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1. iNTRODUCTION

Instantaneous decoder refresh refers to “clean” random access, where no data prior to an intra frame is referred to in the decoding process. JVT-B041 analyzed the requirements for instantaneous decoder refresh and JVT-C083 proposes syntax, semantics, and standard text for the feature.

Recently, it was suggested to allow random access capabilities at non-intra frames in JVT-B063. This method is called as gradual decoder refresh or “dirty” random access, where previously coded but possibly non-received data is referred and correct picture content is recovered gradually in more than one coded pictures. A signaling mechanism for gradual decoder refresh was proposed (among other things) in JVT-B063. The mechanism was also included in the approved JVT output document JVT-B109. 

The method of JVT-B063 is summarized as follows: All unavailable frames are initialized to mid-level gray (Y=Cb=Cr=128). Decoding of all frames is started, but a frame is considered completely correct in content only after at least one of the following conditions is fulfilled:

1. A pre-roll count, to be used in isolation (0 indicates unspecified or indefinite pre-roll needed, 1 indicates no pre-roll needed, 2 indicates one picture in bitstream order, 3 indicates two pictures, etc.)

2. An initialization delay, to be used in isolation (0 indicates unspecified or indefinite delay, 1 indicates no delay needed, 2 indicates one picture clock frequency tick, 3 indicates two picture clock frequency ticks, etc.)

3. A combination of a pre-roll count with an initialization delay, to be used jointly – only when both conditions are fulfilled is decodability assured.

In the second JVT meeting, JVT concluded that gradual decoder refresh is a desirable feature and that the proposed signaling seems to address the needs well in spirit. However, many potential problems (such as loop filtering) were identified during and after the meeting, and it remained open which syntax was appropriate to carry the signaling.

The gradual decoder refresh mechanism has the following property: If a decoder starts decoding at the middle of a coded stream and follows the signaling above, it obtains a reconstructed frame that is completely updated when the indicated gradual decoder refresh conditions are fulfilled. Herein, we call this reconstructed picture as complete picture A. If the decoder started decoding from the beginning of the coded stream, it obtains the corresponding reconstructed picture that is referred here to as complete picture B. It was not decided if the complete picture A must be exactly the same as complete picture B or if some visually negligible differences are allowed. Hereinafter, we call a coding method that generates exactly the same content of picture A and B as a perfect gradual decoder refresh (PGDR) mechanism, while a method reaching approximately equal contents of picture A and B is referred to as an inaccurate gradual decoder refresh (IGDR) mechanism. 

IGDR can be implemented with the current JVT WD and JM software using intra macroblock line updates, for example. However, as shown later in the contribution, IGDR produces very annoying results, which makes its use unacceptable for gradual random access. Thus, we feel that a PGDR mechanism is necessary to obtain the gradual decoder refresh property into the JVT codec. 

This contribution proposes two coding mechanisms for PGDR using the isolated regions techniques proposed in JVT-C072. Either IREG-I or IREG-D can be used for PGDR. The main difference between the two schemes is that PGDR using IREG-I has three advantages: 1) It enables unequal error protection of the coded video stream; 2) When performing random access, the decoder can select not to decode the data of leftover regions to save computing power; 3) When performing random access through networks, the decoder can request the encoder not to transmit leftover regions to save bandwidth.

With isolated-region-based gradual random access, digital TV channel switching, bitstream switching, and allowing newcomers for multicast streaming will be as easy as instantaneous random access. Moreover, isolated-region-based gradual random access provides smoother bitrate compared to instantaneous decoder refresh. 

As shown by the simulation results, IREG-I and IREG-D have almost exactly same coding efficiency. Compared to gradual decoder refresh by using IREG-I or IREG-D, instantaneous decoder refresh has a higher coding efficiency while a lower error resiliency. Therefore, to provide random accessibility in error free environments, it is better to use instantaneous decoder refresh; to provide random accessibility in error prone environments, it is better to use isolated regions based gradual decoder refresh.
We propose both or either of the two PGDR mechanisms to the JVT codec according to the adoption results of isolated regions proposed in JVT-C072.

Section 2 presents the gradual random accessing effects by directly using some coding methods in current JVT codec, which justifies the reason of using isolated regions. Then general method to use isolated regions and the signaling of gradual random access entries are described, with some resulted gradual random accessing effects, in section 3. Section 4 provides the simulation results with comparison to the instantaneous decoder refresh in coding efficiency and error resiliency.

2. Gradual decoder refresh using current jvt codec

A straightforward method in the current JVT codec for gradual decoder refresh is to reuse macroblocks coded in intra mode for error resiliency purpose. Techniques for intra macroblock update include intra group-of-macroblock update (IGU) and loss-aware rate-distortion optimized macroblock mode decision (LA-RDO) [VCEG-N38]. Rate-distortion optimized macroblock mode decision for error-free environments can also result in some intra coded macroblocks, but generally the number of intra macroblocks is too small to cover all macroblocks through a relatively long sequence. For example, when we encoded Foreman sequence using JM-1.4 with parameter RDOptimization = 1 at 15 frames per second, only 39 macroblocks in the 100 encoded frames are intra coded, without considering the macroblocks intra coded repeatedly.

In the following, the effects of gradual random access using IGU and LA-RDO are presented. The beneficial coding options, restricted intra prediction (inter pixels are not used for Intra macroblock prediction), and reference frames restriction (reference to areas that have been intra updated in a later frame is not allowed) [JVT-B102], were turned on. The simulations were carried out under JM-1.4. All unavailable frames are initialized to mid-level gray (Y=Cb=Cr=128) when performing random accesses.

2.1 Gradual Decoder Refresh Using IGU

Figure 1 shows the resulted gradual random access effect for Foreman sequence by using IGU. Parameter MbLineIntraUpdate is set to be 1, i.e., one row of macroblocks for each frame was forced to be intra coded.

From the shown effect in Figure 1, it is seen that the subjective result is very annoying. After all macroblocks have been intra refreshed at least once, the subjective results of subsequent frames are still annoying.
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Figure 1. An example of gradual random access by using IGU.

2.2 Gradual Decoder Refresh Using LA-RDO

Figure 2 shows the result of gradual random access for Foreman sequence by using LA-RDO optimized for packet loss rate 10%. Due to the “random” distribution of intra coded macroblocks, it is difficult for each macroblock to be intra refreshed within a relatively long sequence, regardless of the time- and bits-cost encoding process. Things turn to be much worse for those quasi-static sequences such as News sequence, because much less macroblocks will be intra coded. In fact, we also tried LA-RDO together with IGU, and the effect remained to be annoying although the subjective quality was improved compared to either LA-RDO or IGU alone.
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Figure 2. An example of gradual random access by using LA-RDO with 10% packet loss rate.

3. Gradual decoder refresh using isolated regions

As described in the previous section, using the coding techniques of the current JVT codec can only produce inaccurate gradual decoder refresh. Therefore, we propose to use isolated regions for perfect gradual decoder refresh. By using either IREG-I or IREG-D technique, many kinds of gradual refresh patterns, including the wipe down effect, can be produced. 

In the following, we first present some gradual access effects of typical gradual refresh patterns by using isolated regions. Then signaling of gradual decoder refresh and the encoder and decoder operations are described.

3.1 Some Typical Gradual Decoder Refresh Patterns by Isolated Regions

Figures 3-5 show the gradual random access effects resulted by three typical refresh patterns: wipe down, zoom out, and non-convex shaped box out.
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Figure 3. Gradual random access by using isolated regions – wipe down refresh pattern.
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Figure 4. Gradual random access by using isolated regions – box out refresh pattern with variable growth rate and rectangular shapes.
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Figure 5. Gradual random access by using isolated regions – box out refresh pattern with constant growth rate (11 macroblocks per picture) and non-convex shapes.
3.2 Signaling of Gradual Decoder Refresh

3.2.1 Gradual Decoder Refresh Packets (GDRPs)

Similar to the instantaneous decoder refresh packet (IDERP) proposed in JVT-B109 for a randomly accessible intra frame, we propose four novel gradual decoder refresh NAL packets for a gradual randomly accessible frame, where a new isolated region starts and evolves till it fills all blocks of a following frame. They are SSP-GDR, DPA-GDR, DPB-GDR and DPC-GDR, denoting respectively SSP, DPA, DPB and DPC in a gradual randomly accessible frame. 

An NALP consists of an NALP header (NALPH) and an NALP payload (NALPP). The NALPH is the first byte of the NALP. The NALPH itself distinguishes the 8 defined NALP types and includes one bit indicating the presence of errors in the NALPP following the NALPH. EI flag set to 0 means that there is no known error in the following payload whereas a 1 indicates a corrupted payload and/or a corrupted NALP type. 

The following table shows the NALP headers and NALP payload types. Our syntax change proposal is in the end of the table below (NALPH from 0x82-0x89) and in bold font. 

The structure of the first byte, that indicates the NALP type and the status of the error indication flag, could not be chosen linearly because of design issues in other networks. In particular, this byte, preceded with a fixed two-byte start code prefix, is used as a start code in the MPEG-2 transport environment. To avoid start code emulations there, the values 0x00 and 0xb9 to 0xff are reserved.

	NALPH
	NALPP type
	EI-Flag

	0x10
	SSP
	0

	0x11
	SSP
	1

	0x20
	DPA
	0

	0x21
	DPA
	1

	0x30
	DPB
	0

	0x31
	DPB
	1

	0x40
	DPC
	0

	0x41
	DPC
	1

	0x50
	SEIP
	0

	0x51
	SEIP
	1

	0x60
	PUP
	0

	0x61
	PUP
	1

	0x70
	CP
	0

	0x71
	CP
	1

	0x80
	IDERP
	0

	0x81
	IDERP
	1

	0x82
	SSP-GDR
	0

	0x83
	SSP-GDR
	1

	0x84
	DPA-GDR
	0

	0x85
	DPA-GDR
	1

	0x86
	DPB-GDR
	0

	0x87
	DPB-GDR
	1

	0x88
	DPC-GDR
	0

	0x89
	DPC-GDR
	1


3.2.2 Length of Gradual Decoder Refresh Period

Decoders are free to try gradual refresh starting from any received picture. Encoders may assist in this process by transmitting the pre-roll count and initialization delay for some pictures. Decoders can utilize the transmitted indications but they do not have to do so. Thus, we propose that the Supplemental Enhancement Information (SEI) mechanism is used as follows:

aligned(8) class GradualDecoderRefreshPreRollCount aligned(8) extends SEIMessage(SEI_PREROLL_COUNT) {


unsigned int(16) preRollCount;

}

aligned(8) class GradualDecoderRefreshInitializationDelay aligned(8) extends SEIMessage(SEI_INITIALIZATION_DELAY) {


unsigned int(16) initializationDelay;

}

aligned(8) class GradualDecoderRefreshJoint aligned(8) extends SEIMessage(SEI_JOINT) {


unsigned int(16) preRollCount;


unsigned int(16) initializationDelay;

}

A pre-roll count indicates the number of reference pictures that should have been decoded on best-effort basis before receiving the next slice in order to obtain a correct reconstructed picture. 0 indicates no pre-roll needed, 1 indicates one picture in bitstream order, 2 indicates two pictures, etc.

An initialization delay indicates the presentation time, relative to the presentation time of the next received slice, that should be decoded before obtaining a correct reconstructed picture. 0 indicates no delay needed, 1 indicates one clock tick unit defined in the parameter set in use, 2 indicates two clock tick units defined in the parameter set in use, etc. 
Sending of a joint packet indicates that both the pre-roll count and the initialization delay are criteria that need to be mapped together where the meaning of each individual parameter is defined in the previous paragraphs.

The following pseudo-code shows an example of a compound packet containing a slice that is associated with a presentation time-stamp and a gradual decoder refresh pre-roll count defined for the slice. The example assumes that RTP transport and NAL are used and no in-band parameter set updates are required.

first_byte = “compound packet”

sub_packet = “SEI”


SEI_message = PresentationTimeStamp


SEI_message = GradualDecoderRefreshPreRollCount

sub-packet = “Single slice”

3.3 Encoder and Decoder Operations

3.3.1 Encoder Operations

In addition to the encoder operations for isolated regions described in JVT-C072, encoders must do the following operations when isolated regions are used for gradual decoder refresh. Please refer to JVT-C072 for the definitions of the IREG notations.

First, the refresh pattern (such as wipe down, box out, and so on) should be decided. Then, the encoder decides the refresh period, the IREG period, and the growth rate.

Refresh Period and IREG Period

The refresh period can be defined either in time units or in number of reference frames. If the refresh period is defined in number of reference frames, it equals to the IREG period. If the refresh period is defined in time units, the IREG period can be inferred. For example, if the refresh period is 1 second and if the source frame rate is 30 Hz, the IREG period is calculated as:

IREG_period = 30 / ( number_of_skipped_frames + 1 )

Growth Rate

The constant growth rate can be easily calculated from the IREG period. For example, if the source frame rate is 30 Hz, the following calculations can be used:

if( 30 mod IREG_period == 0 )

growth_rate = 30 / IREG_period

else 

growth_rate = 30 / (IREG_period-1)

if( 30 mod (IREG_period-1) == 0 )

IREG_period = IREG_period - 1  

From the pseudo-code, we can see that isolated regions with constant growth rate may not produce all possible IREG periods. However, approximate values are good enough for gradual decoder refresh.

3.3.2 Decoder Operations

The decoder shall consider a received isolated region to be used for gradual decoder refresh, if SSP-GDR, DPA-GDR, DPB-GDR, or DPC-GDR was signaled with the first picture of the current IREG GOP.

In addition to the decoder operations for isolated regions described in JVT-C072, decoders should do the following operations when isolated regions are used for gradual decoder refresh.

· If the decoder is being refreshed gradually and if IREG-I is in use, the decoder should not infer a loss of data if the leftover region is not received.

· If the decoder is being refreshed gradually and if IREG-I is in use, it need not decode the leftover region. Instead, it may replace the leftover region with black.

4. Simulation results

4.1 Overview

Two sets of simulations were done:

1. Coding efficiency simulations. Three algorithms allowing perfect decoder refresh were implemented and compared based on JM-1.4
: I-frame period in which intra frames are coded periodically, IREG-D, and IREG-I. In this set of simulations, the sequences are used to simulate applications in error-free environments. Therefore, the coding options were selected to have best coding efficiency. Random access period of about 1 second was used. 300 source frames were used except for Tempete CIF for which 260 frames were used. The simulations abided the coding efficiency simulation common conditions specified in VECG-N81.

2. Error resiliency simulations. The error resiliency performance of IREG-D
 was compared with the periodical I-frame coding to show that isolated regions have better error resiliency performance than intra frame coding. The target was to simulate multicast streaming allowing decoding in terminals that just started receiving the coded data. Random access period of about 1 second was used. The coded bitstreams were decoded after packet loss simulation under different loss rates 0, 3, 5, 10 and 20%.

The most important results are provided after describing the simulation methods. More detailed results, including resulting bitrates, average PSNR values, and instantaneous PSNR plots for error resiliency simulations, are within the accompanying Microsoft Excel file JVT-C074.xls. PSNR values of Y-component are provided for objective results evaluation in the error resiliency simulations. Typical decoded sequences for both simulation sets will be presented in the Fairfax meeting for subjective quality evaluation.

4.2 Simulation Methods

For both simulation sets, isolated regions are used continuously with constant growth rate according to the clockwise box-out shape evolution type. 

4.2.1 Coding Efficiency Simulation Method

Encoder Parameters

· Bitstream Mode: H.26L bitstream

· Motion vector resolution: ¼ pel

· Hadamard transform: used
· Max search range: 32

· Number of previous frames used for inter motion search: 5

· All the block types enabled.

· Slice mode: 1 slice/frame

· B-frames and SP-frames: not used

· Symbol mode: UVLC

· Data partition: 1 partition per slice

· Sequence header: no sequence header

· Search range restrictions: no

· Constrained intra prediction: not used

· Restricted reference frames: not used

4.2.2 Error Resiliency Simulation Method

The two coding cases with the highest bitrate (Irene@384kbps and Paris@384kbps) in the common conditions specified in VCEG-N79 were used here. The justification is that generally random accessibility is required only in high bitrates and large-sized sequences. For further error resiliency simulation results of isolated regions, please refer to JVT-C073.
Bitrate and PSNR Calculation

As stated in the common conditions, coding parameters such as quantization parameter were chosen to make the resulting bitrate as close as possible to the channel bitrate, taking into account the 40 bytes of IP/UDP/RTP headers per packet. PSNR values were calculated using each and every frame in the source sequence including the skipped and the lost frames. To reduce the effect imposed on the whole result by the first frames (the first encoded frames have a larger average size than the average size of the whole sequence), the bitrate and the average PSNR value were calculated from the sixth coded frames. This method allows coding short sequences with fair results. Instead of coding 4000 frames, 300-400 frames of each designated sequence were used, to ensure that at least 100 frames are coded and at least 300 frames are used.

Packet Loss Simulation

We assumed that the packet containing the parameter set is conveyed reliably (possibly out-of-band during the session setup), and therefore no error pattern was read from the error pattern file for it. At least one packet of the first frame should be received to avoid decoder crash. To meet that, the first packet of the first frame was always received regardless of the corresponding error pattern.

Representative Decoding Run

The coded bitstream was decoded multiple times (each time is called a decoding run). The beginning loss position of the run with order n+1 continuously follows the ending loss position of the nth run. The number of decoding runs was selected so that there are totally at least 8000 packets. The overall average PSNR was obtained by averaging the average PSNR values of all decoding runs. The representative decoding run was selected so that its average PSNR was the closest to the overall average PSNR. The instantaneous PSNR values and the decoded sequence of the representative run were stored, to draw instantaneous PSNR plots and for subjective quality evaluation.

Encoder Parameters

· Bitstream Mode: RTP

· Motion vector resolution: ¼ pel

· Hadamard transform: used
· Max search range: 16

· Number of previous frames used for inter motion search: 5

· All the block types enabled.

· Slice mode: fixed size, 1400 bytes/slice

· B-frames and SP-frames: not used

· Symbol mode: UVLC

· Data partition: 1 partition per slice

· Sequence header: no sequence header

· Search range restrictions: no

· Constrained intra prediction: used

· Restricted reference frames: used

· Number of decoders for LA-RDO: 30

4.3 Results of Coding Efficiency Simulations

Summary

In the following results, dPSNR and dBitrate denote respectively the delta PSNR and the delta bitrate values defined in VCEG-M33. Since the plots of IREG-I and IREG-D are very similar, only the difference values between I-frame period and IREG-D were calculated and provided in the figures.

As shown by the simulation results, IREG-I and IREG-D have almost exactly same coding efficiency. Compared to IREG-I and IREG-D, the average PNSR value of I-frame period is 0.40 to 0.87 higher, and the average bitrate is 11.3% to 17.3% lower. According to these results, it is better to use I-frame period for random access in error free environments.

Coastguard CIF@15 frames/second, 300 frames
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Mobile CIF@30 frames/second, 300 frames
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Paris CIF@15 frames/second, 300 frames
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Tempete CIF@30 frames/second, 260 frames
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Container QCIF@10 frames/second, 300 frames

[image: image56.emf]RD Plots - Container QCIF

28

29

30

31

32

33

34

35

36

37

0 10 20 30 40

Bitrate (kbps)

PSNR (dB)

I-Period

IREG-D

IREG-I

dPSNR: 0.84 dB

dBitrate: 17.3%


Foreman QCIF@10 frames/second, 300 frames
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News QCIF@10 frames/second, 300 frames
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Silent QCIF@15 frames/second, 300 frames
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4.4 Results of Error Resiliency Simulations

Summary

As shown in the results, gradual decoder refresh using isolated regions has significantly better error resiliency performance than instantaneous decoder refresh using intra frame coding. That means, in error prone environments, it is better to use isolated regions to provide random accessibility than to use periodical intra frame coding. For further error resiliency simulation results of isolated regions, please refer to JVT-C073.

Irene@384kbps, 30 frames/second, 300 frames

	Algorithms
	Refresh Period / MB Growth
	Result

Bitrate
	QP
	Packet Loss Rate (%)

	
	
	
	
	0
	3
	5
	10
	20

	I-Period
	29 / -
	351.58
	18
	37.37
	33.95
	32.00
	28.99
	25.52

	IREG-D
	29 / 14
	368.39
	18
	36.94
	34.01
	32.33
	29.89
	26.92
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Paris@384kbps, 15 frames/second, 300 frames

	Algorithms
	Refresh Period / MB Growth
	Result

Bitrate
	QP
	Packet Loss Rate (%)

	
	
	
	
	0
	3
	5
	10
	20

	I-Period
	15 / -
	378.56
	18
	31.50
	27.92
	25.90
	23.45
	20.15

	IREG-D
	15 / 27
	348.84
	19
	30.57
	28.54
	27.31
	25.22
	22.69
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� One modification in addition to isolated regions: loop filter is modified such that intra prediction is done unfiltered content. This is reasonable since the modification was agreed in the second JVT meeting, and implemented from the JVT software version JM-1.9 (unofficially released).


� We believe that IREG-I has similar error resiliency performance as IREG-D when unequal error propagation (UEP) is not in use. If UEP, such as forward error correction, is in use, IREG-I will have better performance. Simulation results of IREG-I are not provided in the paper.
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