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1
Summary

VCEG-N58 proposes improvements to the hypothetical reference decoder (HRD) models known in the past. The proposal addresses an important problem of streaming video over networks having different peak bit-rates to devices with various buffer sizes. The proposed solution seems to solve the problem in an elegant manner. 

In this document, we would like to take a complementary point of view compared to VCEG-N58 and point out the importance of decoder’s computational limitations in HRD models. Unfortunately, we did not have enough time to author an extensive technical proposal for the Santa Barbara meeting. The purpose of the document is to encourage further work on the addressed issues.

Section 2 discusses the relation of hypothetical reference decoder and the maximum bit-rate defined in a particular profile and level. It shows that buffering of uncompressed frames (after decoding) is sometimes needed to guarantee playback at a correct pace. Consequently, we propose that post-decoder buffering is taken into account when characterizing decoder’s buffering requirements. For example, it might be required each defined level is associated with a number of frames in post-decoder buffer. In addition, each bit-stream may be associated with an initial post-decoder buffer occupancy. The hypothetical reference decoder model must ensure that a bit-stream conforming to a level can be played at a correct pace when inherit and signaled post-decoding characteristics are applied.

Section 3 discusses the relation of the hypothetical reference decoder and the maximum output frame rate defined in a particular level. It proposes that the frame or macroblock rate of the level in use should be taken into account when designing the H.26L HRD model.

2
Maximum Input Bit-Rate

This section discusses the buffering needs of a video playback system decoding and playing back video in real-time. Time needed to decode a video frame varies. Factors affecting the decoding time include size of the compressed frame, number of macroblocks in the pictures, and picture contents. Levels to describe the capabilities of a decoder. A definition of a particular level includes the maximum bit-rate and frame rate, which the decoder shall be capable of operating at. By default, the maximum bit-rate of a level is the maximum video bit-rate during the connection in H.263 HRD (as discussed in the VCEG reflector recently, see “Relation of H.263 Annex B and Annex X” by Miska Hannuksela on 27-Aug-01 and replies to it by Gary Sullivan and Mike Nilsson). For example, H.263 Level 10 requires support of QCIF and sub-QCIF resolution decoding and capability of operation with a bit rate up to 64 000 bits per second with a picture decoding rate up to 15 000 / 1001 pictures per second. Consequently, at a maximum frame rate, a decoder conforming to H.263 Level 10 shall be capable of decoding frames whose length is 64000 / (15000 / 1001) ( 4271 bits or smaller. Larger frames, such as typical INTRA frames, may not be decoded in real-time at a maximum 15000/1001-fps frame rate, and therefore a lower frame rate (frame skipping) should be applied but is not mandated. H.263 HRD takes care that the video receiver buffer does not overflow and the maximum input bit-rate is not exceeded. However, there is no guarantee that the (instantaneous) input frame rate is maintained in the output. A burst of large coded frames may cause a temporary drop in the output frame rate. This drop causes slow motion or it can be compensated by so-called post-decoder buffering.

Herein, post-decoder buffering refers to buffering of uncompressed media samples in a video playback system (including video decoding). The buffering happens after decoding to ensure playback of all frames in correct pace. Initially, some frames may be buffered in the post-decoder buffer before starting the playback. If the decoder output frame rate is temporarily dropped, there are previous uncompressed frames in the post-decoder buffer that can be played at a normal pace. 

A post-decoder buffer does not necessarily include the very latest frame that is on a queue to be played or displayed. However, any frames that are decoded before the previous frame has been played (or is in the process of being played) have to be placed into a post-decoder buffer. A post-decoder buffer is related to but may not be the same buffer as the multi-frame reference picture buffer. In this document, these buffers are treated separately. Anyhow, in a practical implementation, it is advantageous to maintain only one copy of a decoded picture from memory consumption point of view.

	Frame number (tick)
	Size (bytes)
	Decoding start (tick)
	Decoding end (tick)
	Display time (tick)

	0
	2135
	0    
	10 2/3
	10 2/3

	4
	534
	10 2/3
	13 1/3
	14 2/3

	8
	534
	13 1/3
	16    
	18 2/3

	12
	534
	16    
	18 2/3
	22 2/3

	16
	534
	18 2/3
	21 1/3
	26 2/3

	20
	534
	21 1/3
	24    
	30 2/3

	24
	2135
	24    
	34 2/3
	34 2/3

	28
	534
	34 2/3
	37 1/3
	38 2/3

	32
	534
	37 1/3
	40    
	42 2/3

	36
	534
	40    
	42 2/3
	46 2/3

	40
	534
	42 2/3
	45 1/3
	50 2/3

	44
	534
	45 1/3
	48    
	54 2/3


Table 1.  Video sequence requiring post-decoder buffering.

To demonstrate the need for post-decoder buffering, Table 1 shows characteristics of an imaginary but realistic video sequence. The sequence is coded at a flat 7.5-[image: image1.wmf]0
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Hz frame rate and the average bit-rate is 48000 bits per second. It conforms to H.263 Level 10 and H.263 Hypothetical Reference Decoder as indicated in the following HRD buffer occupancy plot. The sequence contains two INTRA frames [image: image2.wmf]0
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whose temporal references are 0 and 24 at a 30000/1001-Hz clock rate. The rest of the frames are assumed to be INTER frames. For simplicity, the size of the coded frames is fixed. It is assumed that the bit-stream is transmitted over a flat-rate network at 48000 bits per second. The decoder is assumed to follow H.263 Hypothetical Reference Decoder. Display timer is started immediately after the first frame has been decoded. You can see that all the frames are decoded in time. However, frame 16 is decoded before frame 12 is shown. Consequently, there is a need to buffer uncompressed frame 16 for a while.
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Another example of a sequence conforming to H.263 Hypothetical Reference Decoder (HRD) and H.263 Level 10 but requiring a post-decoder buffer for real-time playback is presented next. Glasgow Tour sequence was coded with the following selections: H.263 Profile 3, TMN8 rate control, target frame rate 12.5 Hz, target bit-rate 48000 bits per second. The resulting coded bit-stream was passed to a hypothetical reference decoder implementation, and the bit-stream was found to be compliant with H.263 HRD and Level 10. See Figure 2 for the buffer occupancy level as a function of time. However, it was found that real-time playback was not possible without initial post-decoder buffering of five pictures as indicated in the Figure 3.


In some cases, initial pre-decoder buffering helps to avoid need for post-decoder buffering. For example, no post-decoder buffering would be needed in the Glasgow Tour case above if 1-second initial buffering were used. However, in some cases, such as in the imaginary video sequence above, need for post-decoder buffering is inevitable (if decoding rate cannot be increased from the one required in the particular level in use).

Q15-K-38 proposed a possibility to use temporally subsequent frames as prediction references. The proposal was adopted to be included in TML together with H.263-Annex-U-like generalized multi-picture buffering. The implementation of the features remains to be done. Prediction from subsequent frames also requires post-decoder buffering.

3
Maximum Output Frame Rate

H.263 HRD does not fully take possible computational limitations in terms of maximum achievable frame rate into account. It states: “The HRD buffer is examined at picture clock intervals (1000 / PCF ms). If at least one complete coded picture is in the buffer then all the data for the earliest picture in bitstream order is instantaneously removed.” PCF (picture clock frequency) is typically 30000/1001 Hz. Consequently, a typical maximum output frame rate is also 30000/1001 Hz regardless of the level in use. Let us take H.263 Level 10 as an example again. A decoder according to the level shall be capable of decoding 64000 / (15000 / 1001) ( 4271 bits every 1001/15000 seconds. If the total size of two consecutive frames is 4271 bits, a decoder according to HRD shall output them in consecutive clock ticks, i.e., the interval between the frames is 1001/30000 seconds. However, a decoder according to the level in use may not be capable of decoding frames faster than 15000/1001 Hz. We propose to remove this contradiction in the hypothetical reference decoder model of H.26L. The reference decoder model may be characterized by a capability to decode a certain number of frames or macroblocks per second.

Figure � SEQ Figure \* ARABIC �1�. Buffer occupancy of the hypothetical reference decoder (Table 1 video sequence).





Figure � SEQ Figure \* ARABIC �3�. Buffer occupancy of the post-decoder buffer.





Figure � SEQ Figure \* ARABIC �2�. Buffer occupancy of the hypothetical reference decoder.
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