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Proposal :

We propose the minimal requirement of H.264 video sequence related to a frame-rate and access unit, according to “ISO/IEC 14496-10 part 10 : advanced video coding” and “ISO/IEC 13818-1 amendment 3 ”
Introduction:

In order to encapsulate H.264 video sequence to MPEG-2 TS system, there are some significant problems related to a frame rate and an access unit. The most IPTV systems synchronize H.264 video and audio using a presentation-time-stamp (PTS) and a decoding-time-stamp (DTS) in a MPEG-2 PES header of MPEG-2 TS packet. Hence, ISO/IEC 14496-10 and ISO/IEC 13818-1 provides 3 ways of which H.264 sequence contains the timing information. However, owing to the difficulty of implementation, most engineers and service providers have employed the way of using MPEG-2PES-header to record a PTS and DTS, frequently. To record a PTS and DTS to MPEG-2 PES more effectively, we propose a simple way of which timing information is included in an H.264 sequence. The proposed method is correctly compatible with the ISO/IEC 14496-10 standard and ISO/IEC 13818-1 standard. Moreover, to encapsulate H.264 to MPEG-2 TS, we propose an arrangement method for information of network application layer (NAL) in H.264. By means of the proposed methodology, it is possible for a packetizing of MPEG-2 TS for H.264 to be more effectively performed.
The methodology of using video usability information (VUI) layer in H.264
The simplest way to record information of H.264 video timing is a using a VUI layer in H.264, according to the ISO/IEC 14496-10 Annex-E. Particularly, we use the “timing_info_present_flag”, and we also use the sub parameters of the “timing_info_present_flag”in the VUI parameter sets. 
The detailed parameters of VUI for timing information are as follows:
	Timing_info_present_flag
	u(1)

	If (Timing_info_present_flag) {
	

	Num_units_in_tick
	u(32)

	Time_scale
	u(32)

	Fixed_frame_rate_flag
	u(1)

	}
	


Table 1 The VUI parameters for frame rate
In the above table, “Timing_info_present_flag” is an 1 bit data which indicates whether the following 3 parameters exist; “Num_units_in_tick” is the number of time units of a clock operating at the frequency time scale Hz that corresponds to one increment (called a clock tick) of a clock tick counter; “Time_scale” is the number of time units that pass in one second; “Fixed_frame_rate_flag” means as follows. If it is equal to 1, “Fixed_frame_rate_flag” indicate that the temporal distance between the hypothesis reference decoder (HRD) output times of any two consecutive pictures in output order is constrained.  If “Fixed_frame_rate_flag” is equal to 0, “Fixed_frame_rate_flag” indicates that no such constraints apply to the temporal distance between the HRD output times of any two consecutive pictures in output order. [1]
For a practical example, suppose a video content encoded as 24 frames per second. According to the ISO/IEC 14496-10 Annex-E, the “Num_units_in_tick” is 1001 and the “Time_scale” is 24000. Hence, the frame rate of the video content is 24 fps and this result exactly coincides with the above supposing. Generally, the “Num_units_in_tick” is defined as 1001 by the ISO/IEC standards.
According to the ISO/IEC 14496-10, if the “Fixed_frame_rate_flag” is 0, the frame rate is defined as follows:
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In case of which the “Fixed_frame_rate_flag” is not zero, there is a time-delay between the time of the final picture being arrived to a decoder and the time of the picture being displayed. In the ISO/IEC 14496-10 Annex-E, the time-delay is denoted as “DeltaTfiDivisior”, and the “DeltaTfiDivisior” is defined as the table E-6 in the ISO/IEC 14496-10. In case of this, the frame rate is evaluated as following equation.
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Since it is unnecessary that we transmit an information of the DeltaTfiDivisior” from a head-end system to clients, it is sufficient to use only 3 VUI parameters to denote the frame rate of a video content.
Usability of VUI parameters 
In addition, the VUI parameter is easily accommodated to the system of MPEG-2 TS and RTP based system. In order to evaluate a PTS (Present Time Stamp), DTS (Decoded Time Stamp) and PCR (Programmable Counter Record) for a MPEG-2 system ( MPEG-2 PES or MPEG-2 TS), VUI parameters is able to be used without any pre-calculating or changing. The PTS is easily calculated as following equation:
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In the equation (3) and (4), the “Displyed_Frame_Number” is a frame number of displaying order which is derived by information of slice header and sequence parameter set (SPS) in H.264, and the “Frame_Number” is also a frame number of decoding order derived by a slice header and SPS. These frame numbers are evaluated by the definition of the type of the“Picture_Order_Count”, according to the ISO/IEC 14496-10. 
As shown in the equation (3) and (4), the VUI parameters are used directly to obtain a PTS and DTS. Moreover, according to the ISO/IEC 13818-1, the PTS and DTS are basically evaluated by PCR. Hence, if we replace a frame number to a system-time order, the PCR is easily evaluated. In case of a time-stamp for RTP packet, the derivation of the time-stamp is very similar to the case of PCR.
Consequently, if a MPEG-2 TS stream involving video-audio content is transmitted, the proposed method provides many benefits to IPTV system.
Structure of H.264 sequence

In order to guarantee compatibility between H.264 video and many systems for a IP-based streaming such as MPEG-2 TS, we propose a structure of H.264 sequence as shown in the Table 2. Our proposal is based on the ISO/IEC 14496-10 and ISO/IEC-13818-1 Amendment 3.

To encapsulate H.264 video sequence to MPEG-2 TS easily, each frame of H.264 has to be divided by some information in the syntax of H.264. If each frame of H.264 is divided, it is possible to make MPEG-2 PES for each H.264 frame. Since each H.264 frame is encapsulated to a MPEG-2 PES, it is also possible to record PTS and DTS information for a decoder of clients to the MPEG-2 PES header. Subsequently, using a conventional mixing-system for MPEG-2 TS, we make MPEG-2 TS from the MPEG-2 PES involving H.264 video.
In the viewpoint of the head-end system of IPTV, it is possible to reuse a conventional equipments for MPEG-2 to encapsulate a H.264 video and audio to MPEG-2 TS. Moreover, in case of clients, the decoder provides stability of representing of H.264 video by obtaining a PTS and DTS information caused by the proposed structure of H.264 video.
	NAL types of H.264 
	Description of NAL type

	AUD (Access Unit Delimniter )
	The start of H.264 sequence

	Supplemental Enhancement Information (SEI)
	If needed

	Sequence Parameter Set (SPS)
	At the first frame, it have to be IDR-frame. We propose that H.264 sequence have to involving a SPS and PPS at each I-frame 

	Picture Parameter Set (PPS)
	

	Sice Header (SH)
	A frame involves some numbers of slices

	Sice Header (SH)
	

	…..
	

	Sice Header (SH)
	

	AUD (Access Unit Delimniter )
	At the end of frame, all frames are divided by NAL (AUD), to specify each frame. 

	Sice Header (SH)
	A frame involves some numbers of slices

	Sice Header (SH)
	

	….
	

	Sice Header (SH)
	

	AUD (Access Unit Delimniter )
	The end of the picture (or frame)

	Sice Header (SH)
	

	 ……
	

	AUD (Access Unit Delimniter )
	The end of the final non I-frame

	Sequence Parameter Set (SPS)
	At each I-frame, we resend SPS and PPS information to the H.264 sequence. The type of the current frame is I-frame

	Picture Parameter Set (PPS)
	

	Sice Header (SH)
	

	Sice Header (SH)
	

	…..
	

	Sice Header (SH)
	

	AUD (Access Unit Delimniter )
	The end of the H.264 sequence


Table 2 Proposed Structure of H.264 Sequence for IPTV

Experimental result for a commercial chipset of H.264 decoder
If a MPEG-2 TS stream is arrived to a decoder chipset, a decoder chipset parse the header of TS and obtain information of PCR. When the decoder chipset obtain the PCR, the decoder chipset set the system clock of decoder by information of PCR, and the decoder receives TS packets for each frame of video and audio. After a stream buffer in decoder chipset is filled by TS packets of video and audio frame, the decoder parse the TS stream to derive the PES of video and audio. Finishing a parsing of PES, the decoder obtains the PTS and DTS for video and audio frame and the decoder decode a video-audio-stream to represent the content to television. 
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