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Dynamic Resolution Changes





We propose the use of a new optional mode for H.263+ video coding that allows for  predictive resolution change capability.  The current syntax supports changes in video resolution from frame to frame, but does not support using predictive coding when changing the video resolution.


The amount of motion in a scene can determine whether it is appropriate to encode the video with a particular source format.  For example, if the amount of motion is very low, it may be possible to encode the video with CIF (or even higher) resolution, but when too much motion is present, only QCIF may be achievable with a reasonable frame rate.  Since the best source format to use depends on the amount of motion in the scene, the encoder should ideally be able to adapt its encoded image resolution to the amount of motion in the scene.


However, the current syntax of H.263 requires that the source format can change only for I-frames.  The video resolution cannot change in a P-frame or a PB-frames unit.  This optional mode eliminates that restriction and thus greatly enhances the performance of the codec when changing video resolution.


Consider, for example, when an encoder is encoding a scene in CIF and encounters motion that is too radical for it to maintain at the current resolution, so it wishes to drop to QCIF.  Rather than sending an I-frame of QCIF (which would take a large amount of bits), the encoder could simply downconvert the latest encoded CIF image to create a QCIF image for use in the prediction of the next frame.  By doing this, it can greatly enhance the efficiency of encoding the next QCIF frame.  This will allow the encoder to maintain the frame rate and image quality without transient problems during changes in encoded image resolution.


A similar argument goes for the opposite case.  Suppose an encoder is encoding a scene at QCIF resolution and the activity in the scene settles down to a very small amount of motion.  It would be desirable for the encoder to switch to CIF resolution, but sending an I-frame of CIF resolution would require a very large number of bits and thus cause the picture to freeze for a long time (and the subsequent frame rate to drop) to accommodate this very large batch of bits.  Instead, the encoder could simply upconvert its QCIF image and use the resulting CIF image for prediction of the next CIF frame.  Thus, very good image quality could be obtained by allowing the video resolution to get better and better when the amount of motion drops to a very low level.  When the amount of motion settles down, the encoder could switch from QCIF to CIF, and then from CIF to 4CIF, and then to 16CIF, and obtain a stunningly sharp picture.  (This kind of behavior would be particularly appropriate for encoding the video from a document camera.)


This optional mode allows the video resolution to change to any currently supported format in any P-frame or PB-frames unit, provided that this capability is first negotiated by external means.  All that is necessary to accommodate this feature is to define the process for upconverting or downconverting the prior encoded frame for use as a reference for the new frame.  This entire ability is optional and requires prior external negotiation.


We propose that the resampling required by this optional mode be done in accordance with Document LBC-96-326, “Proposed Draft Text for Reference Picture Resampling.”  It should be noted that the resolution changes required by this proposal are a small subset of the capabilities of the resampling scheme described in Document LBC-96-326 and that the global motion and image warping functionality of the resampling scheme may be combined with a resolution change with no additional complexity.  In the event of a resolution change without any global motion or warping, the resampling algorithm shall be applied as if the global motion option bit were set and all of the resampling vectors were transmitted as zeroes (although there is no need to send the resampling vectors explicitly).


One final note: Some of today’s systems have by default displayed the picture using a different size area on the screen for QCIF and CIF (showing QCIF in a window one fourth the size which is displayed for CIF).  This type of operation is obviously in poor taste for communication which uses dynamic resolution changes—the image size changes could be very distracting and confusing.  This practice should be discouraged when operating in that mode—the same displayed image size should be used regardless of the underlying decoded source picture format, with upsampling to that size for display when handling lower resolutions.


We have conducted an experiment which shows the usefulness of this technique, although we believe the technique to be self-evidently useful.  Such an experiment, of course, requires video content with specific characteristics, in that the amount of activity in the scene must vary significantly during the sequence.  Unfortunately, none of the standard video test sequences are very good for showing this effect, so we selected a non-standard test sequence, “clutter,” to illustrate the technique.  This sequence begins with approximately 40 frames of still background.  Then, a person enters the scene very near the camera so that there is a high degree of motion.  Eventually, the motion settles down to a more reasonable amount.


The “clutter” sequence was coded using all QCIF, all CIF, and dynamic resolutions.  In each case, the sequence was coded at 48 Kbps using the advanced prediction and extended motion vector options, per TMN6.  A variable frame rate was used so that the delay and frame rate impact of the allocation of bits to each frame would be properly visible.  In order to facilitate comparisons, approximately the same number of bits was used to encode the first frame in all three coded sequences.  In the dynamic resolution case, the first frame is coded as QCIF, giving it a more pleasing appearance than the version coded in CIF due to its lack of severe quantization.  Alternatively, if a flexible bit allocation were used for the first frame, it would have been possible for the dynamic resolution encoder to transit a QCIF-encoded frame with much less delay than the CIF-only encoder, while maintaining an equivalent subjective picture quality.  Since the scene is stationary at the beginning of the sequence, the dynamic resolution sequence rapidly improves its picture by then switching to CIF to encode the remaining static section of video with increasing fidelity.  It is possible that resolutions of 4CIF, or possibly even 16CIF, could have been achieved during this segment of the sequence; however, our experiment was restricted to QCIF ad CIF resolutions only.  Thus, we see that the dynamic resolution encoding behaves in a pleasingly progressive manner for still images.  When the motion begins, the resolution is dropped to QCIF again.  Finally, when the degree of motion decreases and most of the macroblocks can be considered background, the resolution is again increased to CIF.


Upon comparing the dynamically encoded sequence to either of the static resolution sequences, it is clear the subjective performance of the dynamic resolution encoder is superior—it achieves a higher average frame rate and sometimes a more pleasing image quality than the CIF-only encoder, and it has better average resolution than the QCIF-only encoder.
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