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1. Summary

This contribution proposes signaling of shot changes in the JVT bitstream for two purposes: First, simulations show that the proposed signaling, together with proper error concealment methods, can significantly improve visual quality in packet-lossy environments. Second, shot boundaries can be easily and robustly detected from coded bitstreams for video indexing/retrieval. Since the signaling is not needed for normal decoding, syntax according to the supplemental enhancement information (SEI) is proposed. 

Proposed agenda category: Improvements and enhancements

Keywords for agenda allocation: error resiliency, supplemental enhancement information (SEI)

2. Shot Change Signaling

2.1 Error Concealment of Intra Frames and Scene Transitions

The first frame of each sequence is intra coded. Intra frames are also coded for 1) providing random access entries, 2) picture refresh and temporal error propagation prevention, and 3) coding of scene cuts. 

If an intra frame is coded for a scene cut and it is partially lost or corrupted during transmission, intra (i.e., spatial) error concealment should be used, since the previous frames do not resemble it. If an intra frame is coded for other purposes and it is partially lost or corrupted during transmission, inter (i.e., spatio-temporal) error concealment should be used. If the error concealment type were chosen the other way round, there would be annoying artifacts, as can be seen from the snapshots in the simulation results.

Scene transitions include abrupt scene transitions (scene cuts) and gradual scene transitions (dissolves, fades, and wipes). For a scene cut, whether it is intra or inter coded, due to the reason stated above, intra error concealment should be used if part of the frame is lost. For gradual scene transition frames, an error concealment method tailored for the applied scene transition type may outperform conventional intra and inter error concealment algorithms. 

The current JVT decoder lacks methods deciding how to conceal transmission errors in intra coded frames and scene transition frames. Signaling of shot changes provides a resolution for the problem.

2.2 Shot Detection in Video Indexing and Retrieval

A video sequence can be composed of many camera shots. A shot is defined as a set of continuous frames that are taken with one camera. Generally the frames within one shot are highly correlated. 

Shot detection is the first step toward video content analysis and content-based video indexing and retrieval. In addition, shot detection is also important in video restoration and coloring. However, despite countless proposed algorithms, no perfect shot boundary detection algorithm has been found so far. Furthermore, most of the algorithms are relatively complex. Latest reviews of shot detection can be found in [1] and [2].

Complicated and imperfect shot analysis of coded video can be avoided if shots are marked when uncompressed source sequences are edited and compressed. Shot boundary signaling can reside as a part of the coded data stream, e.g., as a Supplemental Enhancement Information message proposed in this paper. The shot boundary information is then always present regardless of how the stream is stored or conveyed, and it can be used for both error resiliency and video indexing/retrieval.

2.3 Overview of Proposed Syntax and Semantics

Shot changes are embodied by scene transitions in video contents. For the purposes of shot detection and error concealment, two kinds of information are needed: 1) in which frames the shot change starts and ends; 2) the type of the scene transition (cut, dissolve, fade, wipe, etc.). Gradual scene transitions are associated with more than one frame.

Since the information is not necessary for correct decoding of the video coding layer (VCL) data, we propose to signal the information as supplemental enhancement information (SEI). The proposed text and syntax changes are as in the next sub-section. All necessary information can be inferred from the proposed SEI message.

Basically, each scene is associated with a scene identifier value. The scene identifier values of consecutive scenes must differ from each other. The decoder can conclude a scene change when it receives a scene identifier different from the previous received one. Frames in a gradual scene transition period are associated with both the scene identifier of the scene ending during the transition and the scene identifier of the scene starting from the transition. In addition, gradual scene transitions are associated with the type of the transition, which can be a dissolve, a fade-out, a fade-in, a wipe, or none of the mentioned ones. This rough categorization was considered to give decoders enough guidance to choose a suitable error concealment algorithm for data loss or corruption during the scene transition period.

2.4 Proposed Text Changes to the Committee Draft

We propose the following text changes to the JVT committee draft (JVT-D015d5) in sub-clauses 8.2.4 and C.2 (modified and added texts are highlighted in yellow color), with an addition of two sub-clauses C.2.4 and C.3.4, as follows.

8.2.4
Supplemental Enhancement Information RBSP

Supplemental Enhancement Information (SEI) contains information that is not necessary to decode VCL data correctly but is helpful for decoding, presentation or other purposes. (Edit Notes: modified from “decoding or presentation purposes”) 

An SEI element contains one or more SEI messages. Each SEI message consists of a SEI header and SEI payload. The type and size of the SEI payload are coded using an extensible syntax. The SEI payload size is indicated in bytes. Valid SEI payload types are listed in Annex C.

The SEI payload may have a SEI payload header. For example, a payload header may indicate to which picture the particular data belongs. The payload header shall be defined for each payload type separately. Definitions of SEI payloads are specified in Annex C.

The transmission of SEI units is synchronous relative to other NAL units. An SEI message may concern a slice, a part of a picture, a picture, any group of pictures, or a sequence in the past, currently decoded, or in the future. An SEI message may also concern one or more NAL units previous or next in transmission order.

byte_ff is a byte equal to xff identifying a need for a longer representation of the syntax structure it is used within.

last_payload_type_byte identifies the payload type of the last entry in an SEI message.

last_payload_size_byte identifies the size of the last entry in an SEI message.

C.2
SEI payload syntax

	sei_payload( PayloadType, PayloadSize ) {
	Category
	Descriptor

	if( PayloadType = = 1 )
	
	

	temporal_reference( PayloadSize, PayloadSize )
	7
	

	else if( PayloadType = = 2 )
	
	

	clock_timestamp( PayloadSize, PayloadSize )
	7
	

	else if( PayloadType = = 3 )
	
	

	panscan_rect( PayloadSize, PayloadSize )
	7
	

	else if( PayloadType = = 4 )
	
	

	scene_information( PayloadSize, PayloadSize )
	7
	

	else
	
	

	reserved
	
	variable

	if( !byte_aligned() ) {
	
	

	bit_equal_to_one
	
	u(1)

	while( !byte_aligned() )
	
	

	bit_equal_to_zero
	
	u(1)

	}
	
	

	}
	
	


C.2.4
Scene Information Syntax

	scene_information( PayloadType, PayloadSize ) {
	Category
	Descriptor

	scene_identifier
	
	u(8)

	if( more_sei_payload_data( ) ) {
	
	

	second_scene_identifier
	
	u(8)

	if( more_sei_payload_data( ) )
	
	

	scene_transition_type
	
	e(v)

	}
	
	

	}
	
	


C.3.4
Scene Information Semantics

The scene information parameters concern the next NAL unit containing coded macroblock data in transmission order.
scene_indentifier: A scene is defined as a set of continuous frames taken by one camera. Generally the frames within one scene are highly correlated. Frames in a scene shall share the same value of scene_indentifier. Consecutive scenes in coded order should not have the same value of scene_identifier.

second_scene_identifier: If present, second_scene_identifier indicates that the next NAL unit containing coded macroblock data belongs to a frame that contains picture data from two scenes. In other words, the frame belongs to a gradual scene transition. second_scene_identifier is the scene identifier of the latter scene in coded order.

scene_transition_type: If not present, scene_transition_type indicates that the scene transition type is unknown, undefined, or irrelevant. If present, the following values are valid:

	Value
	Description

	0
	Dissolve

	1
	Fade-out

	2
	Fade-in

	4
	Wipe

	Other values
	Reserved


2.5 Non-Normative Decoder Operation

We propose adding text according to this section into a non-normative appendix of the JVT standard. 

If a whole picture was lost just before the current non-intra coded picture and a scene has changed since the previous received picture, the lost picture should not be concealed, because it starts a new scene. Moreover, the decoder should not consider the lost picture as a suitable reference picture in subsequent frames in decoding order. If a whole picture was lost just before the current one and no scene change happened since the previous received picture, the decoder may conceal the lost picture. If a whole picture was lost during a transition period, the decoder should utilize the indicated scene transition type when concealing the lost picture.

If a part of the current picture is lost or corrupted and if a scene information SEI message is associated with the picture, the decoder should perform the following actions: If the scene has changed since the previous received picture, the decoder should apply a spatial error concealment algorithm to conceal the lost or corrupted parts of the current picture. If the scene has not changed since the previous received picture, the decoder may use a spatio-temporal error concealment algorithm. If the current picture belongs to a scene transition, the decoder should utilize the indicated scene transition type when concealing the lost picture.

2.6 Encoder Operation and Transport Encapsulation

We propose adding text according to this section into a non-normative appendix of the JVT standard. 

An encoder should generate scene information SEI messages, if it operates in an error-prone transmission environment or if there is a need to create video content description based on the encoded video signal. If there is no immediate need for content description, a later need is always possible for some kinds of video contents, such as entertainment video. Therefore, it is recommended that encoders always generate scene information SEI messages if possible. 

The following guidelines are recommended: An encoder should create a scene information SEI message for each scene cut and gradual transition. For each scene-cut picture, there should be an associated scene information SEI message that is preferably repeated later for error resilience. For each gradual scene transition, there should be a (preferably repeated) scene information SEI message associated with the first transition picture (the first picture which is composed of both the transit-from and the transit-to scene). For each gradual scene transition, there should also be a (preferably repeated) scene information SEI message associated with the first picture after the last transition picture (the last transition picture refers to the last picture which is composed of both the transit-from and the transit-to scene). The value of scene_identifier should not be the same in consecutive scenes. 

In a packet-oriented transport environment, the transport packetizer should duplicate each scene information SEI message at least in two packets, if possible, in order to guarantee correct reception of at least one occurrence of the message. In RTP transport, the packetizer should use compound packets to associate a scene information SEI message to coded picture contents. In a bytestream-oriented transport environment, each scene information SEI message should be at least duplicated. 

3. simulations

The simulations herein are to testify that proper selection of error concealment method according to the shot change information is helpful for error resilience. Sub-section 3.1 presents the simulation for error concealment of random access frames and coded scene cuts. Sub-section 3.2 presents the simulation for error concealment of fades.

3.1 Error Concealment of Random Access Frames and Scene Cuts

3.1.1 Overview

The common conditions for packet-lossy environments (VCEG-N79r1) were applied as explained in section 3.1.2. Average Y-PSNR values under different packet loss rates and some typical snapshots are shown. 

3.1.2 Simulation Conditions

Sequences

The sequences and bit-rates proposed in VCEG-N79r1 were used. In addition, in order to simulate the effects of error concealment for scene-cut frames, we produced an artificial sequence with regular scene cuts from the sequences News, Foreman, Coastguard, Carphone, and Silent, 30 frames each. The artificial sequence is called as MixedSeq. 

We used intra frame period of about 1 second to enable frequent random access in all cases. For MixedSeq, such an intra period made all the scene cuts intra coded. Loss-aware R/D optimization (LA-RDO) was used to stop temporal error propagation. Other coding parameters can be seen below.

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

Error Concealment

The creation of scene information in the encoder was simulated as proposed in section 2.5, and two decoder processes were compared:

1. Normal Joint Model decoder (JM-1.4) including the error concealment described in Appendix D of the JVT Working Draft (JVT-C039), hereafter denoted as “JM”.
2. The Joint Model decoder enhanced with the proposed scene information and selection of error concealment method, hereafter denoted as “proposal”.
Bitrate and PSNR Calculation

As stated in the common conditions specified in VCEG-N79r1, coding parameters such as quantization parameter were chosen to make the resulting bitrate as close as possible to but not larger than 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 overall 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.

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 the requirement, 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.

3.1.3 Results

Summary

As shown by the simulation results, using intra error concealment for scene cuts has better performance in both objective and subjective quality than using inter error concealment, as shown by the results of the coding case MixedSeq@144kbps. Oppositely, using inter error concealment is consistently better than using intra error concealment for intra frames that are not coded for scene cuts, as shown by the results of the other six coding cases. Thus, the usefulness of the proposal is proven.

Foreman@64kbps, 7.5 frame/s

	Algorithms
	Result

Bitrate
	QP
	Packet Loss Rate (%)

	
	
	
	0
	3
	5
	10
	20

	JM
	59.81
	24
	25.54
	25.20
	24.93
	24.43
	23.34

	Proposal
	59.81
	24
	25.54
	25.29
	25.11
	24.64
	23.86


Foreman@144kbps, 7.5 frame/s

	Algorithms
	Result

Bitrate
	QP
	Packet Loss Rate (%)

	
	
	
	0
	3
	5
	10
	20

	JM
	143.54
	18
	26.78
	26.19
	25.88
	24.97
	23.61

	Proposal
	143.54
	18
	26.78
	26.43
	26.16
	25.53
	24.57


Hall@32kbps, 10 frame/s 

	Algorithms
	Result

Bitrate
	QP
	Packet Loss Rate (%)

	
	
	
	0
	3
	5
	10
	20

	JM
	29.73
	24
	30.53
	29.89
	29.53
	28.28
	26.79

	Proposal
	29.73
	24
	30.53
	30.40
	30.28
	30.01
	29.55


Irene@384kbps, 30 frame/s 

	Algorithms
	Result

Bitrate
	QP
	Packet Loss Rate (%)

	
	
	
	0
	3
	5
	10
	20

	JM
	334.96
	22
	34.99
	34.09
	33.40
	31.35
	28.79

	Proposal
	334.96
	22
	34.99
	34.62
	34.32
	33.58
	32.35


Paris@144kbps, 15 frame/s 

	Algorithms
	Result

Bitrate
	QP
	Packet Loss Rate (%)

	
	
	
	0
	3
	5
	10
	20

	JM
	139.18
	28
	26.41
	25.34
	24.66
	23.44
	21.01

	Proposal
	139.18
	28
	26.41
	26.23
	26.08
	25.70
	25.10


Paris@384kbps, 15 frame/s 

	Algorithms
	Result

Bitrate
	QP
	Packet Loss Rate (%)

	
	
	
	0
	3
	5
	10
	20

	JM
	355.32
	22
	29.56
	27.75
	26.95
	24.06
	21.54

	Proposal
	355.32
	22
	29.56
	29.20
	28.92
	28.33
	27.34


MixedSeq@144kbps, 15 frame/s 

	Algorithms
	Result

Bitrate
	QP
	Packet Loss Rate (%)

	
	
	
	0
	3
	5
	10
	20

	JM
	124.31
	21
	30.37
	30.04
	29.86
	29.17
	28.23

	Proposal
	124.31
	21
	30.37
	30.06
	29.88
	29.26
	28.36
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MixedSeq@144kbps 

Frame #29 [image: image19.emf]

[image: image20.emf]

[image: image21.emf]


Frame #30 [image: image22.emf]

[image: image23.emf]

[image: image24.emf]


Frame #31 [image: image25.emf]

[image: image26.emf]

[image: image27.emf]


Error Free

  JM


  Proposal

3.2 Error Concealment of Fades

Overview

In order to simulate the effects of error concealment for fade-out and fade-in frames, we produced two artificial sequences with 10 fade-out frames, 10 fade-in frames and 10 normal frames. One is made from News and Akiyo (with low motion), and the other is made from Carphone and Foreman (with moderate motion). After encoding using JM-1.4 with IPPP coding pattern, some of the fading frames were lost. Then the lossy bitsteams were fed to the decoder. Two different error concealment algorithms for the lost fading frames were tried: the conventional error concealment method in the codec (JM) and a special error concealment for fades as described below (Proposal). The average PSNR values and some of the typical snapshots are shown.

Error Concealment Method

The missing frame is concealed by copying and scaling the pixel values of the previous frame. However, if there is only one previous frame in the scene transition period, no scaling is done. Let Mn’ be the average Y pixel value of the previous frame, and Mn’’ be the average Y pixel value of the frame before the previous frame. The scaling factor f is calculated as follows: 

        f = (2*Mn'-Mn'')/Mn' 

The concealed Y, U, and V values for each pixel (Ys, Us, and Vs) are calculated from the spatially corresponding values of the previous picture (Y, U, V) as follows:

        Ys = f*Y, Us = f*(U-128)+128, Vs = f*(V-128)+128

Summary

As shown by the simulation results, using the proposed special error concealment for fades has significantly better performance in both objective and subjective quality than the conventional error concealment. One may argue that the visual quality of a gradual scene transition is not important. However, as can be seen from the reconstructed sequences, the conventional error concealment will result in bad quality not only for transition frames, but also for normal frames after scene transitions, due to temporal error propagation. These results further verified the usefulness of the proposal.

Average Y-PSNR Values 

	Algorithms
	Error Free
	JM
	Proposal

	Carphone-Foreman
	37.97
	23.35
	30.82

	News-Akiyo
	38.93
	23.68
	34.49
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4. Conclusions

Signaling of shot changes or scene transitions is proposed in this contribution. With the proposed signaling, shot boundaries can be easily and robustly detected, which is very important to video content analysis, content-based video indexing and retrieval, video restoration, and coloring. In addition, video decoders can select proper error concealment, if slice losses occur in intra coded frames, scene cuts, and gradual scene transition frames.
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