously registered background can be used when a previously occluded background region reemerges as a consequence of moving foreground objects. Therefore, no INTRA coding will be necessary for such kind of reappearing regions. Figure 1 shows how background memory can help encoding occluded background regions. In the lower left figure of Figure 1, the reappearing region can be directly copied from background memory instead of  using spatial coding so that a better coding efficiency can be achieved. If the object moves back and forth in a limited distance (such as a speaker's head), the background memory can save a considerable number of bits that would otherwise be needed to encode the repeatedly reappearing background regions.
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Figure 1   Object movement and background memory


3. Background Registration


To use background memory, it important that the background memory at both encoder and decoder side of the codec are the same. Here, we use the reconstructed image from the bit stream to create such a background memory. The background registration  procedure consists of three steps:


When a first INTRA frame or a scene change frame appears, the whole background memory is flashed with that frame. A quantization map matrix in which each element corresponds to an 8$\times$8 area in the background memory is created and initialized to the quantization step used for INTRA frame coding.


For successive frames, if the macroblock is not coded, the corresponding background memory will stay unchanged. Otherwise if the motion vector for an 8 by 8 region is zero and there are DCT coefficients to be transmitted, the quantization step used to encode the DCT coefficients(QPC) is compared with that in the background quantization map matrix (QPBG). If QPC<QPBG, the background memory is updated using


� EMBED Equation.2  ��� 


where BG is the pixel value in the background memory, and Rec is the pixel value of the reconstructed image.


If an occluded region can not be found in the background memory (an INTRA coding is required for such a macroblock), the background memory is replenished by


    � EMBED Equation.2  ���


The quantization step for the background memory is also updated using 


� EMBED Equation.2  ���


 where QPBG and QPRec are quantization steps for background memory


and reconstructed INTRA codec macroblock respectively.





4. Bitstream Syntax Change


We propose to modify the bit stream syntax both in picture head and macro block level to use background memory update mode. In the picture head, the Bit16 of optional PLUSPTYPE (OPPTYPE) is used to indicate the use of the Background Memory Update (BMU) mode in which a 1 will enable the mode and a 0 will disable the mode. The use of background memory update is negotiated through external means.





In the macroblock level, a one bit Background update (BGU) field is added after the Coded macroblock indication (COD) bit when BMU is 1 in OPPTYPE. A ``0'' in BGU indicates that the normal reference is used for the macroblock being coded; a ``1'' in BGU indicates that the background memory is used as the reference picture when the macroblock is being coded.





5. Experimental Results


The experiments were carried out using an implementation of H.263+ with modifications to use the background memory update mode. Two sequences with some degree of occlusion are used in the test: ``Children'' and ``Silent voice''.


Sequence�
PSNR (dB)


�
Bit Rate (kbps)


�
�
�
No BMU�
With BMU�
No BMU�
With BMU�
�
Children�
32.508�
32.708�
319.89�
315.59�
�
Silent Voice�
32.68�
32.77�
113.83�
110.63�
�



The PSNR (Y) and bit rate for the tested sequences are shown in the above table. The results show that the use of BMU can improve both the image quality (higher PSNR) and coding efficiency (lower bitrate). It should be noted that BMU is best suited for sequences with stationary background with lots of cover and occlusion opportunities. 





6. Conclusions


The proposed background memory update scheme is effective for sequences  with stationary background and large local motions involving uncovered background regions. The bit overhead and computational load of the proposed scheme are relatively small but it requires an extra memory equivalent to the size of the image frame. The experimental results show that the proposed method can improve both the image quality for uncovered background regions as well as coding efficiency. Therefore, it is recommended that the BMU scheme be included in the future version of H.263.
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